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The recent rap id  expansion o f  the chem ical and  petrochem icals industry, superim posed 
on the availability and  dem and fo r n a tu ra l gas as a  basic fuel, the exploitation  o f  m ineral 
deposits, etc., has led to  requirem ents for bulk  shipm ents by sea o f  a very wide variety o f 
products.

Ships now  in service o r on  o rder vary widely in size and  com plexity; their cargoes m ay 
be carried in containers o f alm ost every shape; a t pressures ranging from  atm ospheric to  
2000 lb /in2; tem peratures ranging from  —319°F ( —195°C) to  302°F (150°C) and  m ay be 
stable, unstable, corrosive, inert, dielectric o r conductive in varying degrees.

M aterials currently  available to  handle these cargoes range from  conventional m ild 
steel a t ab o u t £50 per ton , th rough  clad  and  coated steels to  a wide range o f  nickel alloy 
steels culm inating in 36 per cent N i (Invar) a t ab o u t £850 per to n ; also alum inium , copper 
alloys, plastics, glass and  rubber.

C om pared  w ith the m aterials, design an d  fabricating  techniques tha t have been 
available in  the past (fo r chem icals have been tran spo rted  in bulk  by sea fo r m any years) 
the designer now  has a w ealth  o f da ta  from  w hich he can evaluate and  select from  an ever 
increasing range o f  m aterials; bu t the variety and  com plexity o f  products, size o f ship and  
com m ercial pressures to  reduce costs have also increased, thus the final optim um  selection 
is no easier to  arrive a t than  before.

INTRODUCTION
I t  is still possible for experts to  argue a t length ab o u t the 

analysis, p roduction  techniques, w elding and  pain ting  o f mild 
steel as it is applied to  the structures o f conventional size ships 
carry ing conventional cargoes in a  m edium  we have lived with 
fo r thousands o f  years.

It is hardly  to  be expected, therefore, tha t a  paper covering 
m aterials used fo r the carriage o f chem icals and  low tem perature  
cargoes— today  a  vast range o f  p roducts— can be o ther th an  a 
very general in troduction  to  th e  m aterials p roblem  in this very 
rapidly  developing field.

As an  indication  o f  the ra te  o f  developm ent— consider L N G . 
The first ocean-going pro to type  ship (5000 m 3 capacity) was built 
in 1959; th e  first com m ercial ships— three o f  25 000/27 500 m 3—  
com m enced operation  in 1964/5. Tw o ships o f  75 000 m 3 capacity 
have recently entered service. Ships o f  125 000 m 3 are  currently  
under negotia tion  w ith shipyards fo r delivery in 1974/5, a  
fifteen-fold increase in ship capacity  in ju s t over ten years.

O f the ten  ships now  in service, there are  fo u r quite different 
and  independently  developed technologies em ployed, each 
incorpora ting  three quite different m aterials. N ext year a  ship 
using a  fifth technology will en ter service, and  a  sixth has been 
ordered.

C hem ical tankers have also developed rapidly  in  size and 
com plexity in  the last five to  ten  years, a lthough  they have a 
longer history. F o r  exam ple, the Shell tanker Agnita, built in 
1931, was designed to  carry  3780 tons o f  su lphuric acid in  12 mild
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steel riveted b o ttle s ; a  num ber o f  relatively sm all carriers operated  
in E u rope  between and  im m ediately after the W ars; sim ilarly 
there was quite extensive barge traffic in  the M ississippi and  o ther 
U .S. w aterw ays as well as som e coastal traffic.

W ith  the recent grow th o f  large fertilizer p lants and  the 
plastics industry, relatively large shipm ents o f  petrochem icals 
have been carried by sea; in add ition , several su lphur carriers o f  
substantial capacity  have been in service fo r a  num ber o f  years. 
I f  ores, bauxite, etc., are included in the term  “ solid chem icals”  
then  the last ten  years has seen a  sim ilar rap id  increase in  the 
m arine tran sp o rta tio n  o f these m aterials.

I t is a  fascinating, if som etim es confusing, field o f activity.

THE PRODUCT TO BE CARRIED

I t is beyond the scope o f this paper to  provide a definitive list 
o f  all the  products and  their characteristics, th a t a re  currently  
carried  by sea; this in form ation  m ay be found  in a  num ber o f 
publications— som e o f  w hich are  given in the list o f references. 
These publications are  o f  considerable value in enabling  the 
designer to  m ake a  rap id  evaluation  o f  his essential w orking 
param eters; from  these d a ta  he can  quickly determ ine the 
volum etric requirem ents o f  his ship, type o f  con ta iner required , 
range o f m aterials a t his disposal, extent o f  heating, insulation , 
gas b lanketing, cargo separation , etc. By subsequent cross 
reference to  the R ules o f  the R egulatory  Bodies, in so fa r as they 
m ay be published fo r the p roduc t under consideration , he will 
quickly discover add itional p recau tions w hich will be required
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F ig . 1— M V  A gnita— ow ned  by  the A ng lo  Saxon  
P etroleum  C o.

to  be built in to  his ship, such as secondary containm ent, positive 
separations, corrosion  allowances, precautions against fire and  
collision.

H e will thus find little difficulty in establishing prelim inary 
“ specifications” fo r products on which service experience has 
been gained. (See Fig. 3)

H e will find m ore difficulty, however, when he studies 
p roducts w hich though perhaps frequently  handled in small 
quantities ashore, have no t previously been stored  o r shipped in 
bu lk ; o r newly developed p roducts— and this applies particularly  
to  the petrochem ical field. H ere data  is sketchy, som etimes 
contrad ictory  and  often non-existent.

The following exam ples are  typ ica l:
L N G — ifL N G  (a hydrocarbon  m ixture— predom inantly m ethane) 
is sto red  in bulk, does it stratify  into separate layers? D o  the top 
layers which, being at a  low er pressure m ay becom e colder and 
denser, cause the w hole m ass o f  liquid to  “ overbalance” a t som e 
stage w ith consequent agitation , rap id  evaporation , etc. ? T hat 
this does not happen was clearly established and  published in

F ig . 2— M .V . S ilverfalcon— a B ritish-ow ned chem ical 
tanker— operating m ain ly  in the. N o r th  Sea

1959— but the question is still being asked today.
Butadiene— in 1958 it was required  to  know  under w hat conditions 
polym erization took  place, particularly  in contac t w ith iron  oxide, 
and  w hat p roportion  o f inh ib ito r was required  to  prevent this. 
C ontact w ith several m anufacturers failed to  produce an  answ er, 
a lthough  butadiene had  a t th a t tim e been produced com m ercially 
fo r som e years; very considerable quantities o f  polym er 
“ stalactites” had  been found  in storage tanks bu t the ir form ation  
appeared  to be quite unpredictable.

M ore recently the possibility o f  caustic residue during the 
m anufacturing process created a potential hazard  if the product 
was to  be carried in alum inium  tanks— a  m aterial otherwise 
entirely suitable fo r this p roduct. N o  published inform ation  was 
available on this question.
Anhydrous Amm onia— in 1962 it w as necessary to  establish the 
effect o f  w ater content on  copper a ttack  in order to  produce a  
cargo specification: no inform ation was available and  a labo ra to ry  
test p rogram m e was the only rem edy.

In  general, therefore, while reference books and  o ther

L.N.G. o
Ethylene D
LP.G. D
Butadiene 0
Anhydrous
ammonia D
Nitrogen □

Bitumen 0
Sulphur □

Bauxite Q___H
Iron ore

o 's  /■b 1!S  2
D ensity

F ig . 3— D ensity  o f  som e typical p roducts
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F ig . 4— Tem pera tures a t w hich som e typ ica l p roducts  
are carried in b u lk  fo rm

publications now  provide a  very good general guide to  the basic 
properties o f  chem icals and  their reaction  to  various com ­
mercially available m aterials, they do n o t yet provide a com plete 
answ er to  their satisfactory o r safe shipm ent in bulk by sea.

MATERIALS FOR CONTAINMENT
I t is b o th  obvious and  trite  to  sta te  th a t the m aterial selected 

for the containm ent and  handling o f a  specific p roduc t m ust be 
suitable for the pu rpose; as already m entioned, it is in designing 
systems and  selecting m aterials for “ unconventional” cargoes, 
tha t the problem  o f selection becom es less elem entary. A tten tion  
m ust be given to  the follow ing:

1) Function— structural, protective, insulant, lubricant, etc;
2) Physical Properties— strength , com patibility , liquid tight­

ness, electrical properties, coefficient o f  expansion, 
m ethod  o f  application , w eldability, bondability , toxicity, 
suitability  fo r shipyard conditions, etc;

3) Inspection and Repair Techniques— during construction  
and  service;

4) Cost— quantity , specification;
5) Availability— m axim um  plate  size, rolled o r extruded 

sections, e tc ;
6) Existing Experience— in sim ilar applications, etc.

LOW  TEMPERATURE CARGOES
W hen w ork  began in  the com pletely new  field o f  L N G  

transporta tion  in the m id 1950’s there were three com m ercially 
available m aterials which retained  their m echanical properties a t 
the boiling po in t o f  L N G  — 265°F ( —T65°C), stainless steels, 
copper and  som e o f  its alloys and  alum in ium ; and  also som e 
plastics like p.t.f.e. Every aspect was exam ined. A t the sam e 
tim e there had  recently been a  ca tastrophic  failure o f a large land  
storage tank  and  the industry  was “ju m p y ” ; this was the direct 
result o f the “ borderline” use o f 3 i  per cent nickel, a t a  tem pera­
ture o f  — 265°F ( —165°C). This tank , w hich also incorporated  
a  num ber o f  w hat w ould im m ediately be recognized today  as 
stress raisers, failed after a  few m on ths’ service, resulting in 
explosions, w idespread fire and  loss o f  life.

R elevant in form ation  on the properties o f  m aterial which 
w ould be reasonably econom ic to  use a t cryogenic tem peratures 
and, m ore im portan t, th e  properties o f  their welds w as very 
scanty.

Experience in building large structures o f these m aterials 
was sim ilarly sparse— if it existed a t all. A dditional and  vital 
inform ation on existing  m aterials w as built up  by:

a) the m anufacturers— w ho saw a potential m arket fo r their 
p ro d u c ts ;

b) the com panies engaged in the design o f  the ships and  
s tru c tu res;

c) classification societies.
In  certain  cases, w here existing alloys were deficient in 

strength , ductility, w eldability, o r availability, new  alloys were 
developed; new  w elding rods, w ires and  new testing techniques

were devised (e.g. different m echanical test techniques are needed 
for a lum inium  than  stainless steel): expertise in welding and 
inspection techniques, developed in the laborato ry , was passed 
to  constructors.

Because o f  the high cost o f  austenitic stainless steel and  its 
welding a com pletely new m aterial, 9 per cent nickel steel, was 
developed to com pete w ith alum inium  which had soon established 
itself as the m ost a ttractive m aterial. Very sophisticated, original 
and  quite d ram atic  test techniques were used to  establish 
confidence in this new m aterial.

M uch m ore recently, in fact currently , the pressure o f 
com petition  and  the high cost o f  nickel is encouraging studies on
8 per cent nickel— aim ed specifically a t the  L N G  m arket for 
operating  tem peratures o f —265°F ( —165°C) (9 per cent is 
acceptable for -3 1 9 ° F  [ 196°C] ).

W ithin the last few days one has read  o f  a  new  H itachi/E sso  
technique to  evaluate 9 per cent N i.

T he above rem arks apply to  low tem peratu re  cargoes, bu t 
apply equally to  “ less low ” tem peratures because one is looking 
for the cheapest acceptable m aterial and  clearly 9 per cent N i 
tanks are  an uneconom ical so lu tion  for, say, L P G  tanks, w hich 
operate  a t — 40°F ( —40°C). It is, perhaps, interesting to  no te  
th a t the first fully refrigerated single purpose L P G  carrier, built 
in 1961, used 31 per cent N i tanks w ith a 2} per cent N i inner hull 
w hich acted as a  secondary barrier. Sufficient confidence and  
know ledge has now  been gained and  steel p roduction  techniques 
have developed to  the po in t w hen one can now  safely use 
2 \  per cent nickel fo r such tanks or perhaps 0-8 per cent N i— or 
even low carbon , grain refined, contro lled  X -rolled m ild steel ? 
This is a  subject in itself and  will be discussed in a  separate  paper.

It is significant th a t no  single test yet exists w hich in itself 
provides an  answ er to  the question, “ will this m ateria l be suitable 
fo r this o r th a t specific app lica tion?” O ne m ay therefore  be faced 
w ith carry ing o u t a  m ultitude o f tests— o r aw aiting  successful 
operating  experience.

CHEMICALS
F o r chem ical carriers the problem  is prim arily  one o f 

corrosion and , forgetting those products which, su itably  specified 
as to  im purities, o r “ inh ib ited” , etc., can  be carried  in  o rd in ap ' 
m ild steel tanks, the alm ost universally adop ted  m aterial is still 
stainless steel, the  grade depending on the corrosivity  o f the cargo.

This sta tem ent ignores coatings, again  the subject o f  a  
separate paper, w hich are  rapidly  developing as a  m eans o f using 
cheaper structu ral m aterials. In  this category one has E poxy 
paints, rubber, etc.

T he use o f stainless steel in itself poses a num ber o f  interesting 
problem s. T he m ost versatile alloy so fa r as co rrosion  resistance 
is concerned, is 316L and , as m ight be expected, it is one o f the 
m ost expensive. F o r  large structures, requiring  a thickness o f say 
|  in  o r above, fo r reasons o f  strength , it is possible to  apply  a  
stainless steel coating  by welding th in  sheets on to  a  grid  w ork  o f 
stainless steel strips, spo t w elded on  to  a  m ild steel p la ting ; 
alternatively, one can  readily  ob ta in  clad  steels; these in troduce, 
how ever, w elding problem s involving alloy d ilu tion , etc. B oth  
have the disadvantages th a t if corrosion  is likely to  tak e  the

Aluminium 1---------- 1

Mild s tee l 
N.D. IV s tee l

J j° /o N i steel 
S°/o N i s tee l  
P %  Ni stee l 
J6°/oN/ {INVAR) 
Stainless steel

□
0

□

□
□

□
Copper alloys \Copper 70 /30  CuNi

Wood 10. fir Balsa \

0  ZOO 4 0 0  6 0 0  8 0 0  lOOO 1200 1400  
£ /to n

F ig . 5— C om parative  costs o f  som e structura l m ateria ls
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F ig . 6— T herm a l expansion o f  som e m aterials—• 
variation w ith tem perature  

fo rm  o f p itting—th e  life o f the tan k  can be sho rt; and  this is 
likely to  occur in the weld areas w hich thus becom e the weak 
points. A gain one m ust assess the likelihood o f  corrosion  taking 
this form  and  considerable w ork has been done on the develop­
m ent o f representative accelerated ageing and  corrosion 
techniques.

M etal and  plastic coatings do have the advantage th a t leaks, 
o r local failures, a re  easy to  locate and  repair.

g e n e r a l

In  selecting a  m ateria l fo r use in  extrem es o f tem perature  its 
coefficient o f  expansion plays an im portan t part. Fig. 6 shows 
the wide range in m aterials com m only used. I f  the rigid tan k  
structu re  technique is to  be adopted , beyond a  certain  tem perature  
it is advisable, if no t m andatory , to  com pletely divorce the tank  
from  the hull o f  the ship.

This is carried ou t in both  low and high tem perature  ranges, 
i.e. L N G  —265°F (-1 6 5 °C ) /L P G  -4 0 ° F  ( - 4 0 ° C )  and  sulphur 
carriers 302°F (150°C) although, interestingly, bitum en has been 
carried  a t tem peratures o f 248° F  (120°C) and  above for many 
years in  tankers o f conventional structure  w ith few problem s. 
In  th is la tte r case an  insulating  layer o f solid bitum en is allowed 
to  form  on  the tan k ’s surface during the voyage; this no doubt 
reduces the stress levels due to  tem perature differential during 
the period  w hen the ship is subjected to  m axim um  stressing in a 
seaway.

In  the low tem perature  field, and  in  an effort to  reduce 
capital costs, recent developm ents in L N G  transpo rt have 
resulted in  the adop tion  o f the “m em brane” technique. Two 
such designs are  on the m arket, bo th  sim ilar in principle bu t they 
differ in their use o f m aterial for the “ prim ary containm ent” . 
O ne uses low  carbon  (304 L) stainless steel lining 1 -2 m m  thick 
w ith cross corrugations; these corrugations counteract expansion 
a n d  contrac tion  due to  tem perature  and  also the superim posed 
expansion  and  contraction  o f the hull structure o f the ship itself, 
w hich occurs w hen the ship is a t sea.

The o ther uses 0-5 m m  th ick  Invar (36 per cent N i) which 
has the special characteristic  o f a  very low coefficient o f expansion 
(see Fig. 6). It is installed w ithout any intentionally  built-in 
expansion m eans, i.e. in a  fully restrained condition. Invar is 
less corrosion resistant than  th e  stainless steel, bu t as the cargo is 
non-corrosive, the only problem  from  this po in t o f  view arises 
during  construction  and  a t d ry  dockings and , possibly, if  leakage 
o f  ballast w ater occurs th rough  the inner hull o f the ship. Two 
ships built to  this technique have very recently entered  service 
betw een A laska an d  Jap an  and  their perform ance is being 
w atched w ith m uch interest by builders, ow ners and  designers 
alike. B oth  these m em brane designs were subjected to  extensive 
com ponent testing fo r corrosion and  fatigue life.

A s a  fu rther general com m ent, it is useful to  be on guard  
against situations where apparen tly  suitable m aterials present 
problem s due to  a  com bination  o f p roperties in unfam iliar 
conditions. As an  exam ple, austenitic stainless steel, essentially

suitable for use at low tem peratures, has a high coefficient o f  
expansion and  this, in com bination  w ith  its low  therm al 
conductivity, led to  m any problem s in low tem perature  applica­
tions, due to  the unforeseen d is to rtion  o f  heavy piping 
connexions.

in su l a t in g  m aterials

Sim ilar considerations as those generally described earlier 
apply to  the selection o f  insulating m ateria ls; e.g. com patib ility  
w ith the cargoes carried and  the norm al opera ting  environm ent, 
compressive strength, therm al expansion, long term  stability, 
ease o f application  and  repair, effect o f  m ateria l convection 
cost, availability.

As previously stated , how ever, m any p roperties o f  those 
m aterials which appear suitable fo r a specialized application  
m ay no t be available. To evaluate the suitability  o f  newly 
developed m aterials for special applications, the a u th o r’s com ­
pany have developed a series o f standard  tests; these provide a 
quick an d  inexpensive initial screening, follow ed by m ore 
sophisticated and  larger scale tests w hich vary according to  the 
specific use required o f the m aterial.

Some such rou tine is essential w hen very specialized 
p roducts are  shipped and  experience is lim ited. In  th is particu lar 
case the selected m aterial m ay be requ ired  to  com bine therm al 
insulating properties, w ith com pressive strength , a  defined 
m easure o f resistance to  liquid and  gas penetration . A bnorm al 
considerations, such as resistance to  im m ersion in seaw ater, fire, 
etc., m ust also be taken  in to  account.

CARGO HANDLING SYSTEMS

I t w ould be unnecessary to  repeat here th a t all equipm ent 
installed on board  ship should  be m ost carefully selected and 
be com patible w ith the p roducts to  be handled, were it n o t for 
the fact tha t this area seems always to  produce a  substantial 
p ropo rtion  o f the problem s associated w ith the carriage o f 
specialized products:

i) It seems m ost difficult to  forecast, from  m anufactu rers’ 
draw ings, the perform ance in  service— thus it is 
advantageous fo r th e  first p roduction  un it to  undergo 
as near a  realistic test as possible;

ii) It is difficult to  establish tests which truly represent 
service conditions and  incorporate  the tim e e lem en t;

iii) I t is often difficult fo r the ow ners’ superin tendent to  
establish w hether the “ m odified” unit (if adap ted  from  
the standard , for a  specialized product) incorporates all 
the  m odifications specified.

P art o f  the problem  m ay be tha t, w hen selecting m aterials 
fo r com ponent parts, too  great an  em phasis tends to be given 
to  their com patibility  w ith the p roduct. C ertain ly  the problem  is 
often ra th er a  com plex one involving, fo r exam ple, the  effects o f  
therm al expansion on a com bination  o f  m aterials in a com plicated 
casting and  this m ay have an unexpected effect on  sensitive 
w orking clearances. T he effect o f  w ear on  claddings o r coatings, 
instability, creep, grain grow th o f w orking parts, etc., the  effect 
o f  contam inants, foreign m atter, the  m arine environm ent, 
v ibration, etc., all add  to  the difficulty in  anticipating  sm ooth  
perform ance in service.

Inadequate  operating  instructions and  m aintenance m anuals 
a re  ano ther cause o f  troub le : if  a  piece o f equipm ent fails to  
function  th e  ship’s engineer is forced to  do his best to  repair it, 
since service engineers m ay be m any thousands o f  miles aw ay: 
and  often w hen at hand  they are  fam iliar w ith the standard  
ra th e r th an  the modified unit.

T hus it is im portan t th a t the  designers’ a tten tion  extends 
beyond the original specification an d  the  initial selection o f  
equipm ent.

CONCLUDING REMARKS

In  considering the way in w hich ships for bulk tran spo rt o f  
cargoes a t low tem perature  and  chemicals have developed, it is 
interesting to  com pare the different approaches m ade by the 
designers o f L N G  ships and  chemical carriers.

104 Trans.l.M ar.E ., 1971, Vol. 83



Materials used in the Construction o f  Ships for the Carriage o f  Chemicals and
Low Temperature Cargoes

In  the  first case, L N G  was a com pletely new product to  the 
naval architect, and  has been follow ed by a  very rapidly expanding 
m arket and  increase in ship size. D esigns had  to  be developed 
from  first principles with, b roadly  speaking, new m aterials; the 
result is th a t existing ships and  new orders incorporate  a num ber 
o f radically different designs. M ateria ls have been used in the 
m ost unlikely environm ents, e.g. balsa w ood fo r insulation  and  
em ergency liquid con tainm ent; ferritic  stainless steel fo r ball 
bearings in the subm erged pum ps operating  a t — 265°F ( — 165°C ); 
iron  lam inations in the cargo pum p m o to r w indings, operating  
a t the sam e tem perature.

Conversely, in the second case, the chemical products have 
fo r the m ost p a rt evolved over a  period  o f  y ea rs ; the ships have 
developed by in troducing new  m aterials an d /o r coatings into 
conventional tankers; the size o f ships has increased gradually. 
T he transition  has taken  place in very m uch the sam e conventional 
way as riveting gave way to  welding.

Is there now  scope for a “ first principle” approach  to  the 
shipping o f chem icals?

Discussion
M r . G . V ic t o r y , M em ber o f  C ouncil, M .I.M ar.E . and  the 

C hairm an o f the meeting, em phasized the problem  of containm ent 
and  the hazards involved, including n o t only the ship and  crew, 
but in m any cases, when the ship was in coastal w aters o r harbours 
the environm ent.

A lthough chem icals had  been carried  for m any years, there 
had been som e unfo rtunate  incidents w hich had  been under­
em phasized. H azards to  hum an life could occur from  the cariiage 
o f chlorine in bulk (proposed for the future), phosphorus, 
ethyl tetram ethylead, carbon  disulphate  and  acrylionitrile. I t was 
conceivable som eone m ight suggest the carriage o f  pesticides in 
bulk. The containm ent requirem ent was approaching  th a t for a 
nuclear reacto r on a ship. W hat w ould be the results o f  a massive 
release o f  L PG  or L N G  ? The findings set ou t in  a  recent paper 
in A m erica had  been fa r from  positive as only a  restricted am ount 
— som e 800 gallons— o f L PG  had  been released. It was hoped to  
scale this up to  a  m ore m assive release; w hat w ould be the effect 
o f scaling up such a  release by a factor o f 1000 o r thereabou ts?

A t present, there were fou r different m ethods o f con tainm ent 
o f  LPG  in abou t ten  ships, and  under discussion were tw o m ore, 
thus, the best single m ethod  had  yet to  be established. H e thought 
there might be certain  advantages in starting  from  scratch. H e 
advocated the use o f  the m ost suitable and  proven m aterials, 
and  to  exercise extrem e cau tion  before changing a system.

The au th o r had  m entioned rules and  regulatory bodies. 
Mr. V ictory w ould m ention  som e o f  the recom m endations o f the 
Standing A dvisory C om m ittee on the C arriage o f D angerous 
G oods, incorporated  in the b lue book , and  the draught code 
recom m endations now being produced by IM C O . T he need for 
safe containm ent requirem ents was in ternational and  agreem ents 
must ensure tha t shipow ners o f one particu lar country  should 
no t be unduly  penalized. It was essential th a t the fundam ental 
problem s be set down. H e hoped the d raught code produced by 
IM C O  for the carriage o f  dangerous liquids in  bulk  w ould be 
im plem ented in the near fu ture  and  be o f great assistance.

R egarding the second barrier concept for L N G , obviously 
the tem perature  was low o r very low. U nless it could  be ensured 
th a t the second m etallic barrie r w ould never be exposed to  the 
tem perature  a t which the prim ary barrier had  to  m ain ta in  the 
cargo, tha t second barrier m ust be o f  a  m etal w hich w ould stand 
tha t tem perature. It was fairly obvious th a t in a ship the external

Author’s Reply_________________________
The au th o r in  reply endorsed M r. V ictory’s rem arks especi­

ally the need for absolute security w ith the increasing hazard  
o f  larger ships and  m ore noxious cargoes.

One o f the problem s in  adop ting  proven designs was tha t 
one could only advance by attem pting  new techniques. W hen was 
som ething “ proven” ? W as it w hen it reached its first o r second
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hull could no t function  thus, and  th is stressed the necessity o f 
ensuring tha t the insulation m ust protect the secondary barrier.

D id the au th o r consider th a t fu rther developm ents m ight be 
m ade in this field? It was obvious th a t the present m ethod, where 
the p rim ary barrier had  to be capable o f accepting the very low 
L N G  tem perature, was a costly one.

M r . B. T o d d  M .E ng., M .I.M ar.E . said the au th o r h ad  m en­
tioned  th a t “ it was necessary to  establish the effect o f w ater content 
on copper a ttack  in  order to  produce a cargo specification” , the 
inference being th a t it was necessary to  keep the w ater to  a  very 
low  level. In  M r. T odd ’s jo in t paper it was sta ted : “ T he presence 
o f  C O 2 and  O 2 seem to  be necessary for p rom o tion  o f  cracking 
w hilst m oisture has an  inhibitive effect.”  O pinions appeared 
contradictory . W hat figure w ould the au th o r indicate fo r a 
desired m oisture content ?

M r . H. J. M il l e r , B.Sc., M .I.M ar.E ., asked the au th o r to  
enlarge on the subject o f  tem perature  in chemical carriers. H e was 
convinced th a t one could no t divorce m aterials from  design. 
The au th o r had sta ted : “ If the rigid tank  structure technique is to  
be adopted , beyond a certain tem perature it is advisable, if  no t 
m andatory , to  com pletely divorce the tan k  from  the hull o f  the 
sh ip .” M r. M iller com m ented th a t a t the present tim e, the 
tem perature  a t w hich each ship operated  had  no t been investi­
gated. In a  chemical tanker, fo r exam ple the tanks were o f  sta in ­
less steel and  the outside structure  o f m ild steel. Problem s had  
arisen because o f  the different expansion rates o f  these two 
different m aterials. H e suggested th a t e ither the shipbuilder, the 
classification society, the ow ner o r all th ree should  co-operate 
on this problem . I t  was surprising  the num ber o f chem ical tankers 
tha t did no t have any stipu lation  as to  m axim um  tem perature.

The au th o r had  m entioned an  insulating layer o f  solid 
bitum ent. In som e recent designs M r. M iller found th a t the way 
to  insulate the cargo was to  allow  it to  “ congeal” and  form  the 
insulation  itself. H ow  d id  one un load  the cargo “ stuck” to  the 
side o f the sh ip?  This w ould be a  p rob lem  o f design ra th er than 
o f m aterials.

In  the last paragraph  M r. F fooks s a id : “ Is there now  scope 
fo r a ‘first p rincip le’ approach  to  the shipping o f chem icals?” 
H aving reached such an  advanced stage in  technological achieve­
m ents— Lloyds and  IM C O ’s sets o f  rules— M r. M iller w ould be 
lo a th  to  revert to  first principles.

special survey ? The end  o f the guarantee period  w ould be abou t five 
o r six years from  the present tim e. In  the L N G  field, ship deliveries 
were envisaged fo r som ew here round  ab o u t 1974/75; th is was 
the earliest a  ship o f  th is size could  en te r service, so it w ould be 
six years before one started  getting any answers. These ships were 
very expensive and  the problem  was to  low er the price w ithout
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decreasing the safety m argin. Obviously, this was extremely 
im portan t.

R egarding Mr. V ictory’s poin t o f trying to  reduce the operat­
ing tem perature  o f  the prim ary barrier, was it no t so tha t one 
could only achieve this by pu tting  som e form  o f insulation on the 
inside? T his w ould have to  rem ain sufficiently liquid tight and 
hom ogeneous to  prevent low tem perature spots or local areas o f 
sub-cooling, if  n o t higher stresses w ould be introduced which was 
w hat should be avoided.

M r. T odd  had raised the problem  o f the w ater content o f 
anhydrous am m onia. M ethane Pioneer had com pleted her trials 
on L N G  and  was operating  on a  spot cargo basis. The ship had 
alum inium  tanks, suitable for carrying anhydrous am m onia; 
three o f the five pum ps had  bronze shafts and fittings and the 
w ater content had  to  be kept very low to  avoid the reaction of 
anhydrous am m onia w ith the copper. There was no question of 
corrosion  o f the tanks. A  quick test program m e was carried 
ou t som e years ago to  define the level o f w ater acceptable to  the 
pum p fittings, the figure decided was about tw o or three ppm. 
A nother problem  was th a t the cargo suppliers were unable to  state 
the w ater conten t o f the ir anhydrous am m onia so there was 
som e initial confusion.

The au th o r was intrigued by the fact th a t at least one m ajor 
com pany had  been transporting  b itum en in conventional tankers 
fo r a long tim e a t a tem perature o f 250°F, and  if  he rem em bered 
correctly, w ere loading it on occasions a t som ewhere near 300°F. 
There was no  insulation  on the tank walls. The bitum en, being 
heavy cargo, was carried  entirely w ithin the centre com partm ents 
w hich were w ider than  was norm al for tankers a t th a t tim e; the 
wing tanks were confined to  ballast. A t tha t time, w ithout the 
a id  o f com puters, a  good deal less was know n abou t the stresses

and strains and  the analyses o f  sh ips’ structures. A lthough no 
problem s had occurred to  date, a  m axim um  tem perature was 
specified (if he rem em bered correctly  it was abou t 258°F) to  
obviate the possibility o f  trouble  w hen loading a t too high a 
tem perature. The self-developing insulating layer was achieved 
simply by turning m ost o f  the heated coils off once the ship had 
got under way, a cool viscous layer built up a round  the tank  
walls th a t in itself reduced the stresses in the im m ediate 
vicinity. T hree or four days before the ship entered port, the 
heating coils were turned  full on ; the cargo was circulated  w ithin 
the tanks by a pum ping system w hich drew  cargo  from  the 
bottom  and  circulated it a round  to  the to p ; th is effectively 
rem oved the insulating layer before the ship reached port.

H e agreed w ith M r. M iller tha t a “ first principle app roach" 
was perhaps no t a  clear explanation. W hat he m eant was, should 
no t ano ther basic look be taken to  see w hether there was som e­
thing to  be gained by standing back, and  in a b road  sense, re­
looking? C ertainly he did no t mean literally starting  from  scratch.

In the L N G  field one had had  the experience o f  seeing a 
num ber o f people starting  w ith a  new idea, advancing very rapidly  
and  com ing up w ith quite substantially  different solutions to  the 
sam e basic problem s. W hen he said  “ first principle app ro ach ” in 
connexion w ith this field, he included the developm ent o f  a com ­
pletely new m aterial o r the use o f an unlikely one. H e did no t 
th ink  th a t anyone foresaw fifteen years ago th a t vast areas o f 
forest w ould be cut dow n in E cuador to  build  ships, bu t th is was 
w hat was happening. The secondary barrier system, w hich was 
used in self-supporting tanks and  also in one o f  the m em brane 
tank  solutions, used very considerable quantities o f  w ood, which, 
in  fact, was a  very satisfactory m aterial fo r supporting  the m em ­
brane and  containing the liquid if  the m em brane leaked.

1 0 6 Trans.l.M ar.E ., 1971, Vol. 83



DEVELOPMENTS IN MACHINERY AND  
PIPING SYSTEM S FOR CHEMICAL AND LOW 
TEMPERATURE CARGOES
J. A. F. Crook, C.Eng. (Associate Member)*

This paper endeavours to  illustrate the wide range o f  m aterials being used in  the trans­
po rta tion  o f  liquid gases and  chem ical cargoes by sea, w ith particu lar reference to  those no t 
directly associated w ith cargo tan k  construction , coatings and  insulation  w hich are the 
subject o f  o ther papers a t this sym posium .

Particu lar exam ples o f  early problem s are cited w ith reference to  the m ore uncom m on 
m aterials used and , in som e cases, specifically developed.

The au th o r dem onstrates th a t particularly  in the case o f  chem ical carriers, the choice o f  Mr- C ro ok
m aterials is n o t by any  m eans based on an ideal, bu t ra th er on an econom ically acceptable 
com prom ise.

INTRODUCTION
In the m ajority  o f  instances the m achinery and  systems 

com ponents em ployed fo r special cargoes are  identical to , o r 
m odifications of, conventional equipm ent used in o ther indus­
tries. I t is generally in the area o f  m aterials th a t the differences 
occur, giving rise to  the problem s discussed.

The choice o f  m ateria l fo r any application  is arrived a t after 
due consideration  of:

1) service loading;
2) com patability  w ith p roduct carried ;
3) suitability  fo r m arine app lica tion ;
4) past experience o f  satisfactory operation  o r failures in 

sim ilar app lica tio n ;
5) availability in quantities and  form  req u ired ;
6) cost;
7) delivery dates;
8) expertise available fo r m anipu lation  and  opera tion ;
9) acceptance by classification societies and  o ther R egu­

latory  bodies.
The result o f  this au tom atic  m ethod  o f  selection in m any 

cases produces a com prom ise solu tion  m ainly governed by cost 
and  degree o f  sophistication. In  the case o f  low tem perature  
cargoes this philosophy ensues w ith particu lar regard  to  insula­
tion  and  low pressure piping.

P roducts carriers deviate even m ore from  the “ ideal” , the 
shipow ner having to  accept the best a ll-round  system available 
w ithin his budget which gives op tim um  flexibility on types o f 
cargo.

In the follow ing sections o f  the paper it is convenient to  
consider low tem perature cargoes separate from  w hat are com ­
m only term ed “chem icals” .

LOW  TEMPERATURE CARGOES
The title o f  this section refers to  the carriage o f liquid gases 

a t tem peratures approxim ating to  their individual boiling points 
a t atm ospheric pressure.

Referring back to  the in troduction , the param eters which in 
m ost cases determ ine the choice o f  m aterials are com patability  
w ith the cargo carried (and its inh ib ito rs o r  o ther dosed products) 
and  low tem perature suitability.

L iquid gas cargoes can be segregated in to  three basic groups 
regarding carriage tem pera tu res:

i) butane, p ropane, anhydrous am m onia, vinyl chloride, 
propylene, chlorine, butadiene, a t tem peratures dow n 
to  —45°C ( —49°F);

* Projects Design Manager, Swan Hunter Shipbuilders Ltd. (Hebbum)-

ii) ethylene, —104°C ( —155°F);
iii) m ethane (L .N .G .), — 165°C ( —265°F).
E ach vessel is classed to  carry  one o r m ore o f  these p roducts 

and  an  L .P .G . vessel will norm ally be designed fo r p ropane, 
bu tane and  anhydrous am m onia. This la tte r p roduc t necessarily 
restricts m aterials to  those n o t con tain ing  copper o r zinc. There 
is one exception to  this rule w hich is m entioned later.

Likewise, an  ethylene vessel will also norm ally be classed for 
p ropane and  anhydrous am m onia.

It is possible th a t in fu ture, m ethane carriers will have 
flexibility o f  cargo, bu t currently  it is practice to  lim it them  to 
m ethane, w hilst consum ing boil-off vapour in the m ain  boiler o r 
m ain engine. C apital cost o f  reliquefaction p lant does no t, in  this 
case, justify  an  alternative.

Piping
Considering group (i), ferrous m aterials will norm ally be 

used, and  for this tem peratu re  range, it is general in th is country  
to  use close grain carbon  steel to  B.S. 3603 (m odified). However,
2 per cent N i o f  continen tal m anufacture  has been used satis­
factorily a lthough  sm all wall thickness did no t help welding.

G roups (ii) and  (iii) norm ally em ploy stainless steels o f  the
A .l .S .l .  321, 316, 304 types o r equivalent.

There are exceptions to  the rule and , fo r exam ple, 9 per cent 
N i o r alum inium  could be used w here the availability  as pipe 
and  the related costs are suitable.

C opper is very often  used fo r liquid  nitrogen systems, w ith 
bronze o r sim ilar flanging, being considerably cheaper than  a 
vacuum  insulated line o f  o ther suitable m aterial. These pipelines 
w ould norm ally be in sizes up  to  4 in bore and  heavily insulated 
with polyurethane o r sim ilar insulant.

F o r  the larger sizes, as w ith cargo systems, the cost o f 
copper o f  sufficient wall thickness w ould  be prohibitive.

T he welding o f pipelines has presented few problem s with 
low tem peratu re piping and  can be com pared w ith the m ethods 
em ployed fo r corresponding cargo tan k  m aterials.

Piping is bough t in to  the follow ing basic standards, or 
m anufactured  on site where required, to  the alternative standards 
indicated.

— 50°C ( —58°F): BS 3603. 27LT50 o r from  m aterial to
BS 1501 — 161B LT50,

-1 0 0 ° C  ( —148°F): BS 3603. 27LT100 o r  from  m aterial to
BS 1501 — 503 LT100,

— 190°C ( — 310°F): BS 3605 (austenitic stainless steel) o r
from  m ateria l to  BS 1501 —  821 LT190.

Very often  it is p ruden t to  purchase m aterials to  a higher
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standard  th an  required in order to  obtain  better deliveries and 
low er costs by using “ off the shelf” products.

C o lour coding is an  essential quality  and  p roduction  contro l 
requirem ent and  adequate means o f  identification are needed 
from  the po in t o f  dispatch a t the steel mills through m anipulation  
to  final erection.

Classification societies exercise contro l over the quality o f 
base m aterial and  finished p roduct and, in general, this takes the 
follow ing form , assum ing th a t one o f  the foregoing standards is 
adopted .

Base M aterial
LT50 o r LT100: apart from  the usual tensile and  bend 

tests, im pact tests are also required and, depending on specimen 
size, m inim um  values will be required a t a  tem perature 6°C 
(10°F) below m inim um  service tem perature.

F o r  approved austenitic stainless steel piping im pact p ro ­
perties are no t required although spot radiography can be called 
fo r on  longitudinal welds.

The next step tow ards p roduction  is to  develop an approved 
procedure w hich covers p repara tion , fit-up, electrodes and  so on.

Test pieces are then  prepared and  tested together w ith 
m acros o f  each procedure for butts, fillets etc. H aving proven the 
ability to  ob ta in  the necessary results w ith regard  to  procedure, 
individual welders will be required to  produce test runs which 
are  generally visually inspected and  radiographed.

P roduction  m ay then continue, th roughout which 100 per 
cent radiography obtains. H owever, providing tha t satisfactory 
quality  is achieved, th is m ay be relaxed, at the discretion o f  the 
surveyor, to  som e lesser frequency.

The incidence o f  in situ  b u tt welds is kept to  a m inim um  to 
avoid the possibility o f a low quality weld som etimes produced 
by w orking under open air conditions. All finished piping is 
hydraulically tested to  twice w orking pressure. I f  conditions 
dem and com pletion  w elding on site, pneum atic pressure testing 
may be perm itted, as hydraulic test, and resultant pipe cleaning 
and  drying, is an em barrassm ent. The procedure is to  raise the 
pressure gradually to  som ething in excess o f  m axim um  w orking 
pressure with the area cleared o f  personnel. The pressure is then 
reduced to  m axim um  w orking pressure and  leak testing carried 
out.

W here stainless steels are used, insulation m ay be applied 
direct to  un trea ted  piping. In the case o f  carbon  steel o r o ther 
non-stainless m aterials, the insulated pipe m ust be suitably pre­
pared to  prevent corrosion from  condensation. It is no t deemed 
to  be sufficient fo r the insulation  to  be a ir and  w atertight. 
N orm ally  these pipe-lengths will be shot-blasted and  prim ed 
p rio r to  insulation. A n exam ple o f  a suitable prim ing m aterial is 
zinc silicate.

Piping insulation  is invariably based on polyurethane, or 
sim ilar foam ed m aterial. G enerally  this will be applied as pre­
form ed sections in tw o layers and  with staggered butts to  prevent 
breakdow n and  icing as a result o f cold “ fingers” . W hilst the 
insulation integrity depends on well fitting sections, the ou ter 
surface o r vapour seal is o f  u tm ost im portance. W hichever form  
this seal takes, w hether g.r.p ., m astic o r m etallic cladding, close 
a tten tion  to  detail is rew arded by long life.

A n alternative to  pre-form ed rigid sections is in situ foam ed 
polyurethane, w hereby gaps m ay be avoided, using the outer 
m etallic cladding, m ounted concentrically w ith the piping, as a 
form er. However, this m ethod does no t m ake allowance fo r rela­
tive axial m ovem ent betw een ho t and  cold faces. In  the m ore 
com m on tw o layer system, th is is autom atically  com pensated for, 
to  som e degree, by reducing the effective thickness to be con­
sidered. A no ther m ethod  is to  have a  th in  flexible m edium , such 
as glass wool, in terposed betw een the m ain insulation and  pipe 
wall.

If  the foregoing principles are adopted , Assuring o f  insula­
tion  is no t to  be expected. U nlike early polyurethane and o ther 
foam s the m aterials ob tainab le  today are no t only m ore uniform  
w ith regard  to  cell structure, bu t are also m ore flexible a t low 
tem perature. H owever, m ost “users” have had  to  learn the h ard  
w ay and , in  som e cases, developm ent and  experim entation has 
had  to  be jo in tly  undertaken by shipbuilder and insulation m anu­

facturer. This has been particularly  so in the case o f cargo tank 
insulation, several expensive failures having been experienced.

W here adhesives are  required , adequa te  preparation  o f 
m ating surfaces is essential and  chem ically curing adhesives are 
generally to  be preferred.

Plastics o f one type o r ano ther are being used increasingly 
at sea, bu t for low  tem perature  flam m able cargoes, they are 
forbidden as m ain pipeline m aterial.

N ylon piping is approved fo r lim ited application  to  instru­
m entation  contro l and  sensing pipew ork, prov id ing  it is protected  
from  m echanical dam age.

A n objection to  plastic piping o f  sm all bore, currently  
being raised, is tha t it is to  a lim ited extent hygroscopic which 
has led to  “ freezing” troubles in low tem perature  applications. 
T he au th o r does n o t see any  reason w hy this should  present 
fu rther restrictions.

Valves
Basically three m ain types o f  valve are  used fo r low tem per­

a tu re systems, being o f  the ball, gate o r  globe type.

Ball Valves
G enerally valve bodies will be in cast stainless steel o r cast 

carbon  steel and , w hichever type, im pact tests are required  w ith 
inter-crystalline tests fo r stainless steel. T here is how ever, som e 
hope o f  a relaxation o f  this requirem ent in the case o f  stainless 
steel castings, on the grounds th a t im pact properties are im ­
proved at low tem perature.

The au th o r’s com pany has, o f  late, experienced a high 
incidence o f  casting failures due to  porosity  in  stainless steels, 
giving rise to  an  em barrassing delivery situation . In  the case o f 
som e suppliers, failure rate  has been as high as 75 per cent. Very 
little inform ation regarding the reasons fo r these failures has 
been m ade available to  the au tho r, bu t it is significant th a t a  run  
o f  satisfactory castings can be succeeded by one fau lty  batch.

P.t.f.e. is used extensively fo r gland packing and  ball seals, 
being a m aterial with reasonable low tem perature properties.

Below — 104°C ( —155°F) som e d oub t as to  its suitability 
exists, and  in the absence o f  an  alternative, the ball is very often 
drilled in o rder to  perm it release o f  pressure in  ball cavities, 
thereby avoiding reliance on  the ability o f  the p.t.f.e. to  flex. As 
far as the au th o r is aw are, no accidents have occurred at dow n to
— 165°C ( —265°F) w ith undrilled balls. H ow ever, som e oper­
ators, unsure o f  the safety o f  this approach , have even suggested 
tha t body cavities should  be fitted w ith an  external relieving 
device. All valves require to  be “ fire-safe” and  this is achieved in 
various ways by different valve m anufacturers. In  each case, 
however, a secondary seating com es in to  effect if  the p.t.f.e. is 
destroyed.

As will be seen p.t.f.e. has rapid ly  becom e o f  universal 
application  bo th  at low tem peratures an d  with corrosive products. 
Nevertheless, there is a  requirem ent fo r an  equally inert m aterial 
which can m ain tain  resilience a t cryogenic tem peratures.

The m oving parts  o f  ball valves fo r low  tem perature  are 
invariably o f stainless steel and considerable problem s have 
arisen as a  result o f  galling. O ne rem edy has been to  chrom ium  
plate spindles, a lthough the m ost usual m ethod  is to  centralize 
the spindle using p.t.f.e. gland rings, thus preventing contac t 
between fixed and  m oving parts. W here practicable, dissim ilar 
grades o f  stainless steel are used, as is the case w ith centrifugal 
and  reciprocating pum ps.

G ate  valves and  globe valves are subject to  the sam e con­
siderations as have already been m entioned. A gain, p .t.f.e. has 
been extensively used as a seating m aterial a lthough “ flaking” 
has been experienced in the case o f  large ac tua ted  gate valves. 
W here valve cavity relief is no t catered fo r by alternative devices, 
it is necessary to  provide a connexion betw een the cavity and one 
side o f the valve, thus m aking the valve effectively single seating 
and  unidirectional.

M aterials for valve bodies and  fittings conform  to  the British 
S tandards already referred to  fo r piping where fabricated  from  
plate, bar o r sections.

In the case o f  forgings the standards adopted  are basically:
— 50°C ( —58°F): BS 1503 —  161B LT50,
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-1 0 0 ° C  ( - 1 4 8 ° F ) :  BS 1503 —  503 LT100,
- 1 9 0 ° C ( - 3 1 0 ° F ) :  BS 1503 — 821 LT190.

C astings:
— 50CC  ( —58°F): BS 1506 —  621B LT50,
-1 0 0 ° C  ( — 148°F): BS 1506 —  621 B C ondition  T. LT100,
— 190°C ( —310°F): BS 1506 —  821 LT190.
Im pact testing and intercrystalline inspection is required for 

austenitic stainless steel castings, b u t n o t fo r plate, bar, section 
o r  forgings m anufactured  to  approved  standards.

Flanging and Jointing M aterials
N o particu lar problem s have presented them selves in the 

choice o f  jo in ting  m aterials fo r low  tem peratu re  service and com ­
pressed asbestos fibre m aterial will suffice. T ightness o f  jo in ts has 
been obtained by shipyard labou r w ithout the use o f torque 
w renches o r o ther special tools. However, as the size o f  vessels 
for the carriage o f  liquefied gases increases so will the diam eters o f 
pipelines. The au th o r considers tha t, as w ith shore low tem per­
a tu re flanging, the fitting o f  low expansion coefficient spool pieces 
to  flange bolts will be necessary.

The principle o f  th is is to  have extended flange bolts w ith a 
spool o f 36J per cent N i in terposed betw een the flange and  the 
nu t o f  the flange bolt. As the flange and  bo lts con trac t on  cooling, 
the spool piece, which has negligible con traction , causes increased 
tension to  be applied th rough  the bo lt to  the flange jo in t. T hus 
the jo in t tightness is m ain tained  w ith decreasing tem perature.

As the discussion progresses, it becom es apparen t th a t the 
designer’s biggest headache is the in terpre tation  o f  R ule require­
m ents and  the various “ standards” being used. N o t only is it 
necessary to  consider the specific requirem ents o f  classification 
societies whose rules are, in general, in terchangeable, bu t w ith 
the passage o f  tim e, na tional, in ternational and  governm ental 
bodies, in increasing num bers, are in troducing their ow n controls.

M aterials for low tem perature bolting  are no exception and 
are governed by the sam e considerations as pipew ork and tank 
structure. I t is usually  preferable to  identify low  tem perature  
bolts and  studs by using th read  types differing from  th a t for 
conventional sh ipboard  equipm ent. F o r exam ple, where BS 3603 
m aterial is em ployed, U .N .C . threads are generally used instead 
o f  W hitw orth . In  the tem peratu re ranges requiring  austenitic 
stainless steel, the appearance is usually sufficient m eans o f  identi­
fication. H ow ever, it is preferable, as an  added  safeguard, tha t 
the philosophy is adop ted  th a t all low tem perature  attachm ents 
are m ade w ith studs ra th e r than  w ith bolts.

W here m aterials are m achined from  plate, b a r o r section, the 
sam e British S tandards are  adop ted  as fo r piping m aterial. If 
forging is the source, the follow ing apply:

— 50°C ( —58°F): BS 1503 —  161B LT50,
— 100°C ( - 1 4 8 ° F ) :  BS 1503 —  503 LTI00,
— 190°C ( —310°F): BS 1503 — 821 LT190.

H eat Exchangers
C ondensers, evaporators, heaters and  vaporizers are all 

governed by the sam e considerations o f  low  tem perature  opera­
tion  as already m entioned and  basic m aterials will be the sam e 
as fo r pipew ork o r tank  structu re  a t corresponding operating  
tem peratures.

T o ob ta in  increased efficiencies, finned tubes are being used 
increasingly and , w ith the added  advantage o f  corrosion resist­
ance, bi-m etal tub ing  is now  quite com m on.

O ne exam ple is the salt w ater cooled am m onia condenser o f 
a  com pound reliquefaction  p lan t w here the salt w ater side 
(inside) is alum inium  brass w ith a finned sleeving o f  alum inium . 
The tubes are  expanded in to  grooved tube  plate  holes. O per­
ationally  th is type o f  tube arrangem ent has perform ed well, 
a lthough  the au th o r has experience o f failures resulting from  
m aloperation . In this instance the p lan t was operated  for a period 
w ithou t cooling w ater, resulting in  overheating and  yield o f  the 
alum inium , perm itting  am m onia  to  penetrate  to  the alum inium  
brass.

Tube plates are also m anufactured  in “ c lad” fo rm  and  have 
presented no operational difficulties.

C osts are h igher in  som e cases bu t generally low incidence 
o f  m aintenance will justify  the m ore sophisticated construction .

C oatings have also been applied to  low tem perature  heaters 
w ith extremely good results and  epoxy coatings for salt w ater side 
pro tec tion  o f  tubes and  tube plates have been particularly  suc­
cessful. H ow ever, specialized com posite m aterials are  less sturdy 
than  conventional types and  are m ore sensitive to  operating  
conditions.

It is essential th a t p lan t opera to rs are fully aw are o f  the 
lim itations as well as the advantages o f  such new  innovations. O f 
param oun t im portance is the p rovision o f  com prehensive o pera t­
ing instructions.

Pumps and Compressors
C argo pum ps fo r the discharge o f  liquid gas cargoes are 

invariably o f  the centrifugal type.
The requirem ent th a t cargo tan k  penetrations m ust all be 

in the vapour phase has d ictated  the use o f  e ither deepwell o r 
subm erged electric pum ps.

The m ain  difficulties w ith deepwell pum ps have been in  the 
sphere o f  m echanical seals and  in term ediate shaft bearings.

Several variations o f  seal arrangem ent have been tried, the 
m ost successful being the double m echanical type w ith oil 
pressurization. “ O ” rings a re  generally o f  p.t.f.e. fo r low  tem per­
a tu re  service a lthough  dow n to  ab o u t — 80°C ( —112°F) silicon 
rubber is still used. Failu res have very often been a ttrib u ted  to 
b ad  fitting, em phasizing the inherent stiffness o f  p .t.f.e. a t 
am bient tem peratures. T he sam e problem  has been experienced 
in the m echanical seal o f  a R oots-type blow er, w here the in ter­
ference fit o f  p .t.f.e. “ O ” rings m ade it im possible to  close the 
seal faces, despite considerable spring tension.

C arbon  continues to  be favoured fo r static seal faces, in  the 
absence o f  an alternative m aterial less susceptible to  the effects 
o f  “ flashing” when low tem perature  boiling liquids are being 
handled.

In term ediate  shaft bearings o f  deepwell pum ps have p re­
sented considerable difficulties to  the au th o r’s com pany  in the 
past. T he consideration  o f  com patability  w ith am m onia  has 
dictated the use o f  copper-free m aterials and the next considera­
tion  is lubrication  by the p roduct pum ped.

D ifferent types have been tried  ranging from  carbon-cast 
iron  com posites, w hite m etal, p.t.f.e. —  carbon , to  p .t.f.e . tape.

T ape bearings have operated  extrem ely well, are cheap, 
simple to  fit and dissipate heat well. W ith shafting lengths o f 
anything up to  50 ft w hirling characteristics are  o f  prim e im ­
portance in the design stage.

M any o f  the m aterials tried , suffered from  pick-up, extrusion 
o r general b reak-up from  th is phenom enon.

P.t.f.e. tape bearings how ever perform ed well and  pick-up is, 
in fact, an advantage. Shaft jou rna ls are deliberately m achined 
w ith specified roughness in o rder to  p rom o te  transfer o f  p .t.f.e.

T he subm erged electric centrifugal pum p has been in  service 
for a considerable tim e and m aterial considerations have pre­
sented few difficulties o ther th an  in  am m onia service.

M oto r conductors are generally copper, a lthough alum inium  
is now  being offered on the C ontinen t where am m onia  is specified. 
The m o to r w indings are invariably “ canned” in stainless steel fo r 
th is application , the pow er leads being m ineral insulated copper 
w ith copper and  finally stainless ou ter sheaths.

I t is in w ay o f  the cable connexions to  the m o to r th a t 
am m onia has been able to  penetrate  and  digest the copper 
w indings. As a result, strict quality  and  erection con tro l is 
exercised and  where practicable, cable connexions are vacuum  
proven, p rio r to  entering  in to  service.

R eliquefaction p lan t com pressors follow  the sam e trends as 
o ther refrigeration  m achinery w ith regard to  m aterials. C opper 
based com ponents how ever have given satisfactory service with 
am m onia as bearing m aterials, a lthough  it is a  prerequisite  tha t 
the am m onia be dry. I t  w ould appear th a t oil films have to  date 
adequately protected  bronzes in this application.

Oil-free com pressor pistons will norm ally be in alum inium , 
except where vinyl chloride cargoes are handled. In this case, cast 
iron  pistons are fitted and all copper based m aterials replaced by 
suitable alternatives in o rder to  obviate the risk o f explosive 
acetylide form ation .

W ith R ule requirem ents d ictating  th a t electric prim e m overs
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and  cargo com pressors are in separate com partm ents, gas tight 
bulkhead seals are required. U nlike shore installations, ships are 
highly flexible and  in som e cases considerable m isalignm ent has 
to  be accom m odated. Early installations depended on stiff, 
th rough-bu lkhead  seating in an  a ttem pt to  prevent this w ith some 
degree o f  success.

M ore recent designs incorporate a  bellows un it perm itting 
as m uch as 15° o f  axial m isalignm ent. A no ther possibility is the 
use o f m agnetic fluids which have been a fall-out from  the U.S. 
space program m e. Little inform ation is available a t present and 
this type o f  p roduct is n o t yet m arketed  in the U .K . However, 
there are distinct possibilities o f such a developm ent in the future.

T his section w ould n o t be com plete w ithout m ention o f 
p.t.f.e. th read  tape w hich is so effective a  m eans o f sealing small 
bore threaded  connexions. N o longer are com pounds used which 
drip  in to  valves and  fittings w ith consequent blockages.

CHEMICALS OR PRODUCTS CARRIERS
The very title o f  this section covers a vast range o f  products 

now  transpo rted  in bulk. W henever a shipow ner negotiates for 
a new building, he will have a fair idea o f  the types o f  cargo for 
which he is likely to  ob ta in  a charter. Nevertheless, during  the 
design stage, fu rther lists o f potential cargoes will p robably  be 
supplied to  the shipbuilder and  generally these cover several 
pages o f foolscap. F rom  this stage onw ards, the “ com prom ise’' 
can  be established.

Basically there are fou r degrees o f  sophistication available 
and  the shipow ner will choose a  variation  on one o f  these types. 
It is well to  rem em ber th a t the addition  o f one cargo to  the 
products list m ay pu t costs up by several thousand  pounds and 
equally the deletion o f som e can give com m ensurate savings.

The fou r basic types o f  products carrier have storage and 
handling facilities as follow s:

1) oil tanker type construction  w ith uncoated  tanks and 
pipelines; no special m aterials;

2) som e o r all tanks coated  or lined, pipelines similarly 
coated  and  som e special fittings;

3) som e o r all tanks stainless steel clad or lined; stainless 
steel pipelines and  special fittings;

4) som e o r all tanks in stainless steel w ith pipelines and  all 
fittings similarly in stainless steel.

There are an infinite num ber o f  variations and  com pounds 
o f  these fou r types and  the end product is invariably only as 
flexible as the shipow ner’s budget will allow.

F o r the purpose o f this paper it can be assum ed tha t the 
philosophy behind the ultim ate choice o f  system is understood 
and  it is necessary only to  confine com m ent to  the m aterials in 
cu rren t use, the particu lar difficulties obtaining, and  ways o f 
simplifying o r avoiding these difficulties. Type (1) can  be ignored 
as being conventional tanker practice.

H ow ever m uch w ork  is sub-contracted, the shipyard ap ­
proach  to  this type o f  vessel m ust be from  a position  o f know ­
ledge ra th e r th an  ignorance. D etailed program m ing, quality 
contro l and  general organization  are essential if goodwill is to  be 
m aintained, losses are no t to  be incurred and  realistic guarantees 
are  to  be given. T he au th o r m akes no  excuses fo r em phasizing 
w hat a t first seems to  be the m ost fundam ental o f  principles.

Pipework
Coated
In  th is instance in ternal coatings are applied p rio r to  final 

installation . Providing tha t the specified system is sufficiently 
durable, the pipe sections are  also fully coated  externally, care 
being taken  to  pro tect against m echanical dam age in transit and 
during erection.

If  epoxy, ru bber o r sim ilar readily  destroyed coatings are to  
be applied, the only external coating p rio r to  erection will be in 
way o f p ipe supports and  o ther flanges. These external areas 
require  adequate  m asking and protection  against dam age p rio r 
to , and  during, installation.

Pipe supports themselves w arran t considerable thought re­
garding design, bearing in m ind th a t in o rder to  m ain tain  high 
system integrity, faying surfaces should  be avoided. W here 
practicable, pipe supports will be welded to  the pipe to form  an

integral arrangem ent capable o f  accom m odating therm al and 
ship m ovem ents. In this way relative m ovem ent between pipe and 
pipe support, which w ould destroy coatings, is avoided.

A n alternative is to  line the su p p o rt w ith strip  p .t.f.e. o r 
o ther suitable m aterial which is chem ically com patible.

If  pipe supports are to  be coated  before installation, the 
sam e care is required  to  prevent m echanical dam age as w ith pipe 
lengths. O ne m ethod o f  reducing the breakdow n o f  coatings due 
to  m echanical dam age, w ith resu ltan t cargo con tam ination  or 
corrosion , is to  use a  relatively du rab le  an d  com patib le p rim er 
coating having a good bond strength. L im ited breakdow n is then 
o f less consequence.

The incidence o f  flanges in a coated  p ip ing  system  will be 
kept to  a m inim um  and  depending on  the degree o f  integrity 
required, flange bolts will be either m ild steel o r cadm ium  plated 
w ith an  over-coat o f  the system specified fo r tan k  and  pipew ork.

If  costs perm it, stainless steel bolting  will be used; bu t over­
coating  is advisable to  m ain ta in  the integrity  o f  the flange coating.

Jo in ting  m aterials vary considerably, bu t conventional com ­
pressed asbestos fibre will be suitable in m any cases. P.t.f.e. is 
also widely used, generally in pre-cut envelope form s w ith 
C .A .F . filler gasket.

P.t.f.e. is stable a t 20°C (68°F) above which point the volum e 
increases. A  corresponding shrinkage occurs on cooling. F o r  this 
reason, solid p.t.f.e. is no t norm ally  used fo r flange o r o ther 
jo in ting  m aterials unless special provision is m ade to  re ta in  it. 
Recessed spigot o r grooved flange faces are suitable m ethods o f  
achieving this.

M ost coating  systems have restric tion  on  tem peratu re 
m axim a and  preclude the use o f  coated  heating  coils, w hich in 
consequence, are norm ally o f  stainless steel. C one seal couplings 
are generally the m ethod o f  jo in ing  pipe lengths, very often w ith 
p.t.f.e. o r o ther suitable inserts. T hreads are  avoided where 
possible and  these coupling tails are welded to  the piping.

H eating coil supports require a tten tion  to  detail in o rder to  
prevent chaffing o r heat transm ission to  ad jacent coated  steel­
w ork. These supports can be entirely o f  stainless steel, in which 
case they will be welded to  tank  structure  p rio r to  tank  coating. 
The coating  will be carried over the stainless/m ild steel junction , 
but m asked to  term inate the coating  clear o f  the ho t region.

Alternatively the pipe supports m ay be o f  coated  m ild steel, 
insulated from  the heated  region by stainless steel an d /o r some 
o ther m aterial such as one o f  the m any m an-m ade fibres available 
in block form.

(Jn-Coated, High Integrity System s
W here stainless steel tan k  m aterial obtains, the m ain  con ­

sideration will be to  obviate corrosion  and  cargo contam ination . 
T herefore cargo and  ancillary piping requires to  be in stainless 
steel, A1S1 304, 316 and  316 L types have all been used satis­
factorily.

H eating coils are generally stainless steel, a lthough  a lu­
m inium , where com patible, m ay be an alternative.

Some cargoes react w ith heating  coil m aterials, thus lim iting 
surface tem perature. The tem perature  a t w hich reaction  occurs 
varies fo r different coil m aterials and  products. This m ust be 
considered when designing the heating  coil arrangem ent and  
conventional steam heating is no t necessarily em ployed, no r is it 
as easy to  contro l skin tem peratures. Systems are  being used 
increasingly which circulate h o t w ater o r special heat transfer 
m edia, which th roughou t the ir cycle rem ain  in the fluid state.

The final decision regarding m aterials in this instance will 
depend firstly upon  technical suitability  and  finally upon  cost.

Pipe supports fo r a high integrity  system  will be in stainless 
steel th roughou t and  jo in ting  m aterials m ay be C .A .F . o r p.t.f.e. 
envelope type.

Valves and Fittings
W here a  coating  or lining system is used, valves and  o ther 

fittings m ay be in  stainless steel. H owever, the “com prom ise” 
will be to  have stainless steel spindle and  valve internals, the 
valve body being coated  either internally, externally, o r both. 
Sometim es it m ay be considered justifiable to  allow  fo r replace­
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m ent as necessitated by corrosion , by using conventional tanker 
type equipm ent.

T he u ltim ate in protection  is to  use all-stainless valves, bu t 
care m ust be exercised, particu larly  in the case o f  tanks used fo r 
ballast, to  prevent galvanic action  betw een carbon  steel piping 
and  austenitic  stainless steel valves.

Valve extended spindles can be o f  stainless steel, bu t m ay 
also be in  carbon  steel w hich will be coated  in the sam e w ay as 
tank  structure  and  piping. In  the la tte r case, spindle guide bushes 
are designed to  prevent ab rasion  o f  the protective coating. This 
m ay be achieved in  a  variety  o f  ways, by using p.t.f.e. guide 
bushes. In  addition , the spindle m ay carry  a  stainless steel bush 
in way o f  the guides.

Straight runs o f  extended spindles are  used w here practicable, 
in o rder to  obviate the need fo r non-corrosive universal couplings.

Pumps
Pum ps fo r p roducts carriers can  be o f  centrifugal (pum p- 

room  located  o r deepwell) screw o r reciprocating  types. In  each 
case, corrosive cargoes will dem and th a t stainless steels are  used, 
o r th a t su itable coatings are  applied  to  pum p casings etc. A s w ith 
any  app lication  w here stainless steel m oving parts  a re  used, 
galling m ust be avoided as referred to  in the liquid  gas section.

Som etim es, as in  the case w ith certa in  applications o f  reci­
p rocating  pum ps, bucket liners will be o f  stainless steel w ith cast 
iro n  buckets.

Pum p end bucket rings can be m ade from  any  suitably 
com patib le  m aterial, w hich will generally have a  p.t.f.e. base. 
G land  packing also m ay be o f  p .t.f.e . based m ateria l such as 
im pregnated  asbestos.

Suction and  delivery valve integrity  is im portan t to  pum p 
efficiency and  they will generally be constructed  in stainless steels.

T he valve discs how ever are  som etim es o f  suitable com posite 
m ateria l to  obviate galling. Such m aterials w ill norm ally  be resin 
lam inates.

Pum p cover jo in ts  can be p .t.f.e . o r o th er suitable m aterial.
In  the case o f  centrifugal pum ps the difficulties o f  galling 

have been approached  in a  sim ilar m anner. G rades o f stainless 
steel a re  chosen w hich give a  difference o f  hardness between 
runn ing  com ponents. Im peller neck bushes have been success­
fully lined w ith  p .t.f.e . based tape w hich solved the deepwell pum p 
problem s cited earlier. C learances are sm aller in th is case than  
th a t betw een im peller an d  w ear rings, perm itting  18/8 stainless 
steel o r  an  alternative to  be used th ro u g h o u t fo r all m oving and  
sta tionary  parts.

T he chem ical carriers referred  to  have all been capable o f 
carry ing  a  m ultitude o f  cargoes, b u t occasionally a  vessel is 
designed a ro u n d  one cargo. A t first sight, th is w ould  appear to  
simplify the designer’s problem , w hereas, in  fact, they are  usually  
the p roblem  children o f the chem ical industry . Exam ples o f  such 
cargoes are  liquid  sulphur, liquid  chlorine, phosphoric  acid, 
ortho -phosphoric  acid, phospho rous and  ethylene oxide.

E ach o f  these cargoes presents hazards, corrosion  difficulties 
an d  tem peratu re  o r o ther lim itations w hich m ay tax  the ingenuity 
o f  the designer, w ho in tu rn  will look  to  the scientist an d  m eta llu r­
gist to  p rovide new m aterials.

R ecent developm ent has provided ethylene oxide polym ers 
to  m ake w ater m ore “ slippery” ; cryogenic polyim ide resin  lip 
seals capable o f  holding 5000 lb /in 2 a t up  to  12 000 rev /m in ; 
carbon  fibres fo r a  host o f  ap p lica tions; explosive techniques to  
p roduce clad steels; an d  m any  m ore such innovations.

I t is the duty  o f  the designer to  use the nationa l, in ternational 
and  governm ental in fo rm ation  services to  the u tm ost so th a t 
th e  “ com prom ise”  o f  today  m ay becom e in to  the  “ ideal”  fo r 
tom orrow .

Discussion
M r. M . Z . N a v a z , B.Sc., A .M .I.M ar.E ., said it was 

possible th a t the p rob lem  o f  tra in ing  an d  education  of the 
sh ip’s crew , in  re la tio n  to  th e  cargo carried , m ig h t in  the 
fu tu re  becom e the responsib ility  o f th e  builder.

T h e  group ing  o f low  tem p era tu re  cargoes in  th e  tem per­
a tu re  ranges sta ted  in  th e  p ap er generally  com plied  w ith  m ost 
na tiona l m a teria l s tandards. C h lo rine  in  g ro u p  1 should  be 
considered  a  special case : it w as ev ident th a t special req u ire ­
m ents w ould  be called  fo r, as this cargo  w as n o t com patib le  
w ith  o thers listed in  this g roup .

T he au th o r h ad  n o t m ade  clear how  th e  use o f copper 
pip ing  fo r liquid n itrogen  system s could  be cheaper than  
doub le  w all vacuum  insulated  pipes. D id  he agree, th a t in  this 
case, hea t tran sfe r econom ics m ust also be  considered  in  
re la tion  to  th e  life o f  the ship? F a ilu re  to  v ap o u r seal the 
ends of the in su la tion  cou ld  lead  to  co rrosion , due  to  m oisture  
m ig ra tion . F o r this reason  v ap o u r sealings should  be carried  
over the ends on  p ipe lengths an d  firm ly landed  o n  th e  b are  
p ipew ork.

R egard ing  th e  use o f ny lon  p ip ing  fo r signal tra n s­
m ission, care  w as req u ired  in  its use on  low  tem pera tu re  
circuits. N y lon  tub ing  cou ld  be hydroscop ic  to  som e extent 
and  thus p ro m o te  m o istu re  m ig ra tio n : even tually  solid 
partic les cou ld  fo rm . In  connex ion  w ith  the p rob lem s associ­
ated  w ith p .t.f.e ., w ere ‘galling ’ p rob lem s rea lly  those  associ­
a ted  w ith  clearance to lerances an d  re-designing o f  sealing 
arrangem ents in  re la tio n  to p erip h era l speeds o f m oving parts, 
associated  w ith v ib ra tio n ?

T h e  au th o r considered  alum in ium  incom patib le  w ith 
vinyl chloride, a lthough  this w as no t yet un iversally  accepted . 
M r. N av az  ag reed  w ith the au th o r  th a t cast iro n  pistons w ere 
the m ost su itable fo r this cargo.

R egard ing  problem s associated  w ith am m onia  and  copper 
rich m aterials, it w as though t th a t recen t coo ler failu res in

the engine ro o m  o f  a  ship h a d  been caused  by th e  cooling 
w ater services d raw ing in  am m o n ia  rich  cooling  sea w ater 
possib ly  from  cargo  service discharges lo ca ted  am idsh ip . 
C are  w as req u ired  in  hand ling  cargo service sludge an d  con ­
tam ina ted  discharge.

H e sym path ized  w ith  the au th o r  regard ing  the difficulties 
h e  h a d  experienced in  o b ta in ing  fo rm a l a p p ro v a l fo r th e  use 
o f sheathed  piping, pa rticu la rly  w ith  p lastic  m ate ria l. R eg u la t­
ing bodies h a d  vary ing  a ttitu d es to  the ir u se  fo r sh ipboard  
service. F u tu re  years w ou ld  certa in ly  see a  pressing  need fo r 
th e  use  o f bo th  p o rtab le  an d  fixed, rig id  an d  p lyab le  sheath ing  
a rrangem ents fo r pip ing an d  various o th e r equ ipm en t as 
p ro tec tive  skins. T h is  w ou ld  com e ab o u t w ith  advances in  
non-desctructive testing  equ ipm ent, being p rov ided  as a  p a r t 
o f th e  ships equ ipm en t fo r use by ships staff. I t w as hoped  
th a t this testing equ ipm en t w ou ld  also  consist o f  in trin sically  
safe non-pressurized  leak detec tion  system s and  sim plified 
chem ical qualita tive  testing  equ ipm ent.

H ow ever efficient th e  ships cargo  hand ling , condition ing  
and  con ta inm en t system  m igh t be, the u ltim ate  responsib ility  
fo r  th e  safe  an d  efficient tra n sp o rt o f cargoes m u s t be  w ith 
the sh ip’s staff a lone.

M r . R . K . R o b e r t s , B.Sc., M .I.M ar.E ., com m ented  on 
coated  p ipe  lines an d  th e ir re la tio n  to  aggressive cargoes. 
M ore  an d  m ore  w ork  w as being carried  o u t in  the  field o f 
tan k  coatings a n d  increasing pressu re  w as being b rough t to  
b ea r to  find  such coatings su itab le  fo r aggressive cargoes. 
W hereas a t the p resen t tim e m ost such b u lk  cargoes w ere 
con ta ined  in  corrosion-resistan t tanks, (stainless steel o f  su it­
ab le  quality) it w ould  obviously  be m ore  econom ic to find 
su itab le  coatings fo r use w ith  m ild  steel. In  th e  bo rderline  
aggressive chem icals (acetic an d  p rop ion ic  acids), su itable 
o r a lm ost su itab le  coatings w ere on  th e  p o in t o f being de­
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veloped. In  the event o f coatings being accep ted  fo r tanks 
con tain ing  co rrosive  p roducts, such coatings should  n o t be 
carried  on in to  the p ressure p ipeline system , m ain ly  because 
o f the im possib ility  o f  p roper exam ination  and  testing to  
ensure the in teg rity  o f those lines in  the p ipew ork  system. 
L ocal fa ilu re  o f the coating  could  result in  rap id  local 
co rrosion  of the p ipe an d  subject personnel to  con tam ination  
fro m  subsequen t cargo  spray. D id  the au th o r know  o f any 
system  o f testing and  inspection  of a p ipeline coating  tha t 
could  p rove beyond  d o u b t th a t there  w as no fa ilu re  in th a t 
coating? In  h is op in ion  there  w as no such m ethod  a t p resen t 
and  un til there  w as, the safest an d  w isest course o f action  
w ould  be to  see th a t the pressure side o f such a  pipeline 
system  fo r an  aggressive cargo w as in  a  co rrosion-resistan t 
m ateria l.

H e  endorsed  the a u th o r’s rem arks concerning his dis­
ap p rova l o f a  purging system  by a cargo gas.

T h e  C hairm an  of the m eeting, D r . P. T . G il b e r t , Ph.O ., 
B.Sc., M .I.M ar.E ., raised  the p o in t o f the possible ill-effects o f 
discharge o f cargoes overboard . I t  w as ap p aren t th a t any 
large discharge o f am m onia, if  taken  in to  the sea-w ater 
cooling  system s o f  a vessel, could  have disastrous effects. H e 
u n d ers tood  th a t m any  tons o f am m onia w ere liable to  be 
d ischarged fro m  tim e to  tim e from  vessels carry ing  such 
cargoes, and  the  effects on  sea-w ater cooling systems, inc lud ­
ing the m ain  condensers o f vessels driven by steam  turbines, 
cou ld  indeed be very  serious. H e had  encountered  an  instance 
o f this so rt w ith  tankers conveying spent caustic liquid for 
d ischarge a t sea. O n occasions this liquid  found  its w ay back 
in to  th e  m ain  condensers o f vessels, causing serious condenser 
tube  co rrosion  th a t necessita ted  re-tub ing  a fte r  a  short period  
o f service. T he  effects o f am m onia  could  be even m ore severe 
in a  sim ular situa tion .

M r . R . C . F f o o k s , B.Sc., said the au th o r had  m entioned 
th a t p a rt o f th e  success o f th e  balsa system  w as due to  the 
m oney  spent in developing it. H e  endorsed this, bu t added  th a t 
on  certain  m an -m ade insu lation  m ateria ls vast am ounts o f 
m oney  h ad  been spent w ithou t very  satisfac to ry  results. Some 
m aterials th a t a t p resen t looked prom ising, had  h ad  m oney 
invested in  them  by shipow ners, designers, and  by the 
m an u fac tu re rs  them selves, an d  m uch effort h ad  been spent 
in looking fo r a  m ateria l easier and  cheaper to  instal and  
also effective and  perhaps one th a t w ould  eventually  becom e 
a p rim ary  an d  secondary  barrie r com bined  (this, he  though t, 
w as everyone’s dream ).

I t  seem ed som ew hat u n fa ir  to  expect a  sh ipbuilder to  
unders tand  all th e  com plications o f  chem ical carriers,—  
L .N .G ., L .P .G . an d  various o ther specialized ships— th a t he 
w as expected to  tender fo r com petitively, an d  also to  expect 
him  to tra in  his w elders to  w eld invar 9 per cent nickel 
alum inium , all to  a  very  h igh degree o f  com petance. H e 
th ere fo re  m uch  apprecia ted  M r. C ro o k ’s com m ents on the 
ex ten t to  w hich he  fo rsaw  shipyards m ight o p t ou t o f this 
responsibility  and  rely  on  specialist con trac to rs n o t only to  
supply  item s o f equipm ent, bu t also, possibly to  send in 
w orkers to  do the w elding, or even provide the sh ipyard  w ith 
a com plete package, leaving h im  to concen tra te  on the m ore 
conven tional parts, i.e. propulsion , accom m odation  an d  so on.

M r . H . J. M il l e r , B.Sc., M .I.M ar.E ., com m ented  on the 
s ta tem en t in the p ap e r: “ It is essential th a t p lan t opera to rs  
are  fully aw are o f the lim itations as well as the advantages o f 
such new innovations. O f p a ram o u n t im portance  is the p ro ­

vision o f com prehensive opera ting  in s tru c tio n s” . F ro m  the 
opera tiona l p o in t o f  view , he w as o f  th e  opin ion th a t in ­
sufficient clear in structions w ere given to  the ow ner w hen 
buying a ship. H e  knew  M r. C ro o k  w ou ld  p o in t ou t the 
num bers o f pam phle ts and  plans d is tribu ted , b u t these were 
o ften  sketchy and  p oo rly  p resen ted . H e  cited a recen t case 
concern ing  the delivery o f a  set o f  valves th a t a rrived  w ithou t 
clear in structions fo r fitting or ad eq u a te  exp lana tion  o f the 
basic design concept. T he person  responsib le  fo r inspecting 
the valves a t  the m an u fac tu re rs  w as a b ro a d  and  the valves 
d id  n o t fit. F inally , a  rep resen ta tive  o f the m an u fac tu re rs  
was urgently  called fo r an d  the prob lem  w as c lea red  u p  w ith in  
an  h o u r o r so o f his arriva l. T his exam ple re ite ra ted  his first 
p o in t: in fo rm atio n  to  th e  ow ner w as im precise. M an y  times 
this m ight be the fau lt o f the ow ner w ho d id  no t discover 
un til two, three, o r even fo u r years la te r th a t the p lans he h ad  
w ere no t adequate . In  o ther w ords, one d id  n o t find  ou t if 
p lan s /in s tru c tio n s  w ere sa tisfac to ry  un til som ething w ent 
w rong an d  they  w ere needed. I t  w as u p  to  the  sh ipbuilders 
(particu larly  in  this dangerous field) to m ake  sure th a t in s tru c ­
tions w ere n o t ju s t general pam phle ts w hich m igh t ap p ly  to  a 
range o f units, bu t pam phlets w hich dealt w ith th a t p a rticu la r 
un it on th a t particu la r ship. H e en tered  a  p lea to  M r. C rook  
— did his yard  do all it could  in  this respect?

O n the question  o f the heating  o f the cargo, the au th o r 
had  s a id : “Som e cargoes reac t w ith heating  coil m aterials, 
thus lim iting surface tem p era tu re” . H e  w en t o n : “Systems 
are  being used increasingly w hich c ircu late  ho t w ater o r 
special hea t tran sfe r m ed ia” . W hat, in  the au th o rs  view, was 
the best w ay to trea t a chem ical cargo?

M r . P. J. C a rr  said w ith regard  to p um p  design he had  
been involved som e years ago w ith  bearing  prob lem s associ­
a ted  w ith deep well pum ps on an  L .P .G . carrier. A t th a t 
tim e, the particu la r ca rrie r concerned  w as no t likely to  be 
used fo r am m onia  and  fo rtu n a te ly  the p rob lem  w as over­
com e by using 20 per cent lead  bronze fo r in te rm ed ia te  shaft 
bearings. H e  w as particu la rly  interested  to  h ear th a t in  recen t 
years there  had  been a m ove to  the use o f p .t.f.e . tape b e a r­
ings, and  th a t these seem ed to  have given sa tisfac to ry  service. 
H ad  there  been a tendency  to  increase the use o f fu lly  
subm erged pum ps to  avoid the p rob lem  w ith  in term ediate  
bearings? W h a t was the re liab ility  o f these fully  subm erged 
pum ps and  how  m any  spare  un its  shou ld  one insta l per tank  
these days?

D r . P. T . G il b e r t , B.Sc., M .I.M ar.E ., said  the au th o r 
had  referred  to  the use o f bi-m etal tubes fo r w ater cooled  
am m onia  condensers and  sta ted  th a t these norm ally  p e r­
fo rm ed  w ell b u t could give troub le . T h e re  w ere, o f course, 
circum stances w hen fa ilu re  could  occur, and  if  one com ­
ponen t o f the bi-m etal tube  w as p e rfo ra ted  fo r any  reason  it 
w as ev ident th a t a com plete fa ilu re  w ould  follow  very  quickly. 
W ould  the au th o r com m ent on the heat tran sfe r da ta  used 
w hen designing hea t exchangers in co rpo ra ting  such tubes? It 
was necessary to  m ake som e assum ption  ab o u t the bond 
betw een the tw o com ponents; one m ight assum e the bi-m etal 
tube  was equivalent to  a solid m etal tube  or th a t there  w as a 
com plete a ir gap  betw een the tw o com ponents. T he effect on 
the overall hea t tran sfe r co-efficient, depending w hich extrem e 
assum ption  w as m ade, was obviously  very  large bu t in  practice  
som e in term ediate  value w as p ro b ab ly  used. T o  his know ­
ledge there w ere no t m any  da ta  availab le  ab o u t the hea t 
tran sfe r behaviour o f bi-m etal tubes, and  M r. C rooks observa­
tions w ould  be w elcom e.
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T h e  au th o r, in  reply to M r. N avaz, ag reed  th a t train ing 
and  education  m ust be considered  very  seriously, by bo th  the 
sh ipbu ilder and  th e  shipow ner. W hen  im plem enting a m arine 
ven tu re  involving a  ship w orth  up  to  £20 m illion to  £30 
m illion, it w ould  be foolish  n o t to  carefu lly  select officers and  
crew  and  provide all th e  tra in ing  possible to  p rep are  fo r 
service conditions. F a ilu re  to  do this could  p u t th e  w hole 
p ro jec t a t risk.

Shipbuilders had  the responsibility  to  ensure th a t their 
ow n m anagem ent w as su itab ly  tra in ed  and  th a t the sh ip ­
ow ner was adequately  p rep ared  to  take  a vessel in to  service. 
T he  incentive w as certa in ly  there , w hen one considered th a t a 
ship w as no rm ally  u n d e r g u aran tee  fo r 12 m on ths a fte r 
delivery. D ue a tten tion  to  education  m ust be rew arded  by a 
low  incidence o f m al-opera tional failures.

T h e  au th o r  h ad  first-hand  experience o f this im portan t 
aspect o f p roducing  soph isticated  ships, an d  had  som etim es 
found  it necessary  to  organize un iversity  courses fo r  the 
officers o f vessels, w ith  a  view  to  acquain ting  them  firstly 
w ith  th e  chem istry  of th e  cargoes th a t w ere to be hand led  
and  secondly to  m ake them  aw are o f the po ten tia l hazards 
o f these cargoes.

T h e  au th o r accepted  M r. N av az ’s com m ents on  chlorine 
and  by w ay  o f an  exp lana tion  w ou ld  confirm  th a t th is gas 
w as pu t in to  g roup  1 solely because i t  w as a liquefied gas in 
the relevan t tem pera tu re  range. H ow ever, th e  au th o r w as 
certa in ly  aw are o f th e  pecu liar hazards o f m arine  tran sp o rt 
o f chlorine, and  the  specific restric tions a ttached  to  its 
carriage.

M r. N av az  h ad  queried  the reasons fo r using fo am  in su ­
lated  copper p ipe  fo r liquid  n itrogen  tran sfe r lines as opposed 
to  th e  vacuum  insu lated  alternative. In  th is in stance pure  
econom ics fa r  outw eighed  the m arg inal reduction  in  heat 
gain ob ta ined  by  using th e  m ore  expensive vacuum  insulated  
piping. N itro g en  w as in v ariab ly  used  as super-heated  
v apou r w hich req u ired  no insu lation , and  was sto red  in 
vacuum  insu la ted  sto rage vessels. F illing of these storage 
vessels w as th e  only  tim e th a t liqu id  n itrogen  passed th rough  
the sh ip’s lines, the opera tion  being o f sho rt duration .

F o r  th e  sam e reasons, all cargo pipe flanges and  valves 
w ere no rm ally  le ft un insu la ted  except fo r condensate  re tu rn  
lines. L eaks a t flanges w ere thus m ore  read ily  detec ted  and  
did n o t dam age th e  insulation . T h e  heat gain during th e  re la ­
tively sho rt periods o f load ing  and  d ischarging w as m inim al 
com pared  to  th e  constan t hea t gain by  w ay o f cargo tank  
insulation.

T h e  carry ing  o f v ap o u r sealing over the ends o f in su la­
tion  and  firm ly anchoring  it  to  th e  pipe w as essential and  this 
was in ferred  in  th e  parag rap h  o f th e  pap er dealing w ith 
p ip ing insu la tion  an d  the need to  pay  close a tten tion  to  detail.

M oisture m ig ra tion  th ro u g h  ny lon  piping w as a know n 
fact, b u t p roviding near am bien t tem pera tu re  operating  co n ­
ditions ob ta ined , freezing w as n o t a  significant prob lem . T h e  
au th o r  h ad  no know ledge o f such an occurrence.

P rob lem s w ith  p.t.f.e. had  been m en tioned  by M r. N avaz  
in re la tion  to  galling. I t  w ould  be b e tte r to  consider galling 
problem s an d  how  they  h ad  been overcom e by  th e  use of 
p .t.f.e. based m ateria ls as discussed in the paper. Basically, 
w here stainless steels w ere used, galling of running  com po­
nents could  be preven ted  by th e  use o f m aterials o f signifi­
can tly  different hardness values. W here  bearing  failures had  
been judged  to  be  caused  by p o o r lub rication , low  hea t 
rem oval an d  w hirling, p.t.f.e. based  tap e  bearings h ad  been 
used w ith  considerab le  success.

T h ere  w as a lack of know ledge regard ing  vinyl chloride 
and  its m ain  con tam inan t, acetylene, and  th e ir respective 
reactions w ith  alum in ium  and  copper bearing  m ateria ls. T he  
au th o r h a d  experienced tw o m in o r explosions w hen running  
in  o il-free rec iprocating  com pressors draw ing  in a ir a t the 
suction. I t  w as well know n th a t u n d e r certa in  conditions.

finely divided a lum in ium  partic les w ere explosive and  these 
conditions existed in  th e  tw o incidents cited. I t  w as fo r  this 
reason  th a t th e  au th o r  recom m ended  th e  changing of a lu ­
m in ium  pistons fo r  cast iron  an d  in  o rd e r to  p reven t the 
fo rm ation  o f explosive acetylides, th e  rep lacem ent o f copper 
based bearings fo r  vinyl ch loride service.

T h e  au th o r w as aw are o f th e  suggestion th a t am m onia  
d ischarged overb o ard  m igh t have  a  dam aging effect on 
coolers and  copper based piping. T h e re  w as no  p roo f, as yet, 
o f this effect, a lthough  th e  au th o r  recom m ended  th a t the 
sm all quan tities d rained  off load ing  arm s etc. w ere discharged 
on the  opposite  side o f the ship to  th e  engine ro o m  sea inlets 
then  in  use. T h e  au th o r  agreed  th a t th e  discharge overboard  
of any  m ateria l should  be the  sub jec t o f serious consideration .

R egard ing  the  benefits to  be o b ta ined  from  preventive 
m ain tenance, it w en t w ithou t saying th a t an tic ipation  of 
troub le  w ould  rew ard  th e  ope ra to r by a  low  incidence of 
failure . A  ship a t any  stage in  its life  cycle, w hether during 
construction , o r  in  service, w ould  only  be as good  as its 
supervision.

T h e  au th o r  shared  th e  fears o f M r. R oberts  in  respect of 
coated  pressure piping. C erta in ly  coating  in tegrity , w hich  was 
a lm ost im possible to  m on ito r, m ust be considered. T h e  best 
th a t could be done w as to  im plem ent rig id  q u a lity  contro l 
during p ipe p ro duc tion  an d  coating  operations. T h e  absence 
o f w eld spa tte r an d  o th e r sh arp  edges, together w ith  th e  
nu m b er o f bends per p ipe  length  being kep t to  one, reduced 
the possib ility  o f built-in  defects. S ho t b lasting  in itself 
prov ided  a  un ifo rm  surface p rep a ra tio n  an d  w here possible 
sp ray  coating  w ould  prov ide  m o re  un ifo rm  coating  th ick ­
nesses th an  b rush  application .

D ry  film thickness determ ination  w as th e  final guaran tee  
on  coating  in tegrity , an d  th e  a u th o r’s com pany  w as now  
using instrum ents th a t perm itted  an  extension lead  to  be used 
w ith  th e  probe, thus enabling  otherw ise inaccessible areas to  
be checked.

In  th e  case o f h ighly  aggressive cargoes, it  w as p ruden t 
to  increase p ipe  w all th icknesses on p ressu re  p ip ing  on deck 
an d  in pum p room s to  prov ide  a  co rrosion  allow ance. T his 
w as a lready  being done by th e  a u th o r’s com pany  in  the case 
o f n on -po rtab le  p ip ing  such as bu lkhead  pieces.

H ow ever, the  only  100 p e r cent m eth o d  o f guaran teeing  
co rro sion  resistance w as to  use a su itab ly  in e rt p ipe m aterial.

M r. F fooks h ad  ag reed  th a t ba lsa  w as a t p resen t the 
fav o u red  insulation  fo r  m eth an e  tanks an d  fo r  th e  sim ple 
reason  th a t developm ents to  da te  h ad  p ro d u ced  no  suitable 
a lternative system . T h e  au th o r, how ever, w as o f th e  opinion 
th a t very soon, a lte rnative  system s using m an -m ad e  m ateria ls 
w ould  becom e availab le  a t low er cost an d  w ith  g rea te r ease 
o f m an ipu la tion  and  installa tion . Several o rganizations, 
including th e  a u th o r’s, h ad  show n p rom ising  resu lts fro m  
researches. T h e  question  w as posed  by M r. F fooks , suggesting 
th a t it w as too  m uch  to  expect a  sh ipyard  to  u n d ers tan d  all 
o f th e  com plications o f a sophisticated  ship.

T he au th o r w as o f the op in ion  tha t, as the m ain  co n ­
trac to r, the  sh ipbuilder w ou ld  be  w ell advised  to  un d ers tan d  
all details possible an d  sh ipyard  m anagem en t h ad  a  long 
w ay  to  go befo re  becom ing sa tu ra ted  w ith  experience. So 
frequen tly  in  the past, sh ipyards have  lost large sum s o f 
m oney  th rough  ignorance, lack  o f p rep a ra tio n  an d  ill-founded  
fa ith  in  a sub -con trac to r w ho w as also  s ta rting  on  a  new  
venture.

A t one tim e, w ith  trad itio n a l ships, it w as enough  to  
o rder a piece o f “ b read  an d  b u tte r” equ ipm en t a n d  expect it  
to  w ork  reasonab ly . N o t so now , in  the age o f in n ova tion  and  
new  sciences; it w as essential to  have  a  w ork ing  know ledge o f 
design an d  o p era tiona l details o f every  piece o f equipm ent. 
T h is necessarily  en tailed  the prov ision  o f capab le  an d  ded i­
ca ted  m anagem ent w hich w as increasingly  difficult to  ob ta in  
in the presen t social env ironm ent.
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H aving  educated  the shipbuild ing m anagem ent, i t  w as 
then  tim e to  decide up o n  the degree o f sub-con trac ting  w hich 
w as p a rtly  d ic ta ted  by the degree o f  hom e b red  expertise 
availab le  an d  p a rtly  by a desire to m ain ta in  lab o u r loadings 
as stab le  as possible.

O ne com pany ’s philosophy  regard ing  sub-contractors, 
m igh t v a ry  considerab ly  from  an o th e r’s, bu t i t  w as true  to 
say th a t, hav ing  proven  the ab ility  to  “p roduce the goods”, it 
w as som etim es desirable to pa tron ize  one co n trac to r and  
allow  h im  to  g row  w ith th e  shipyard . T his, how ever, only 
app lied  in  the case o f  the less read ily  ob ta inab le  service.

M r. M iller com m ented  on  the lack  o f adequa te  operating  
instructions an d  th e  au th o r sym pathized  w ith th is all-too- 
com m on situa tion . N evertheless, the au th o r w as conscious o f 
this deficiency an d  h ad  fo r som e tim e been exerting  pressure 
on  suppliers in  this respect. F o r a specalized ship such as an  
L .P .G . carrier, the au th o r p roduced  a com prehensive o p e ra t­
ing m an u a l w hich encom passed the fu ll ran g e  o f  cargo 
hand ling  equ ipm ent an d  systems.

T he  basic fo rm a t o f  such a  pub lica tion  fo llow ed the 
general p a tte rn  o f :

1) p roducts to  be carried , their chem istry  and  hazards;
2) in s trum en ta tion  and  contro ls w ith  em phasis on  “ func­

tio n ”;
3) opera tions fo r w hich the vessel w as designed;
4) em ergency operations;
5) sam ple log sheets, useful conversion  tables and  o ther 

in fo rm atio n  such as M ollier charts.
T h is opera ting  m anual w as in tended  as a  m eans o f ex­

pand ing  u p o n  ind iv idual suppliers handbooks, w hilst obv ia t­
ing the need to  search  th rough  the m any  pam phle ts an d  p lans 
re fe rred  to by M r. M iller.

E qually , th e  shipow ner m ust n o t shed his responsibility  
to  h is  sea-going staff an d  m ust be able to  advise w hen 
requ ired . Som e shipow ners w ere aw are o f this and  had  
su itab ly  staffed their superin tenden ts’ departm ents. Sadly there  
w ere exceptions.

T he  heating  o f chem ical cargoes could  never be a  sim ple 
answ er to  M r. M illers “m aiden ’s p ray e r” . E very  cargo, o r a t 
best, each g ro u p  o f cargoes, p resented  different p rob lem s and  
no one system  could  be un iversally  accep tab le  in  every case.

O f the system s quo ted  in  the paper, the circu lated  hea t 
tran sfe r m edium  w as the m ost flexible w ith  regard  to  tem per­

a tu re  con tro l. So m uch  depended  on  w h a t a  shipow ner was 
p rep a red  to  p ay  and  his being ab le  to  p roduce , a t the design 
stage, a  realistic  p roduc ts list.

In  rep ly  to  M r. C arr, th e  au th o r  rep ea ted  his fa ith  in  
tape bearings an d  o ther p um p  com ponen ts such as th ro ttle  
bushes. A ll th e  deepw ell p um p  p rob lem s re fe rre d  to  in  the 
paper h ad  long ago been solved, th e  pum ps having  since 
given excellent service fo r m ore  th an  tw o years. Subm erged 
pum ps w ere now  w ith us, the la test g enera tion  o f  w hich w ere 
reliab le . T h is sta tem en t w as m ade w ith  som e reserve  regard ing  
am m onia  w hich h ad  been responsib le  fo r a ll th e  prob lem s. I t  
was hoped  th a t the pum ps recen tly  p u t in to  service w ould  
p rove th a t ano ther hu rd le  h ad  been crossed . W ith  this 
reliability  an d  low er in itial cost, it  w ou ld  ap p ea r th a t, fo r 
liquid gas cargoes, the subm erged  p u m p  w ou ld  entire ly  
rep lace th e  deepw ell pum p, how ever re liab le  th e  la tte r .

Inv a riab ly  tw o pum ps w ere fitted  per tan k  to  cover fo r 
failure , an d  any  additions to  th is w ere an  ow ners particu la r 
fancy. Som etim es a  rem ovab le  subm erged  p u m p  w as p ro ­
v ided w hich w ould  serve to  d ischarge an y  one cargo— or 
con ta inm ent-space as requ ired . H ow ever, i t  m ust be r e ­
m em bered  th a t, even w ith deepw ell pum ps, it  w as com m on 
prac tice  to  fit tw o pum ps per tank .

T he au th o r w ould  agree w ith the cha irm an , D r. G ilbert, 
regard ing  the lack  o f in fo rm atio n  availab le  o n  b i-m etal tubing 
fo r hea t exchangers. O ne m ust use m an u fac tu re rs  claim s 
unless o ther experience enab led  a  d irec t com parison  to  be 
m ade w ith conventionally  tubed  h e a t exchangers o f equal 
capacity . T h e  au th o r w as u n aw are  o f a n y  study  w hich m ight 
have h ighlighted the effect o f “ b o n d ” in teg rity  betw een the 
tw o elem ents o f a  bi-m etal tube, a lthough  it  n a tu ra lly  fo llow ed 
th a t the m ore in tim ate  the con tac t, the  better th e  h e a t tra n s­
fer coefficient.

T he  advan tage  o f finned b i-m etal tub ing  depended  on 
m any fac to rs, tw o o f  w hich w ere the n u m b er an d  size o f  
f in s /u n it length  o f tube, an d  the h e a t tran sfe r coefficients on 
the inside a n d  outside o f the tube . O bviously  th e  gains in  
efficiency w ere m ost p ro n o u n ced  w hen th e  ex ternal m edium  
gave a  low h ea t tran sfe r coefficient com pared  w ith  th a t o f the 
m edium  circu lating  th rough  th e  tubes. I t  w as claim ed th a t 
w ith the ra tio  o f inside film  coefficient rang ing  betw een 1 and  
10, i t  w as possible to  reduce  th e  num ber o f  tubes by  betw een 
5 -40  per cent.
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NICKEL-CONTAINING MATERIALS FOR 
SPECIAL CARGO T A N K S

B. Todd* M.Eng., C.Eng. (Member) and G. L. Swalesf

In  recent years there has been a rap id  grow th in the shipm ent o f  chem icals and  liquefied 
gases by sea. T he form er has been stim ulated  by the grow th in  chem ical (particularly  p e tro ­
chem ical) p ro duc tion  and  th e  la tte r by an  upsurge in  dem and fo r gas principally  as a fuel 
b u t also as a  petrochem ical feedstock especially in  countries such as Jap an  and  th e  U .S. 
eastern  seaboard  where there is insufficient indigeneous supply.

I t  is convenient to  discuss th e  m ateria l requirem ents fo r the tanks in these ships under the Mr- T o d d  M r. S w a le s
heading o f  chem ical tankers and  refrigerated  liquefied gas tankers.

CHEMICAL TANKERS

The nickel contain ing m aterials o f  m ost in terest in  the 
tran sp o rt o f  chem icals are  the austenitic  stainless steels a lthough 
som e use has been m ade o f  pure  nickel fo r the carriage o f  73 per 
cent caustic soda— S.S. M arine D ow Chem  built in  1954.

W hilst stainless steel is an  obvious choice fo r a wide range o f 
corrosive chem icals, its capability  o f  avoiding p roduct con­
tam ination  an d  its ease o f  cleaning m ake it a ttractive fo r cargoes 
such as w ine, edible oils and  latex and  also fo r relatively non- 
corrosive chem icals such as ethylene oxide, styrene, phenol etc. 
w here there are  stringent p roduct pu rity  requirem ents.

Increasing concern  by p o rt au thorities ab o u t the carriage o f 
hazardous cargo is accelerating the trend tow ards double skin 
vessels w hich m akes it m ore feasible to  consider m ore functional 
m aterials, such as stainless steels, fo r cargo tanks.

M any enquiries fo r new  chem ical tankers stipulate suitability 
fo r handling m ineral acids such as nitric, sulphuric and  phos­
phoric  acids an d  caustic alkalis. M ost tank  coatings are restricted 
to  handling chem icals in  the P H  range 4-9 and  outside this range 
corrosion  resistant m aterials such as stainless steel are essential.

V ersatility and  flexibility are the m ain factors in the field o f 
chem ical tran sp o rta tio n  and  it is in  these respects th a t the use o f 
app rop ria te  grades o f  stainless steel offer ou ts tand ing  advantages. 
V ersatility stem s from  the ability  o f  stainless steel to  accom m odate 
an  exceptionally wide range o f  cargoes allow ing m axim um  
scope fo r increasing revenue by accepting tu rn -a round  cargoes; 
flexibility results from  the ease w ith w hich properly  designed 
tanks can  be cleaned, so reducing cleaning tim e an d  costs.

CHOICE OF GRADE OF STAINLESS STEEL

A lthough  there are  m any grades o f  stainless steel fo r chemical 
tanker applications, econom ic factors, m arine and  chemical 
corrosion  considerations and  range o f  cargoes w hich can be 
handled , narrow  dow n th e  choice to  relatively few grades, i.e. 
those contain ing m olybdenum  such as A .I.S .I. Type 316. 
Exam ples o f  cargoes where the m olybdenum  contain ing grade is 
desirable are  phosphoric  acid, organic acids and  wine contain ing  
high SO 2 contents.

T able  I gives the com position  an d  typical properties o f  the 
gardes o f  w rought stainless steel likely to  be considered fo r the 
construction  o f  chem ical cargo tanks. W hilst the m olybdenum -

* Application Engineer, International Nickel Co. Ltd., (Marine) 
t  Application Engineer, (Chemical and Petroleum) International 
Nickel Co. Ltd.

free grades such as Types 304, 304L and  321 will be satisfactory 
fo r handling m ost chem icals, fo r m axim um  flexibility it is 
generally advisable to  use the m olybdenum -contain ing g rades— 
Types 316, 316L, 317 o r 317L. The choice o f  these grades is 
also d ictated  by m arine corrosion  considerations as th e  add ition  
o f  m olybdenum  im proves resistance to  p itting  in seaw ater.

F o r  m ost cargoes unstabilized grades will be satisfac­
to ry , b u t fo r phosphoric  and  o th er m ineral acids it is advisable 
to  use stabilized o r low -carbon grades (now adays usually the 
latter) to  avoid the possibility o f  in terg ranu lar corrosion  adjacent 
to  welds. G rade  316 w ith closer con tro l o f  ca rbon  content 
(0 04 per cent o r 0 05 per cent m axim um ) has been used fo r a 
num ber o f  ships w ith som e saving in cost. H ow ever, fo r ships 
in tram ping  service w here there is uncertain ty  ab o u t cargoes to  
be carried, it is w orthw hile specifying 316L in w hich the carbon  
is stringently lim ited to  0 03 per cent m axim um .

C onsideration  o f  the behaviour o f  austenitic stainless steels 
in a few o f  the m ore aggressive chem icals will illustrate these 
points and  substan tia te  the suggestion th a t 316L is the best all­
round  choice fo r general purpose vessels w ith 317L, m eriting 
consideration  in special cases. A n earlier p a p e r '1’ gives a  m ore 
detailed treatm en t o f  this subject bu t to  indicate som e o f  the 
considerations phosphoric  acid and  wine are  exemplified as 
typical o f  a corrosive acid  and  o f  a  non-corrosive cargo, where 
m aintenance o f  p roduct purity  is the m ain consideration .

a) Phosphoric A cid
There is considerable interest in the tran spo rt o f  phosphoric  

acid— a  business w hich could  increase w ith the desire o f  the lesser 
developed countries w ith large phosphate  rock resources, to  
produce phosphoric  acid a t the source o f the rock ra th e r than  
export the rock.

There are two basic types o f  phosphoric  a c id :
i) W et-process acid  p roduced  by digestion o f rock  w ith 

sulphuric acid  an d  evaporating  to  give 42-54 per cent 
P 2O s acid ;

ii) Furnace-grade acid  m ade by oxidation  o f  phosphorus 
to  P 20 5 and  hyd ration  to  give 54 per cent P 20 3 acid.

W et process acid generally contains appreciable quantities 
o f  fluoride (from  the rock) and  chloride (from  the rock, process 
w ater o r seaw ater con tam ination  during  carriage). W hilst m uch 
published d a ta  m ay suggest th a t Type 304 stainless steel is 
adequate  fo r handling  phosphoric  acid such da ta  often refer 
to  pu re  acid, and  grades 316L or 317L should  be used for 
com m ercial acid— see T able II.
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T a b l e  I — C o m p o s i t io n  a n d  t y p i c a l  m e c h a n ic a l  p r o p e r t ie s  o f  a u s t e n i t i c  s t e e l s  u s e d  i n  b u l k  l i q u i d  t r a n s p o r t

Nickel-Containing Materials for Special Cargo Tanks

C om position  M echanical Properties

Type o f 
Steel

A ISI Type 
D esignation C

per
cent

Cr
per

cent

N i
per

cent

M o
per

cent

Ti
per
cent

Si
per
cent

M n
per

cent
UTS

kgf/m m 2

0 2 per 
cent p ro o f 
kg f/m m 2 

m inim um

E longation 
per cent 

m inim um

18/10 Type 304 m inim um — 180 9 — — 0-2 0-5 — — —
m axim um 0 0 6 2 0 0 12 — — 1 0 2 0 52 2 1 0 30

Low C Type 304L minim um _ 180 9 _ „ _ 0-2 0-5 — — —
18/10 m axim um 0 0 3 2 0 0 12 — — 1 0 2 0 50 19 0 30

18/10/Ti Type 321 m inim um _ 17 9 _ 5 x C 0-2 0-5 — — —
m axim um 0 0 8 19 12 — 0 0 7 1 0 2 0 52 24 30

18/12/2-5Mo Type 316 m inim um _ 160 10 2-25 _ 0-2 0-5 — — —
m axim um 0 0 8 180 14 3 — 1 0 2-0 52 22-5 30

Low  C Type 316L m inim um _ 160 10 2-25 _ 0-2 0-5 _ — —
18/12/2-5 maxim um 0 0 3 180 14 3 — 1 0 2-0 50 2 1 0 30

18/12/3-5Mo Type 317 m inim um _ 180 11 3 0 _ 0-2 0-5 _ — —
m axim um 0-08 2 0 0 15 4 0 — 1 0 2 0 52 22-5 30

Low  C Type 317L minim um _ 180 11 3 0 ___ 0-2 0-5 _ _ —
18/12/3-5MO m axim um 0-3 2 0 0 15 4 0 — 1 0 2 0 50 2 1 0 30

18/12/M o/Ti m inim um _ 160 10 2-25 5 x C 0-2 0-5 _ — —
m axim um 0 0 8 180 14 3 0-7 1 0 2 0 52 2 4 0 30

F o r equivalent grades there m ay be a  slight variation  in m axim um  and  m inim um  values fo r com position  and  properties between 
various standards such as A STM , BS, D IN , etc. This table is only intended as a general sum m ary and  app rop ria te  specifications 
should be consulted.

T a b l e  II—E f f e c t  o f  c h l o r i d e  o n  c o r r o s i o n  b y

PHOSPHORIC ACID

T em perature range 86°F-100°F (30°-38°C)

Stainless Steel Type ppm  Cl added C orrosion rate  
m m /year

304 0 N il
304 8 00 3 6
304 15 0-2
304 23 12-7*
304 39 231*
304 117 24-7*
304 156 23 0*
304 196 27-4*
304 274 18 6*
304 391 231*
316 196 0016

* H ydrogen evolved and  acid coloured green

Table II is based on  labora to ry  tests in  75 per cent reagent 
grade phosphoric acid contain ing  specified concentrations o f 
added chloride. Specim ens were subm erged in  glass flasks.

It shows the effect o f  chloride content in phosphoric acid 
and  the im portance o f  using the m olybdenum  contain ing  grades. 
O ther im purities affecting the corrosivity o f  phosphoric  acid are 
fluorides, sulphuric acid, ferric iron  and  hydrofluosilicic acid.

C orrosion  tests in  typical wet process acids contain ing 
fluoride and  chlorides a t tem peratures up  to  104°F (40°C) 
showed corrosion rates o f  the order o f  0 1  m m /year. L aboratory  
tests on phosphoric  acid to  w hich varying am ounts o f chlorides 
and  fluorides have been added often show higher corrosion rates

than  com m ercial acids w ith sim ilar im purity  a t storage and 
tran spo rt tem perature. This has been attribu ted  to  the inhibitive 
effects o f ferric iron, alum ina, calcium , m agnesium  an d  silica 
in  com m ercial acids. F luoride and  chloride exert a  synergistic 
effect in increasing the corrosivity o f  the acid bu t chloride seems 
to  be the m ore po ten t in  this respect. U n d er shipping conditions, 
the m ain effect o f  high fluoride conten t appears to  be to  increase 
corrosion  in  the vapour space w hilst h igher chloride content 
appears to  increase the tendency to  p itting  under deposits on 
the tan k  bo ttom . In  the wet process o f  m aking  phosphoric acid, 
calcium  sulphate is form ed and  although  m ainly rem oved by 
filtration, fu rther settling ou t m ay occur during shipm ent.

Surface deposits on  stainless steel a re  undesirable an d  it is 
advisable to  regularly inspect and  clean tanks used fo r wet- 
process phosphoric acid. T o overcom e th is problem  some 
designers have proposed the fitting o f m echanical o r hydraulic 
stirring systems to  keep the calcium  su lphate in suspension. 
W hilst this w ould certainly be beneficial, the  difficulties o f  
avoiding dead spaces in the corners o f  the tanks where deposits 
could accum ulate and the costs (bo th  initial and  m aintenance) 
o f  a  stirring system w ould have to  be considered. The use o f  m ore 
highly-alloyed m aterial, e.g. Type 317L stainless steel o r alloys 
such as 25 N i, 20 C r, 4 M o, 2 C u, Alloy 20, o r A lloy 825 fo r the 
tank  bo ttom  is likely to  be a sim pler so lu tion  and  m ay be justified 
where especially aggressive phosphoric  acid cargoes are  to  be 
carried  regularly.

F o r  the m ajority  o f  phosphoric-acid carriers, 316L is being 
used. However, for several G erm an ships, e.g. L izz i Terkot, 
317L clad steel has been used. In  th is ship, w hich has been in 
service fo r over three years, the tanks a re  in excellent condition . 
M ore recently  Onabi w ith 317L clad steel tanks has entered 
service.

O ther G erm an ships have incorporated  bo th  317L and 
316L, the form er being used in the vapour space and  the tank  
bottom  and 316L for the rem ainder.
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b) Wine
T here is grow ing interest in  bulk wine shipm ent; one wine 

tanker w ith stainless steel tanks, Angelo Petri has been in service 
fo r m any  years and ano ther is u nder construction  in F rance. 
T here have been m any years’ experience o f  using stainless steel 
in the storage and  tran spo rt o f  w ine '2’.

Som e w hite wines contain  appreciable quantities o f  su lphur 
dioxide as a  biological suppressant, the quantities being lim ited 
to  a m axim a o f  40-70 ppm  dependent on  the country  concerned. 
Long-term  tests in wines con tain ing  excessive am oun ts o f  S 0 2 
(e.g. 500-600 ppm ) have show n th a t b o th  Type 304 and  316 
are no t affected under to tally  im m ersed conditions. In  the vapour 
space som e corrosion m ay occur w ith  Type 304 due to  S 0 2 
concentration  in  this space, w hen th e  S 0 2 conten t o f the wine 
exceeds ab o u t 30 ppm , w hereas Type 316 is n o t affected even 
under artificial conditions o f  excessive S 0 2 conten t, for exam ple 
500 ppm . H ow ever, m any w hite wines have an  S 0 2 conten t o f  
less th an  30 ppm  an d  experience w ith Type 304 stainless steel 
has been satisfactory.

A  few parts  per m illion o f  iron  is found  in m any w hite 
wines. I f  th is is allow ed to  build  up  beyond abou t 9-10 ppm  
then in som e wines the taste  is im paired, and  they m ay becom e 
cloudy. L ong-term  experience backed by contro lled  te s ts13’ 
indicates th a t in  long period  storage in  stainless steel there is no 
increased iron  con ten t even w ith S 0 2 conten t well in excess o f 
norm al s ta tu to ry  limits. W ith resin coated  tanks, pinholes in the 
coating  can give con tam ination  by iron  from  the base m aterial.

CLAD STEEL VERSUS SOLID STAINLESS STEEL FOR CARGO TANKS
U ntil recently, carbon  steel clad w ith 11- 2 1 m m  o f stainless 

steel has been used fo r m ost sh ipboard  tanks w ith solid stainless 
steel used mainly fo r transverse and centre line bulkheads. C lad 
steel has generally given good  service bu t recently there has been 
a  tendency to  use solid stainless steel in troducing  a  num ber o f 
advantages and  perhaps a  po ten tia l problem .

A plate  clad w ith 11 to  2 i  m m  o f stainless steel becom es 
cheaper than  solid steel, in term s o f  p late cost, a t a  certain  th ick­
ness (the breakeven thickness) w hich can  vary  from  ab o u t
7 to  10 mm .* T his varia tion  depends on  factors such as p ro ­
duction m ethods, the grade o f  stainless steel used, the country  
o f  origin etc. T he breakeven thickness decreases as the m ore 
costly grades are  considered— th a t fo r 317 being less th an  for 
316, for exam ple. A lso, depending on the w elding m ethods used 
and  contingencies allow ed fo r by the fabricators, the breakeven 
thickness fo r com pleted  fabrications m ay be considerably higher 
than  the plate  cost breakeven point. Since in m ost cases tank  
thicknesses are  below  10 mm , the use o f  solid stainless steel m ay 
result in cheaper tanks o r  a t w orst tanks o f  sim ilar cost. Also 
in exceptional circum stances (e.g. handling a  very corrosive 
acid con tam inated  by seaw ater, o r carrying seaw ater ballast fo r 
prolonged periods) w hich m ight lead to  serious localized pitting, 
say 1-1 i  m m  deep, this p itting  w ould  no t seriously affect the 
safety o f  a solid stainless steel tank  bu t m ight cause concern in a 
clad one. The solid stainless steel tan k  could  continue in service 
un til local repair was feasible w hereas sim ilar pits in the clad 
steel w ould  be close to  penetrating  the alloy layer pu tting  the 
tan k  a t som e risk and  necessitating im m ediate atten tion .

If, how ever, w ing tanks are to  be used fo r seaw ater ballast 
the follow ing possibilities have to  be considered if solid stainless 
steel is u se d :

a) I f  there are  local bare  areas o f  carbon  steel in con tac t 
w ith bare stainless steel im m ersed in  seaw ater acceler­
ated  corrosion  o f  the carbon  steel could  occur there. 
The large ca thodic  a rea  provided by the stainless steel 
and  the sm all anodic area o f  carbon  steel could give 
rise to  fairly rap id  co rrosion  o f  the bare steel areas. 
O bviously reduction  o f  the cathodic  area, fo r exam ple 
by pain ting  the ex terio r o f  the stainless steel will 
circum vent this prob lem ;

b) I f  the stainless steel is no t in con tac t w ith appreciable 
areas o f  bare  carbon  steel in the seaw ater, p itting o f  the 
external surface o f  the stainless steel m ight occur under

* Based on cost comparisons obtained March 1969.

the predom inantly  stagnan t conditions. Pain ting  o f  the 
stainless steel will elim inate corrosion  a t the bare  areas 
o f  th e  carbon  steel. V arious pa in t systems for th is 
application  are  now  being evaluated. Furtherm ore , it is 
know n th a t stainless steel can  be prevented from  p itting  
in seaw ater if  it is in  con tac t w ith appreciable areas o f 
bare  carbon  steel (a carbon  steel: stainless steel a rea 
ra tion  o f  1 :9 has been suggested as sufficient). Z inc 
anodes have also been used successfully fo r this purpose.

A lthough  experience is still lim ited there  are  ships in service 
w ith solid stainless steel pain ted  on  the ballast side and  experience 
tends to  suggest th a t this p rob lem  is less severe th an  once antici­
pated. The ballast spaces o f  one such ship w hich were coated  w ith 
a  coal-tar epoxy pain t, w ere exam ined by th e  au tho rs after 
three and  a h a lf  years’ service and  w ere found  to  be in excellent 
condition  even though  the ballast tanks h ad  been regularly 
filled w ith seaw ater ballast.

I t  seems th a t the ballast tank  prob lem  can be avoided by 
relatively sim ple and  inexpensive techniques. T herefore, the 
econom ic and  technical advantages o f  solid stainless steel 
referred to  earlier can  be utilized.

High P roo f Strength Stainless S teel
A n im portan t developm ent in the last few years has been 

the in troduction  o f  high p ro o f strength  varian ts o f  the standard  
grades o f  stainless steels.

M ost m odern  design practices fo r storage tanks and pressure 
vessels in E urope are based on  yield strength  o r p roof-strength  
criteria ra ther than  the form erly used u ltim ate tensile strength 
criterion. The m inim um  p ro o f strength  o f  the conventional 
grades o f  stainless steel is relatively low, e.g. 20 k g /m m 2 com ­
pared  w ith 25 kg /m m 2 fo r m ild steel. Im provem ents in p ro o f 
strength  o f  the o rder o f  50 per cent o r  m ore, w ith m ore m oderate 
im provem ents in u ltim ate  tensile strength  m ay be ob ta ined  by:

1) T he add ition  o f  01-5-0-25 per cent n itrogen  to  con­
ventional grades o f  austenitic stainless steel, e.g. 304, 
304L, 347, 316, 316L. (This m ethod  is no t applicable to  
titan ium -contain ing grades since the titan ium  reacts 
w ith the nitrogen).

2) W arm  w orking involving finishing ro lling  tem peratures 
below 1470°F (800°C) w ith final annealing  a t 1562°F- 
1652°F (850° 900 C) ra th e r than  the full softening 
treatm en t a t 1922°F (1050°C) norm ally  given to  con ­
ventional grades.

Nitrogen-containing High P roo f Stress Steels
T he effect o f  nitrogen conten t on p ro o f strength  is illustrated  

by com parison in T able III o f  norm al 316L and  n itrogen- 
con tain ing  316L, the grades o f  m ost interest fo r chem ical ships. 
This com parison is on the basis o f  typical p roducers’ m inim um  
guaran teed  values.

T a b l e  II I— C o m p a r i s o n  o f  p r o p e r t ie s  o f  n o r m a l  a n d  h i g h  
p r o o f  s t r e n g t h  s t a in l e s s  s t e e l  t y p e  316L

0-2 per cent 
p ro o f 

strength  a t 
68°F (20°C) 

kgf/m m 2

0-2 per cent 
p ro o f 

strength  at 
212°F 

(100 'C ) 
kg f/m m 2

U TS a t 68°F 
(20°C) 

kgf/m m 2

316L 21 16 52

N itrogen-contain ing
316L 32 24 65

W arm -w orked 316L 41 36 63
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The cost relative to  standard  grades varies from  country  to 
country , b u t in the case o f  steel from  the U .K . producers, the 
p rem ium  fo r high p ro o f  strength  n itrogen-containing grades is 
from  0-5  per cent. (M arch  1970).

T IG , M IG , m etal arc  and  subm erged arc  welding using 
app rop ria te  standard  stainless steel w elding consum ables can  be 
applied. I t  can  readily  be dem onstrated  th a t the longitudinal and 
transverse p roperties o f  welds are  always higher than  the m ini­
m um  guaran teed  p ro o f  strength values o f  plate  m aterial. The 
corrosion  behaviour o f  n itrogen-containing grades is for all 
practical purposes identical to  th a t o f the corresponding norm al 
grades.

W arm -W orked Stainless S teel
H igh p ro o f  strength  stainless steel p roduced by w arm - 

w orking is a t present lim ited to  p late in the 3-18 m m  thickness 
range. T able II I  show s the m inim um  guaranteed  properties fo r 
w arm -w orked 316L from  one producer.

A slight reduction  in  strength  properties occurs a t the weld 
zone. F o r  design purposes a 15 per cent reduction  in  the m ini­
m um  guaranteed value is sufficient com pensation. C are m ust be 
taken  w ith high heat inpu t processes such as subm erged arc 
w elding to  con tro l the heat input to  lim it the reduction  in p roper­
ties. By taking account o f these considerations, subm erged arc 
welding has been satisfactorily used on  w arm -w orked steel fo r 
chem ical tankers.

W ithin the U .K ., there is no  cost prem ium  fo r w arm -w orked 
high p ro o f strength steels over corresponding standard  grades.

Use o f  H igh P ro o f Stress Stainless S tee l in Chemical Tankers 
Particularly  w here the thickness o f  bulk heads is governed 

by stress calculations ra th er th an  by the m inim um  set by Classi­
fication Societies advantage can often be taken  o f  high p ro o f 
strength  steels fo r chem ical ships. These steels are  incorporated  
in  L loyds R ules w hich stipulate a  m inim um  thickness o f  61 m m  
fo r high p ro o f strength  steels, com pared w ith 7 m m  fo r con­
ventional grades. Broadly, subject to  these lim itations on 
m inim um  thickness, and  o ther detailed design considerations, 
a  15 per cent reduction  in thickness is allowed fo r high p ro o f 
strength  steels com pared w ith conventional grades. (Exam ples are 
given in the section dealing w ith design considerations). C on­
sequently, high p ro o f strength steels can advantageously be 
considered fo r tanks handling high-density cargoes.

W arm -w orked high p ro o f strength steels have been in­
corpora ted  in som e chem ical ships constructed  in the U .K . and 
the n itrogen-contain ing steels in chemical tankers recently built 
in H olland , Belgium and  Spain.

T a b l e  IV — C o r r o s io n  a l l o w a n c e s  a s  g i v e n  b y  l l o y d s ’ r u l e s

D eductions from  norm al
3 m m  corrosion  allowance

solid clad
stainless stainless

steel steel0 >

Exposed to  cargo on bo th  sides J  mm not applicable
Exposed to  cargo on one side and  
dry on the o ther 1 i  m m 1 m m
Exposed to  cargo and  w ater 
ballast on the o ther 1 i  m m a) i  mm
T ank b o ttom — underside access­
ible and  dry 1 mm J mm
T ank  b o ttom —-underside access­
ible bu t in con tac t w ith w ater 
ballast 1 m m ') 0d)
T ank  bo ttom — underside inac­
cessible due to  presence o f  heating 
ducts (which norm ally  contain 
fresh w ater) 1 m m b) add  i  m m e)

T otal corrosion  allow ance for carbon  steel deep tank  bulkhead  
plate  is 3 mm .

DESIGN AND FABRICATION ASPECTS
a) Basic Design Considerations

T he general basis fo r the design o f  stainless steel and  stain­
less clad steel is to  use the criteria fo r the m inim um  thickness o f  a 
m ild steel bulkhead m aking app rop ria te  reductions in  the co r­
rosion allowance, depending on  the corrosion  conditions existing 
on  either side o f  the bulkhead  as indicated in  T able IV. A pprop ri­
a te  corrections are  m ade fo r high density cargoes, an d  fo r the 
thickness and  section m odulus o f  stiffeners. T he Classification 
Societies usually  stipulate overriding thickness m inim a which, 
in  the case o f  L loyds Rules, a re  7 m m  fo r n o rm al austenitic  steels 
and  6J m m  fo r approved h igh -p roo f strength  stainless steel. 
In  the case o f  clad steel a l l  m m  m inim um  o f stainless steel layer 
is specified fo r the tank  sides w ith 2 m m  fo r the bottom .

The effect o f these considerations on  bulkhead  thickness is 
show n in T able IV w here app rop ria te  deductions have been 
m ade from  th e  norm al 3 m m  corrosion  allow ance fo r rules 
based on carbon  steel.

N o te s :
a) Solid stainless steel m ay require  coating  on  the “ o u te r” 

surface if  exposed to  areas o f  m ild  steel in  seaw ater in 
o rder to  avoid accelerated co rrosion  o f  bare  carbon  
steel.

b) The heating ducts m ay be o f  m ild steel bu t only fresh 
w ater o r oil is to  be used fo r the heating  elem ent. I f  
fresh w ater is used then  m eans o f  m onitoring  fo r the 
presence o f  rust should be provided.

c) The thickness o f clad steel includes the cladding and  the 
thickness o f  the cladding itself is to  be a t least 1 J m m  
(0 06 in) a t the sides and  to p  and  2 m m  (0 08 in) a t the 
bottom .

d) I f  the m ild steel side in  the ballast tanks is coated, the 
deduction  m ay be increased to  1 m m  (0 04 in) w hich is 
equivalent to  reducing the co rrosion  m argin  on  the 
ou ter surface by i  m m  (0 02 in).

e) I t  is considered advisable to  increase the thickness o f 
tan k  b o tto m  plating  in  w ay o f  inaccessible heating  
ducts.

I f  we consider a  bu lkhead  exposed to  cargo on one side and  
w ater ballast on the o ther and  assum ing this bulkhead is required 
to  be a 10 m m  thick in carbon  steel, then  the com parative th ick ­
nesses fo r stainless steel, stainless-clad steel and  high proof-stress 
stainless steel are as fo llow s:

C lad steel Solid stainless H igh p ro o f stress
steel stainless steel

Thickness 91 mm 81 m m 71 m m

N ote: These relative thicknesses m ay be altered where the 
tanks are heated to  a tem peratu re exceeding 176°F 
(80°C) as the p ro o f strength  o f  stainless steel is slightly 
low er a t these tem peratures and  as therm al stresses are 
generated in the sh ip’s struc tu re  due to  the higher 
coefficient o f  expansion o f  stainless steel.

Since the breakeven po in t fo r solid stainless steel and  clad 
steel on the basis o f  plate  cost is o f  the  o rder o f  7 -10  m m  and  
perhaps higher when fabrication  costs and  contingencies are 
included, it is evident tha t substantial m aterials cost saving m ay 
accrue from  the use o f  solid  ra th e r th an  clad  steel. F u rth e r 
savings can  be obtained  w ith high p ro o f  stress stainless steel, 
the am oun t depending on the cost prem ium  over conventional 
steel w hich varies from  country  to  country.

b) Ballasting
T he ballasting  arrangem ents o f  chem ical tanker are o f 

particu lar im portance because o f  the possibility o f  cargo con ­
tam ination  and  tank  corrosion  if norm al seaw ater ballast is used. 
F o r  this reason the trend  in chem ical tankers is tow ards the 
provision o f  dedicated ballast space and  double bo ttom  tanks 
can be used fo r th is purpose.
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B allast space corrosion considerations w hen solid stainless 
tanks a re  used have been referred to  earlier bu t in  som e ships 
th e  p rob lem  has been com pletely avoided by using special 
ballasting  arrangem ents w hich prevent con tac t o f  the stainless 
steel an d  seaw ater ballast. O ne m eans o f  achieving th is is to  use a 
con tinuous system o f carbon  steel heating  ducts on  the bo ttom  
o f  the tank  precluding contac t o f  the stainless steel w ith seaw ater 
in  the double bo ttom  tank . If, under exceptional circum stances 
double b o ttom  capacity is insufficient, it m ay be necessary to  use 
cofferdam  space fo r ballast. I f  fresh w ater is available and  can  be 
used econom ically for ballast this w ould circum vent any problem  
in these spaces. I f  no t, and  the tanks are  uncoated , then the time 
fac to r is im portan t and  if  the space can be w ashed ou t w ith fresh 
w ater after ballasting, then  short occasional exposure to  seaw ater 
is unlikely to  create serious problem s.

F ro m  consideration  o f  cargo con tam ination  and  tank  
corrosion, the use o f  cargo tanks fo r ballast should  be rigorously 
avoided. H ow ever, if, fo r reasons o f  safety th is is unavoidable, 
then  tho rough  w ashing w ith fresh w ater is essential an d  the 
tank  should  be inspected to  ensure tha t any deposits have been 
rem oved com pletely.

c) Tank Finishing
Since the co rrosion  resistance o f  stainless steel is m ainly 

dependent on  the presence o f  a  passive film on  its surface any 
interference w ith this film will reduce corrosion  resistance. In 
fabricating  tanks care  should therefore be exercised to  avoid 
em bedding foreign m atter, particu larly  iron , rust and  welding 
slag in the m etal surface. A no ther potential cause o f  p itting is 
weld spa tte r adhering to  the m etal surface. P roprietary  products 
are  available fo r coating  the steel surface n ear the weld to  
prevent spatter adhesion and  these are  easily rem oved w hen the 
welding operation  is com pleted.

D epending on the w elding process used, the weld surface 
m ay be sm ooth  o r heavily rippled. In  the la tte r case, it is advis­
able to  sm ooth  the surface by light grinding. In  the case o f  clad 
steel, care m ust be taken  in  grinding in  the weld zone as this can 
reduce the thickness o f  the clad  layer and  this is n o t easy to  
detect. Even w here considerable care is taken  in fabrication , it is 
necessary to  apply a  final cleaning procedure w hich generally 
involves acid  pickling and  final washing. T his p rocedure is 
in tended to  rem ove em bedded iron  particles and  any  oxide films 
th a t m ay be form ed a ro u n d  the welds. B road guidelines fo r this 
p rocedure are  given in  A ST M  S tandard  A380. A  pickling 
solu tion  o r  paste  based on  n itric  acid and  n itric /H F  m ixtures 
is used fo r pickling and  this p rocedure is often described, 
perhaps dubiously, as “ passivation” . Som e p roprietary  pickling 
pastes offered fo r this pu rpose con tain  ferric chloride and  these 
should  be avoided because even a  trace o f  ferric chloride left 
on the tank  will induce rap id  pitting.

Since m anually  applied pickling procedures can be u n ­
p leasant, there is scope fo r adap ting  tan k  cleaning equipm ent for 
this purpose.

O PE R A T IN G  FA CTO RS
T able V sum m arizes procedures which have been found 

satisfactory over m any years fo r ro ad  and  rail tankers and  gives 
general guidance w hich m ay be adap ted  fo r sh ipboard  use for 
cleaning tanks betw een cargoes.

T he increasing stringency specifications fo r som e chemical 
p roducts (particularly  as fa r  as chlorides are  concerned) and  
the desire to  obviate possible corrosion  problem s, m ake it 
highly advisable to  use fresh w ater in all tan k  cleaning operations, 
and  m any specialized chem ical ships are  designed to  do  this.

W orkm en entering  tanks fo r any purpose should  be equipped 
w ith app rop ria te  soft footw ear, and  care should  be taken  to  
ensure ta n k  cleanliness. I f  m odifications o r repair involving 
welding are carried  ou t on  a  tank , the sam e procedure as in 
initial tan k  finishing should  be applied to  affected areas.

C O N C L U SIO N
W hilst stainless steel is a  relatively expensive m aterial, its 

versatility and  flexibility enable it to  be used to  advantage. T hat 
stainless steel can  be used profitably  in this industry  to  m eet

technical and  econom ic requirem ents is evident from  its rapidly  
grow ing usage.

r e f r i g e r a t e d  l i q u e f i e d  g a s e s

The last decade has seen rap id  technological advance in the 
shipm ent o f  refrigerated  liquefied gases particularly  anhydrous 
am m onia —27°F ( —33-4°C) liquefied petro leum  gas (L PG ) 
—41°F ( —42°C), liquid ethylene - 1 5 7 ° F  (-1 0 3 -8 °C ) and  
liquefied n a tu ra l gas (L N G ) —256°F ( —162°C). Special a tten tion  
has to  be paid  to  the m aterials in the tanks fo r these cargoes as 
norm al shipbuilding steels tend  to  becom e brittle  as the tem ­
perature  is lowered.

Steel is th e  obvious first choice fo r cargo tanks as shipyards 
are  geared to  handling  this m aterial. Progressive additions o f  
nickel to  steels depress the tem pera tu re  a t w hich good  toughness 
is ob tained  as show n in Fig. 1. A pprop ria te  grades o f  stainless 
steel also have excellent p roperties dow n to  very low  tem per­
atures an d  stainless steel barges have been bu ilt to  carry  liquid 
hydrogen —418°F ( —253°C). A no ther alloy o f  interest is the 
36 per cent nickel-iron alloy which, in  add ition  to  excellent low 
tem perature  toughness, has a  very low  coefficient o f  expansion. 
T his has been m ade use o f  in som e m em brane designs fo r liquid 
m ethane an d  p ropane tanks.

N i c k e l ,  p e r  c e n  t --------

F ig . 1— E ffec t o f  n icke l on  n il d uc tility  
transition o f  steel p la te
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T a b l e  V — C l e a n i n g  p r o c e d u r e  f o r  s t a i n l e s s  s t e e l , t a n k s

Commodity Preparation Cleaning Rinse Precautions

Petroleum products, 
gasoline, jet fuels, 
kerosene. Diesel, lube, 
white oils. etc.

Baffled tanks should be 
constructed with 3-in 
nipples in each area 
between baffles for 
cleaning accessibility.

Recirculatory system using 
non-caustic alkaline 
detergent with flood or 
impingement type rotary 
spinners. Clean from 2 to 
15 min for each spinner 
position depending on 
cargo.

Hot water for one or 
more minutes

Stainless tanks eliminate 
need to pre-test detergent 
or to choose less efficient 
cleaning media to 
accommodate tanks.

Vegetable oils, china 
wood, tung, blown castor 
oil and similar oils.

If clean bore—use high 
impact spinner through 
dome opening.

If air-dried, use heavy duty 
caustic cleaner; otherwise 
use recirculatory system 
with non-caustic detergent 
with impingement or impact 
spinners.

Hot water rinse

Tallows, waxes, heavy 
lubes and paratones.

Tanks should have 3-in 
nipples between baffles for 
cleaning accessibility.
If clean bore—use high 
impact spinner through 
dome opening.

Recycling system using 
alkaline detergent 
preferably applied with 
impingement type spinner.

Hot water rinse Drain carefully at 
unloading point; if melting 
point of commodity is very 
high, use steam firs: If not 
properly drained, 
commodity will clog tanks.

Detergents, wetting 
agents, soaps, etc.

If baffled -tanks should 
have 3-in nipples between 
baffles for cleaning 
accessibility. If clean 
bore—use high impact 
spinner through dome 
opening.

Use steam or spin on a hot 
water rinse. Do not 
recycle.

Avoid recycling since it 
will fill lank with foam.

Nitro-benzol, phenol, 
aniline oils, oil of 
mirbane. etc.

If baffled tanks should 
have 3-in nipples between 
baffles for cleaning 
accessibility. If clean 
bore -use high impact 
spinner through dome 
opening.

Steam clean, do not 
recycle.

No rinse necessary 
after lengthy steaming. 
Avoid quick 
temperature drop, 
unless dome is open 
to eliminate possibility 
of sucking in tank from 
vacuum.

Some of these commodities 
are highly toxic. Do not 
allow cleaning residues 
to enter sewer or regular 
cleaning system. Drain into 
a French Drain and cover 
with earth. It is sometimes 
advisable to keep the same 
tanks in this service.

Insecticides, herbicides, 
fertilizers and related 
liquids.

If commodity is not oil 
base, pre-rinse with cold 
water.

If not oil base, use 
recycled detergent. If oil 
base, spin detergent 
solution long enough to 
emulsify but do not 
recycle.

Hot water rinse. Some of these commodities 
are very toxic.

Caustics, acids, etc. Tanks should have 3-in 
nipples between baffles 
for cleaning accessibility. 
If clean bore—use high 
impact spinner through 
dome opening.

Cold water wash through 
spinner and drain. If 
reactive to water drain off 
properly leaving very little 
product in tank.

Make certain whether or 
not commodity is reactive 
with water. Some acids 
especially inorganic types 
such as sulphuric react 
violently with water.

Latex, PVA emulsions, 
acrylic emulsions, etc.

Load tank with about 200 
gallons of cold water 
immediately after unloading 
product. Close dome 
covers until tank can be 
cleaned.

Open valves and wash with 
cold water through high 
impact spinner. If product 
has set-up and requires 
scraping, use sonic unit 
with strippers especially 
developed for hardened 
latex such as Astro-Strip 
No. 2. Follow with hot 
caustic wash.

Hot water rinse. Keep dome opening tighil) 
closed; avoid possibility of 
air drying.

Asphalts, bitumals. Steam for .1 hour or more 
to get tank hot. If followed 
with sonic unit, better and 
faster cleaning will result.

Lengthy cleaning time can 
be cut considerably with 
sonic equipment using 
prescribed safety solvent 
(such as Astro-Sol No. 2). 
Apply through each 
vessel opening for 15 
minutes. Follow with 
alkaline wash or use 
vapour degreasing system 
employing chlorinated 
solvent such as trichlor- 
ethylene or 
perchlorethylene.

Alkaline rinse first to 
remove coke and 
odour, then hot rinse.

Resins, paints, lacquers, 
varnishes.

If solvent soluble add 
several gallons of xylene. 
M.E.K. or similar solvents 
in same family to tank 
after unloading. (If not 
available, use water).

If water soluble, use 
alkaline detergent 
recirculatory system: apply 
w ith spinner. If solvent 
soluble, pre-clean with 
sonic equipment using a 
safety solvent recommended 
by supplier; otherwise use 
vapour degreasing with 
chlorinated solvents.
While sonic approach is 
very new. it has proved 
extremely quick, effective, 
and reduces the amount 
of solvent needed per tank 
cleaning.

Hot water rinse. Keep dome openings tightly 
closed. Do not use hot 
pre-washes. Clean 
thoroughly.

* Chart prepared by Grady Walts, Chemical Detergents Co. Inc.
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T a b l e  V I — C o m p o s i t i o n  a n d  p r o p e r t i e s  o f  n i c k e l - c o n t a i n i n g  s t e e l s  f o r  l o w  t e m p e r a t u r e  s e r v i c e

C om position  per cent M echanical Propetries

Steel Specifications* C M n P S Si Ni H eat
T reatm ent

Yield Poin t 
kgf/m m 2 
( to n s /in a)

U .T .S .
k g f/m m 2

(to n f/m m 2)

E longation  
per cent 

m inim um

C harpy 
V -N otch 

kgf m 
m inim um

i  per cent N i A F N O R  N FA  
36-208 0-5 N i A

0 1 4
m axim um

1-3
m axim um

0-030
m axim um

0-935
m axim um

0-30
m axim um

0-3/0-7 N orm alized 27-0
(m inim um )

(17-1)

42-50

(26-7-31-7)

25(5D) 5 at 
— 58°F 

( — 50°C)

3£ per cent Ni ASTM  203 
G rade D

0 1 7  
m axim um

0-80
m axim um

0-035
m axim um

0-040
m axim um

0-15/0-30 3-25/3-75 N orm alized 
and  

Tem pered 
G rade D

26-0 
(m inim um ) 

(16 5)

47-5-54-1 

(29-0-34-4) 23

5 at 
— 148°F 

( - 1 0 I ° C )

5 per cent N i V D E H  W erkstoff 
B la tt 680 12 N i 9

0-20
m axim um

0-30/0-60 0-035
m axim um

0 0 3 5
m axim um

0-15/0-35 4-5 /50 Q uenched
and

Tem pered

45-0
(m inim um )

60-75

(38-1-47-60)

20(5D) 9 at 
—184°F 

( — 120°C) 
(D V M  

kgf m /cm 2 
45 ft/lb)

9 per cent N i A STM  A353 
and

0 1 3
m axim um

0-9
m axim um

0-935
m axim um

0-040
m axim um

015/0-30 8-5/9-5 D ouble
N orm alized

and
Tem pered

52-7
m inim um

(33-5)

70-3-84-4

(44-6-53-6)

22 3-5 at 
- 3 1 9 3F 

( — 196°C) 
(25 ft/lb)

A553 do Q uenched
and

T em pered

59-8
m inim um

(37-9)

70-3-84-4

(44-6-53-6)

22 3-5 at 
— 319°F 

( — 196°C) 
(25 ft/lb)

* O ther relevant specifications
3g per cent N i— BSS 1501— 503 (Indraft) 9 per cent N i—BSS 1501— 509 (Indraft)

V D E H — W erkstoff B la tt 680 A F N O R  N F A  36—208
5 per cent N i— A F N O R _______________ V D E H — W erkstoff B la tt 680

36— 208— 5 N i N orske V eritas— NV 20— 2
N ote: G auge length 2 in except where indicated.

L P G  A N D  AM M O NIA

Ships are usually designed fo r carrying bo th  these liquids as 
the m aterial requirem ents are approxim ately  the same. The 
lowest tem perature encountered  is ab o u t —41°F ( —42°C) 
(propane) and  suitable toughness can be obtained  in fine grain 
carbon  m anganese and  carbon  m anganese n iobium  steels. 
Particularly  on  the  con tinen t, how ever, steels w ith a  sm all 
nickel add ition— 0-5 per cent— are widely used. T he main 
reason fo r th is appears to  be the relative ease o f  achieving 
consistent results and  in  p articu lar to  m eet requirem ents on 
transverse properties in som e continental codes.

T able VL gives details o f  the steels under consideration  
together w ith som e national specifications (where applicable) 
and  an exam ple o f com position  heat treatm ent and  properties 
as laid dow n in one o f  those specifications.

M uch o f  the early usage o f  these steels a t low  tem perature 
was in land-based applications and  design codes fo r pressure 
vessels etc. were developed e.g. A SM E, TU V , British S tandards. 
W hilst the Classification Societies have developed their own 
requirem ents fo r ships these incorporate  m uch o f the established 
practice.

T here has been som e h istory  o f  cracking o f  high strength 
structu ral steels in road  and  rail tran spo rt o f  anhydrous am m onia 
and  w hilst there have been no  reports o f  failures in ships, cogniz­
ance m ust be taken  o f  th is in specifying m aterials fo r tanks for 
this cargo. The presence o f C 0 2 and  0 2 seem to be necessary for 
p rom otion  o f  cracking whilst m oisture has an  inhibitive effect.

O ne L P G  tanker, H ippolyte Worms has used the m em brane 
design fo r L P G . T he m em branes were m ade from  Invar*—• 
a 36 per cent N ickel-iron alloy— w hich is considered later.

Welding
As it is m ore difficult to  achieve toughness w ith cast structure 

o f  w'eld m etals than  in  w rought m aterials, particu larly  when 
deposited in certain  positions it is usually  necessary to  use a  
weld m etal w ith a h igher nickel con ten t than  the base plate. 
F o r  exam ple the carbon  m anganese, carbon  m anganese niobium  
and  i  p er cent nickel steels are  often  welded w ith weld m etals 
con tain ing  1-3 per cent nickel. M anual electrodes are  extensively 
used and  generally con tain  abou t 1 i per cent nickel. Subm erged 
arc  w elding has also been used w ith 3 per cent nickel w ire and 
basic fluxes.

ETH Y LEN E — 157°F ( — 103'8°C)
31 per cent N i steel has been used in  land  based  p lan ts for 

the p roduc tion  o f  ethylene bu t w ith the m ore  severe requ ire­
m ents on b o a rd  ship the tendency has been to  use 5 per cent and  
9 per cent N i steels. The 5 per cent N i steel m eets m ost code 
requirem ents dow n to  — 220°F ( — 140°C) b u t un til recently  its 
availability has been confined to  G erm any and  9 per cent nickel 
steel has been used in B ritain and  F rance  because o f  its w ider 
availability. T able VI indicates general requirem ents fo r these 
steels.

Lincoln Ellsworth  and  Thales a re  tw o ethylene tankers w ith 
5 per cent N i steel tanks— T able V II gives details o f  som e ethylene 
tankers.

D ual purpose liquid  ethylene/chem ical tankers w ith  stainless 
steel tanks are  now  being built.

In w elding 5 per cent and  9 per cent nickel steel it has no t 
been found  possible to  ob ta in  th e  requ ired  properties in welds 
o f  com positions m atching the base p la te  and  it is necessary to  
use nickel base or special austenitic steel electrodes. T his will be 
dealt w ith in detail under L N G .

LIQ U EFIED  N A T U R A L  GAS (M ETH A N E —256°F ( —162°C)
T he greatest po ten tia l grow th in  th e  fu tu re  fo r liquefied 

gases is undoub ted ly  fo r L N G . A p art from  the early  develop­
m ent ships such as M ethane Pioneer, Pythagore, Beauvius and  
Findon, ten ships have been built o r are  nearing com pletion  a t 
the tim e o f  w riting w ith fifteen on  order. W ith new projects in the 
offing, fo r tran spo rting  L N G  from  V enezeula, N o rth  A frica and  
N igeria to  the U .S., M iddle E ast, Brunei to  Jap an , m any m ore 
ships are  likely to  be built in the next few years.

T he earlier ships used free stand ing  tanks in  alum inium  
alloys o r 9 per cent nickel steel bu t the trend  in  recent years has 
been tow ards m em brane designs. A t present, how ever, there is a 
resurgence o f  interest in self-supporting tanks o f  spherical and 
cylindrical design. (See T able V III). 9 per cent nickel steel was 
used fo r the cylindrical tanks o f  Jules Verne— Fig. 2 and  is to  be 
used fo r a t least three 87 000 m 3 ships w ith spherical tanks. A part 
from  this how ever, it has been used fo r supporting  structures 
in  som e m em brane ships and  tan k  supports in  ships w ith alum in­
ium  alloy tanks built in Italy  and  Spain.

D etailed  properties o f  9 per cent nickel steel a re  given in 
T able VI.
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T a b l e  VII— E t h y l e n e  t a n k e r s

C argo capacity
Y ear
built

C argo
tank

m aterial

M inim um
tem peratu reN am e m 3 m etric

tonnage
Owner Builder R em arks

Emiliano Zapata 3344 1915 Petroleos
M exicanos

1970 Sw an-H unter 9 per cent 
N i steel

— 157°F 
( —104°C)

Euclides 4000 2230 A ntarctic G as 
Incorporated

1970 C hantiers 
D u  H avre

9 per cent 
N i steel

—256°F 
( —162°C)

Ethylene 
an d  M ethane

Lincoln Ellsworth 830 450 E inar
Bakkevig

1966 A .G . W eser 5 per cent 
N i steel

— 157°F 
( — 104°C)

C an load  from  
pressure storage 
u p  to  90 lb /in 2

Thales 1800 1000 G azocean
A rm enent

1967 C hantiers 
D u  H avre

5 per cent 
N i steel

— 157°F 
( —104°C)

Y ard  N o. 165 4100 2300 E inar
Bakkevig

1970 M oss V aerft 5 per cent 
N i steel

— 157°F 
( — 104°C)

Y ard  N o. 171 12000 6690 Smedrigs 1971 M oss V aerft 5 per cent 
N i steel

— 157°F 
( —104°C)

F ig . 2— M eth a n e  tanker  lu le s  V erne  during construction  
show ing  cylindrical 9 per cen t n icke l steel tanks

9 per cent nickel steel is used in  tw o grades depending on the 
heat treatm ent, nam ely, double norm alized and  tem pered, and 
quenched and  tem pered. B oth grades are acceptable and  property  
requirem ents are given in T able VI. I t will be seen th a t the m ain 
difference between the tw o grades is in their yield strengths.

Welding o f  9 per cent N ickel S tee l
9 per cent nickel steel can  be w elded by m ost o f  the m ajor 

w elding processes (4<5) including m etal arc, M IG  (spray, sho rt arc, 
pulsed-arc) and  subm erged arc. W elding consum ables fall in to  
tw o b ro ad  categories:

i) N i-C r o r N i-C r-Fe base
ii) strengthened austenitic steels e.g. 16C r/13N i/8M n/3-5W  

o r 18/13/8/8 C r/N i/W /C o.
The coefficient o f  expansion o f  the N i-C r base weld m etal is 
m uch closer to  9 per cent nickel steel th an  the austenitic weld 
m etals and  th is m ay be considered a  significant fac to r in som e 
designs. The nickel chrom ium  an d  austenitic steel weld m etals 
fo r w elding 9 per cent nickel steel all exhibit ou tstand ing  notch  
toughness dow n to  —328°F ( —200°C) an d  choice is largely on 
the basis o f p ro o f o r U TS streng th  depending on the design 
code and  overall economics.

In  the U .S.A . m ost 9 per cent nickel steel has been fabricated 
to  A SM E  Section 8 fo r pressure vessels o r A PI 620 for large 
storage tanks.

U TSA S M E  Section 8— D esign criteria is — therefore the design

strength o f  unw elded steel A STM  353 and  553 is 25 000 lb f/ 
in 2. H owever, the strength o f  the w eld is a  lim iting factor. 
N ickel chrom ium  base coated electrodes (e.g. Inco-W eld A, 
Inconel* 182 etc.) and bare wires (Inconel 82, 92) in  general 
meet a 95 0 0 0 1 b f/in 2 m inim um . U TS across the jo in t 
(95 per cent weld efficiency) thus giving a design strength 
o f  23 750 lb  f /in 2. N ewly developed consum ables (Inconel 
Alloy 625 wire and  Inconel 112 coated  electrodes) will give 
a  100 per cent jo in t efficiency bu t, as these are  considerably 
m ore expensive, savings in plate cost have to  be balanced 
against increased w elding consum able cost fo r each specific 
design.

* Trade Mark
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T a b l e  V III— M e t h a n e  t a n k e r s  w i t h  n i c k e l - c o n t a i n i n g  a l l o y  t a n k s

Ship C argo capacity  
m etric 

m 3 tonnage

O w ner Y ear
built Builder C argo tank  

m ateria l R em arks

Pythagore 630 265 G azocean
A rm enent

1964 C hantiers 
D e H avre

Stainless Steel M em brane

Jules Verne 25 500 11 500 G az M arine 1965 C hantiers 
de L a Seine

9 per cent N i 
Steel

C ylindrical
T anks

Arctic Tokyo 71 500 30 400 A rctic L N G
T ransporta tion
Co.

1969 K ockum s A.B. 36 per cent 
N i-F e  Alloy 
Invar

M em brane

Polar A laska 71 500 30 400 P o lar L N G  
Shipping C orpn.

1969 K ockum s A.B. 36 per cent 
N i-F e  Alloy 
Invar

M em brane

Descartes 50 000 29 400 G azocean
A rm enent

1971 C hantiers 
de l’A tlan tique

Stainless Steel M em brane

Y ard  N o . 1388 40 000 Sonatrach 1971 C N IM  
L a Seyne

M em brane

Y ard  N o.
G .25, H .25, 1.25

75 000 Shell T ankers 1972/3 C hantiers 
de l’A tlan tique

Stainless Steel M em brane

Y ard  N o. 257 40 000 M essageries
M aritim es

1973 L a C io tat Stainless Steel M em brane

2 Ships 75 000 Shell T ankers 1974 C N IM  
L a Seyne

Invar M em brane

1 Ship 75 000 Shell T ankers 1974 C hantiers 
de l’A tlantique

Stainless Steel M em brane

1 Ship 75 000 Shell T ankers 1974 La C io ta t Stainless Steel M em brane

3 Ships 88 000 1) L ief H oegh 
L. D reyfus 
and  Saga

2) P  & O,
A. P. M oller 
Fearnley  and  
Eger

3) N orw egian 
C onsortium

1973/5

99

99

K vaerner- 
M oss R ossen- 
berg V erft

99

99

9 per cent Ni 
Steel

99

Spherical T anks

99

99

2 Ships 120 000 El Paso
N atu ra l G as Co.

1974/5 C hantiers de 
D unkerque

Invar M em brane

1 Ship 120 000
Benjamin Franklin

G azocean L a C io tat Stainless Steel M em brane

1 Ship 120 000 T rans O ceangas 
S.A.

L a C io tat Stainless Steel M em brane

] Ship 25 000 P. Smedvik 
N orw ay

1973 K vaerner
M oss
M oss Y ard

N o t F inalised Spherical T anks 
M ethane/ 
ethylene C arrier

2 ships 35 000 
17 000

L ofo ten
M aritim e
E nterprises

1974/5 C N IM Invar M em brane

Trans.l.M ar.E ., 1971. Vol. 83 12 3



Nickel-Containing Materials for Special Cargo Tanks

A P I 620— D esign criteria is 0-3 X U TS or $ yield strength  which 
ever is lower.
F o r  9 p e r cent nickel steel 0-3 X U TS is the controlling 
fac to r
D esign streng th  o f unw elded plate is 30 000 lb f /in 2 
D esign strength  95 per cent jo in t efficiency 28 500 lb f /in 2 
D esign streng th  100 per cent jo in t efficiency 30 000 lb f/in 2

European Codes
The m ajority  o f  E uropean  design codes and  Classification 

Societies requirem ents for pressure vessels and  tanks are  based 
on yield o r p ro o f strength, generally YS x  f , w ith safeguards 
fo r m aterials w ith a  high Y S/U TS ratio . There is som e variation  
depending on  w hether welded jo in t properties o r all-weld m etal 
p roperties are  used in com puting allowable design stresses for 
welded structures. H igher values are generally possible when 
jo in t strength, ra th e r th an  all-weld m etal properties are used. An 
exam ple o f  T U V  requirem ents, given below, illustrates significant 
differences w ith the A m erican codes referred to  earlier.

Based on extensive qualification procedures T U V  assign 
m inim um  0-2 per cent p ro o f strength values on all-weld m etal 
tests fo r use in com puting design strength e.g.

N i C r base electrodes wires

e.g. (Inco-W eld A , Inconel 182 
*Nicrex 9, N C F  9, U T P  66 
Inconel 92, Inconel 82)

A ustenitic steel electrodes 
e.g. ESAB (184) 16Cr/ 
13Ni/8M n/3-5W  
G rinox  41 “ Skola”

M inim um  YS o f  9 per cent 
nickel fo r design purposes

D esign strength  o f 
unw elded plate

D esign strength  w ith 
38 kg f/m m 2 weld m etal 

42 
45 
50

m inim um  0-2 per cent p ro o f 
strength
38-42 kgf/m m 2 (54 000- 
60 000 lb f /in 2) 
according to  type

45-50 kgf/m m 2 (64 000 lb f /in 2) 
according to  m ake o f 
electrode

50 kg/m m  (71 000 lb f /in 2)

33-33 kg/m m  (47 000 lb f /in 2)

25-33 kgf/m m 2 (36 000 lb f /in 2) 
28 kgf/m m 2 (39 000 lb f /in 2)
30 kgf/m m 2 (43 000 lb f /in 2) 
33-33 kgf/m m 2 (47 000 lb f /in 2)

I t  will be no ted  th a t w hilst the jo in t efficiency on this basis is 
generally m uch low er the overall design values o f  welded structures 
are  significantly h igher th an  corresponding U .S. codes. This 
indicates th a t there is considerable scope fo r tak ing  fu rther 
advantage o f  the high strength o f  9 per cent nickel in  the Codes 
based on the f  p ro o f  strength  criterion, such as TU V , by the 
developm ent o f  stronger nickel base welds w ith higher all-weld 
p ro o f strength  than  th a t o f  existing welding consum ables.

Relatively inexpensive high carbon  nickel chrom ium  welding 
wires are  available w hich give m inim um  0-2 per cent p ro o f in 
all-weld m etal tests approach ing  the yield strength  o f 9 per cent 
nickel steel. C urrently  they can only be deposited by low heat 
input w elding processes (short-arc  M IG ), w hich are no t univers­
ally accepted fo r m ajo r site welding projects. M odifications o f 
this w ire are  under developm ent which should perm it its use in  
high heat inpu t w elding processes such as subm erged arc and  
spray transfer M IG .

Subm erged arc  w elding fluxes using Inconel 82 and  Inconel 
alloy 625 wires have been developed in the last few years and  
used successfully on  large land-based L N G  tanks and  ethylene 
ships.

associated w ith welds in com ers w here there are  large am ounts 
o f  m etal in close proxim ity to  the arc.

A ttem pts to  reproduce the effect in the laboratory  have 
proved unsuccessful and  its occurrence in p ractice has been fairly 
ra re  and  can be avoided if suitable care is taken. Techniques which 
have have proved effective are  as follow s:

1) A void m agnetic handling o f  the p la te s ;
2) D em agnetize the plates, o r the edges o f  the plates which 

are to  be welded, w ith electrom agnetic coils;
3) U se A .C . w elding processes and  consum ables.

P ost Weld H eat Treatment
As 9 per cent nickel steel retains its toughness after welding, 

post weld heat treatm ent is no t necessary and  indeed is im practic­
able fo r the large structures used in  ships. A S M E  B oiler and  
Pressure Vessel C ode C om m ittee has accepted th is in a special 
ru ling  (C ode Case 1308) and  provided th a t pieces individually 
cold form ed have n o t exceeded a fibre strain  o f  3 per cent no 
stress relief treatm ent is required. W here th is strain  is exceeded 
the parts should be stress relieved a t as low  a  tem peratu re  as 
possible in the range 1040°F-1112°F (560-600°C) and  the tim e 
o f  treatm ent should n o t be unnecessarily prolonged. T his is to  
prevent excessive austenite form ation. A  m inim um  cooling ra te  
o f  329°F (166°C)/m inim um  dow n to  608°F (320°C) is also 
advisable to  circum vent tem per brittleness.

New M ateriaI Developments
9 per cent Nickel steel has tem perature  capabilities dow n to  

a t least — 319°F (—196°C) and  there is in terest in cheaper 
steels w ith som ew hat low er nickel con ten t, w hich w ould, how ­
ever, be satisfactory a t L N G  tem peratures —256°F (— 162°C). 
A n 8 per cent nickel steel has already been developed in the 
U .S .A .<6> although to  the au th o rs’ know ledge, this has n o t yet 
been used comm ercially.

M ore recently, in Japan  and  the U .S.A . steels w ith 5 -6  per 
cent nickel w ith sm all additions o f  m olybdenum  and  w ith special 
heat treatm ents and  presum ably contro lled  rolling have been 
suggested*7’.

M EM BRANE T A N K S
Three basic types o f cargo tanks are used as fo llow s:
1) G as carried under pressure at am bient tem peratures;
2) Sem i-refrigerated gas in pressure type tanks a t som ew hat 

reduced tem perature and  correspondingly reduced 
pressure;

3) Fully refrigerated gas carried a t low  tem peratu re  and  a t 
approxim ately atm ospheric pressure.

T he present paper is m ainly concerned w ith fully refrigerated 
cargo tanks and these can be classified as fo llow s:

a) Free standing tanks which can be parallelopipedic or 
cylindrical;

b) Pressure vessel type e.g., cylindrical o r  spherical-design

Arc-Blow
9 per cent nickel steel has higher m agnetic retentivity  than  

norm al ship p la te  steels and  this may, in unfavourable circum ­
stances, lead to  instability  o f  the arc  during welding. This 
p roblem  has been encountered occasionally and  is usually

* Trade Mark
F ig . 3— Interna l view  o f  a  stainless steel m em brane  

design tank  on  P y thagore
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T a b l e  I X — T y p i c a l  c o m p o s it i o n  a n d  p r o p e r t ie s  o f  s t a in l e s s  s t e e l  a n d  3 6  p e r  c e n t  n i c k e l - i r o n

ALLOYS FOR LOW  TEMPERATURE APPLICATIONS

C om position  per cent M echanical p roperties

Alloy C Si M n S P C r N i
0-2 per cent 

p ro o f strength 
(to n f/in 2)

U .T.S.
kgf/m m 2
(to n f/in 2)

E longation  
per cent

C harpy 
V -notch 

kgf m

Stainless steel 
A ISI Type 304 
36 per cent 
iron  alloy

00 3 0-75 1-2 0 0 2 0 0 2 18 5 10 7 2 4 0
(15-2)

5 7 0  
(36 2)

50
(5D)

10-5 a t 
— 319°F 
( — 196°C) 
(75 ft lb)

0 0 9 0-2 0-3 001 0 0 2 35-8 2 8 0
(17-8)

4 9 0
(311 )

40 
(2 in)

15 at 
—319°F 

( —196°C) 
(109 ft lb)

F ig . 4— In terna l view  o f  Invar m em brane  
tank  on  P o la r A laska

to  avoid the need fo r a  secondary b a rr ie r ;
c) M em brane tanks— in this type cargo containm ent and 

load  carry ing functions are  separate. T he form er is 
fulfilled by a th in  m em brane (usually o f  m etal) w hilst the 
la tte r is achieved by transm itting  the load  th rough  the 
insulation  to  the ship’s structure. T ank  m aterial consider­
ations fo r types a) and  b) have already been discussed and  
grades o f  steel app rop ria te  to  the tem perature  require­
m ents o f  th e  cargo are  used.
T here are  tw o basic types o f  m em brane design currently  
being used fo r L N G  ships: one using stainless steel

(Type 304L) and  the o ther 36 per cent N i-F e  low  expan­
sion alloy. In  the case o f  stainless steel, therm al d ilation  
is accom m odated by form ing  a  co rrugated  p a tte rn  in 
tw o directions in  the sheet— see Fig. 3. T his problem  
does n o t arise w ith 36 per cent N i-F e  alloy as the co ­
efficient o f  expansion is so sm all th a t the  stresses gener­
a ted  are low  and  can be accom m odated  by the m aterial. 
Fig. 4  show s a m em brane tan k  bu ilt w ith  36 per cent 
N i-F e  alloy Invar. T anks o f  th is type requ ire  m uch 
less m aterial than  free standing  tanks, e.g. stainless 
steel m em branes are approxim ately  1 -25 m m  thick  and  
36 per cent N i-F e  alloy ab o u t 0-5 m m  thick. T able V III 
gives details o f  com position  and  properties o f  stainless 
steel an d  36 per cent N i-Fe alloy. A  th ird  type o f 
m em brane design has been used o n  L P G  ships, e.g. 
Bridgestone M aru  N o. 5 and  on  a  Japanese ethylene 
tanker. This is a plain m em brane design using relatively 
th ick  m aterial, i.e. ab o u t 6 m m  and  is receiving con­
sideration  fo r L N G  ships, w here the m em brane w ould 
be in  9 per cent nickel steel.

Welding o f  M em brane Tanks
Stainless steel is welded by th e  T IG  process generally w ithout 

filler w ire using norm al stainless steel sheet m etal practice.
C ontinuous resistance seam  welding techniques using speci­

ally designed m achines have been used extensively on 36 per cent 
N i-Fe alloy in L N G  ships.

T IG  w elding w ith and  w ithout filler w ire has also been used 
fo r 36 per cent N i-F e-a lloy (8>. C losely con tro lled  techniques 
have to  be adopted , w hen no  filler w ire is used, in  o rder to  
ob ta in  high integrity  welds. Such techniques have been success­
fully used on L N G  ships. Special filler wires have been developed 
fo r this m aterial and  have been used fo r th icker sheets a t the 
com ers o f  m em brane tanks.

CONCLUSIONS

The shipm ent o f  fully refrigerated  liquefied gases is still a t a 
relatively early stage o f  developm ent and  there is, as yet, no  clear 
cu t trend  tow ards any single design o f  tan k  o r  choice o f  m aterial. 
H ow ever, w ith in  the next few years experience will be gained 
w ith several types o f  free standing  an d  m em brane tanks after 
w hich som e definite trend  m ay emerge. W hatever design is 
chosen it is likely th a t nickel contain ing  steel will continue to  
play an  im portan t role in liquefied gas tan k  construction .
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W elding N ickel Steel” an d  M etal Fabrication .
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Discussion
M r . E . B. B u d d , M .I.M arJE ., took  u p  a  p o in t th a t was 

m ade  by  an  earlie r co n tr ib u to r on  th e  system  design of cargo 
tanks. C learly  th e  design h ad  to  take  accoun t o f th e  m aterial, 
bu t th e  ram ifications o f th e  design on  th e  ship system  should 
also be exam ined.

F ig . 3 show ed a  trem endously  deep waffle p a tte rn  in 
stainless steel, w hich w as to  tak e  up  th e  therm al dilation. A 
90° angle co rruga tion  w ould  increase th e  surface  a rea  by 
ro o t 2, an d  also th e  am o u n t o f m etal by ro o t 2, w hich could 
be w hy th e  au th o rs  h a d  suggested deep co rrugation . T h e  heat 
tran sfe r w as p ro p o rtio n a l to  the square ro o t o f the  external 
con ta inm en t a rea  and  th e  in ternal con ta inm en t area, so the 
boil off w as rough ly  20 p e r cent m ore  w ith a co rrugation  th an  
w ith a  p lain  inner tank . T h is in  M r. B udd ’s opinion should 
have qu ite  a big effect. W h a t h ad  th e  au tho rs done w ith  this 
boil off? H ow  easy w as m anoeuvring? W h at w as th e  cost o f 
the reliqu ification  p lan t, a n d  how  often  w as it used?

F inally , M r. B udd asked if  these op tim ization  studies 
h ad  a lready  been done o r  w ere they  in th e  process o f being 
done? A n d  w as th ere  any  da ta  on th e  overall cost p e r ton  of 
n ickel-contain ing cargo tanks?

M r . P. J e a l  said  th a t o ften , excessive safety  m arg ins w ere 
inco rpo ra ted  because o f ignorance o f the  true  properties o f 
certa in  m ateria ls. I f  m o re  w as know n ab o u t th e  m aterials, 
sh ipbuilders could  possib ly  reduce th e  safe ty  m arg ins and 
im prove th e  costing w ithou t adding  to  the  risks. T h is  being 
the case, there  w as a  trem endous am oun t to  be done in try ing  
to  get together co rrosion  in fo rm ation .

M r. Jea l’s com pany , as suppliers o f stainless steel, w ere 
qu ite  o ften  asked by  th e  shipping lines and  by shipyards, if 
his com pany’s steel w ould  w ithstand  certa in  specified 
chem icals. O riginally  these specified chem icals num bered  be­
tw een 30 and  40. B ut th e  last request his com pany  received 
(from  a  fo reign  shipow ner) listed 280 and  these included 
chem icals w ith  trad e  nam es his com pany  h ad  never heard  of, 
as well as m an y  exotic o rgan ic  chem icals.

M r. Jea l th o u g h t th a t  m an y  people did no t appreciate 
th a t such things as tem pera tu re  im purities w ere vital factors. 
H is com pany w ere supplied recently  w ith  tw o sam ples of 
phosphoric  acid  fo r  testing. T ests show ed th a t 304 w ould  be 
perfectly  satisfactory . H ow ever, w hen th e  tw o acids, w hich 
w ere supposed to  be typical sam ples, w ere analyzed they  w ere 
fo u n d  to  be w ithou t chlorides an d  th e  fluorides con ten t was 
fa irly  low . H ad  the chlorides an d  fluorides conten ts been high, 
304 w ould  have been com pletely unsatisfactory , and  possibly 
316C w ould  have  been necessary.

W ith  th is so rt o f prob lem  M r. Jea l th o u g h t th a t it  was 
in th e  com m on in terest o f th e  shipow ners, th e  shipyards and  
th e  m ateria ls’ suppliers to  poo l together co rrosion  in fo rm a ­
tion. W h ethe r it cou ld  be done th rough  th e  In s titu te  o f 
M arine  Engineers o r  som e o th e r such body, he  d id  n o t know . 
M r. Jea l added  th a t because a  pooling  o f in fo rm atio n  w ould  
be to  th e  benefit o f all concerned, secrecy o ugh t n o t to  be 
an  argum en t fo r  obstruction .

M r . N o r r i s ,  M .I.M ar.E., said that both in this paper
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and  in  a t least one o th er the  au th o rs  h ad  re fu sed  to  look  in to  
the fu tu re . T ak ing  T ab le  V III  fo r exam ple u n d e r “R em ark s” , 
it w ent “M em brane, C y linder T anks, M em brane, M em brane, 
M em brane” and  so on  till “Spherical T a n k s” .

H e  w ould  have  liked them  to  h ave  given som e rea so n ­
ab le  p redictions. H e  th o u g h t they w ou ld  h ave  been in a good  
position  to  do this, because they w ere n o t associated  w ith  one  
p a rticu la r shipbuild ing  o r shipow ning com pany  and  because 
they  w ere involved directly  w ith  m ateria ls .

H e  w as optim istic  ab o u t spherical tanks since he  had  
seen such tanks operating  successfully  in  refineries.

M r. N orris added  th e  final p o in t th a t sh ipow ners now  
h ad  to  w ork  o u t a  com prom ise involving th ree  fac to rs—- 
technical standards, cost, an d  sh ip  delivery  dates in  the 
purchase o f a new  ship.

M r . S. J. F r e d e r ic k , a t the risk  o f  being accused  o f no t 
having studied  the p ap er said he could  find no  re fe rence  to  
th e  problem s involved in w elding c lad  steels. M r. T o d d  did 
m ention  in his p resen ta tion  th a t th e  w elding o f clad  steels 
was m ore  expensive than  th e  w elding o f solid  stainless, bu t if 
one h a d  a tan k  fab rica ted  fro m  clad  steel and , as a  resu lt o f 
th e  inexperience o f th e  w elder, ended  u p  w ith  a  certa in  
m easure o f dilution, w hen th a t ta n k  w as used fo r  ballast w ith 
seaw ater very  serious co rrosion  o f th e  w elds cou ld  result.

I t  m igh t be said  th a t avoiding d ilu tion  w as sim ply a  
m a tte r o f using an  app rop ria te  w elding technique; bu t one 
was entirely  dependent on th e  skill o f th e  w elder, w ho very 
often  did no t fu lly  apprecia te  the  prob lem .

M r. F rederick  w as p leased to  h ea r M r. T o d d  sta te  that, 
particu larly  w ith  regard  to  th e  h igh  p ro o f stress stainless 
steels, one  could  end up  w ith  a ta n k  w hich, if n o t cheaper, 
w as a t least no dearer th an  the  tan k  m ade  fro m  clad  steel.

M r . O. M . C l e m m e t s e n  no ted  th a t one  item  in  the 
equation  concerning th e  break-even th ickness fo r  c lad  and  
solid stainless steel p lates w as th e  p ro d u c tio n  m ethod . T his 
term  presum ab ly  included th e  difficulty o f inspection  of the 
clad  p la te  as it  le ft th e  m ill. I t  w as n o t unknow n  fo r the c lad ­
ding to  com e aw ay  from  th e  back ing  p la te  an d  fo r  this to  
becom e apparen t only a t the  final cleaning of th e  ship. W hat 
m ethods w ere used  fo r  checking th a t there  w as overall 
adhesion , o r  w hat k ind  of percen tage adhesion  w as c o n ­
sidered reasonable?

O n th e  question  o f stainless steel and  m ild  steel p lates in 
the  sam e ballast tan k  the  p rob lem  could  be d iv ided in to  tw o 
aspects: excessive co rrosion  o f the  m ild  steel in  the  absence 
of relatively  large areas o f stainless steel; and  co rrosion  of 
th e  stainless steel due to  ru s t deposits fro m  th e  m ild  steel. 
B oth  could  be  cu red  by po in ting  the stainless steel, as was 
suggested, b u t M r. C lem m etsen fo u n d  it difficult to  accept 
th a t p itting  o f stainless steel could be preven ted  by the 
presence o f b a re  ca rb o n  steel. T h e re  w as a  case a  few  years 
ago, he  said, w hen  a  c lad  steel deep tan k  w as severely 
dam aged  in  a sh o rt tim e due to m ild  steel heating  coils being 
fitted, and  ru s t from  these being deposited  all over the s ta in ­
less steel surface.
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M r. C lem m etsen po in ted  o u t th a t in case anyone looked  
fo r T ab le  IV  in  th e  cu rren t L loyds’ R ules, this tab le  was 
derived fro m  gu idance notes issued to  th e  surveyors re g a rd ­
ing scantling determ ination  w hen clad  an d  stainless steel b u lk ­
heads w ere fitted. In  L loyds’ R egister's P rovisional R ules fo r 
C hem ical T ankers w hich w ere now  befo re the T echnical 
C om m ittee, a  som ew hat different p resen ta tion  h ad  been 
adop ted  from  th a t show n in th is paper, bu t w ith  th e  sam e 
final results. In  this connexion reference  w as m ad e  to  a 
norm al corrosion m arg in  o f 3 m m . T h is  w as a  reasonable 
assum ption in th e  gu idance no tes fo r  th e  pu rpose  of a  logical 
approach  to  such a  table. I t  d id  n o t necessarily  m ean  th a t
3 m m  was in fact, th e  co rrosion  allow ance on  all thicknesses 
o f carbon  steel p late . O n stainless steel one  w as usually  co n ­
cerned m ore  w ith  p itting  ra th e r  th an  overall co rrosion  and  
one could get a p it going prac tica lly  th ro u g h  th e  p la te  w ith ­
o u t really  im pairing  th e  to ta l strength , a lthough  the safety  
m argin  against possib le  leakage w ou ld  be sm all. O ne h ad  
therefo re  in assessing co rrosion  m arg ins to  consider th e  type 
o f co rrosion  to  be expected.

I t  w as suggested th a t th e  occasional use o f seaw ater 
ballast in  a ta n k  con ta in ing  bo th  stainless and  m ild  steel w as 
acceptable b u t M r. C lem m etsen w ould  n o t like to  recom m end 
this in the  case o f heating  ducts w hich fo rm ed  cofferdam s

such as show n in  th e  p h o tog raph , since it w as im possib le to  
inspect the  in te rio r o f such ducts a f te r  com pletion. Perhaps 
th ere  w as a possib ility  o f in troduc ing  an  in h ib ito r w hich 
w ould  ren d er this opera tion  safer.

F in a lly  to  estim ate  th e  re la tive  im p o rtan ce  o f stainless 
steel in  sh ipbuild ing in  re la tion  to  o th er industries, cou ld  the 
au tho rs  give som e id ea  o f  the tonnages involved?

M r . R . F .  F f o o k s , B.Sc., M .R .I.N .A ., asked if  the 
au tho rs  cou ld  say w hether th e re  w as any  w ork  being done 
on  a  low er percen tage  alloy  th an  n ine p e r cent nickel fo r 
L N G  self-supporting  tanks. T h e  suppliers o f tan k  alum inium  
w ere w orking on a  h igher streng th  alloy  to  im prove the ir 
com petitive position  and  it w ould  seem th a t perhaps there 
m igh t be sim ilar w ork  being done in  th e  nickel cam p. O ne 
o f th e  d isadvantages o f n ine  p e r cent nickel fo r  self-supporting  
tanks w as th e  lack  o f availab ility  o f ro lled  sections having 
the sam e m echanical properties as th e  p late. W as there  any 
im provem ent in this situation?

M r. F fooks ad d ed  th a t he  h oped  M r. T o d d  an d  M r. 
Sw ales w ere n o t try ing  to  in troduce  in to  th e  English  language 
the d readfu l w ord  “para lle lap iped ic” w hich w as practically  
unpronounceab le— it w as th e  first tim e he h ad  seen it used  in 
English and  it w as possib ly  a  F ren ch  tran sla tion  o f som ething 
sim ple like trap izo idal o r  box shaped.

Authors’ Reply

M r. Sw ales, in  rep ly  to  M r. F fo o k ’s question  regard ing  
the developm ent o f a  low er cost nickel steel fo r L N G  service, 
said th ere  w ere several d ifferent steels being developed— one 
fo r exam ple w as a  m od ification  o f  9 per cen t nickel steel to
8 per cen t nickel steel— purely  an econom ic saving. T here  
w ere also o th e r developm ents aim ed a t the m id-nickel range 
— th e  5 p e r  cen t nickel steel fo r  exam ple w hich had  been used 
dow n to  ab o u t — 120°C; th e re  w ere also a  num ber o f develop­
m ents in  Jap an  and  in th e  U .S. to  im prove th is steel to m ake 
it  sa tisfac to ry  fo r —162° service an d  a  6 per cen t nickel w as 
u nder developm ent in  Ita ly . So th e  answ er to  M r. F fo o k s’ 
question  w as yes, there  was a  lo t o f effort in  th e  steel industry  
to  keep these steels com petitive  in  th e  con tex t o f L N G  tanks.

In  reply  to  th e  question  ab o u t availab ility  o f ro lled  
sections, M r. Swales th o u g h t it  w as fa ir  to  say th a t the  p o si­
tion had  im proved  som ew hat since M r. F fooks looked  a t it 
a  few  years ago. M r. Sw ales w as th ink ing  p articu la rly  of 
G erm any  w here ro lled  and  ex truded  sections h ad  been avail­
able in th e  past; fu rth erm o re , ro lled  sections w ere now  avail­
able in  Sw eden.

W ith  regard  to  M r. F red e rick ’s view  of clad  versus solid 
steel, p articu la rly  in  th e  con tex t o f w eld m etal d ilution, the 
au tho rs could  n o t ag ree  m ore. T h is  w as one o f th e  reasons 
w hy fab rica to rs  tended  to  p u t on  contingency allow ances fo r 
any  tro u b le  they  m ig h t ru n  in to  in  w elding clad steels, and  
this w as one o f th e  fac to rs in heren t in th e  h igher p rice over 
and  above break-even p o in t fo r  p la te  costs. O f course, a  lo t 
could be done to  avoid  this. O ne m ethod  th a t had  been 
adopted  w as to  use stainless steel w eld m etal th ro u g h o u t to  
cu t dow n th e  am o u n t o f d ilution, and  in particu lar, choosing 
specific electrodes w ith  h igher nickel ch rom ium  and 
m olybdenum  conten ts so th a t w hen dilu ted  they  still reaso n ­
ab ly  m atched  316 stainless steel. T h is  type of e lectrode was 
25/12 w ith  m olybdenum , w hich had  been w idely used on the 
C on tinen t fo r w elding clad  steel. O f course, if th e  w eld w as 
very badly  d ilu ted  an d  if fo r  exam ple ballast w ater was 
carried  in the  tanks, one could expect som e co rrosion— o r at 
least ru s t staining in  the first instance, and  perhaps p itting . It 
depended really  on getting  a good  num ber o f layers and  
p roper p rocedu re  on the clad side, o r the use of stainless steel

w eld m eta l th roughou t, to  reduce  w eld d ilu tion . B ut it was 
n o t only  in  th e  case of w eld m etal d ilu tion  on  c lad  steel th a t 
one m ight get this ru s t staining. I t  could  occu r on  solid  s ta in ­
less steel if  th e  w elds w ere n o t clean, in  w hich  case rust 
stain ing arose  largely  due to  inadequa te  cleaning o f the  oxide 
films caused during  w elding. T h e  p o in t w as strongly  m ade  in 
the  p ap er th a t th e  au th o rs  did n o t recom m end  carry ing  sea­
w ater ba llast in  th e  tanks; they  h a d  sim ply in ten d ed  m en tio n ­
ing th a t on  occasions if , fo r th e  safety  o f the ship such w ater 
h ad  to  be carried  certa in  p recau tions h a d  to  be taken .

M r. C lem m etsen h ad  m en tioned  n o t using ballast w ater 
in  th e  heating  duct com partm en ts. O f course, said  M r. Swales, 
fresh  w ater heating  o r oil heating , an d  n o t seaw ater w ere 
specified in the  paper.

A n o th e r question  by M r. C lem m etsen  re la ted  to  the 
am o u n t o f stainless steel u sed  in chem ical tankers in  rela tion  
to  to tal U .K . p roduction . T h e  am o u n t o f stainless steel going 
in to  chem ical tankers in E u ro p e  las t y ear w as som ew here in  
the  region o f 7000 to  8000 tons. T h is  com pared  w ith  a to ta l 
E u ropean  consum ption  o f ab o u t 185 000 tons.

T he  break-even  thickness, as M r. C lem m etsen h a d  po in ted  
ou t, did depend  very  m uch  on  th e  p ro d u c tio n  m ethods an d  
the  am o u n t o f  inspection  th a t w as applied . O f course, 
explosive m ethods o f m aking  c lad  steel h a d  been  considered  
in th e  last few  years, an d  M r. Sw ales th o u g h t it  w as too  
early  to  say w hether they  w ere rea lly  b e tte r fro m  the bond  
po in t o f view  th a n  th e  trad itio n a l m ethods o f ro lled  cladding. 
G enera lly  speaking, u ltrason ic  inspection  w as used  quite 
w idely fo r checking th e  bo n d  b u t v aried  in  stringency depend­
ing on  the inspection  grid . T h ere  w ere specifications fo r the 
percen tage  o f bond , b u t h e  th o u g h t these w ere ra th e r 
dangerous, an d  th a t every p la te  should  be in te rp re ted  in 
re la tio n  to  th e  a rea , how  it w as d is tribu ted  an d  its u ltim ate  
app lica tion . A  very  sm all local a rea  o f p o o r bonding  or 
even several o f them  in one  p late , w as p ro b ab ly  n o t serious, 
bu t a fa irly  large single a rea  cou ld  be very  m uch m ore  im ­
p o rtan t, and  M r. Swales d id  n o t th ink  it  w as sound  to  ta lk  
in  term s o f percen tages. T h is h ad  to  be in te rp re ted  on  the 
basis o f th e  ac tu a l inspection . V irtua lly  100 per cen t bonding 
could  be guaran teed  using u ltrason ic  inspection  w ith  a very
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sm all inspection  g rid  size, b u t this w ould  be expensive.
A question  was ra ised  by M r. C lem m etsen ab o u t the 

dangers and  benefits accru ing  from  having carbon  steel and  
stainless steel together . O ne could  im agine ru s t being w ashed 
off the ca rb o n  steel heating  coil on to  the stainless steel and  
o f course, deposits w ere a  bad  th ing fo r stainless steel. O n 
the o th er h an d , one could  im agine o ther configurations w here 
the stainless steel w as n o t likely to  be coated  by deposits 
from  carb o n  steel, fo r exam ple, in  ballast tanks w here 
carb o n  steel could  help p ro tec t stainless steel a t  holidays in 
the pa in t coating. M r. Swales though t the figures referred  to, 
w ere based on  U .S. N avy  w ork  w hich show ed th a t p itting  
could  be suppressed by ca thod ic  pro tec tion  using carbon  
steel anodes, an d  an  a rea  o f 1 :9  w as suggested. P len ty  o f 
cases w here carb o n  steel h a d  p ro tec ted  stainless steel could 
be seen b u t if ru s t w ashed on to  stainless steel then it w as a 
deposit as M r. C lem m etsen had  suggested, and  deposits had  to 
be avo ided  like the p lague fo r m axim um  corrosion resistance.

M r. T o d d , tak ing  M r. B udd ’s rem arks first, said th a t the 
au tho rs  w ere no t system s designers bu t w ere m aterials 
specialists and  could  n o t there fo re  offer any  views on  the 
subject he h ad  raised . T h e  designs w hich w ere illu stra ted  in  
the paper w ere in  a ll cases p ro p rie ta ry  designs. O ne w ould 
have assum ed if they  w ere a t a ll ab le  to sell them  the designers 
m ust have studied  them  in som e detail.

O n the question  o f ex tra  boil-off from  the ex tra  area , 
M r. T o d d  did no t know  how  valid  this was. T he  hea t had

still to  travel th rough  the insta lla tion , an d  as there  w as no 
flow past these ripples, M r. T o d d  did n o t th ink  it w ould too 
m uch influence the hea t tran sfe r. As regards the ac tua l 
m ateria l w ith the ripp les involved, M r. T o d d  though t it w as 
hard ly  significant in  the cost o f the  ship; som ething like 
400 tons o f  stainless steel w ould  be req u ired  in a  large 
vessel o f the design illu stra ted  a t a  cost, m aybe o f  £150 000. 
As th e  sh ip’s p rice w as m en tioned  a t £20m , he did n o t think 
th e  varia tion  in  ripp le  size w ou ld  have  m u ch  effect on  to ta l 
cost.

In  answ er to  M r. N o rris ’s questions on  fu tu re  trends, 
again  the au tho rs  could  n o t rea lly  offer m uch  in fo rm atio n , bu t 
w hat they  w ould  suggest in  th is co n tex t w as th a t different 
designs fo r d ifferent sizes o f sh ip  m igh t be p re fe rred . F o r 
exam ple, in  re la tion  to  th e  design fo r the convo lu ted  stainless 
steel m em brane, one com pany  h ad  p roduced  a spherical tank  
design w hich they  claim ed could  be cheaper in  sm aller sizes. 
But they did no t really  offer any  very exact econom ic b reak ­
even p o in t re la ted  to  different sizes.

M r. T o d d  therefo re  though t th a t there w ould  p robab ly  
be m ore  th an  one design used, depending  on  the size of 
ship; bu t quite w h a t th a t w ould  be he co u ld n ’t say. C erta in ly  
the shipow ners, as M r. N orris  h ad  said, seem ed to favour 
the heavy  steel p la te  designs o f spherical tanks o r trap izod ia l 
tanks. T his w as m ore  in  keeping w ith  w hat they  w ere fam iliar 
w ith, an d  fu rth e rm o re  the shipyards w ere used to  handling  
heavy steel p late . B ut th e  au tho rs  w ould  n o t like to  hazard  
a guess on the final designs.
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ALUMINIUM ALLOYS FOR CHEMICAL AND  
LOW TEMPERATURE CARGOES
by R. J. Durham* and W. Ferguson* M r. D urham

INTRODUCTION
A lthough  th e  ran g e  o f com m ercially  availab le  a lum inium  

alloys is extensive, th e  list o f characteristics desirable in  a  
ship tan k  o r co n ta in er narrow s the  choice o f alloy to  a  
fa irly  sh o rt list fo r  m ost applications. T h e  fea tu res looked  
fo r a re  p rinc ipally :

1) com patib ility  o f th e  m e ta l w ith  th e  in tended  co n ­
ten ts, i.e. good  resistance to  corrosion;

2) a sa tisfac to ry  com bina tion  o f streng th  an d  ductility  
fo r the  avo idance  o f no tch  brittleness an d  to  allow  
fo rm ing  opera tions to  be carried  o u t if necessary;

3) good  w eldab ility  an d  m in im al m ism atch  betw een 
w eld and  p a ren t m eta l strengths;

4) resistance to  stress corrosion .
W hen a  cargo has to  be carried  a t a  tem p era tu re  m uch 

different fro m  ro o m  tem peratu re , an  add itional consideration  
arises; th e  m a teria l p roperties m ay  vary  m arked ly  over the 
tem pera tu re  range o f in terest and  th e  usual p rac tice  is to 
design fo r  th e  w o rst possib le com bination  o f streng th  and  
service conditions. In  the  case o f low  tem pera tu re  tanks, fo r 
exam ple, the room  tem pera tu re  streng th  governs th e  design. 
M ost applications o f a lum in ium  are  a t room  o r  sub-zero 
tem pera tu res so th is p ap e r concentrates to  a  large extent on 
these m ateria l p roperties ap p ro p ria te  to  such applications.

PRO PERTIES
W ith  the  foregoing  requ irem en ts in  m ind  th e  p roperties o f 

suitable alloys can  be described. T ab le  I gives th e  specified 
tensile properties o f selected m aterials. W here there  is a range 
o f thicknesses th e  figures ap p ro p ria te  to  a  th ickness of 25 m m  
are  given. A s th e  gauge o f m eta l w ill com m only  exceed
2 6 m m  (0-125 in) ju s t one o r tw o exam ples o f cold w orked  
tem pers a re  given as p lates w ould  m ost com m only  be used  
in  th e  annealed  (O) o r  as h o t ro lled  (M ) conditions. In fo r ­
m ation  ab o u t a  m ore  extended  range o f m ateria ls  m ay  be 
ob ta ined  fro m  B ritish  S tandards 1470-1476. A lthough  th ick ­
nesses given are  those  q u o ted  in  the  standards, g reater 
thicknesses a re  availab le  in  som e instances. In  add ition  to  
th e  tensile p roperties, shear an d  bearing  u ltim ate  stresses are  
given. T h e  expected  m in im um  values a re  o b ta ined  by  th e  
m ethod  adop ted  to  give th e  figures qu o ted  in B.S. C .P . 118(1). 
W here  a  self-supporting  tan k  is designed w ith  ex truded  stiffen­
ing m em bers th e  g u aran teed  m ateria l p roperties can be 
ob ta ined  fro m  B.S. 1476 an d  fro m  C .P. 118.

In  add ition  to  th e  s tan d a rd  m ateria ls  nam ed  in T ab le  I, 
th e  alloy  g roup  consisting of a lum in ium  alloyed w ith  zinc 
and  m agnesium , characterized  by  th e  im provem ent in strength  
w hich  occurs as a  resu lt o f spontaneous aging a fte r  w elding, 
has been stud ied  in tensively in recen t years. F o r  room  and  
low  tem p era tu re  applications this g roup  m ay  p rove to  be 
an  a lternative  to  N 8 in th e  fu tu re . A lum inium -zinc-m agnesium

* Alcan Ltd.

alloys have  a lready  been used fo r  off-highw ay dum p truck  
bodies, m ilita ry  bridges a n d  un d erg ro u n d  ra ilw ay  cars to  
give ju s t th ree  exam ples. T h o se  selected as exam ples are  
basically  A l-4 Z n -2 M g  alloys o f  U .S. a n d  C an ad ian  orig in  
th o u g h  sim ilar B ritish  an d  o th e r E u ro p ean  m ateria ls  are 
available.

C om pa tib ility  and  C orrosion Resistance
T h e  alloys listed  in T ab le  I  have  w ith o u t exception  a 

h igh  resistance to  th e  ac tion  o f  m ost chem icals. T h e  c ircum ­
stances o f ind iv idual app lica tions can  vary  w idely, how ever, 
so each case should  be  given ca re fu l considera tion . Several 
publications exist w hich give extensive in fo rm atio n  ab o u t the 
action  o f a  w ide range o f  substances on  alum in ium  (2,3). 
T he  alloy  N51 is designed fo r  applications w here th e  service 
tem p era tu re  is m odera te ly  elevated  (up to  200°C) and  is m uch 
used on  th a t accoun t fo r con ta in ing  h o t am m onium  com ­
pounds especially am m onium  n itra te . A ll th e  alloys are  
unaffected  by co n tac t w ith  low  tem pera tu re  cargoes such as 
liquefied na tu ra l gas an d  ethylene. I t  is to  be n o ted  th a t m any  
reactions w ith  a lum in ium  ten d  to  be  self-stifling an d  a ttack  is 
lim ited  by bu ild -up  of a  p ro tec tive  layer. In  genera l it is 
tru e  to  say  th a t unalloyed  alum in ium  has th e  best co rrosion  
resistance fo llow ed by  alloys con tain ing  m anganese(N 3), 
m agnesium  (N 4, N51 an d  N 8), a n d  m agnesium  and  silicon 
(H 30) in  th a t o rder, even th e  las t nam ed  having  very good 
co rro sion  resistance. In  ad d ition  to  th e  effects o f th e  cargo , the 
m ateria ls  m ust resist th e  m arine  env ironm ents. A ll th e  alloys 
nam ed  in  T ab le  I  have  excellent resistance b o th  as pa ren t 
p la te  an d  a f te r  w elding. A lum in ium  alloys like  m an y  o th er 
m etals a re  sub ject to  galvan ic  co rro sion  w hen dissim ilar 
m etals a re  coupled  together in  the  presence o f m oistu re  
acting  as an  electrolyte. C o n tac t w ith  heavy  m etals m ust be 
avo ided . A lum in ium  can, how ever, safely  b e  coupled  w ith 
zinc, cadm ium , ch rom ium  o r  stainless steels.

Stress C orrosion
In  general th ere  a re  n o  stress co rrosion  prob lem s associa­

ted  w ith  any  o f th e  s tan d a rd  m ateria ls. N 8 is n o t recom m en­
ded  (4) fo r app lica tions w here tem pera tu res exceed 65°C  fo r 
long periods, because th e  m eta l m ay  then  becom e susceptible 
to  stress co rrosion , o therw ise there  is no  p roblem .

T h e  A l-Z n-M g alloys w hen m ad e  an d  h ea t trea ted  
in  accordance  w ith  the  la test m an u fac tu rin g  practices should 
also be adequate ly  resistan t th ough  it  is as yet to o  soon fo r 
any  g rea t am o u n t o f accrued  service experience to  be available 
on  th e  subject.

S trength  and  D u c tility
A lthough  alum in ium  alloys can  be em ployed in  app lica­

tions a t m odera te ly  elevated  tem pera tu res they  find  their
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T a b l e  I — M e c h a n i c a l  p r o p e r t i e s  o f  s h e e t  a n d  p l a t e

Specn
B.S.

Alloy
A lcan

Tem per
or

condition

M inim a Expected m inim a

Thickness0-2% P.S.
hbar

(ton /in2)

U .T.S.
h b ar

(ton /in2)

E longa­
tion
%

U ltim ate
shear
stress
h bar

(ton /in2)

U ltim ate
bearing
stress
h b ar

(to n /in 2)

1470
1C G B  2S M — (7-0 _ 4 14 > 25 m m(4-5) (2-6) (9-0)

H4 — 11 0 -1 4 0 6 6-5 22
(7 -1 -90) (4-2) (14-2) > 12-5 m m

N 3 G B  3S O — 9-0-13-0 24 5 18
(5-8—8-4) (3-2) (11-6) > 2-6 m m

H 4 — 1 4 0 -1 7 0 6 8 28
(9-0-11-0) (5-2) (18-1) > 2-6 m m

N 4 G B  M57S M — 18-0 14 10 5 36 > 25 m m(11-6) (6-8) (23-3)
O 6 160-20-0 20 9-5 32 > 25 m m(3-9) (10-4-13-0) (6-2) (20-7)

N51 G B  B53S O 8 21-5-28-5 12 1-3 43 > 25 m m(13-9-18-4) (8-4) (27-8)
M 12-5 21-5 8 1-3 43

(8 1 ) (13-9) (8-4) (27-8) > 12-5 m m
N8 G B  D54S O 12-5 27-5-35-0 14 16 55 > 25 m m(8-1) (17-8-22-7) (10-4) (35-6)

M 130 28-0 10 16-5 56 >- 25 m m(8-4) (181) (10 6) (36-2)
H30 G B  B51S TB 11-5 20-0 15 12 40 > 25 m m(7-4) (130 ) (7-8) 025-9)

T F 24-0 29-5 8 17-5 59 > 25 m m(15-5) (19-2) (11-3) (38-2)

O  =  annealed TB =  solution heat-treated
M  =  hot-rolled T F  =  solution heat-treated  and  aged

N otes: Tensile properties o f  m aterial in the M  tem per are  “ for inform ation only” .
Shear and  bearing stresses are “ fo r inform ation  only” .

greatest use a t o rd in ary  am bien t tem pera tu res and  below . 
Because of its good  streng th  and  ductility  and  the stability  
o f its characteristics a t tem pera tu res dow n to a t least —200°C  
N 8, A l-M g4-M n-C r alloy, has been w idely used no t only at 
room  tem pera tu re  b u t also fo r lan d  and  ship tanks and  fo r 
piping fo r liquefied m ethane. T hus a considerab le  am ount 
of da ta  has been genera ted  giving the tensile properties 
and no tch  ductility  a t tem pera tu res dow n to  — 200°C  and 
below.

T he m odulus o f elasticity  o f several alum inium  alloys has 
been fo u n d  to  be ab o u t 12 per cen t h igher a t — 195°C than  at 
am bien t tem p era tu re  and  to  decrease progressively as tem p ­
era tu re  rises (see F ig . 1).

T he  tensile streng ths and  elongations o f a num ber o f 
alloys have been described in  considerab le  detail by others 
(s.«, p jg S 2a> b, and  c show  th e  varia tion  w ith tem pera tu re  
o f p ro o f stress, u ltim ate  stress and  elongation  respectively, 
o f seven alloys. I t  is especially no tew orthy  th a t th e  ductility  
as show n by the elongation  shows an  increase as tem pera tu re  
falls in  nearly  every case, p ro o f and  u ltim ate  strength  also 
increasing.

Past service failu res a t low  tem pera tu res in  o ther 
m ateria ls  have b rough t ab o u t an aw areness o f th e  need fo r 
good no tch  ductility  a t all tem pera tu res in th e  service range. 
M any  tests have been devised to  m easure  no tch  ductility  
ranging from  tensile tests on very large and  thick plates 
con tain ing  w eld seam s w ith  built-in  flaws (I1) to  C harpy  tests 
on p re-cracked  pieces o f 10 m m  square  cross-section. T he  
features exam ined included  com parisons o f th e  m axim um  
stress developed w ith the  yield stress o f the m a te ria l a t the 
sam e tem pera tu re , th e  energies abso rbed  in the frac tu re  process Fig. 1
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Fig . 2a

TEMPERATURE °C-

Fig. 2b

Fig. 2c

a t d ifferent tem pera tu res, and  the  ex ten t o f ductile  shearing as 
evidenced by  looking a t fra c tu re  surfaces. G enera lly , tensile 
stresses a re  developed e ither d irectly  o r by bending. A ll tests 
have th e  com m on object o f show ing th e  stab ility  o f  the 
m ate ria l p roperties to  tem p era tu re  v a ria tion . F igs 3 and  4 
show  th e  no tch  y ield  efficiency o f  several alloys a t 25 and
— 196°C. T h e  efficiency is m easured  by the  ra tio , no tched  
U .T .S . d iv ided  by 0-2 per cen t p ro o f stress a t th e  sam e 
tem pera tu re . I f  the value  exceeds 1 th e  conclusion can  be 
draw n th a t sim ilar m a teria l stressed in m uch  the sam e w ay 
in  a p rac tica l situa tion  w ould  yield b efo re  fra c tu re  occured. 
T h e  d a ta  a re  tak en  fro m  references (6) an d  (8). N eith e r a t 25 
n o r — 196°C did th e  n o tch  yield efficiency fa ll below  1 and  
th e  figures fo r ind iv idual m ateria ls  d id  n o t vary  m u ch  w ith  
tem pera tu re . T h e  C harpy  test provides a sim ple m eth o d  fo r 
checking the  toughness v a ria tions in  th e  reg ions o f w elds. 
T ab le  I I  gives th e  energies ab so rbed  in  C h arp y  tests on
12-5 m m  an d  44 m m  plates o f  N 8 -0  m ate ria l. T h e  th inner 
p la te  w as bu tt-w elded  in  tw o passes, one  fro m  each  side, 
and  the  th icker one in 32 passes using A l-M g5 filler w ire, 
and  the  m eta l a rc— shielded in e rt gas— consum ab le  electrode 
(M IG  process). V iew ed overall th e  jo in ts show ed very  good 
stability; th e  w eld m e ta l w as m o s t affected by cooling bu t its 
C harpy  value never fell below  2’2 m  k g /c m 2 (betw een 10 and  11 
f t lb). T h e  th inner p la te  h ad  th e  g rea ter toughness. T he  
influence o f  thickness o f toughness is illu stra ted  in Fig. 5 
show ing th e  p rop ag a tio n  energy values m easu red  m  in  N 8-M  
plates a t ro o m  tem p era tu re  an d  — 196°C  using te a r test 
pieces, w hose o ther d im ensions w ere p ro p o rtio n a l to  their 
thicknesses. I t  w ill b e  seen th a t tem p e ra tu re  h ad  no  m arked  
effect on th e  results. T h e  slope o f th e  p ropagating  energy / 
th ickness re la tionsh ip  is betw een 2 and  3. T h is  suggests th a t 
th e  energy values w ere rough ly  p ro p o rtio n a l to  the  vo lum e of 
m eta l y ielded ahead  o f  the  crack  tip  and  hence th a t sim ilar 
un it p ropaga ting  energies w ere abso rbed  in  frac tu rin g  th in
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T a b l e  I I — R e s u l t s  o f  c h a r p y  t e s t s  o n  d .v .m . s p e c im e n s

f o r  n 8 -0

Position o f notch  base

C harpy value 
m kg/cm 2

20°C — 70°C — 196°C

12 m m  plate: 
Parent m aterial 3-76 4-34 3-81

C entre o f weld 3-85 3-62 2-66

T ouching weld transition 3-90 3-71 4 10

1-5 m m  from  weld transition 5-28 5-05 4-14

3 0 mm from  weld transition 6-34 618 5-47

44 m m  plate: 
Parent m aterial 3-81 3-31 3 05

B utt welded seam  centre o f 
weld 3-90 4-00 2-23

T ouching transition  zone 3-52 3-38 2-61

1-5 mm from  transition  zone 4-18 4-14 3-43

3 0 m m  from  transition  zone 4-37 4-18 3-52

Test piece: 10 mm sq. section.
N otch  1 m m  radius, 3 m m  deep. 
See D IN  50 115.

and  thick plates. R esistance to fa tigue is to  som e extent 
dependan t on tensile strength  if th e  influences o f surface 
condition  and  shape are  elim inated . F ig. 6 gives the stress 
fo r a life o f 50 m illion  cycles o f stress p lo tted  against U .T.S. 
fo r several alloys using sm ooth  polished test pieces under 
zero  m ean  stress conditions. T he effect o f a tensile m ean stress 
is illu stra ted  in T ab le  II  w here the results a re  fo r butt-w elded 
joints in 6 m m  p late . I t  will be noted  th a t the w elded joint 
s treng th  fo r zero  m ean  stress is ^ to  |  o f the polished bar 
values ap p ro p ria te  to  the sam e m ateria ls and  the cause is the 
presence o f su rface  im perfections (not m achined), stress 
concen tra tions (the w eld bead  to  plate  transition), and

•  IC M  W ELD ED

•  N 8 M  W ELD ED

CA74S -T l / •  0 *>}c A 74 S -ri ( ln  >/4°/o)
WELDED I  •  J V

•N f lM #  7  0 3 9 -T 6  WELDED • ,

IC M  W ELD ED

^  N 8 - O  WELDED
•  NSt H 2 WELDED  

# N 8 -  M W ELDED
/ }  C A 7 4 S -T I  (Z n  4  ' / 4 % M g  I'/4°fc)

M ^ \ c a 74S-T I W ELDED  

• 7 0 3 9 - T 6  W ELDED

/  7 0 3 9 - T 6  (zn  4 ° /0)Mg 3°/fa)

3 0  4 0
-  I9 6 °C  -  h b a r

Fig . 4

2 0  C ~  196 C. 

LONGITUDINAL O A 
TRANSVERSE •  7  

BUTT WELDED A ▼

TH IC K N E S S -m

3 0  3 0  4

0 -2 ° /o P  S . AT 2 S°C  ~  h b ar

Fig. 3

Fig . 5

residual stress (the w elding process). A ttachm en ts w hich 
involve fillet w elded jo in ts p rov ided  a m ore  to rtuous load  
p a th  and  th e  fatigue streng ths a re  even low er. A t low  
tem pera tu res fa tigue is im proved; a t — 196°C th e  im provem ent 
is 50 per cent o r m ore  as illu stra ted  fo r N 8M  fillet w elded 
jo in ts in  F ig . 7 (10).

DESIGN OF CARGO CONTAINERS
T he suitab ility  o f a lum in ium  alloys is accepted  fo r co n ­

tain ing  chem ical o r low  tem pera tu re  cargoes in  ships because 
o f the resistance o f the various alloys to chem ical a ttack  or

132 Trans.l.M ar.E ., 1971, Vol. 83



Aluminium A lloys for Chemical and Low Temperature Cargoes

ZERO MEAN STRESS.

Fig. 6

•  T E S T S  A T  R . T  

0  T E S T S  A T  “  19 6 ° C .

Fig. 7

the re ten tion  o f  th e  m echan ica l p roperties a t low  tem p era­
tures. A t p resen t th e  bu lk  tra n sp o rt o f chem icals is lim ited, 
bu t d rum s o r con ta iners in  a lum in ium  alloy  a re  used fo r 
this trade . In  th e  low  tem p era tu re  field, a lum in ium  alloys 
have excellent p roperties w hich have perm itted  them  to be 
used as bu lk  con ta iners fo r liqu id  m ethane  and  liquid  ethylene 
w ith in  ship hulls, and  as this is one of the m ost im p o rtan t

uses o f a llum in ium  alloys in  shipping, it is in tended  to  
discuss these in m ore  detail.

D evelopm en t o f  L o w  Tem pera ture  T anks
E arly  studies o f tanks fo r liqu id  m ethane  considered 

cy lindrical tanks having a  vertica l axis as this arrangem ent 
w as sim ple to  design an d  induced  tem p era tu re  stresses w ere 
com parative ly  low . F u rth e r, th e  fab rica tio n  cost w ould  be 
low . H ow ever, this a rrangem en t w asted  considerab le  space 
(alm ost 30 per cent) so th a t a tten tion  w as tu rn ed  to 
rec tangu la r tanks w hich m ore  fu lly  used th e  space available 
in the  ship hold.

T he  first rec tangu la r tanks fab rica ted  in  the U n ited  K in g ­
dom  w ere those fo r M eth a n e  Princess and  M eth a n e  Progress 
w hich used  the equ ivalen t o f th e  B ritish alloy  N 8. T he  shell 
p lating  decreased in  thickness from  bo ttom  to  top  and  
stiffening w as by h o rizo n ta l angles w hich w ere doub le  b raced  
a t th e  corners T he  tanks w ere d iv ided by  a long itud inal b u lk ­
head  w hich h ad  th e  effect o f  reducing  th e  m ax im um  pressure 
in th e  tan k  u n d er dynam ic load ing . T hese  tanks w eighed 
approx im ate ly  130 tonnes each and  h ad  th e  follow ing 
app rox im ate  d im ensions:

L ength  =  10-7 m  (35 ft)
B read th  =  21-3 m  (70 ft)
H eigh t =  14-0 m  (46 ft)

T his type o f construction , a lthough  econom ical in m ateria l, 
requ ires a  considerab le  am o u n t o f m an u a l w elding as the 
co rner b rackets and  diagonals can n o t be w elded by an  a u to ­
m atic  system.

T h e  a lte rna tive  system , o f vertical stiffeners w ith h o rizo n ­
ta l fram ing , a lthough  using slightly m ore  m ateria l appears 
m ore  attrac tive , as m uch  m ore  o f this stru c tu re  can be 
w elded au tom atica lly  in  large elem ents and  then  assem bled 
as a com plete  tank .

F abrication
A ll th e  jo in ts in  the tanks fo r M ethane Princess and  

M ethane Progress a re  w elded. F o r  the  b u tt welds in the m ain 
shell p lating  high cu rren t au tom atic  M IG  w elding w as used 
w ith  one pass on  each side o f the jo in t. T hese  w elds w ere 
100 per cen t inspected  by X -ray . Stiffeners w ere w elded to 
th e  p lating  also by this w elding system , bu t using fillet welds.

Load ing  C ond itions
A lthough  p u re  liqu id  m e th an e  has a  density  o f 0-42, a 

density  o f 0 '5  is possib le in th e  com m ercial p ro d u c t because 
o f im purities. H ow ever, fo r th e  figures o f tan k  efficiencies 
quo ted , th e  figure o f 0-42 has been taken . A  gas p ressure of
13 790 N /m 2 (2-3 lb / in 2) is assum ed to  exist in  th e  tank  
caused  by boil-off. T h e  effect o f ship m o tion  is defined by 
L lo y d ’s R egister o f Shipping a s :

R oll —  a com plete  ro ll o f 30°, p o rt to  s ta rb o a rd  in ten 
seconds;

P itch  —  a p itch  o f 6° h a lf  am p litude  in  seven seconds;
H eave —  a  heave o f L /2 4 '3  m  (L /8 0  ft) h a lf  am plitude 

in  eight seconds.

M ateria l
T h e  m ateria l has a lready  been considered  earlie r and 

a  perm issable  stress fo r N 8 alloy  is fo u n d  by follow ing 
L lo y d ’s requirem ents, w hich allow  the  low er value  o f  }  o f the 
P ro o f Stress o r f  o f th e  U ltim a te  Stress. F o r  this alloy  a 
a  perm issible stress o f 93 M N /m 2 (6 to n / in 2) is allow ed.

T a n k  E fficiency
T he efficiency o f tanks m ay  be m easu red  in  various ways, 

fo r instance, in  cubic  m etres per to n  o f m eta l o r in  tons o f 
liqu id  con ta ined  per ton  o f m etal. In  F ig . 8 th e  second m ethod  
has been used. H ere  th e  capacity  (in tons o f m ethane) is 
p lo tted  against th e  specific capacity  (tons o f liqu id  m e th a n e / 
to n  of tank) fo r various tan k  cross-sections. T h e  change in 
vo lum e o f a tan k  o f given cross-section  is m ad e  by increasing 
or decreasing the length. In  F ig . 8, curve 1 refers to  a  tank
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Fig. 8

w ith  a  w idth  o f 9-8 m  (32 ft) an d  a  dep th  of 14‘0 m  (46 ft). 
In  this case tw o tanks of this w id th  w ould  be  m o u n ted  side 
by side in th e  hold . A  tank  o f 19-5 m  (64 ft) w id th  and
14 0 m  (46 ft) dep th  w ith  a  longitud inal bu lkhead  is co n ­
sidered to  ob ta in  curve 2 and  it  w ill be no ted  th a t above a 
capacity  o f 1800 tonnes th e  w ider tank  is m ore  efficient. C urve
3 is ob ta ined  w ith  a  tan k  22-5 m  (74 ft) w ide and  show s a  
g rea ter efficiency th a n  the  tw o previous tanks a t high 
capacities.

E ffect o f  H igher W ork ing  Stress
I t  is obvious th a t a  change in  w orking stress w ill affect 

tank  w eight bu t the re la tionsh ip  is n o t linear. In  th e  study 
to  ob ta in  th e  curves in  F ig . 8, th e  effect o f increasing the 
w orking stress by 25 p e r cen t was exam ined and  fo r tanks 
having the sam e cross-sections as those  sta ted , b u t designed 
to  a  h igher stress, curves 4, 5 and  6 w ere ob ta ined . C urve 4 
refers to  a tan k  w id th  o f  9'8 m  (32 ft), curve 5 to  a w idth  of 
19-5 m  (64 ft), cu rve 6 to  a w id th  o f 22'5 m  (74 ft). U sing 
this h igher stress, the p o in t a t w hich the  19'5 m  (64 ft) w ide 
tan k  becom es m ore  efficient th an  the 9 8 m  (32 ft) w ide, is 
now  ab o u t 2900 tonnes capacity .

F o r  any  w orking stress it is possible to  derive th e  specific 
capacity  o f a tan k  22 5 m  X  14-0 m  (74 ft X  46 ft) cross­

section from  F ig . 9. T h is d iag ram  show s th a t in  th e  case of a 
tank  o f 2000 tonnes capacity , th e  im provem en t in  efficiency 
fo r a stress increase o f 25 per cen t is in  th e  reg ion  o f  11 per 
cen t and  fo r a  stress o f 50 per cen t th e  efficiency only 
im proves by  15 per cent.

A lthough  the  tanks bu ilt an d  o p era ted  in  N8 alum inium  
alloy have behaved  as p red ic ted  and  given good  service, it 
has been fe lt fo r som e tim e th a t an  im provem ent in  w orking 
stress w ould  help  the com petitive position  of a lum in ium  in 
this field. A  large increase in  w orking stress is n o t requ ired  
as this w ould  necessitate m o re  expensive alloys, and  the  gain 
in  efficiency w ou ld  be lost in  h igher m a te ria l price. If , how ­
ever, an  increase in  w ork ing  stress o f 25 per cen t w as 
desired then  an alloy  having a  p ro o f stress o f 154 M N /m 1 
(10 to n / in :) and  an  u ltim ate  stress o f 308 M N /m 2 (20 to n / in 3) 
is called  fo r w hich could  be supplied  by an  alum inium -zinc- 
m agnesium  alloy  w ithou t difficulty.

In  recen t years, the rep lacem en t o f free-stand ing  tanks 
by m em b ran e  tanks has been considered. T h is arrangem en t 
does no t p rec lude  th e  use o f alum in ium , a lthough  th e  quan tity  
p er ship w ould  decrease drastica lly . T h e  inner hu ll o f the 
ship carries the  loads from  th e  cargo and  the  m em brane  is 
pu rely  a  liqu id  ba rrie r so fo rm ed  th a t it  can  elastically 
defo rm  to  take  d im ensional changes caused by tem pera tu re  
change.
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S P E C I F I C  C A P A C I T Y - T O N S  M E T H A N E  /  T O N  M ET AL

Fig . 9

T a b l e  I I I ( a ) — F a t i g u e  s t r e n g t h  a t  5 0  x  10<= c y c l e s  o f  b u t t  w e l d e d  j o i n t s

N 8M H 30

Tensile m ean stress hbar 0 2-3 4-6 7-7 10-8 0 2-3 4-6 7-7 10 8
(ton /in2) (0) (1-5) (3) (5) (7) (0) (1-5) (3) (5) (7)

Semi range o f  stress h bar 5-28 3-7 2-9 2-5 2-5 3-9 3-6 2-9 2-6 2-2
(to n /in 2) (3-4) (2-4) d -9 ) (1-6) (1-6) (2-5) (2-3) (1-9) (1-7) (1-4)
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Discussion
D r . P. T . G il b e r t , M .I.M ar.E ., said  th a t in  selecting 

m ateria ls fo r vessels w hich w ere to  convey chem icals, includ­
ing low  tem p era tu re  cargoes, alum in ium  alloys im m ediately  
spring to  m ind  as po ten tia lly  useful. C onsideration  of their 
properties suggested th a t the ir use could  well be an econom ic 
proposition  and  it was no surprise to  find th a t such w as the 
case. T he ir fav o u rab le  p roperties w e re : good  co rrosion  resis­
tance, lightness com bined  w ith  reasonable  strength, and  ease 
o f fab rica tion  including w elding. Som e of these m atters were 
discussed in considerable detail in the paper. T he au tho rs had, 
in particu la r, given m u ch  in fo rm ation  on  m echanical p ro ­
perties as determ ined  in o rd inary  tensile tests and  in  im pact 
and  fatigue tests. T hey  had , on the o th er hand , said com para­
tively little  ab o u t co rrosion  resistance, and  perhaps m ore 
could usefully  have been included abou t problem s encountered  
in fab rication .

D r. G ilbert suggested th a t the paper could have  been 
im proved  if it h ad  con ta ined  a  clear sta tem ent o f the  nom inal 
com positions o f the alum inium -base m ateria ls under co n ­
sideration , p re fe rab ly  in  tab u la r fo rm . T here  w ere references 
in  th e  tex t o f th e  p ap er to  the com position  o f som e of the 
alloys bu t the in fo rm ation  appeared  to  be incom plete. F o r 
those w ho w ere no t as fam iliar w ith alum inium  alloys as the 
au thors it w ould  have been helpful to  have h a d  a sum m ary, 
to  avoid  the need  to  look  up  British S tandards o r o th er re fe r­
ence docum ents. O n consulting the la test (m etric) version of
B.S. 1470, the standard  re fe rred  to  in  T ab le  1, he w as unable  
to find alloy N51 but understood  this w as a 2-75 per cent 
m agnesium  alloy w ith  m anganese and  chrom ium  additions 
and  th a t it appeared  only  in the m ore  recently  issued B.S. 4300.

A n a ttrac tive  fea tu re  of alum in ium  alloys w as th a t they  
w ere n o t em brittled  a t low  tem peratures, and, indeed, the 
strength  and  ductility, in general, tended to  increase som e­
w hat as the tem pera tu re  w as reduced, as the da ta  in the paper 
show ed. T h e ir  su itab ility  fo r  contain ing low  tem pera tu re  
cargoes, from  this view point, w as therefo re  obvious. In 
absolute term s th e  streng th  of these m ateria ls w as m oderate  
and  this w ould  necessitate th e  use o f ra th e r bulky com ponents 
and thick sections. D r. G ilbert saw  no reason w hy this should 
in troduce  any  particu la r p roblem s, constructional o r  o th e r­
wise, bu t perhaps the au tho rs could confirm  th a t this was 
the position.

A lum inium  had  good resistance to  m any  chem ical 
env ironm ents an d  could  be used w here o ther m aterials m ight 
suffer undue a ttack , e.g. in  th e  presence o f sulphides or 
am m onia. In  com m on w ith o ther m aterials, how ever, it had 
its lim itations; fo r instance, it was rapidly  a ttacked  by so lu ­
tions of strong alkalis. A s m en tioned  in  the paper, galvanic 
co rrosion  could  occur w hen dissim ilar m etals w ere in  contac t 
in the presence o f an electrolyte. A lum in ium  w as a t a  d is­
advantage in this respect, since in p ractice o th er m etals 
coupled to  it w ould  often  be m ore  noble and  if any acceler­
a ted  corrosion  occurred  the alum inium  was likely to  be the 
m aterial to  suffer. D r. G ilbert asked th e  au tho rs  how  serious 
a p rob lem  this w as in the construction  of ships' tanks or

containers, since p resum ably  con tac t w ith  m ild  steel was 
unavoidab le  a t som e points. W as it sufficient to  use jo inting 
com pounds contain ing  inh ib ito rs, o r  w as it  necessary  to  
ensure com plete electrical insulation? H e  h ad  in  m ind  th a t 
alum inium  alloys w ere n o t very  successful fo r heating  coils 
in oil tankers, as they suffered severe corrosion , particu larly  
in tanks th a t carried  seaw ater ballast, if n o t insu lated  from  
th e  steel tanks. If  they  w ere insulated, on th e  o th e r hand, 
difficulties w ere liab le to  occur due to  bu ild -up  of static 
electricity. In  th e  case o f ships’ tanks m ade  o f a lum inium , the 
anode/ca thode ra tio  w ould  be m uch  m ore  favou rab le  than  
w ith heating  coils; nevertheless, the p rob lem  w as ever-present 
in m arine environm ents and  he felt it w as im portan t to know  
w hat p recau tions h ad  been fo u n d  necessary  to  avoid  trouble.

M r . E . B. B u d d , C hairm an , th o u g h t i t  w as odd  th a t 
m em brane tanks had  been dism issed in th e  paper. H e  w ould 
have though t th a t these tanks w ould have been a m ajo r 
ta rget o f the alum inium  m anufac tu ring  industry . Som e 
A m erican missiles had  m ade use o f chem ical milling in o rder 
to  reduce w eight and  in  the case o f a  free-standing tank  
such a reduction  w ould  increase th e  volum e w ith little  loss 
o f strength. H e asked th e  au tho rs to  com m ent.

W hat w ere th e  fire hazards involved in  using th ree o r 
fo u r per cen t m agnesium  alloy  because in  th e  early  days 
m agnesium  alloys w ere qu ite  a fire h aza rd  in  som e aeroplanes?

M r. E . D . D olan  said  th a t in  considering a lum in ium  and 
its alloys fo r  general use  in  the petro leum  industry , his 
com pany had  been very m uch  concerned  w ith  tw o particu lar 
aspects. (H e had  no d oub t they  w ere b o th  h o a ry  aspects to  
the authors.) O ne w as the fall-off in tensile strength  w ith 
rising tem perature , w hich cast doubts on  th e  stability  of 
alum inium  structures in fire situations. T h e  o th e r w as tha t 
alum inium  was subject to  sparking on im pact. I f  one dropped 
a  rusty  spanner in to  an alum inium  tank , the spark  produced 
could  cause an  explosion. O f course, said  th e  speaker, the 
au tho rs w ould argue th a t if an explosive a tm osphere existed 
a  spanner should  never have fo u n d  its w ay  in to  a  tan k ; but 
th is so rt o f th ing did happen. F inally , M r. D o lan  though t 
th a t none o f the m etallu rg ical experts h ad  investigated  
thoroughly  w hy certain  m etals had  good  im pact properties a t 
low  tem peratures.

M r . B. T o d d , M .I.M ar.E ., said th ere  w ere tw o questions 
he w ished to ask. T h e  au tho rs  had  m en tioned  th e  thickness 
o f alum in ium  in  a la rge  L N G  ship. C ould  they specify how 
large this ship w as? Secondly, expansion h a d  to be accom m o­
da ted  in  any design o f tank . H ow  w as this to  be done in  a 
large  free-standing  tank?

M r . G . L . Sw a l e s  said th a t he  w ou ld  sim ply like to  say 
th a t there  was a m em brane  tan k  bu ilt in  alum inium , w ith  a 
view to its use in  an L P G  carrie r— at least it w as s ta rted  in 
alum inium  but it was finished in  stainless steel.
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M r . H . J. M il l e r , B.Sc., M .I.M ar.E ., a lthough  no t 
w orking in  th e  field o f tem p era tu re  cargoes said  he looked to 
this p ap e r to  give him  som e guidance on  alum inium  alloys 
fo r  chem ical carriers. H e  could  n o t find any, b u t perhaps he 
h ad  m issed it. H e  did, how ever, find th is little  note: “T he  
su itab ility  o f alum inium  alloys is accepted  fo r contain ing 
chem ical o r low  tem pera tu re  cargoes in  ships because of the 
resistance o f the various alloys to  chem ical a ttack  o r the 
re ten tion  o f the m echanical properties a t low  tem peratures. 
A t p resen t the bulk tran sp o rt o f chem icals is lim ited, bu t 
drum s o r  containers in  a lum inium  alloy  a re  used  fo r  this 
trad e .” M r. M iller drew  a tten tio n  to  this because, righ tly  o r 
w rongly, he believed it to  be qu ite  a  possibility  th a t a t som e 
tim e in  th e  fu tu re  w e m igh t have to  consider going aw ay 
from  carrying chem icals in bulk. H e  knew  th a t m ost people 
w ould  n o t accept th is b u t he  w ould  invite them  to  look  a t 
p resen t trends in  po llu tion  an d  an ti-po llu tion  law s. R ecently  
fo r exam ple T h e  T im es  said  th a t som e 13 m em bers o f a 
G erm an  com pany  w ere in  co u rt because o f th e ir alleged 
po llu tion  of th e  R hine.

T h is m ade  one w onder w hether the m eeting w as looking 
a t th e  question  in  qu ite  th e  r igh t w ay; perhaps it  h inged on 
w hat M r. F fo o k s h ad  in  m ind  w hen  he  h a d  said th a t perhaps 
w e should  consider a com pletely  new  approach . I t  w as a  possi­
b ility  th a t con ta iners w ould  be th e  answ er fo r  fu tu re  tran sp o rt 
o f  chem icals. I f  so the containers w ould  have to be very  solid 
because o f th e  danger haza rd  o f lifting  one of these and  
low ering it  on to  th e  quay.

O ne of the  m ain  things against th e  n o rm al type o f co n ­
ta iner, qu ite  ap a rt from  o th e r obvious shortcom ings (and it 
w as only  by considering  all these th a t one cam e ro u n d  to a 
new  app roach  on design) was the w eight o f the con tainer. 
H ere  alum inium  w ould  have the edge, b u t a lum inium  did no t

have the p roperties th a t w ere required . H ad  the au thors, o r 
any  of their design departm ents, considered  the possibility 
of, say, insulated  a lum inium  con ta iners w ith  surface t r e a t­
m ent? W ere they  w ork ing  a long  these lines? W ere they  
th ink ing  along these lines? F ina lly  M r. M iller said th a t one 
of th e  biggest p rob lem s in  the a irc ra ft industry  during the 
last w ar w as age-hardening, an d  yet he  did no t see any  re fe r­
ence to  th is in the  paper. H e  w ould  have th o u g h t th a t w ith 
the tem p era tu re  varia tions w hich w en t on  th ro u g h o u t the life 
o f th e  vessel, th is w as a  th ing  w hich should  be considered, 
bu t perhaps a lo t had  happened  in  th e  in tervening  years.

M r . H . S. C a m p b e l l , A .I.M ar.E ., suppo rted  D r. G ilb e rt’s 
suggestion th a t com positions should  have been included in 
th e  tab le  o f alloys. M r. C am pbell said  he w as fa irly  fam iliar 
w ith a lum in ium  alloys, b u t even so, he  said  h e  h a d  to look  a t 
th e  com position  o f som e o f them . H e  also fo u n d  th e  paper 
ra th e r difficult to  follow  because som e of th e  figures referred  
to  alloys th a t w ere no t included in the table, w hile the in fo r­
m ation  on som e of the  alloys th a t w ere included  seem ed 
ra th e r sparse. M r. C am pbell w ou ld  have  particu larly  
w elcom ed m ore  in fo rm atio n  on  th e  w eldable m edium  
streng th  alum inium -zinc-m agnesium  alloys. T h e  4^ per cent 
zinc, 1 |  p e r cen t m agnesium  alloy  C A  74S, fo r exam ple, was 
only  re fe rred  to  sporad ically ; he w ondered  in particu la r w here 
it fitted  in to  Fig. 6, w hich show ed th e  re la tionsh ip  betw een 
fatigue strength  and  tensile streng th  fo r various alloys. T he 
tab le  did include on the o th e r hand , som e alloys such as H I 5 
w hich he did n o t th ink  w ere really  re levan t to  m arine app lica­
tions because of th e ir p o o r co rrosion  resistance. C ou ld  the 
au tho rs  say m ore  ab o u t th e  m edium  streng th  alum inium -zinc- 
m agnesium  alloys?

Authors’ Reply_

M essrs. D u rh am  an d  F erguson  w rote  th a t the nom inal 
com positions o f th e  p rincip le alum inium  alloys of in terest 
w ere as follows:

BS1470— IC 99 p er cen t Al
N3 Al M n 1-2
N 4 Al M g 2 M n 0-3

BS4300/8—-  N51 A l M g 2-8 M n 0-75
BS1470— N8 Al M g 4-5 M n 0-8 C r 0-1

H 30 Al Si 1-0 M g 0-6 M n 0-5
AA7004—  (A lcan

C A  74S) Al Z n 4-3 M g 1-8 M n

D r. G ilb ert could  be assured  th a t th e  thicknesses o f 
a lum in ium  plates and  sections in self-supporting  tanks gave 
rise to  no constructional difficulties. In  a  tan k  45-72 m long 
x  26-6 m w ide x  19-5 m  h igh  (150 x  87-5 x  64 ft), thicknesses 
m ight vary  from  ab o u t 30 m m  to  ab o u t 12 m m  fo r the shell 
plating, w ith stiffeners o f flange th ickness 12-25 m m  and  
depth  ab o u t 380 m m . T h e  a ttachm en t o f the stiffeners to  the 
p la te  w ould  be by a  single pass fillet w eld on  each side.

G alvanic  corrosion  had  been studied  in depth  an d  could  be 
obviated  by co rrec t design. C om plete  electrical insulation  was 
unnecessary , so th a t bu ild -up  of sta tic  electricity  need no t 
occur. T h e  pap er m en tioned  th e  use o f com patib le  m aterials 
a t  po in ts o f con tac t. O ther steps could  be taken  w hich w ere 
described in  detail in “C orro s ion  o f m echanical jo in ts in 
a lum inium  and  alum inium -steel s truc tu res” by  F . F . B oo th .1 
So fa r  as low  tem p era tu re  cargoes w ere concerned, the e lec tro ­
ly te  needed fo r  galvan ic  co rrosion  w as absen t except w hen

'B ritish Corrosion Journal, 1962, Volume 2, March.
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the  tan k  w as em pty, and  the tan k  w as ra re ly  allow ed to  be 
em pty, so th e  p rob lem  ought n o t to  be overem phasized.

In  answ er to  M r. B udd ’s question  ab o u t m em brane 
tanks the orig inal m em brane  tan k  designs w ere N orw eg ian  
an d  th e  m ateria l considered  w as alum inium . T h e  au tho rs  did 
n o t know  w hy n o  one h ad  been particu la rly  in terested  in 
these a lum inium  alloy  tanks. P erhaps one reason  was th a t 
the co-efficient o f expansion o f a lum in ium  w as tw ice th a t of 
steel, b u t this w as coun tered  by th e  fac t th a t th e  m odulus of 
elasticity  w as one-th ird ; hence only  tw o-th irds of th e  stress 
generated  in steel w as genera ted  in  a lum inium . T h e  w eight 
o f m ateria l in  a m em brane  tan k  w as very  m uch  less th an  in 
a self-supporting  tank . T h e  alum inium  industry  w as n o t so 
in terested , therefo re , in th e  fo rm er type o f developm ent.

M essrs. D u rh am  an d  F erguson  w ent on to say  th a t the 
possibilities o f incendive spark ing  of a lum in ium  alloys had  
been review ed by B artels.2 T he  likelihood  of incendive sp ark ­
ing increased w ith  m agnesium  con ten t, b u t alloys w ith  m ag ­
nesium  conten ts up  to  ab o u t 5 p e r cen t w ere unlikely  to be 
m ore  th an  one-th ird  as dangerous as m agnesium . T h e  softer 
th e  tem per o f the alum inium , the less th e  likelihood  of im pact 
sparking. A n im pac t energy of steel on a lum in ium  o r  vice- 
versa  o f 200 ft lb, (271-2 J) gave rise to  a  low  ignition p ro b a ­
bility  o f m ethane-a ir m ixtures. T h e  m ost easily ignited 
m ix tu re  w as 6-4 per cen t m ethane by volum e. W hat risk did 
exist could  be g rea tly  res tric ted  by  care fu l cleaning o f the 
inside o f  tanks du ring  exam ination  or refitting  and  by keeping 
h an d  tools, such as spanners, a ttach ed  to  lanyards. Steel on 
steel im pacts also gave rise to  incendive sparks bu t these

2 The use of light metals and their alloys in hazardous areas. ERA  
70-32. Electrical Research Association, M ay 1970.
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occurred  less frequen tly  th an  m ethane-induced  sparks— the 
opportun ities fo r fires to  occur in  this w ay w ere p resum ably  
few .

A lum inium  alloys w ere relatively w eak  a t elevated tem ­
pera tu res. A  usefu l guide to  th e  m axim um  tem peratu re  a t 
w hich they  could  be used was half the m elting po in t in 
abso lu te  degrees. T h is m ean t th a t in effect alum inium  could 
no t be usefu lly  em ployed fo r  m an y  applications a t tem p era­
tures exceeding ab o u t 200°C. T h e  m elting tem peratu re  of 
pu re  a lum in ium  w as 660°C. A lum inium  alloys could only 
have fire resistance of the o rd e r needed to  resist th e  British 
S tandard  fire tes t if they  w ere p ro tec ted  by tem pera tu re  
resistan t coverings.

T he  au th o rs  w ere unab le  to  explain w hy alum inium  
alloys h ad  a  good  resistance to  no tch  im pact tests, bu t it 
was w orth  no ting  th a t a lm ost all m ateria ls o ther th an  m etals 
w ith  a face-cen tred-cubic  la ttice  struc tu re  h ad  a nil-ductility- 
transition  tem pera tu re  o r tem pera tu re  range.

M r. C am pbell m entioned  C A  74S, w hich the au thors 
regarded  as one o f th e  m ost su itable A l-Z n-M g alloys fo r  low 
tem pera tu re  tankage. F ig . 6 w as in tended  to  illustrate how  
alloys belonged to  one fam ily  in respect o f the relationship  
betw een the ir tensile strengths and  the ir basic fatigue strengths 
a t zero  m ean  stress using polished specim ens. A lloys of 
different strengths, from  com m ercially  pu re  alum inium  to 
a irc ra ft-strong  alloy  h ad  been p lo tted  to  cover as w ide a 
strength  range as possible— hence the points fo r  H I 5 alloy. 
T h e  absence of C A  74S from  F ig . 6 w as n o t serious as the 
g raph  h ad  no application  to  th e  design and  perfo rm ance  of 
com ponents hav ing  as-m anufactu red  surfaces and  w hich con ­
tained geom etrical d iscontinuities such as welds, bolts and  
rivet holes. A  few  m ore  w ords ab o u t the A l-Z n-M g alloys 
w ere in o rd e r as these alloys w ere possible a lternatives to  the 
A l-M g series. T h e  com position  could be varied  to  give a 
range of properties. T h e  zinc con ten t could  range from  abou t 
3-5  p e r cent, and  the m agnesium  con ten t from  ab o u t 1-3 
per cent, bu t m an y  alloys w ere close to  a  nom inal com posi­
tion  o f zinc 4 p e r cent, m agnesium  2 per cent. T h e  m aterials 
could  be prec ip ita tion  heat-trea ted  and  w ould  then  be

stronger. T hey  w ou ld  usually  be  w elded how ever. O ne of 
the m ost in teresting  p roperties o f th is a lloy  group  was th a t 
a fte r  w elding— w hich m ean t, in effect, re-solu tion  heat- 
trea tm en t o f the  m ateria l close to  th e  w eld because this 
m ateria l w as n o t very  quench  sensitive an d  cooling in  a ir 
w ould give a re-solution  trea tm en t— ageing a t  room  tem ­
p era tu re  occurred , and  the tensile s treng th  increased w ith 
tim e. A s a  result, th e  streng th  im proved  a f te r  w elding, though  
the  im provem ent w as sm all a f te r  th e  first th ir ty  days. Y ield 
strengths of 154—186 M N /m m 2 (10-12 to n /in 2) an d  u ltim ate  
strengths o f 308 M N /m m 2 (20 to n /in 2) an d  m o re  w ere a tta in ­
able. Selection of an  alloy included  an  elem ent o f chance. If  
one w as p repared  to  use a  m ateria l o f h ig h er streng th  b u t a 
little  m ore  likely to  give troub le  in  service (perhaps by being 
slightly m ore  liable to  suffer som e corrosion) a  m ore  highly 
alloyed h igher strength  exam ple o f th e  A l-Z n-M g g roup  could 
be used. I f  a  m ateria l w hich had  to  be vice-free w as chosen it 
should  have as low  an alloy con ten t as possible, and  C A  74S, 
w hich confo rm ed  to  A A  7004, ap p ro ach ed  th is desirable 
characteristic .

M ention  h ad  been m ad e  o f age hardening . T he  speaker 
had, w ro te  the  au thors, been draw ing  on his experience in 
th e  a irc ra ft industry , w here A l-C u-M g alloys w ere w idely 
used. In  tanks, only A l-M g alloys h ad  been used  h itherto . 
T hey  did  n o t age h ard en  a t room  tem peratu re , an d  certa in ly  
no t a t sub-zero  tem peratures.

O n th e  question  of th e  expansion o f free-stand ing  tanks, 
one m ethod  of perm itting  free  expansion  h a d  been to an ch o r 
the  tanks to  crucifo rm  a ttachm en ts a t th e  top  an d  b o ttom ; 
thus the tan k  could  co n trac t ab o u t its centre. In  fact, w hen 
it w as contracting , the w eight o f liqu id  on th e  base w as sm all, 
so differential m ovem ent cou ld  be accom m odated  by  sliding. 
B efore th e  tan k  w as full, th e  base con trac tion  h ad  already  
ceased an d  there  w as no fu r th e r m ovem ent.

R egard ing  M r. M iller’s com m ents, the au thors w ro te  
th a t there  w as an  ISO  range o f con ta iners of 8 f t2 cross- 
section, and  of lengths 20, 30 o r  40 ft. T h e re  w as also a range 
specially designed fo r  co n ta in er ships an d  having end fram es 
to  m ake them  suitable fo r this purpose.
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T A N K  COATINGS FOR CHEMICAL CARGOES

J. Rogers M.A., M.Sc. Tech.*

Increased  ocean  tra n sp o rt o f bu lk  chem icals has led  to  increasing  dem ands fo r 
chem ically  re s is tan t tan k  linings to  p reven t co n tam ina tion  o r de te rio ra tion  o f the cargo 
an d  to  reduce  co rro sion . A t th e  sam e tim e such linings co n trib u te  to  im proved  safety  
and  low er costs resu lting  fro m  easier tan k  cleaning and  inspection.

S a tisfac to ry  p e rfo rm an ce  o f these linings depends n o t only  on  th e  co rrec t selection 
o f lin ing  fo r any  p a rticu la r cargo— there  is, as yet, no  “un iversa l” lining— b u t also on 
co rrec t fo rm u la tio n  a n d  app lica tion . T he  la tte r  includes su itab le  b last cleaning o f the 
m eta l surface  p rio r to  applying p roperly  p rep a red  coating  m ate ria l and  subsequently  
ensuring th a t th e  lining is fu lly  cu red  to  give the requ ired  m echan ical an d  chem ically  
res is tan t p roperties.

T h e  m ain  types o f lining in  cu rren t use are  described, together w ith  som e recen t 
developm ents in  th is field. Som e ind ica tion  is also given as to  th e  su itab ility  o f these 
types o f linings fo r ce rta in  cargoes, b u t em phasis is la id  on  th e  fac t th a t in  m an y  cases 
fac to rs o ther th an  a  know ledge o f the type o f coating  an d  in tended  cargo will determ ine
w hether any  p a rticu la r lined ta n k  is accep tab le  fo r any given cargo. M,. Rogers

INTRODUCTION

D uring  th e  p as t 10 to  15 years, th e  in te rn a l lining of 
ships’ cargo  a n d  ballast tanks has becom e com m onplace. In  
crude oil a n d  refined o il tanks th a t m ay  be used  fo r ballast, 
various coatings a re  now  acknow ledged to  be an  effective 
m eans o f reducing  w astage o f steel by co rrosion , thereby  
increasing th e  w ork ing  life o f  th e  ships. T his has gained 
official recogn ition  by classification au thorities such as L loyds 
and  T h e  A m erican  B ureau  o f Ships, reduced  scantlings being 
perm itted  w hen su itab le  app roved  coating  system s are  
adop ted . T h is  has led  to  increased  pay loads and  o ther 
econom ic advantages.

H ow ever, an  in teresting  po in t regard ing  cargo tan k  lining 
w as m ade  in  T h e  N au tica l M agaz ine1’’ o f 1886 in  an  artic le  
describing the bu ild ing  on  the  T y n e  o f w h a t w as p rob ab ly  
the first-ever c ra f t fo r carry ing  petro leum  p roduc ts  in bulk. 
“ It also w as suggested th a t, in  o rder to  p reven t d isco loration  
o f th e  refined oil, th e  in te rio r o f th e  com p artm en t in tended  to  
c a rry  it shou ld  be coa ted  w ith  p a ten t enam el” . T h is early  
p roposa l to  use a lining to  p reven t co n tam ina tion  o f a cargo 
ra th e r th a n  to  p reven t s tru c tu ra l de te rio ra tion  by  co rrosion  is 
particu la rly  in teresting  in th a t it is very m uch  in line w ith 
th e  m ain  purpose  o f tan k  lining in  to d ay ’s bu lk  liquid 
chem ical carriers.

In  chem ical tankers, cargo tanks a re  n o t generally  used 
fo r salt w ater ba llast, no r a re  coatings relied  up o n  to  con tain  
p roducts w hich a re  highly  corrosive to  steel, such as m ineral 
acids. W hile som e coatings do possess adequa te  chem ical 
resistance, it w ould , in  practice , be im possib le to  guaran tee  
100 per cen t coverage of th e  steel by th e  relatively  th in  pain t- 
type  coatings in  cu rren t use. E ven  in  the  un likely  event o f a 
fresh ly  app lied  coating  being perfect, unde tec ted  m echanical 
dam age to  th e  coating  during  service cou ld  perm it dangerous 
ch em ica l/s tee l con tac t. F o r  th e  carriage  o f  such corrosive 
products, o ther m ethods o f con ta inm en t are  necessary, e.g.

* Corrosion Adviser, Shell International Petroleum Co. Ltd.
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stainless steel construction , stainless steel lining o r heavy du ty  
ru b b e r sheet linings. T hese m ethods a re  o f necessity applied 
by a  few  specialist concerns and  in  view o f th e ir cost a re  
used to  a  lim ited  ex ten t only  in  service w here com plete  p ro ­
duct iso lation  is essential.

Som e shore-based  tanks have  been  ren d ered  su itab le  fo r 
sto ring  such corrosive chem icals by lining them  w ith  thick 
epoxy o r polyester resins re in fo rced  w ith  glass fibre o r glass 
flake. T h is m e th o d  does n o t, how ever, ap p ea r to  be used  in 
ships’ tanks, p ro b ab ly  because o f th e  g rea te r difficulty— even 
w ith these th ick  films— o f achieving and  m ain ta in ing  a  com ­
plete barrier.

P reven tion  o f cargo  co n tam ina tion  is generally  a m ore  
im p o rta n t func tion  o f  the coating  in  chem ical carriers , and  
because o f opera ting  conditions, s tru c tu ra l d e te rio ra tio n  by 
co rrosion  is unlikely  to  be as serious as in an oil tanker 
w here th e  tankage a lternates betw een refined oil an d  sea 
w ater.

In  general, com position  specifications fo r  chem ical p ro ­
ducts a re  very m uch  m ore  stringent th an  fo r oil p roducts 
and  the m ax im um  perm itted  co n tam in a tio n  is generally  
lim ited  to  a few  parts  per m illion.

M ost oil p roducts do no t consist o f a  single com ponen t 
b u t a  b lend  o f d ifferent h y d rocarbons giving an  end-p roduct 
w ith the requ ired  p roperties, and  som e slight degree o f m ixing 
o f d ifferent grades during tran sp o rt and  sto rage  o f sim ilar 
p roducts m ay  be to le ra ted , p rov ided  th e  final p ro d u c t is still 
w ith in  perfo rm ance  specifications. In  th e  case o f chem ical 
products, how ever, w hich, m ore  o ften  th an  n o t, consist o f a 
single pu re  chem ical, it is essential to  ensure th a t there  is no 
m ixing o f traces o f one chem ical w ith  ano ther, fn  th is co n ­
nexion, the  ease w ith  w hich lined tanks m ay  be cleaned free 
of a previously  carried  cargo  is o f considerab le  im portance. 
A n  un lined  tan k  w hich has becom e ru s ty  o r p itted  absorbs 
and  re ta in s  chem icals to  a m uch  g rea te r ex ten t th a n  the 
sm ooth  su rface  associated  w ith  a coa ted  tank . C argo  residues 
are  rem oved  only w ith  som e difficulty from  such ru s ty  sur-
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faces an d  this can  lead  n o t only to  con tam ina tion  o f one 
p ro d u c t by an o th e r b u t can  also give rise to  explosion and 
toxicity  h azard s if the cleaning and  gas freeing processes are 
inadequa te .

F resh  w ater is frequen tly  used in  tan k  cleaning o p e ra ­
tions and  it is fo u n d  in  practice  th a t th e  reduced  q u an tity  of 
fresh  w ater as w ell as tim e requ ired  fo r cleaning lined as 
opposed  to  un lined  tanks resu lts in  significantly low er costs.'21

M any  chem icals a re  sensitive to  iron  p ick-up, e ither from  
ru s t o r fro m  th e  steel tan k  itself. T h is is n o t only  a question  
o f  co n tam ina tion  o f  cargo by ru s t particles— such co n tam in a­
tion  in , fo r  exam ple, hyd ro carb o n  solvents, can  generally  
be rem oved  m erely  by  allow ing any  ru s t partic les to  settle 
in  th e  receiving tan k  a fte r discharge. W ith  m an y  chem ical 
cargoes, how ever, ru s t particles o r con tac t w ith  steel (rusty 
o r o therw ise) m ay  cata lyse chem ical de terio ra tion  o f the 
p roduc t, e.g. po lym eriza tion  o f som e plastics raw  m ateria ls, 
decom position  o f ch lo rina ted  hydrocarbons, etc. W hile such 
chem ical change is som etim es con tro lled  by the use of in ­
h ib itors, a  chem ically  res is tan t coating  fo rm ing  a  barrie r 
betw een p ro d u c t and  ta n k  surface  is o ften  an add itional 
necessity in  o rder to  m ain ta in  p ro d u c t quality .

M ost coatings used in  chem ical cargo tanks p rov ide a 
w hite o r light co loured  finish and  this g rea tly  facilita tes in ­
spection of th e  tank  w henever necessary.

Sum m arizing , therefo re , the  m ain  purposes o f lining bulk  
chem ical carriers a re  to  p reven t cargo deterio ra tion  o r co n ­
tam in a tio n  by ru s t, iro n  o r previously  carried  cargo, and  to  a 
less ex ten t to  p reven t stru c tu ra l de terio ra tion  due to  corrosion. 
O ther advantages arising from  tank  lining include im proved 
opera tiona l safety  in  respect o f flam m able and  toxic cargoes, 
as w ell as reduced  costs, by facilita ting  tan k  cleaning, gas 
freeing and  inspection .

SURFACE PRE-TREATM ENT AND COATING APPLICATION
B efore discussing in  g reater de tail the  m a in  types of 

coating  in  use, som e rem arks on  the app lication  o f tank  
coatings in  general m igh t be app rop ria te . I t  is n o t p roposed  to 
give a  de ta iled  descrip tion  o f the app lica tion  processes fo r 
each type  of coating  b u t ra th e r to  p o in t o u t som e of the 
salien t points re la ting  to  all o f them .

F irstly , good  p re-trea tm en t o f the  m etal befo re  coating  
is essential. A ll sharp  edges and  welds m ust be g round  to  a 
sm ooth  finish an d  all traces o f rust, m illscale, d irt, etc., 
rem oved. N o th ing  sh o rt o f b last-cleaning of the steel surface 
is accep tab le  if  the  long term  p o ten tia l o f the coating  is to 
be realized . Q uality  o f b last-cleaning can  and  does vary  
w idely depending on  types and  partic le  size o f abrasives, air 
p ressure, d istance and  angle o f nozzle from  the  surface, speed 
o f b lasting , etc. and , perhaps even m ore, on the stan d ard  of 
supervision. S tandards o f b last-cleaning are  described in  the 
various specifications la id  dow n by different authorities, e.g. 
B ritish S tandards In s titu tio n ,(3) S teel S tructu res P ain ting  
C ouncil (U .S .A .),(4) an d  perhaps the best know n pho tograph ic
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stan d ard  SIS 055 900 issued by th e  Sw edish S tandards 
A ssocia tion .151 Size o f abrasive is p a rticu la rly  im p o rtan t since 
if  th is is too  coarse, a  very ro u g h  su rface  is p roduced  w ith 
m any  “peaks” and  “valleys” . W ith  such ro u g h  surfaces the 
peaks frequently  p ro tru d e  th rough  th e  app lied  coating  p ro ­
viding starting  points fo r subsequen t film  breakdow n— see 
Fig. 1. O bviously, film  thickness o f  an y  coating  is very  im ­
p o rta n t and  application  should  be  in  acco rdance  w ith  the 
m an u fac tu re rs’ in structions to  give th e  specified th ickness, 
although  if  th e  b last p a tte rn  o r “p rofile” is coarse, a  th icker 
lining consisting o f m ore  coats m ay  be  necessary  to  prov ide  
adequate  coverage o f the peaks. U sed  ab rasive  partic les m ust 
also be carefu lly  rem oved  fro m  th e  ta n k  befo re  pain ting , 
generally  by brushing fo llow ed by  vacuum  cleaning. Partic les 
o f abrasive em bedded in th e  coating  g rea tly  d e trac t from  its 
d u rab ility  and  general perfo rm ance.

T h e  effect o f abrasive  partic le  size an d  o th e r fac to rs on 
th e  speed and  quality  o f b last-cleaning, together w ith  field 
tes t m ethods fo r con tro lling  th is q ua lity  an d  cleanliness has 
been described in  g rea ter detail by S ingleton  an d  W ilson .(6) 
A lthough  their paper deals largely  w ith  th e  b last-cleaning of 
ships’ hulls externally , m uch  of the d a ta  applies equally  well 
to  in te rna l tank  lining.

C oating  conditions in  sh ips’ tanks are , o f course, never 
ideal and  generally  fa r  from  it. T he  geom etrical configuration  
of th e  tanks and  scaffolding frequen tly  forces b last-cleaning 
and  spraying opera to rs  to  w ork  in aw kw ard  positions calling 
fo r ex tra  care  in achieving adequa te  coverage of edges and  
rough  welds as w ell as overhead  an d  recessed areas. In  this 
respect, conditions are  m o re  difficult th a n  exist in  shore- 
based  tanks. In  add ition , lighting m ay  be p o o r, and  tem p e ra ­
tu re  and  hum id ity  difficult if  n o t im possib le  to  con tro l. C o n ­
densation  o f m oistu re  on surfaces, w hich read ily  occurs w hen 
th e  tem pera tu re  o f  th e  steel is below  am bien t u n d e r hum id  
dockyard  conditions is particu la rly  troub lesom e and  de- 
hum idification  equ ipm ent is generally  necessary.

O bviously u nder such difficult app lica tion  cond itions tan k  
lining is an  opera tion  requ iring  w ell tra in ed  an d  well 
equipped personnel, w orking u n d er conscientious supervision 
and  inspection.

In  th e  case o f new  tankers, these app lica tional p roblem s 
can  be overcom e to  som e ex ten t by  applying th e  lin ing during 
the construction  period, a lthough  even so, b last-cleaning (e.g. 
o f welds) and  coating  app lica tion  can  on ly  be com pleted  
inside the tank  a fte r construction  w ork  has finished.

M any  o f th e  coatings used a re  so ca lled  “tw o-pack” 
coatings w hich cure o r harden  by chem ical in te rac tion  o f tw o 
com ponents. T hese tw o com ponents m u s t be  tho roughly  
m ixed  in th e  co rrec t p ro p o rtio n  befo re  use, an d  a fte r  m ixing 
m ust be used  w ith in  the  specified “p o t life” la id  dow n by the 
m anu fac tu re rs . T o  avoid  e rro rs in m ixing ra tio s, the  tw o co m ­
ponents are  no rm ally  supplied  in  ap p rop ria te ly  sized co n ­
tainers. Som e o f the m o re  recen tly  developed tw o com ponen t 
coatings are  now  app lied  by special m ixing spray-guns, in  
w hich the tw o com ponents a re  m etered  separately  in  the 
co rrec t p ropo rtions in to  the gun an d  m ixing takes p lace 
w ith in  th e  spray-gun h ead  during  application .

D uring  and  a fte r app lication  o f the  tw o-pack coatings, 
good ventila tion  is necessary to  rem ove solvents in th e  pa in t 
film. A p a rt fro m  very  im p o rtan t safety  considerations and  
possib le effects on  the h ea lth  o f th e  opera to rs, fa ilu re  to  
rem ove solvents from  th e  film w ill de lay  and  m ay  even 
preven t fu ll curing. A m ple tim e m ust be  allow ed fo r the 
coatings to  develop the ir fu ll chem ical resistance an d  this 
process can  be accelerated  by blow ing w arm  air th ro u g h  the 
tank . In  general, once th e  solvents have evapora ted , the m ore  
h ea t supplied  th e  better since h igher tem p era tu re  im proves 
chem ical resistance by increasing th e  degree of chem ical cross- 
linking betw een th e  com ponents.

C oatings are  no rm ally  applied  against a  specification and  
it w ill be  apprecia ted  fro m  th e  foregoing th a t good  inspection  
to  ensure th a t the specification is fo llow ed is m ost im p o rtan t, 
th e  inspector m aking  use o f various instrum ents such as w e t/
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n-BUTYL ALCOHOL

Epoxy on bare steel 2 years  
—unaffected

Epoxy over etch primer 
blistered in 5  days

F ig . 2— E ffec t o f  v iny l etch prim er on resistance o f  
ep o xy  lining to  n .b u ty l a lcohol

d ry  bulb  therm om eters fo r re lative hum idity  determ ination , 
film thickness m eters fo r bo th  w et and  dry  pain t, "p inho le” 
detectors, etc.

O ne o f the p rob lem s associated  w ith applying epoxy and 
sim ilar linings, especially  in la rger tanks , is th a t b last-cleaning 
is a  re la tively  slow  process and  to  avoid  re-rusting  o f the 
surface it  is com m on p ractice  to  app ly  a qu ick  drying “h o ld ­
ing p rim e r” to  p ro tec t freshly  b last-cleaned steel w hiie blast- 
cleaning continues un til the  w hole tan k  is ready  fo r lining. I t 
is m ost im p o rtan t to  use a  “holding p rim e r” w hich is co m ­
patib le  w ith , an d  equal in chem ical resistance, to  th a t o f the 
lining as a w hole. O ne o f th e  m ost com m only  used holding 
prim ers is a  vinyl b u ty ra l etch  prim er o r w ash prim er. U n ­
fo rtuna te ly , th is has p o o r resistance to  m an y  solvents, 
especially alcohols an d  a rom atic  hyd rocarbons, and  epoxy 
and  p o lyu re thane  linings app lied  over this type o f p rim er will

soon fail in  co n tac t w ith  such solvents due to  m ig ra tion  of 
th e  solvent th ro u g h  the to p  coats to  th e  solvent-sensitive 
prim ing  coat. T his is illu s tra ted  in  F igs 2 and  3. T he 
m echanically  dam aged  areas on  these panels w ere caused 
a fte r rem oval from  the test liquids, in  checking film adhesion. 
A  tw o-pack epoxy p rim er w ith relatively  high p igm ent loading 
and  suitab ly  b lended th inners  provides the  necessary chem ical 
resistance as w ell as p ro tective an d  qu ick-dry ing  p roperties.

TY PES O F LININGS
W hat are  the requ irem en ts o f a good  lining?
E ssentially  the coating  m ust be unaffected  by  the cargo 

and  m ust equally  cause no  co n tam ina tion  o f the cargo. 
Ideally , this shou ld  apply  to  any  cargo  carried . U n fo rtu n a te ly  
there  is, as yet, no  such “un iversa l” tan k  lining, b u t obviously  
the m ore  versatile  the lining the better.

I t m ust show  good  adhesion , flexibility  and  im pact 
resistance to  w ithstand  th e  w orking o f th e  ship an d  possible 
m echanical m altrea tm en t.

T o  som e ex ten t it m ust w ithstand  exposure to  m arine  
atm osphere , a lthough  th is is p robab ly  less o f a p rob lem  than  
its resistance to  repea ted  cleaning, w hich m ay  include  h o t 
w ater jets a n d /o r  steam ing.

E ase  o f app lica tion  an d  to le rance  to  p o o r app lica tion  
conditions are  also very  desirab le  characteristics in  coatings.

C ost is, as alw ays, a considera tion  bu t in view  o f  th e  high 
po ten tia l cost o f a lining fa ilu re , techn ical su itab ility  and  
re liab ility  w ill generally  fa r  outw eigh lining cost co n sid era­
tions.

T he  th ree  m ain  groups o f tan k  linings cu rren tly  in  use in 
bulk  chem ical carriers a re  th e  zinc silicates, epoxies and  
po lyure thanes and  it  is p roposed  to  ou tline  briefly the 
chem ical n a tu re  o f these.

Z in c  Silicates
F u ndam en ta lly , these coatings consist o f zinc pow der 

an d  silicate so lu tion  requ iring  to  be m ixed  by  th e  app lica to r 
befo re  application . V arious silicate so lu tions are  used  by 
different m an u fac tu re rs , including w ater-based  sodium  or 
potassium  silicate, o r ethy l silicate in alcoholic  so lu tion . 
C uring  or hardening  o f the coating  takes p lace by hydrolysis 
o f the  soluble silicate fo llow ed  by  in te rac tion  w ith  the  zinc 
to  fo rm  an insoluble z in c /z in c  silicate com plex. T h e  h y d ro ­
lysis m ay  be b rough t ab o u t by spraying the  app lied  coating  
w ith  an  acidic so lu tion— generally  know n as “post-cu ring” ,

TOLUENE

Epoxy on bare steel 
4  years —unaffected

Epoxy-coal ta r  blistered  
in 4  weeks—toluene 
discoloured

Epoxy on etch prim er 
blis tered in 2  weeks

F ig . 3— E ffect o f  v iny l etch prim er on resistance 
o f  epoxy  lining to  toluene
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or, especially in  the case o f the ethyl silicate, by relying on 
hydrolysis caused  by  n a tu ra lly  occurring  atm ospheric  m oistu re  
— i.e. “self-cu ring” . A lthough  the  physical properties o f these 
different zinc silicate coatings m ay  differ, e.g. in  their resist­
ance to  m echan ica l dam age, the ir chem ical n a tu re  and  th e re ­
fo re  the ir resistance to  chem ical p roducts is very  sim ilar. 
T hese coatings a re  no rm ally  app lied  as a single co a t o f  ab o u t 
75 m icrons to  a  b last-cleaned  surface. Z inc silicate coatings 
a re  sensitive to  quality  o f  surface  p repara tion , an d  blast- 
cleaning to  a w hite  m eta l finish (Swedish S tan d a rd  SA3) is 
necessary.

E p o xy  C oatings
A lthough  m any  different epoxy resin fo rm u la tions are 

availab le  fo r coating  applications, those used fo r chem ically 
resistan t tan k  linings a re  invariab ly  o f the tw o-com ponent, 
cata lysed  type.

T h e  un cu red  epoxy resin , show n d iag ram m atically  as 
fo llo w s:

0  r CH3 0H C |<3 / ° \
CHj -CH-CH2-  ^ 0 - O - C - O - 0 - C H 2-C-CH2] O ' 0 -  O  -0 -C H 2-C H -C H 2

c h 3 c h 3

w here n has a  va lue  betw een 0 an d  3, is therm oplastic , b u t 
is cross-linked o r cu red  to  a chem ically  resistan t, therm osetting  
film  by m eans o f  a  curing  agent, in terac tion  tak ing  place 
betw een th e  am ino  groups o f the la tte r  and  th e  epoxy a n d /o r  
h yd roxy  groups in  the  resin.

In  th e  early  days o f epoxy resin-based coatings, p o ly ­
am ines, such as d iethylene triam ine,

H
H 2N — C H 2C H 2— N — C H 2— C H 2N H 2

w ere the m ost com m only  used curing agents.
T his type  o f am ine-cured epoxy still rem ains one o f the 

m ost chem ically  res is tan t coatings curing  a t am bien t tem p era ­
tures, a lthough  in  p rac tice  the po lyam ine curing agen t has 
been largely  rep laced  by an  am ine-adduct, i.e. a  po lyam ine 
w hich is p artia lly  reacted  w ith epoxy resin, the adduc t curing 
agent being less volatile  and  possessing a  num ber o f appli- 
ca tional advantages. T he  cu red  film is, how ever, very sim ilar 
chem ically  in  b o th  cases an d  b o th  a re  usually  re fe rred  to  as 
am ine-cured  epoxies. Subsequently , polyam ide resins, in w hich 
polyam ines a re  com bined  w ith  long chain  dibasic acids, w ere 
in troduced  as curing agents. T hese  also have som e applica- 
tional advantages, as w ell as som e claim s tow ards better 
m oisture resistance and  flexibility, b u t since they  do no t 
possess such good  a ll ro u n d  chem ical resistance as the am ine- 
cu red  types, they  a re  n o t no rm ally  used  in  chem ical bulk  c a r­
riers and  will n o t th ere fo re  be considered fu rth e r in  th is p aper.

O nce th e  tw o com ponents have been m ixed, chem ical 
reac tion  takes p lace betw een them  and  th e  coating  m ust then  
be app lied  w ith in  th e  u sab le  “p o t life” . M ost o f the epoxy 
coatings so fa r  u sed  in  lining chem ical tanks have been based 
on solu tions o f solid epoxy resins, th e  presence o f  organic 
solvents prov id ing  a su itab le  spraying consistency and  a t the 
sam e tim e re tard ing  th e  reaction  in  the  m ixed  pa in t to  give 
an adequately  long po t life o f up  to  one w orking day  or even 
longer. Because o f th e  presence o f th inners in th e  pa in t it is 
necessary to  apply  the lining in  a  num ber o f th in  coats in 
o rder to ensure th a t the solvents evapora te  and  a re  no t 
trap p ed  in  the  d ried  film. Solvent re ten tion  in the film is 
know n to affect chem ical resistance adversely and  m ay  cause 
“ ta in tin g ” o f p o tab le  liqu id  cargoes— e.g. w ines. Solventless 
epoxy linings w hich cu re  in th icker layers w ould  obviously 
be o f special in terest in  the chem ical tran sp o rt an d  storage 
field. In  the absence o f solvents, how ever, the p o t life o f 
su itab le  liquid, low  m olecu lar w eight epoxy resins, w hen 
m ixed w ith  the  curing  agent, is so sho rt and  viscosities o f 
m any com binations so high, th a t app lication  by conventional 
m ethods is im practicab le . T h e  obvious advantages o f solvent- 
less epoxy coatings in  chem ical ta n k  lining has, how ever, led 
to  th e  im p o rtan t developm ent in  recen t years o f spray  equ ip ­

m en t su itab le  fo r th e  app lica tion  o f  tru ly  solventless epoxy 
coatings. T h e  essential po in ts o f th is equ ipm en t are  its ability 
to  heat th e  tw o com ponents o f  th e  p a in t, to  m eter them  
accura te ly  in  the co rrec t p ro p o rtio n s , to  m ix  them  positively 
and  to  atom ize the  m ixed  p a in t adequa te ly  a t th e  sp ray  gun 
orifice. H ea ting  o f th e  tw o com ponen ts n o t on ly  low ers the 
viscosity, facilita ting  m ixing an d  sp ray ing  b u t also accelerates 
th e  cu re  o f th e  coating . Being solventless, th e  curing  of the 
coating  is, in  any  event, rap id  an d  this in  itse lf is an  added 
advantage.

T h e  ra te  o f  application  w ith  th is equ ipm ent can  be as 
high as one gallon  per m inu te , giving a  single co a t system  of 
approx im ate ly  8 to  12 m ils (200-300 m icrons) thickness.

As indicated  earlier, epoxy linings shou ld  be app lied  only 
to  b last-cleaned surfaces. T hey  are  a little  m ore  to le ran t than  
the zinc silicates to  su rface  p rep a ra tio n  a n d  an  SA  2'5  stan ­
d a rd  is no rm ally  adequate .

B efore leaving th e  subject o f  epoxy coatings one should  
briefly m en tion  the coal ta r  m odified  epoxy coatings w hich 
a re  w idely used  in cru d e  oil carriers . W hile these coatings 
possess very  good  resistance to  m ost aqueous chem icals, their 
solvent resistance is in adequa te  fo r m an y  refined organic 
chem icals and  w ould  no rm ally  cause unaccep tab le  co n tam in a ­
tion  o f such cargoes. T hey  a re  ra re ly  used  therefo re , in  
chem ical carriers except in  a  few  special cases.

P olyurethane C oatings
T h e  u re thane  reac tion  lead ing  to  th e  developm ent o f 

po lyure thane  coatings m ay  be show n in its sim plest fo rm  as 
fo llo w s:

O

R—N = C = 0  +  H O - R ' ------------------ > R - N H - C - O R ’
isocyanate  hydroxy  com pound  u re thane

C hem ically  resistan t p o lyu re thane  coatings a re  fo rm ed  w hen 
polyisocyanates reac t w ith  po lyhyd roxy  com pounds (polyols) 
to  fo rm  cross-linked, long chain  m olecu lar struc tu res. As w ith 
epoxy linings these coating  m ate ria ls  a re  generally  supplied 
as tw o separa te  com ponents, a  po ly isocyanate  com ponen t in 
one con ta iner and  a p igm ented  polyol in  th e  o ther, the two 
com ponents being w ell m ixed  just p rio r to use. A fte r m ixing, 
the u re th an e  chem ical reac tio n  takes p lace resulting  in  the 
fo rm ation  o f th e  h a rd , chem ically  resistan t film.

T his type o f po lyu re thane  should  n o t be confused  w ith 
the single pack  p o lyu re thane  decora tive  pain ts. T hese are  
essentially conventional a lkyd  based pain ts in w hich a p ro ­
p o rtio n  of d iisocyanate has been in co rp o ra ted  in to  th e  resin 
during m an u fac tu re , an d  th e  pa in t still dries by atm ospheric  
oxidation . A lthough  these m odified alkyds show  som e im ­
provem ents over unm odified  alkyds in  chem ical resistance, 
hardness and  ab rasion  resistance, the ir chem ical resistance is 
still very m uch  below  th a t requ ired  fo r tan k  linings.

Single pack , m oistu re  cu red  p o ly u re th an e  system s w hich 
cu re  by absorb ing  m oistu re  fro m  th e  atm osphere  are  also 
availab le  and  these consist o f p o ly o l/iso cy an a te  adducts 
w hich have term inal isocyanate  groups. O aring  involves 
reaction  of these term inal isocyanate  g roups w ith  m oistu re  
absorbed  from  the a tm osphere . W hile these coatings possess 
good  chem ical resistance, they  a re  generally  only  availab le  as 
unp igm ented  varnishes because o f sto rage stab ility  problem s 
w hen m oistu re  cu red  po lyure thanes co n ta in  pigm ents unless 
th e  la tte r a re  specially dried.

P o lyu re thane  tan k  linings, fo r  w hich p igm ented  system s 
a re  p re fe rred  are  there fo re  invariab ly  o f th e  tw o com ponent 
po ly o l/iso cy an a te  type.

CHOICE OF COATING
B efore assessing th e  su itab ility  o f availab le  coatings fo r 

various chem icals, a  nu m b er o f assum ptions, em phasizing the 
responsibility  o f all concerned  w ith  the  m an u fac tu re  and 
app lication  o f  chem ically  resistan t coatings, m ust be m ade.

F irstly  it m ust be assum ed th a t th e  coatings u nder con ­
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Epoxy 4 years Z inc s ilica te  2  weeks Polyurethane 4  weeks
—unaffected  b lis te red

F i g .  4 — Resistance o f linings to caustic soda

sidera tion  a re  fo rm u la ted  and  m an u fac tu red  to  give op tim um  
pe rfo rm ance  ob ta in ab le  w ith  th a t p a rticu la r type.

Secondly, it m ust be assum ed th a t app lication , including 
su rface  p re -trea tm en t and  subsequent curing o f the coating , is 
co rrectly  ca rried  out.

O bviously, any  shortcom ing  on  th e  p a rt o f either pa in t 
m an u fac tu re r o r app lica to r can  ren d er th e  selected lining 
com pletely  unsu itab le  fo r th e  pu rpose  envisaged and  to  avoid 
any evasion o f responsibility  by either, the adop tion  of a 
good  overall inspection  system  is advisable. Som e shipow ners 
do in fac t lay dow n specifications fo r both  coating  m ateria l 
and  its app lica tion , an d  a rran g e  fo r a  fu ll inspection  service 
to  con tro l all aspects o f  th e  coating  system , using either their 
ow n inspection  personnel o r an independen t inspection 
organ iza tion .

Som e p a in t com panies m anu fac tu ring  specialist linings 
u n dertake  to  supervize app lica tion  to  ensure th a t lining is 
carried  o u t co rrectly . T h is p rac tice  is, how ever, no t infallib le  
since a pa in t supplier m ay , on  occasion, be re luc tan t to  take 
the strong  line necessary to  ensure good application  w ith the

pain ting  co n trac to r w ho m ay  a t the sam e tim e be his cu sto ­
m er. O ther pa in t m an u fac tu re rs  have subsid iary  coating  c o n ­
trac ting  com panies w ith in  their ow n g roup  and  such groups 
are  frequen tly  p repared  to  un d ertak e  an d  g u aran tee  th e  lining 
p ro ject on a ‘supply and  ap p ly ’ basis.

A ssum ing availab le  coatings a re  co rrec tly  fo rm u la ted , 
m an u fac tu red  and  applied , selection m ay  be based to  som e 
extent on a theore tica l considera tion  o f the chem ical n a tu re  
o f the coating  and  cargo , and  this coupled  w ith  experience 
will in m any  cases give a clear cu t ind ica tion . F requen tly , 
how ever, lab o ra to ry  im m ersion tests a re  necessary and 
a lthough no t infallible, such tests a re  the nex t best th ing to  
actua l p ractical experience. Such lab o ra to ry  tests m ust o f 
course exam ine any  deleterious effect on  the  cargo  by the 
coating  as well as vice versa.

O n occasion, the  suggestion has been pu t fo rw ard  th a t it 
should  be possible to  assign to  chem ical cargoes a ‘degree of 
aggressiveness’ tow ards coatings in general. T h is is, o f course, 
ou t o f the question  since a chem ical w hich is h igh ly  d estruc­
tive tow ards one type o f coating  m ay  be com pletely  harm less

ACETONE

Epoxy 5  days Z inc silicate 2  yea rs  P olyurethane 4  weeks
—unaffected

F i g .  5— Resistance o f linings to acetone
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to  ano ther, e.g. strong  alkalis w hich im m ediately  destroy zinc 
silicate coatings have no effect on epoxy linings, w hile acetone 
will soften  and  ultim ately  strip  epoxies and  polyurethanes bu t 
have no effect on  zinc silicates. T his is illustrated  in Figs 4 
and  5.

F ig . 5 illustrates also ano ther aspect. A ll the coatings 
show n are com m ercially  available m ateria ls and  w hile neither 
epoxy nor po lyure thane  coatings w ould  be recom m ended fo r 
acetone storage, the epoxy in  this p a rticu la r test show ed ra ther 
low er acetone resistance th an  expected. U n d er the labo ra to ry  
conditions o f this test it is unlikely th a t this is due to  app li­
cation  o r inadequa te  curing, b u t is m ore  p robab ly  due to 
fo rm u la tion  detail. A lthough  th e  basic fo rm u la tion  fo r all 
these linings and  their general properties are  well established, 
m inor m odifications are frequently  m ade to  im prove specific 
properties— perhaps resistance to  a specific chem ical. T his can, 
how ever, have a t the sam e tim e an adverse affect on o ther 
p roperties— perhaps resistance to  o ther chem icals. T hus, ad d i­
tion  o f phenolic resin to  epoxy linings will frequently  im prove 
acid resistance a t the expense of alkali resistance. A gain, 
increasing the p ro p o rtio n  o f am ine curing agent in epoxy 
linings will increase the ir resistance to organic solvents a t the 
expense o f w ater resistance and  vice versa. W hen therefore , 
consideration  is being given to  th e  carriage o f a chem ical 
w here th e  lining resistance is border-line o r doub tfu l, the 
technical d epartm en t o f the lining m an u fac tu re r is generally  
the best source o f guidance.

C hoice o f lining fo r any particu lar ship will therefo re  
depend on p ro d u c t o r p roducts to  be carried  and fo r general 
purpose m u lti-p roduct carriers it is becom ing norm al to coat 
a num ber o f tanks w ith in  one ship w ith different linings.

In  T ab le  I  an  a ttem pt has been m ade to  indicate com ­
patib ility  o f types o f coatings w ith various chem ical groups 
o f p roducts. H ow ever, this tab le  serves less to  indicate w hich 
coatings are  suitable fo r w hich cargoes, th an  to em phasize the 
doub ts existing regard ing  su itability  o f coatings fo r m any 
products, since w ithin each chem ical g roup  there  are  excep­
tions, especially in the ir effect on epoxies and po lyurethanes. 
T his coupled  w ith  lack o f essential know ledge regarding 
application  in any  particu la r case m akes it im possible to  give 
anything o th er th an  a rough  indication .

O ne of the m ain  difficulties is th a t w ith m ost g roups of 
organic chemica'ls, e.g. alcohols, ketones, esters, etc., ind i­
v idual chem icals differ in their effect on coatings, the low er 
m em bers (i.e. low er m olecu lar w eight) generally  being m ore 
aggressive than  th e  higher hom ologues. T hus epoxy and 
po lyure thane  linings do no t possess long term  resistance to  
acetone and  m ethyl ethyl ketone (low er ketones) o r m ethyl 
acetate  (a low er ester) b u t are  satisfactory  fo r higher h om o­
logues such as di-isobutyl ketone and  d ibu ty l ph thalate .

T h is largely  explains the large num ber o f J  indications 
in  the tab le  and  em phasizes the need to  consider each case 
on its m erits.

CARE AND MAINTENANCE OH COATINGS
O ne of th e  m ain  advantages o f lined tanks is as m en ­

tioned  earlier, the  ease o f cleaning, and  frequently  w ater 
w ashing is sufficient. H ow ever, detergent solutions and steam ­
ing m ay  also be used w ithou t adversely affecting the coating. 
If. how ever, steam ing is considered necessary, e.g. to  rem ove 
toxic or o ther residues, this should no t be con tinued  longer 
th an  necessary and  care  should  be taken  to  avoid direct 
im pingem ent o f steam  jets on to  the coating , since this can 
cause blistering of th e  coating . S team ing should  no t o f course 
be com m enced un til explosim eter tests show  the tank  to  be 
■gas-free’. In  the case o f zinc silicate coatings any detergents 
used should  be essentially n eu tra l since alkalis read ily  a ttack  
zinc.

T he  m ost serious dam age to  coatings occurs o f course in 
the event o f an unsu itab le  com bination  of p roduc t and  c o a t­
ing. In such cases, the dam aged coating  is generally  ir rep a r­
able and  com plete stripping by b last cleaning follow ed by 
recoating  as from  new  is the only solution. P articu la r care

T a b l e  I — C h e m ic a l  R e s is t a n c e  o f  C o a t in g s

Type of 
P roduct

Am ine
cured

Polyam ide
cured

C oal
ta r

Poly­
urethane

Zinc
silicate

A liphatic
hydrocarbons t t f a ) t t

A rom atic
hydrocarbons t ++ * t t

A lcohols t ++ * t t

A lkalis t ++ ++ * *

Acids, inorganic * * * * *

Acids, organic ++ * * ++ *

Acids, fatty  ex "| 
vegetable, V ++ ++ * t *
anim al oils J 

V egetable oils t * * t t b)

Anim al/fish oils t t * t t b )

Esters ++ * * ++ t

K etones ++ * * ++ t

C hlorinated
hydrocarbons ++ * * ++ t c )

Phenols * * * * t d )

Aldehydes * * * * *

Glycols t + * t +

G lycol ethers * * * * t

R ubber latex t t t t *

M olasses t t * t t

W ine t e) * * t  e)

t  Should be suitable if p roperly  form ulated  and  applied.
* U nsuitable.
t  Varies depending on p roduct position in hom ologous series 

o r on concentration .
a) P roduct m ay be discoloured.
b) Z inc silicate satisfactory if free fatty  acid con ten t less than  

2 per cent.
c) Z inc silicate satisfactory if acid-free, bu t free acid m ay develop 

in p roduct if m oisture present. T herefore lim it du ra tion  o f 
contact.

d) Product m ay be discoloured by zinc silicate coatings.
e) Special form ulations, including solventless epoxy, to  elim inate 

risk o f tain t.

Z inc silicate coatings are recom m ended  fo r m ost neu tra l 
organ ic  liquids. T hey  are  no t recom m ended  fo r any  p ro d u c t 
con tain ing  acids or alkalis o r fo r p roducts w hich develop 
acid ity  or alkalin ity  on sto rage o r th rough  con tac t w ith 
m oisture.
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m ust be taken  to  ensure th a t all the  dam aged  lining is 
rem oved  (especially a round  stringers, stiffeners, flanges, etc.) 
since chem ically  dam aged p a in t fo rm s a very po o r base fo r 
re-coating .

C are  should  be taken  to avoid  m echanical dam age o f the 
coating  during inspection, c leaning, etc. Such m echanical 
dam age is, o f course, generally  very localized and  since it 
represen ts a sm all p ro p o rtio n  o f  the w hole, it is unlikely  to  
have a  serious effect from  th e  co n tam ina tion  p o in t o f view. 
H ow ever, such dam age shou ld  be repaired  as soon as co n ­
venient since it is a  defect from  w hich m o re  general coating 
deterio ra tion  can develop. R egard ing  the m echanically  d a m ­
aged coatings, rep a ir o f the dam aged  areas only  is considered 
preferab le  to  over coating  the w hole tank . I f  the bulk of the 
coating  is still sound , th ere  is little  to  be gained  by  over­
coating  the w hole, and  ap a rt from  the cost, there  is a  distinct 
risk o f adhesion  fa ilu re  o f the new  layers. D am aged  areas can 
best be repaired  by b last-cleaning using a  sm all V acublast or 
sim ilar m achine, carry ing  the p re-trea tm en t fo r som e distance,

(say 6 in) beyond  the b a re  area . T h is can  th en  be coated  
using the orig inal type o f lining. C uring  of the repair patches 
is frequen tly  accelerated  by the use o f sm all in fra  red heaters.
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Discussion
M r . R. C r a w l e y , M .I.M ar.E ., thought th a t reliability and 

econom ics were prim e factors in the selection o f coating m aterials. 
R eduction  in the cost o f m aterials, and  perhaps a lim iting o f 
the use o f special m aterials, had to  be considered. Mr. Crawley 
had  seen m ention in the past o f the possibility o f com bination  
systems w hereby the special, and  the alm ost inevitably m ore 
expensive m aterial was used only for those parts  o f the tank  or 
system th a t were in contac t w ith the chemical during storage. 
There were problem s o f course, such as the contam ination  from  
condensed vapours, but he w ould be interested to  hear if the 
au th o r had any know ledge o f  such com bination  systems o r any 
sim ilar developm ents in this area.

M r. Crawley went on to  say th a t th roughou t the paper 
M r. Rogers had, quite rightly in his opinion, placed great 
em phasis on  the need for care in the app lication  o f  coatings, 
and reference had  been m ade, both in  his paper and in earlier 
ones, to  the use o f specialist con tractors for this function. There 
was no doubt tha t no m atter how good a coating, it would not 
give satisfactory service unless correctly applied.

A lthough he was perhaps m oving away from  m aterials as 
such, to the area o f  contro l and  supervision, M r. Craw ley felt 
th a t these were aspects th a t had  to  be considered in  coating 
developm ent. H e suggested th a t the conditions m entioned by 
Mr. Rogers in his paper (such as poor lighting, uncontrolled 
tem perature/hum idity) as well as inexperienced or careless 
operators, w ould inevitably be problem s. F o r  this reason he 
suggested that any developm ents tha t w ould facilitate the m ore 
efficient application  o f a  coating and  m ake it less sensitive to  
environm ental conditions during application  would lead to  
appreciable dividends in the future.

A further consideration was the m aintenance requirem ent. 
T he slides h ad  show n a  num ber o f  test plates w hich had been 
exposed to  chem icals over various lengths o f tim e. C ould the 
au th o r give an  indication  o f the life expectancy, under operating  
conditions, o f  the pain t systems he described, assum ing o f  course, 
th a t they were correctly selected for the ir function  and initially 
applied satisfactorily?

The trend  these days was to  sm aller crews onboard  ship, 
and  hence the ab ility  o f  the crew to  perform  m aintenance was 
m ore lim ited than  in  the past, and  there was also a  constant 
a ttem pt to  extend the periods betw een service. H ence the 
shipow ner was always seeking fo r as long a  life fo r his tank  
coatings as possible.

T rain ing  a ship’s crew in the requirem ents o f chemical 
cargoes and  the hazards involved, was m entioned in the paper, 
bu t said  M r. Crawley, as well as the careful initial selection o f 
personnel, the shipow ner was also faced w ith the problem  o f a  
continually  changing crew. The C ham ber o f Shipping was well 
aw are o f  this problem , and was producing a code o f practice for 
the safe carriage o f liquid chemicals in bulk. This was intended

fo r the m aster and  his officers and  included reference to  tank 
coatings. A lthough  there was n o t m uch the officers could  do 
abou t the tank  coatings, nevertheless it was essential th a t they 
were aw are o f  the lim itations o f coatings.

M r. J. A. F. C r o o k , M .I.M ar.E ., a lthough  repeating  
previous com m ents, felt it necessary to  app laud  the fact th a t 
M r. Rogers, quite rightly, had  em phasized the need for high 
quality  surface preparation . In general, use was m ade o f Swedish 
standards in coating specifications, bu t Mr. C rook  felt there was 
som e need for a  m eans o f  sim ply determ ining surface finish. It 
was no t enough to  have a  co lour o r a visual m eans o f determ ining 
coating  surface.

There was also a  need fo r som e fu rther research into 
blasting o f various types, both w ith disposable and  recycling 
abrasives in o rder to  ob ta in  an  op tim um  surface. H e suspected 
th a t a  surface was a com bination  o f  types o f  peak and  depth o f  
peak, no t necessarily one standard  peak form ation.

M r. R ogers had  also sta ted  th a t if the profile was incorrect 
an  increase in  film thickness m ight be prudent. M r. C rook  
suggested th a t it was then  too  la te ; the specification had  been 
w ritten, the con tract signed, and  probably  even paid  for. It was 
a  little  late in the day to  s ta rt getting involved in w hat, in fact, 
was an extra to  contract, an em barrassm ent to  everybody 
concerned.

A gain, M r. R ogers had  quite rightly m entioned conditions 
in a  sh ipyard  w hich were n o t always easy and  M r. C rook 
accepted his com m ents in full. There was certainly a need for 
planning, good liaison between the parties concerned, and  full 
circulation  o f the standards required  to  all levels o f m anagem ent 
and, above all, there had to  be a  realistic  program m e.

The last paragraph  o f the paper contained m uch o f im port. 
M r. C rook  said he had done a fair am oun t o f  w ork over the last 
year to  try  and  prevent a  high incidence o f  repair w ork w ith 
tank  coatings, and  he felt th a t th is was w hat M r. R ogers was 
getting at. M r. C rook added that his com pany had found  that on 
one ship o f 25 000 ton capacity, w ith 37 tanks, £4000 was saved 
by rem oving shipyard-type trad itional staging and  replacing it, 
having erected the ship, w ith sub-contracted  tubu la r staging 
built off the bottom .

M r. E. D. D o l a n  said tha t M r. R ogers had m entioned the 
need to  have a  solvent-free coating, which was facilitated  by 
blow ing w arm  a ir th rough  the pain t film ; then Mr. Rogers had 
said it was an advantage to  keep the w arm  a ir  flowing to  get the 
fullest possible cure in the epoxy system. M r. D olan said he 
w ould be a  b it cautious ab o u t the length o f heating  tim e. H e 
w ould agree th a t extended curing a t a  higher tem perature  
increased the corrosion and the solvent resistence o f the coating, 
bu t som e types d id  tend to  becom e ra th e r too  brittle ; in o ther
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w ords, m ore solvent resistance was atta ined  than  was really 
necessary and  tolerance was sacrificed.

Surface prepara tion  in general was fairly well under control 
in sh ipyards; if  it was pu t th rough  a breaking machine, then 
provided the inspection was good enough to  ensure SA 2 \,  and 
th e  profile was n o t too  rough there were no  really great worries 
regarding the bulk o f  the area ; but welds were quite a different 
p roposition . W elds were m ade during erection; and, particularly 
if  they were m ade w ith low hydrogen electrodes, their surface 
was con tam inated  w ith  weld slag, weld spatter and  weld fume, 
w hich could be highly alkaline. A lso the profile o f  the welds 
cou ld  som etim es be very rough, and  if  a  breakdow n occurred it 
was m ost com m only found  first on the welds. M r. Rogers had  
justifiably said that he was having success w ith a vacuum -based 
preparation  o f welds, but this was a very aw kw ard m ethod for a 
big tank. W ould he com m ent on o ther possibilities o f preparing 
w elds?

M r . H. J. M i l l e r ,  B.Sc., M .I.M ar.E ., thought tha t this 
was a m ost excellent paper as it was a  subject on w hich everybody 
could  say som ething. Everyone had  had  problem s in a shipyard, 
if  no t w ith chemical tankers then certainly w ith o ther types of 
ship, and this paper was o f interest because it was full o f practical 
experience.

Mr. M iller was w orried to  see new things com ing in which 
he did no t really know  how to control. In the text and illustrated 
on  the screen was a  new type o f  spray gun w ith w hich to mix 
and  apply a  coating. Perhaps M r. Rogers could advise on the 
reliability aspect o f  this new spray gun.

Mr. M iller was rather surprised when Mr. Rogers was talking 
ab o u t the com patibility  o f holding prim ers w ith the lining as a 
whole. H is paper seem ed to  suggest that if one was not careful one 
w ould get the w rong holding prim er to  suit the final coat— one 
w ould like to  feel th a t this could never happen. M r. M iller did 
w onder, however, why this cam e up a t all. W as M r. Rogers 
investigating different holding prim ers to  see why they were not 
com patib le w ith the final co a t?  This seemed an odd line o f 
approach . O bviously when one considered a final coat one would 
also consider the com patibility  with the holding coat, and the 
tim e schedule o f  the pain ting  sequence, and  take advice as 
necessary.

Mr. Rogers had said : “ Some shipow ners do in fact lay down 
specifications for both  coating m aterial and its application, and 
arrange for a full inspection service to  contro l all aspects o f  the 
coating  system, using either their own inspection personnel o r an 
independent inspection organization .” O f course, as a  ship­
ow ner's technical representative, one w ould expect him  to have 
considered this fully, but Mr. M iller was surprised that Mr. 
Rogers did no t m ention anything about the guarantee, because it 
was nice to  know  tha t one had a  coating which was guaranteed 
fo r say tw o years. W hat usually happened was th a t the paint 
m anufacturer said : “ This product will last for fifteen years.” 
O ne w ould answ er: “ Fine. I do n o t ask you for a  guarantee for 
fifteen y ea rs ; ju s t give me a  guarantee for ten ,” to  w hich he w ould 
reply: “ N o, the guarantee is for one year.” O ne could no t have 
m uch confidence in the product on tha t basis. I f  there were a 
reasonable guarantee then one would not need to throw  the onus 
o f  inspection on to  the shipowner.

M r. M iller concluded by asking M r. Rogers to say som ething 
abou t repairs to  various coatings. O ne o f the big problem s when 
running a fleet was th a t one could specify the m ost expensive 
coatings and  check tha t these expensive coatings were applied; 
bu t even then trouble  could occur in service. The real po in t was, 
w hat could be done about it?  Perhaps M r. Rogers could 
m ention som e o f  his experiences w ith this prob lem ?

M r . R . K .  R o b e r t s , M .I.M ar.E ., said th a t M r. Rogers 
seemed to im ply tha t because a prim er was no t as resistant to  the 
cargo as the final coat one w ould never achieve as good a  finish, 
o r  as good protection  using a p rim er as one would, sim ply using 
the final coat on the base m etal and  tha t therefore there was no 
such th ing as an ideal etch prim er. W as this in fact the substance 
o f Mr. R oger’s com m ents?

T he diagram s th a t show ed the exam ples o f ineffective

coatings and  effective coatings illustrated  tha t w ith sodium  
hydroxide the epoxy was unaffected after fou r years. Mr. R oberts 
presum ed th a t the test p late was on base m etal w ithout a primer. 
W ould the au tho r be so optim istic ab o u t a  fou r year result with 
etch prim er underneath ?

M r. O. M. C l e m m e t s e n  said th a t a lthough  the au th o r stated 
th a t chemical tanker cargo tanks were n o t generally used fo r salt 
w ater ballast, there were m any o rd inary  single skin tankers 
operating today  w ith coated tanks carry ing  the less dangerous 
type o f cargoes where it was essential for the cargo tanks to  be 
utilized for ballast. It was only possible to  avoid the use o f 
cargo tanks fo r ballast when a  tanker was built w ith a double 
bo ttom  and /o r side coffer-dam s. H e assum ed he was correct in 
concluding tha t the presence o f  salt w ater a lternating  with 
chemicals always im posed m ore severe conditions on the coating.

There was also reference to  the im portance o f the type of 
prim er which was to  be subsequently overcoated, and  M r. 
Clem metsen m ade the point th a t th is could  lead  to  difficulties -  a  
yard  used a certain type o f  shop prim er and  the m anufacturer o f 
the subsequent coating system was expected to  give his usual 
guarantees, a lthough he m ight no t be com pletely satisfied w ith 
the com patibility o f his own coatings w ith the existing prim er. 
In  the au th o r’s opinion it w ould appear th a t to a certain  extent 
all coatings absorbed the product. T o w hat extent was this 
absorp tion  o f product rem oved by the cleaning operations, and  
could it be sufficiently serious to  affect the quality  o f subsequent 
products loaded in to  the tank, excluding the m atter o f wine 
where ta in t was also involved ?

R egarding the surface preparation , it had been no ted  in the 
paper tha t a m axim um  profile am plitude o f 100 m icrons was 
norm ally satisfactory. H e understood th a t this principally 
referred to  epoxy type coatings -  w hat was the position when 
one came to  zinc silicate coatings which were only applied to  a 
to tal thickness o f 75 m icrons, and  were there any particu lar 
types o f abrasive m ore suited to  zinc silicate?

It was noted that Swedish standard  SA3 was suitable for 
zinc silicates and  SA2-5 for epoxies. Presum ably the standard  o f 
surface preparation  w ould be related by the au th o r to  the 
thickness and  num ber o f coats. In  cases o f reductions in 
scantlings due to  corrosion contro l in ord inary  tankers, Lloyds 
Register recom m ended SA3 for coatings w ith a  total dry film 
thickness o f  125 m icrons o r less and SA2^ for coatings of 
150 m icrons o r m ore, and  also strongly recom m ended tha t not 
less than  three coats be applied where the thickness was 
150 m icrons or less, and no t less than  two coats where the 
thickness was 200 m icrons o r m ore.

As regards testing o f  coatings, it was custom ary in the case 
o f  oil tankers to  have prolonged tests, bu t this was clearly 
im practicable w hen trying ou t a coating  against a  large num ber 
o f products. W ould the au th o r care to  suggest a m inim um  test 
tim e in chemical products and  sta te  w hether such a  test should 
be dealt with by alternately im mersing the specimen for, say, 
tw o weeks and  drying it for one week, o r w hether there was any 
o ther standard  practice he w ould recom m end?

In Table 1 giving the chemical resistance o f various coatings, 
M r. Clem metsen noticed th a t phenolic coatings had  no t been 
m entioned. There were difficulties w ith the high tem perature 
curing o f such coatings, b u t in m odified form  they had  been 
applied in small ships, and  he w ould like to  hear if the au tho r 
had  any experience o f their use.

M r . W. D. H a r r is  said tha t Figs 2 and  3 showed tank  
linings applied over bare steel and  etch prim er and  im mersed in 
low er hom ologues o f  alcohol and  toluene. W here applied over 
bare  steel, had  a  tw o pack epoxy p rim er w ith  a  relatively high 
pigm ent loading been applied beforehand ? f t  w ould be interesting 
to  know  w hat evidence was available to  show if an epoxy resin- 
based, highly pigm ented holding prim er could be m ade which 
had  the sam e level o f solvent resistance as the epoxy top  coats, 
i.e. could one be m ade w hich was any better in resistance to 
low m olecular weight alcohols and  arom atic  hydrocarbons than  
a  reinforced etch prim er?
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Reference was m ade tow ards the end o f  the paper to  the 
lim ited resistance o f epoxy resin tank  coatings to  low er m olecular 
weight ketones and esters. W hat was the resistance o f these 
coatings to  lower m olecular weight arom atic  hydrocarbons and 
alcohols?

Because o f  the reservations on the suitability  o f epoxy resin 
am ine-cured coatings to  certain  cargoes and  the fact th a t to  
som e o f these, particularly  the solvents, zinc silicate coatings 
were resistant, w ould it no t be m ore sensible to use zinc silicate 
coatings than  epoxy coatings for these cargoes?

Correspondence
M r . S. H . F r e d e r i c k  w rote tha t the au th o r referied  to  the 

difficulties encountered by operators during bo th  blast cleaning 
and  spraying, due to  the geom etrical configuration o f the tanks 
and scaffolding. H e rightly em phasized the dependence of 
coating perform ance on the quality  o f  surface p reparation  and 
the need to  rem ove all dust and  spent abrasive before spraying 
was carried out.

The need fo r careful a tten tion  to  these factors could no t be 
too  often repeated as m any coating  failures could be a ttribu ted  
to  one or o ther o f them .

W here the sh ip’s side form ed one wall o f the tank , the

problem  o f ob tain ing  SA 2 \  s tandard  o f blast cleaning in the way 
o f all the fram es was a  very real one. M ore thought should be 
given a t the design stage to m aking the surfaces m ore suitable 
for coating.

W ould the au th o r detail any experience he has had w ith 
regard to  tank  heating  p rio r to  coating. BSRA  carried ou t lim ited 
trials w ith m ass a ir flow heaters supplying w arm  air th rough  
trunking  in to  tanks. These trials show ed that it was possible to  
achieve a significant rise in air tem perature  w ith a  reduction  in 
hum idity  and such heaters w ould appear to  be o f  considerable 
value when tanks were being coated under adverse am bient 
conditions.

Author's Reply
M r. Rogers first answ ered a  po in t m ade by M r. Crawley. 

This concerned the use o f com bination  coating  systems whereby, 
in o rder to  keep costs to  a m inim um , the special lining was 
applied only to  those parts o f the tan k  w hich w ould be in 
contact w ith the cargo, and  a different, less expensive coating 
was applied to  the rem aining parts. T he au th o r was n o t aware 
o f  this being done in chemical carriers. Theoretically, the deck 
head could  be regarded as being under som ew hat different 
conditions than  the rest o f  the caigo tank , bu t in practice this 
also, on occasions, cam e into contac t w ith the cargo itself. In 
any event, the vapour space above a  liquid  cargo was frequently 
as aggressive as the liquid  phase. A lthough M r. Rogers had 
no t heard  o f the use o f  such com bination  systems in chemical 
carriers, in oil tankers a  lining was often applied to  the deck head 
o f otherwise unlined cargo tanks, but th is was to  reduce corrosion 
by condensation.

The au th o r agreed w ith M r. Crawley th a t the developm ent 
o f coatings m ore to leran t to  application  under poo r conditions 
would be o f great value, though  he d id  n o t feel optim istic o f  any 
great progress in this direction w ith th in  film coatings.

As regards life expectancy o f  coatings, it was difficult to  
generalize. M r. R ogers said he had exam ined m any lined tanks, 
bo th  ship and  shore based, and in quite a p roportion , exam ination  
was called for because o f  lining failure. H e had  perhaps seen an 
unduly high p ropo rtion  o f failures bu t practically  all could be 
attribu ted  to  im proper surface p reparation  o r paint application. 
In fieneral, it could be taken th a t if the surface p reparation  was 
correct, the coating  application  correct and  the use o f the lined 
tank correct (in o ther w ords a zinc silicate tank  was no t filled with 
caustic soda) then the lining should  last m any years— som ething 
in the order o f  10 to  15. So m uch, how ever, depended on operating 
and  cleaning conditions. F o r instance, cold o r w arm  fresh w ater 
was generally sufficient to  clean coated tanks, and  steam ing was 
no t necessary. I f  live steam  was played on to  the coatings, a t least 
som e o f them  w ould be dam aged.

M r. C rook  had  m entioned the use o f Swedish standards o f 
coating specifications and argued th a t a  visual standard  was not 
sufficient. M r. R ogers agreed w ith him  in this, since the p ho to ­
graphic standards m entioned did no t specify size or type o f 
abrasive to  be used, no r d id  they specify m axim um  am plitude o f 
profile. On the o ther hand  these photographs were m ost useful 
in show ing the opera to r the standard  o f  blast cleaning required 
but, in addition , it was also necessary to  ensure th a t he was 
using a suitable abrasive under correct conditions o f  a ir pressure, 
etc. C onsiderable research had  in fact been carried ou t on types 
o f  abrasives and  m ethods o f assessing the surface profile, and 
the paper by W ilson and  Singleton6 provided m uch useful data

on assessing im portan t factors such as freedom  from  rust and 
mill scale and m axim um  am plitude. The sim plest, though no t 
infallible, m ethod o f  contro lling  profile was to  specify the particle 
size o f the abrasive. O ne o f  the practical problem s in lining was 
th a t som e contractors used a  m uch coarser grade than  they 
should. Perhaps they felt the jo b  w ould be done m ore quickly, 
whereas in fact, the reverse w as true. F urtherm ore, the coarse 
grit w ould no t reach and  clean the bo ttom  o f pits in p itted  o r 
rough steel. Ideally, the best results were ob tained  using relatively 
fine abrasives contain ing a range o f  particle sizes.

M r. C rook  had  suggested th a t it was too  late to  apply an 
extra coat to  cover the peaks o f  an  excessively rough profile since 
the contract w ould have been signed and perhaps the bill already 
paid. T his eventuality w ould, o f  course, no t arise if  the blast 
cleaning w as properly specified and controlled.

M r. D olan  had  expressed concern regarding the prolonged 
use o f w arm  a ir to  rem ove solvents and  assist curing o f  a  tank  
lining. I t was true th a t in general, tw o-pack coatings becam e 
less flexible as they lost their solvents and  the tw o com ponents 
reacted together to  give the chemically resistant film ; and  th is 
hardening continued for a considerable tim e. H owever, even 
when the coating had  reached its u ltim ate hardness o r brittleness, 
its flexibility was still better than  som e other, still satisfactory, 
types o f coatings, e.g. linings based on heat-cured phenolic resins. 
M r. Rogers felt there could be som e confusion betw een brittleness 
and  adhesion. I f  the adhesion was good, the im pact resistance 
o f the coating  rem ained excellent, w ithstanding considerable 
deform ation o f  the coated  metal. I f  the adhesion was p o o r 
(resulting perhaps from  p o o r surface p reparation) then the 
coating w ould tend to  show  loss o f  adhesion and  po o r im pact 
resistance as it hardened. C ertainly the tem peratures likely to  be 
encountered  in a tank  by blow ing w arm  a ir th rough  it w ould not 
cause undue brittleness, even if  prolonged indefinitely.

W ith regard  to  surface prepara tion  o f welds, blast cleaning 
after construction follow ed by the prim ing and  building up o f  
the coating  system was by fa r the best m ethod. The vacuum  
blasting m achines, in to  w hich the spent abrasive was sucked back 
for re-use, although som ew hat slow, were very suitable for 
cleaning narrow  strips such as welds. In  practice, coatings did 
tend  to  b reak  dow n on welds before they did on o ther surfaces 
due to inadequate cleaning o f  the welds o r to  the use o f  films o f 
pain t which were too  thin.

W ith zinc epoxy prim ed steelw ork, w ire brushing o f  the 
weld follow ed by a further coat o f zinc epoxy had  been widely 
used in oil tankers built on the continent. M r. R ogers was no t 
aw are o f any failures arising from  this practice, but personally 
he felt th a t it w ould be better to  lightly b last clean ra ther than
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w ire brush these surfaces. The argum ent for wire brushing was 
that the plates had been grit blasted before welding and apart 
from  som e slag form ation they were still free from  mill scale so 
tha t wire brushing cleaned them  satisfactorily. But M r. Rogers 
thought th a t blast cleaning would be preferable, a t least for 
chem ical cargo tanks.

Mr. M iller expressed concern about the reliability o f applying 
solventless epoxy coatings by means o f spraying equipm ent in 
which the com ponents were m ixed in the spray gun itself. This 
was a  fairly new  developm ent and  the au tho r had had only 
lim ited experience w ith it, but it was m entioned in the paper 
because it appeared  to  be ideally suitable for rapidly lining the 
relatively large surfaces o f ships’ tanks, giving a  single heavy 
coating  o f good chemical resistance. One failure had occurred 
where spraying continued for a short tim e after the hardening 
com ponent tank  becam e em pty, resulting in uncatalyzed resin 
being sprayed onto  the tank  wall. The au tho r did not, in his 
lim ited experience, know  o f any failure o f the equipm ent as such, 
bu t obviously it was fairly sophisticated and  needed to be 
operated and m aintained by reasonably skilled and trained 
personnel.

Mr. M iller also asked how one could be sure o f getting the 
right holding prim er. Mr. Rogers felt th a t m ost paint m anu­
facturers were fam iliar w ith the point made in the paper about the 
etch  type p rim er’s lack o f resistance when used under epoxy 
linings in contact w ith chemical solvents, and  any o f them, 
provided they were aw are o f  w hat was required, w ould be able 
to  supply a  suitable m aterial. M r. H arris had m entioned tha t the 
highly pigm ented epoxy prim er might be the answer, and 
Mr. Rogers thought he was probably right. The m ain advantage 
o f the etch type prim er was that it was quick drying, thus giving 
a m inim um  o f delay in blast cleaning adjacent surfaces. In 
general, epoxy prim ers were slightly slower drying. The zinc rich 
epoxy prim er was widely used, but because o f its zinc content it 
could be suspect in contact w ith acids o r alkalis. Mr. Rogers 
favoured the highly pigm ented red oxide epoxy prim ers m entioned 
by Mr. H arris as prim ers for epoxy coatings in chemical service. 
In answering M r. M iller’s question regarding the reasons for 
investigating holding prim ers, it had  to  be realized that the lining 
o f chemical cargo tanks was a  small and relatively new part o f 
shipyard painting. F or m any years, steelwork had been blast 
cleaned and coated w ith tem porary  or holding primers which 
were norm ally over-coated by conventional paints, subsequently 
exposed to  notm al m arine conditions. Relatively few types of 
primers, including the etch prim ers, had been used for this work 
and obviously it becam e necessary to exam ine their perform ance 
as prim ing coats under the m ore specialized m aterials being 
introduced for lining tanks in chemicals service.

Com ing to Mr. M iller’s point about guarantees Mr. Rogers 
said the difficulty was that pain t m anufacturers felt, quite 
understandably, tha t they had insufficient control over the 
application o r subsequent service to  give a guarantee. They 
undoubtedly knew from  their own laboratory  tests and from 
practical experience, that their coating or coating system would 
w ithstand certain conditions, but if the coatings were no t 
properly applied or were misused after being applied then they 
w ould fail. Equally coating contractors had insufficient control 
over quality  o r form ulation  o f coating m aterials to justify giving 
a guarantee except in conjunction with a paint m anufacturer. 
If a guarantee was given, both  pain t m anufacturer and  contractor 
w ould perhaps feel that in the event o f failure the ow ner w ould 
claim , regardless o f w hether the coatings had been m isused or 
no t, and the loss to  the com pany arising from  a successful claim 
could easily outweigh the profit involved in supplying and 
applying the coating in the first place.

L ining repairs should no t be necessary with norm al cargo 
tank usage, but linings did occasionally suffer mechanical dam age 
and  tanks could even be filled accidentally w ith a product which 
w ould partially  o r com pletely strip  the lining. I f  a  coating was 
stripped in this w ay there was no alternative but to  grit blast 
com pletely and  start again, tak ing  particu lar care to  get rid o f 
all the coating residues, since a  chemically dam aged paint film 
form ed a very poor foundation  for subsequent recoating. If  
sm all areas were dam aged m echanically this was a different

m atter and patching the dam aged parts w ith a  coating of the 
same type was generally adequate. I t w ould be necessary to grit 
b last o r ab ra id  these patches to  w hite m etal before recoating, 
in order to get the necessary adhesion. There was little point in 
recoating the w hole o f the tank because o f the presence o f small 
areas o f m echanical dam age. A part from  the possibility o f in ter­
coat adhesion problem s, com plete over-painting was unnecessary 
since that part o f the coating which had  no t been dam aged 
w ould be as good as new.

M r. R oberts had  felt it was im plied in the paper tha t a 
lining system which included a holding prim er could  never be 
as good as when the m ain coating  was applied directly to  the 
bare metal. The point the au th o r wished to  m ake was th a t the 
chemical resistance o f any system could be reduced by using 
incom patible o r unsuitable prim ers. If an  epoxy coating  was 
applied over a  suitable epoxy holding prim er, the chemical 
resistance w ould be no less than  if the coating  were applied to 
bare steel.

Mr. H arris had raised sim ilar queries regarding the 
p reparation  o f the test panels illustrated, and  Mr. Rogers 
confirmed tha t no prim er had  been used under the coatings 
described as “applied to  bare steel” . T o the au th o r 's  knowledge 
there was no evidence to  suggest that the use o f a  properly 
form ulated highly pigm ented epoxy prim er w ould result in any 
lowering o f the chemical resistance o f  the coating system. The 
epoxy prim er w ould, on the contrary , undoubtedly  be superior 
to the etch prim er in resistance to low m olecular weight alcohols 
and arom atic hydrocarbons. As regards the resistance o f epoxy 
coatings to  low m olecular weight alcohols and  arom atic  hydro­
carbons on the one hand and esters and  ketones on the o ther, the 
la tter groups were considerably m ore aggressive tow ards these 
coatings, and epoxy and polyurethane tank  linings could no t be 
recom m ended for these products. Both types o f  coating should, 
however, be suitable for alcohols and arom atics, w ith the possible 
exception o f methyl alcohol.

Mr. H arris had finally asked if it w ould no t be better to  use 
zinc silicates for these cargoes. If  the tank  was to  carry only 
solvents o f the type m entioned, then undoubtedly zinc silicates 
w ould be the obvious choice. If  epoxy o r polyurethane coatings 
were applied (and o ther cargoes to  be carried m ight necessitate 
this) then it w ould be a pity to  use a  holding prim er under them 
which w ould reduce their solvent resistance and  therefore 
unnecessarily preclude their use in solvents service.

Mr. Clem metsen had raised the question o f absorp tion  of 
chemical products by coatings and asked if this could give rise 
to  contam ination  o f subsequent cargoes. W hile such absorption  
o f some solvents undoubtedly did take place as indicated by the 
effect on etch primers, Mr. Rogers had been unable to ob tain  any 
quantitative figures for the extent to  w hich it occurred. It did, 
however, appear to  be very sm all relative to  the tan k  volum e, 
and norm al tank cleaning, carried ou t between cargoes, rem oved 
it. Mr. Rogers had not heard o f  any contam ination  arising from  
this cause.

Mr. Clem metsen had also raised the question o f  the relation­
ship between standard  o f surface p reparation  and  paint film 
thickness, and m entioned tha t Lloyds Register recom m ended 
SA 3 for coatings o f less than 150 m icrons thickness and SA 2} 
for coatings o f 200 m icrons or m ore. T his suggested tha t the 
standard  o f surface preparation  required, depended on film 
thickness o f  the applied coating. This generalization was som e­
w hat misleading. The difference between SA 2 \  o r SA 3 ratings 
was m ore a question o f surface cleanliness and freedom  from  
rust and scale ra ther than a m easure o f  profile, and the degree of 
blast cleaning specified should be related to  the type o f coating to 
be applied to ensure adequate adhesion o f tha t particu lar coating 
rather than  to  considerations o f film thickness per se. M ost zinc 
silicates, for instance, required an SA 3 finish and  it was unlikely 
tha t in this case the application o f an additional film thickness 
w ould com pensate for poor adhesion arising from  the use of a 
lower standard  o f surface preparation.

Mr. Clem m etsen had also com m ented on the relationship 
between recom m ended am plitude o f surface profile (100 m icrons) 
and film thickness (75 m icrons) o f  zinc silicate. The explanation 
was probably  tha t zinc silicate coatings flowed less in the wet state
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and  therefore the metal peaks rem ained reasonably well covered—• 
in o ther w ords the zinc silicate layer tended “ to  follow the profile” 
ra ther than  flow from  the peaks in to  the valleys.

As M r. C lem metsen had m entioned, it was usual to  have 
prolonged testing o f coatings for oil tankers, but the purpose of 
these coatings was to  provide long-term  protection  against 
corrosion. In  the case o f chem ical tankers the purpose o f the 
coating  was generally to  give protection  to  the p roduct carried 
fo r relatively short voyages. In this respect ships’ tanks also 
differed from  shore based chemical storage tanks w here the 
p roduct rem ained in contact w ith the coatings for very long 
periods. As regards labora to ry  testing o f  coatings for chemical 
carriers, bo th  continuous and  in term itten t partia l im m ersion 
o f  test panels was norm ally  carried  ou t for a few m onths at 
am bien t o r transporta tion  tem peratures. The test procedure was, 
however, frequently m odified to  investigate specific operational 
conditions. In  practice, if failure occurred, this usually took 
place in the first few days o f  exposure, and  therefore testing 
over a period o f a few m onths was considered adequate. A lthough 
accelerated tests were no t always reliable, these were som etim es 
necessary and  norm ally took  the form  o f  im m ersion o f  test 
panels in the product, m ain tained  at a  higher tem perature—  
usually 45°C. Possible adverse effects o f the coating on the 
product, as well as the effect o f  p roduct on coating, was, o f 
course, checked in these im m ersion tests.

M r. C lem m etsen m entioned the possible use o f  heat cured 
phenolic coatings. H igh tem perature  stoving phenolics and 
epoxy m odified phenolics, curing a t abou t 200°C were m ainly 
used in sm all containers such as drum s and  sm all tanks which 
could be transferred bodily to  an oven for curing a t this 
tem perature. M r. Rogers did no t th ink these coatings were used 
to  any extent in ships’ tanks, since it was v irtually  im possible 
to  reach the required curing tem perature. An exam ple had,

how ever, been reported  in the U nited  States for the transport 
o f  ethoxylated alcohols. There were phenolic m odifications o f 
the tw o-pack epoxy coatings and  although  these norm ally cured 
a t am bient tem peratures, som e im provem ent in chemical 
resistance was achieved by m odera te  heating. Again, their use 
so far appeared to  be rather lim ited.

M r. R ogers fully supported  M r. Frederick in his plea for 
m ore thought to  be given a t the design stage to  m aking ships' 
tank  surfaces m ore suitable fo r coating. N o t only in this field 
bu t in all branches o f engineering insufficient though t was 
given to  the ultim ate problem s o f  pain ting  and  coating  when 
designing steel structures.

M r. R ogers’ own practical experience w ith heating systems for 
ships’ tanks, he said, was ra th er lim ited. O bviously good circu­
lation  o f  w arm , dry air was required, and  technically a system con­
sisting o f  electrically heated elem ents and  a fan blow ing w arm  air 
in to  the tank  w ould be m ost suitable. A lthough the large type 
being used on a  lim ited scale in the U .K . was, he understood, 
ra ther costly to  operate, he felt th a t the im proved results could 
well justify  the higher cost. A lternatively, banks o f  infra-red 
heaters inside the tank , in conjunction  w ith an electric blow er, had 
been used with success. A  low cost system used on shore-based 
storage tanks at a  U .K . refinery consisted o f a large electric fan 
blow ing air th rough  the tan k  m anhole over portab le , steam  
heated steel coils— the low cost in th is case depending on the 
readily available, am ple supply o f  low  pressure steam . This 
might no t apply in shipyards.

H eaters based on the direct com bustion  o f oil, p ropane or 
o ther gases, had no t been very successful in tanks, since the 
m oisture p roduced by com bustion  caused condensation  which 
was only partly  overcom e by the increased circulation  o f 
unheated  air.

Related Abstracts
Design and Construction of Liquefied Gas Carriers

Liquefied gas carrie rs  can  be divided in to  fo u r basic 
types. F u lly  pressurised  ships a re  generally  designed to carry  
L P G  and  anhyd rous am m onia  bu t m ay  also carry  o ther 
hydrocarbons. T he  ships a re  sim ple in design w ith a m ax i­
m um  capacity  o f ab o u t 2000 m 3 an d  the cargo is usually  
carried  in six un insu la ted  cy lindrical p ressu re  vessels. T he 
w orking pressure is equ ivalen t to the  v apou r p ressure o f the 
cargo  a t the  m ax im um  an tic ipa ted  am b ien t tem pera tu re  
(L loyds R egister o f Shipping consider this to be 45°C  (113°F), 
a t w hich tem pera tu re  an hyd rous am m onia  has a  vapour 
p ressure o f ab o u t 17 k g /c m 3 (2401b/in"g).

T h e  general a rran g em en t o f  Sem i-Pressurised ships and  
the cargoes they  carry  a re  sim ilar to  th e  above b u t their 
cargo  capacities m ay  range u p  to  a  norm al m axim um  o f 
ab o u t 5000 m 1. T he pressure vessels a re  designed fo r a  m ax i­
m um  pressu re  o f ab o u t 8 k g /c m ' (113 lb / in 3g) and  a re  co n ­
structed  o f ca rbon  steel su itab le  fo r a service tem pera tu re  
of a b o u t—5°C  (23°F ). T h e  red u c tio n  in  cost due to  reduced 
w all thickness o f  th e  p ressure vessels is p a rtly  offset by a 
requ irem en t to  fit a  refrigera ting  p lan t w hich utilizes the 
cargo  as the refrigera ting  m edium  to  m ain ta in  the vapour 
pressure o f  the cargo . T he  tanks a re  in su lated  to  reduce  the 
requ ired  size o f re frigera ting  p lan t, b u t cargoes m ay  also be 
loaded  from  fu lly  pressurised shore sto rage  tanks an d  at 
h igher pressures th an  th e  w ork ing  pressure of the sh ip’s tanks; 
it is then necessary to re frigera te  th e  cargo during  load ing  by 
d raw ing  off the v apou rs  fro m  the to p  o f  th e  tank . T his 
process usually  determ ines the size of the re frigera ting  p lan t 
if a reasonab le  load ing  ra te  is to  be m ain ta ined . Few  of 
these ships a re  on  o rder by com parison  w ith those o f  T ype 3. 
R a tio  of cargo  w eight (p ropane) to  tan k  w eight is ab o u t
4 : 1.

S em i-P ressu rised /F u lly  R efrigera ted  tankers a re  designed 
to carry  th e  fu ll ran g e  o f L P G  and  sim ilar chem ical cargoes 
in cylindrical or spherical tanks w hich a re  constructed  o f low 
tem pera tu re  ca rb o n  o r low  nickel alloy steel, and  designed 
fo r m inim um  service tem p era tu re  o f ab o u t —45°C  ( —50°F ) 
and  pressures in the  order o f 5 to  8 k g /cm 3 (70 to  1131b/ in=g ). 
T he  ships a re  usually  designed to  ca rry  a num ber o f cargoes 
sim ultaneously , and  occasionally , to load  an d  d ischarge 
sim ultaneously  m ore  than  one  p ro d u c t. W hilst th e  building 
cost o f these ships is appreciab ly  h igher th a n  conventional 
sem i-pressurised types their flexibility in  service m akes them  
po p u la r w ith charterers , an d  there  is a grow ing dem and  for 
this type o f ship.

F u lly  R efrigera ted  a t A tm ospheric  P ressure tankers can  
be sub-div ided in to  th ree  types:
F u lly  R efrigera ted  L P G  T an k e rs : C argoes ca rried  a re  gener­
ally  sim ilar to  those in p rev ious types an d  in ad d ition  these 
ships m ay  also be designed fo r th e  carriage  o f such chem icals 
as vinyl ch loride an d  ethy lene oxide. T h is type has grow n in 
cargo capacity  from  10 000 m 3 to  75 000 m 3, and  ships up 
to  100 000 m 3 are  under construction .

F u lly  R efrigera ted  E thylene T an k ers : T h is cargo is an 
im portan t base chem ical bu t as it is tran sp o rted  by sea in 
re latively  sm all quan tities there are , a t th e  p resen t tim e, less 
than  ten  sm all ships in  service specially designed fo r the 
carriage  o f this cargo. T he  tanks a re  in su lated  and  m ay  be 
o f the  self-supporting  type, e ither cylindrical, spherical or 
p rism atic  in  shape o r o f the m em b ran e  type, and  a re  designed 
fo r a m in im um  service tem p era tu re  o f — 104°C (— 156°F) at 
a tm ospheric  pressure. S u itab le  tan k  m ateria ls  w ould  be a lu ­
m inium  o r nickel steels (5 per cen t o r 9 per cent) fo r th e  self- 
supporting  tanks w ith stainless steel o r In v a r  fo r th e  m em ­
b ran e  tanks.

L N G  T an k e rs : T hese ships have  usually  been designed
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to  carry  L N G  exclusively fo r a ‘liner’ trade , bu t a num ber 
have the equ ipm en t installed  and  their tanks designed to 
enable o th er liquefied gases including am m onia to  be carried . 
A t the p resent tim e 75 000 m :‘ capacity  vessels are in service 
w ith 120 000 m 1 vessels on o rder and larger vessels con tem ­
plated . T he  tanks m ay  be o f the self-supporting  type either 
prism atic  o r spherical, constructed  of alum in ium  or 9 per cent 
nickel steel m ateria ls  o r o f the m em brane type constructed  of 
a lum in ium , stainless steel o r Invar (36 per cent nickel iron), 
and  designed fo r a m in im um  service tem pera tu re  o f — 164°C 
(—263°F) a t a tm ospheric  pressure.— Paper presented by G ray, 
R . C . and  Johnson , L . at a m eeting  o f  the N orth -E ast Coast 
Institu tion  o f  E ngineers and  Shipbuilders, 7 D ecem ber 1970.

spillage and  to  con ta in  th e  flow o f v ap o u r given off by 
chem ical cargoes.

T he engine room  of Stainless W arrior  is designed to  
L loyd’s U M S classification, the h ea rt o f the unm anned  
opera tion  being a un ique  50-w ay a la rm  panel, engineered by 
C lifford and  Snell L td . and  w hich is s itua ted  alongside the 
E lectrical C on tro ls H um berside  sw itchboard  on an upper 
fo rw ard  flat in th e  engine room .

C ontro l o f the m ain  p ropulsion  un it, a  six-cylinder M aK  
K 551A K  tubrocharged  and  in tercooled  engine developing 
2400 bhp  a t 300 re v /m in , and  o f the  S tone M anganese  M arine  
N ovoston  four-b laded  c.p. p ropeller (w hich is d irectly  driven 
from  the engine), is principally  from  the w heelhouse.— T he  
M o to r  Ship, D ecem ber 1970, V o l. 51. pp . 398—400.

Advanced Cargo Control for Turnbull Scott Products Carrier

M ore than  100 types of chem ical products, including 
acids, alkalis, and  solvents, as well as vegetable oils, w ine, and 
o ther liquid cargoes w ith specific gravities o f up  to  2'0, can  be 
carried  in the 14 all-stainless steel cargo tanks o f the newly 
com pleted  2650 dw t Stainless W arrior.

B uilt fo r the  W hitehall Shipping C o. L td ., an associate 
o f T u rn b u ll S co tt M anagem ent L td ., w ho will be operating  
th e  vessel, the  design o f Stainless W arrior is m odelled on a 
sim ilar vessel. Stainless Transporter (2800 dw t), bu ilt by E rnst 
M enzer W erft in G erm any  fo r the C openhagen-based ow ner 
A. H . Basse R ederi.

P rincipal particu lars a re : 
L eng th , o .a.
L ength , b.p.
B readth, m oulded 
D ep th , m oulded  
D rau g h t (m axim um ) ... 
G ross register ... 
D eadw eigh t (total) 
D eadw eigh t (cargo) 
Service speed ...

284 ft 6 in 
268 ft 0 in 

40 ft 0 in 
20 ft 3 in 
17 ft 9 in 

1599 tons 
2650 tons 
2375 tons 

13 knots
T he m ost interesting aspect o f the new  tanker is its cargo 

tanks and  associated  equipm ent, the installa tion  o f w hich is to  
U .K . B oard  o f T rad e  (now  renam ed  the D epartm en t o f T rade  
and  Industry ) h ighest requirem ents fo r dangerous cargoes. 
H ence, the com plete  com plex o f 14 tanks is su rrounded  by a 
double  skin, including double  p lating  a t th e  m ain  deck, w ith 
cofferdam s fo re  and aft. O ther special p recau tions have been 
taken  to ensure th a t vessel con tam ination  by the cargo is 
elim inated  so fa r  as possible.

A  fea tu re  o f the cargo tanks is the extensive use o f s ta in ­
less s te e l: the perim eter bulkheads o f the w hole tank  section 
a re  entirely  m an u fac tu red  from  C olclad stainless steel veneer 
on m ild  steel— a p roduc t o f the British Steel C o rp o ra tio n ’s 
R avenscraig  w orks (fo rm erly  C olville’s), while all tank  tran s­
verse and longitudinal co rrugated  bu lkheads are fab rica ted  
from  solid 10-mm thick F irth -V ickers S taybrite  F .M .B .(L )—  
corresponding  to  A m erican  I.S .I. 316 (L) type— low -carbon 
(0'03 per cent) stainless steel.

A ll the cargo tan k  piping is o f 2 m m  thick stainless steel, 
and  each o f th e  14 tanks has its ow n filling line and  deep-w ell 
cargo pum p. T he  la tte r a re  o f the N H  80-4-K  im peller type, 
m an u fac tu red — in 316 stainless steel— by  Svanehoj Pum pe- 
fab rik , o f Svenstrup, D enm ark , and  each ra ted  at 40 m 3/h  at 
1450 re v /m in . E ach  pum p is driven by a B row n Boveri 
vertical electrical m o to r, m oun ted  on deck. T his type o f pum p 
— fitted  on Stainless W arrior w ith  11 m shafts— is designed 
fo r hazardous cargo duties and  is so constructed  th a t the 
bearings and  pum p casing can  be inspected, rem oved  or r e ­
placed w ithout taking the  pum p from  the b o ttom  o f the tank . 
Specially constructed  P T F E  bearings are  fitted, w hich are 
lub ricated  by the cargo being pum ped. T w o seals are  f i tte d : a 
low er one to  ensure th a t if a  leak occurs, the liquid w ill run 
back  in to  th e  tank , w hile an u pper one in  the deck stool 
prevents gas leaking to  the electric m o to r.

E lab o ra te  p recau tions have been taken  to  preven t cargo

Infra-Red Microscope for Detection of Internal Flaws

A  m icroscope was designed and  constructed  to  detect 
surface and  in ternal d iscontinuities in m ateria ls  w hich are 
opaque to  visible rad ia tio n  b u t tran sp a ren t a t in fra -red  fre ­
quencies. F law s w ere m ad e  by ruling a num ber o f lines on 
the surface o f sam ple m ateria ls , w hich w ere then  exam ined 
under the m icroscope. In te rna l flaws w ere sim ulated  by c lam p ­
ing tw o sam ples together and  observing th e  defects in the 
boundary  layer. I t  w as found  th a t th e  m icroscope could  easily 
detect surface and  in te rna l flaws a t ab o u t 10 fj. in  size. T he  
m icroscope is used w ith a m echanical scanning tab le  and  a 
storage oscilloscope to  p rov ide a v isual d isplay  o f the detected 
signal.— S im pson , W . A ., D eeds, W . E., C heng, C . C . and  
D odd, C . V . M aterials E valua tion , Sep tem ber 1970, V o l. 28, 
pp. 205-211.

Properties of Stainless Steel Fasteners

V arious types of stainless steel (ferritic  ch rom ium  steels, 
m artensitic  chrom ium  steels, austenitic  ch rom ium  steels), their 
com positions, characteristics and  applications such as bolts, 
screws, nuts, etc., a re  discussed. P ro tec tion  against corrosion  
(atm ospheric, galvanic stress, in tercrystalline, crack  corrosion) 
o f stainless steel fasteners is also re fe rred  to .— Cornelissen, B. 
L . Polytechnisch tijdschrift 25 (1970), N o . 24, p p . 1066/1076.

Acousto-Optical Imaging for Nondestructive Testing

V isual im ages o f flaws inside optically  opaque  objects are  
being p roduced  by a technique called acousto -op tica l im aging.

T ests to  date  have dem onstra ted  the ability  o f the tech ­
n ique to  detect voids in struc tu res and  to  iden tify  areas lack ­
ing bond integrity  in com posite  structures.

T he basic principle is re latively  sim ple: u ltrason ic  waves 
a re  m ade  to  en ter th e  object to  be inspected  and , upon  
em ergence from  the body, in te rac t w ith  light from  a laser 
resulting in a real-tim e op tical im age o f w hat the sound  waves 
have “seen” .

T he technique m akes it possible n o t only  to locate  the 
defect b u t also to  quan tita tive ly  assess the ex ten t o r size of a 
flaw. O ne of the principal fea tu res o f the  acousto-op tical 
im aging technique is th a t it has successfully elim inated  the 
need fo r a  receiving transducer an d  is insensitive to  am bien t 
m echanical v ib ra tion .— M ateria ls E va luation , Sep tem ber 1970, 
V ol. 28, p . 57A .

Fatigue Crack Initiation and Propagation in High-Yield-Strength  
Steel W eld Metal

F u ll penetra tion , double-vee b u tt welds w ith re in fo rce­
m en t rem oved have been fab rica ted  using a high-yield- 
strength  steel, H Y -leO . V arious filler m etals and  w elding
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techniques w ere used. M ost welds con ta ined  in ten tionally  
in co rp o ra ted  weld d iscontinuities such as slag, lack o f fusion 
a n d /o r  porosity . F atigue  specim ens w ere cu t from  these welds 
and  tested  in zero-to-tension, ax ial fatigue.

T h e  p o in t a t w hich a fa tigue  crack  began  to  propagate  
w ith in  th e  specim en was determ ined  by rad iog raph ic  m easu re­
m ents. T h e  fatigue life o f a specim en could  there fo re  be 
separa ted  in to  tw o parts— th a t po rtion  spent in in itiating a 
fa tigue  crack and  th a t spen t in  fatigue crack  p ropagation . 
T h e  influence of flaw size and  geom etry  upon  the crack 
p ro p ag a tio n  portions o f the fa tigue  life w as fo u n d  to  be large 
and  to  depend upon  th e  thickness o f the  m em ber.

T he results o f these studies w ere fo u n d  to  be in good 
agreem ent w ith  the fa tigue  lives p red ic ted  on  the basis o f a 
frac tu re  m echanics analysis.— Laurence, Jr., F . V . and  R ad- 
zim inski, J. B., W eld ing  Journal, O ctober 1970, V o l. 49. pp. 
445s-452s.

Effect of Flame and Mechanical Straightening on Material 
Properties of W eldm ents

D isto rtion  is a perenn ia l p rob lem  in the shipbuilding 
industry , and  extensive research  has been undertaken  to  d e te r­
m ine  the causes o f d is to rtion  and  to  m inim ize its occurrence. 
W hile d is to rtion  can  be p ro d u ced  by any of th e  fab rica tion  
m ethods used  in sh ipbuild ing , its p rinc ipal cause today  is 
w elding. W elding is used extensively in  m odern  shipyards 
because of its advantages over o ther assem bly m ethods. H o w ­
ever, as w ith  any com plex struc tu re , d is to rtion  is encountered  
w hen ship hulls and  o th er stru c tu ra l sections are assem bled by 
w elding. T he  am o u n t o f d is to rtion  can be con tro lled  and 
m inim ized by p roper design and  carefu l a tten tion  to  the 
details o f w elding, bu t som e d is to rtion  inev itab ly  occurs. W hen 
the degree of d is to rtion  exceeds recognized acceptance s tan ­
dards, it  m ust be rem oved.

D isto rtio n  can  be rem oved  by producing  adequa te  plastic 
defo rm ation  in the d is to rted  m em ber or section. T he  required  
am oun t o f plastic  d e fo rm ation  can  be ob ta ined  by the therm al 
o r m echanical m ethods discussed in  th e  follow ing p a ra g ra p h s :

1) T h e rm a l o r flam e stra igh ten ing  has been used m ost 
successfully in  th e  shipbuild ing industry  to  rem ove 
d is to rtion . T h e  area  to  be stra igh tened  is heated  to 
ab o u t 1100-1200°F  and  then  quenched  w ith  a w ater 
spray; repea ted  app lications o f hea t in  specific areas in 
a selected sequence o r p a tte rn  are  no rm ally  needed to 
stra igh ten  a d is to rted  m em ber or struc tu re . T he 
patterns a re  usually  varia tions o f the spo t o r linear 
heating  techniques;

2) D isto rted  m em bers can  be stra igh tened  in a press if 
the m em bers can be m oved and  if  the press is large 
enough to  hand le  them ; hea t m ay  o r m ay  n o t be 
req u ired  fo r straightening;

3) Jacking is closely re la ted  to  pressing in th a t d isto rtion  
is rem oved by the app lication  o f pressure w ith o r w ith ­
o u t added  heat. A lthough  its use is frow ned  upon , 
ham m ering  of locally -heated  areas is som etim es used 
fo r stra igh ten ing  also. C utting  o f plates and  rew elding 
is used on  occasion to  rem ove d is to rtion . T his tech ­
n ique is perhaps the m ost expensive of all because of 
th e  tim e required .

F lam e stra igh ten ing  is w ell-established in th e  shipbuilding 
industry  (and in  o ther industries as well) as the  m ost su itable 
m ethod  of rem oving d is to rtion  in  w elded assem blies o f low- 
carbon  steel. I t  is a  re latively  sim ple m eth o d  and  requires a 
m in im um  in equipm ent. H ow ever, flam e straigh ten ing  is no t 
w ithou t its d isadvantages. D esp ite  its w ide acceptance, flame 
straightening is an  em pirical process a t best, and  conscientious 
and  w ell-tra ined  w orkers and  supervisory  personnel a re  re ­
qu ired  fo r  its effective application .

A n experim en ta l study  was conducted  to  determ ine the 
effects o f m echanical stra igh ten ing  and  flam e straigh ten ing  on 
th e  p roperties o f steels used in  shipbuild ing. T h e  steels investi­
gated during this p rog ram m e included an o rd inary  carbon  steel

(ABS-B), tw o low -alloy, h igh-strength  steels (A441 and  A537), 
and  a quenched  an d  tem pered  steel (A517, G rad e  A). T he 
rem oval o f d is to rtion  in  unw elded  a n d  w elded test p lates was 
accom plished by m echanical stra igh ten ing  a t room  tem p era ­
tu re , 1000°F, 1300°F, and  flam e stra igh ten ing  in the tem p era ­
tu re  ranges o f 1100-1200°F  and  1300-1400°F . C ontro lled  
am oun ts o f  d is to rtion  w ere prov ided  in unw elded p la te  by 
m echan ical bending; d is to rtion  in  w elded plates w as provided 
by jigging the re s tra in t con tro l. D rop-w eigh t tea r tests w ere 
conducted  to  assess the effect o f the stra igh ten ing  param eters 
on the notch-toughness behav iour o f th e  respective steels.

T h e  no tch-toughness p roperties o f A 517, G rad e  A  d e ­
creased m arked ly  w hen flam e stra igh ten ing  w as done at 
1300-1400°F; som ew hat less effect was observed w hen A517, 
G ra d e  A  test p lates w ere stra igh tened  a t 1100-1200°F . T he 
notch-toughness o f A517, G ra d e  A was affected significantly 
by the tim e requ ired  fo r stra igh ten ing . T h e  im pac t p roperties 
o f A537, A441, and  ABS-B steels w ere n o t affected seriously 
by flam e stra igh ten ing . M echan ica l stra igh ten ing  had  little 
effect on the  notch-toughness p roperties o f any o f the steels, 
because the tim e requ ired  fo r heating  an d  stra igh ten ing  w as 
m inim ized.— Pattee, H . E ., E vans, R . M . an d  M onroe, R . E„ 
Sh ip  S tructure C om m ittee , R ep o rt SSC -207, 1970.

IMew Nickel Superalloys for Marine Gas Turbines

T he grow ing use o f gas tu rb ines fo r industria l app lications 
and  in land  and  m arine  tran sp o rt has led to  a  dem and  fo r 
longer opera ting  life and  the use o f cheaper an d  low er g rade 
fuels, both  o f w hich im pose fu r th e r dem ands on  m aterials. 
In  p a rticu la r there  is need to im prove resistance to  ho t co r­
rosion by com bustion  products of the  fuel and  con tam inan ts 
from  th e  operating  env ironm ent. T o  co m b a t these m ore  severe 
ox idation  and  co rrosion  p roblem s a t high tem pera tu res, In te r­
na tiona l N ickel research  w orkers increased th e  ch rom ium  co n ­
ten t o f existing h igh-tem pera tu re  alloys. N orm ally , such an 
increase has the undesirab le  effect o f  reducing the strength 
of these alloys bu t this p rob lem  has been overcom e by m od ify ­
ing o ther m ajo r alloy constituen ts. A  varie ty  o f new  nickel- 
based w rough t h igh-chrom ium  (betw een 25 and  30 per cent 
C r) creep-resistan t a lloy  has been developed giving consider­
ab ly  better resistance to  ho t corrosion  th an  alloys presently 
used, w hile their streng ths and  o ther characteristics ran g e  
nearly  u p  to  those  o f th e  strongest w rough t N im onic alloy.

T h ree  new  alloys, designated  IN  586, IN  587 an d  IN  
597 have been selected fo r fu r th e r developm ent and  assess­
m en t in various industria l app lications. A lloy IN  586 is a 
so lid-solution alloy sim ilar to  N im onic alloy 75, b u t w ith im ­
proved ox idation  resistance and  creep strength  at tem pera tu res 
above 1000°C. T his alloy has a ttrac tiv e  p roperties fo r static 
engine com ponents subjected  to  the  h ighest tem pera tu res.

A lloys IN  587 and  597 are prec ip ita tion  hard en ed  and 
have high-creep strengths co rresponding  to  those o f N im onic 
alloys 90 an d  105 respectively, b u t they  have  advantages over 
the N im onic alloys in  term s o f co rrosion  resistance fo r blades 
in industria l and  m arine  gas tu rb ines.— M arine E ngineer and  
N a va l A rch itect, N o vem b er  1970, V o l. 93, p . 515.

Relaxation of Compression Springs at High Temperatures

A n analysis is developed to  determ ine the re laxa tion  of 
cylindrical com pression springs a t tem pera tu res w here creep 
is p redom inan tly  steady sta te  and  the effect o f tran sien t creep 
an d  an elastic stra in  is sm all. Springs w hich opera te  under 
these conditions m ust be designed fo r lim ited  life. E quations 
are  derived w hich pred ict the re laxation  of springs directly  
from  tensile creep  d a ta  fo r various m ateria ls . U sing creep data  
fo r 18-8 stainless steel and  Inconel-X , fam ilies o f design curves 
a re  p resen ted  w hich give th e  tim e-tem pera tu re  initial-stress 
re lationsh ips fo r various stress-relaxation  ra tio s.— Siegel, M . J . 
and  A thans, D . P., T ransactions o f  the A S M E , Journal o f  
Basic E ngineering, Sep tem ber 1970, V o l. 92, pp. 627-632.
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N ippon  K o ka n  ‘M arine 50' corrosion-resistant steel

Japanese Corrosion-Resistant Steel Developed

N ippon K o k an — N K K — has recently  announced  details 
o f a seaw ater co rrosion-resistan t steel w hich it  has developed 
and  w hich is now  ready  to  be produced  on a com m ercial 
scale.

K now n as M arin e  50, th e  new steel can  be regarded  as 
a significant developm ent, especially in  view of the rapid ly  
expanding ocean-developm ent field w hich is likely to dem and 
considerab le  quan tities o f such steels fo r structures such as 
drilling rigs.

T h e  new  steel has a  high level o f strength  w ith physical 
properties w hich m eet the requirem ents o f J IS G  3106 SM 50 
w hich is sim ilar to  A ST M  A  440. T he  JIS  specification 
stipulates th a t high strength  stru c tu ra l steels have a m inim um  
tensile strength  o f ab o u t 70 000 lb / in '.

C om pared  w ith ca rb o n  steel, in th e  a rea  affected by sea­
w ater splashing, the resistance is tw o to  th ree  tim es higher 
and  in  the subm erged a rea  it is 1 7  to  tw o tim es higher.

T he  new  steel has, like som e o ther low -alloy seaw ater 
resistan t steels, low alloy additives w hose effectiveness is m u lti­
plied geom etrically  to  fo rm  a fine-grained oxydized surface 
layer having a un ifo rm  thickness th a t inhibits corrosion . T he 
corrosion-resistan t effects o f the layer is expected to increase 
w ith the passage o f tim e.— Shipbuild ing  and  Shipping Record, 
18 Sep tem ber 1970, V o l. 116, p . 31.

Stress Corrosion in Aluminium Alloys

T h e  phenom enon  o f  stress co rrosion  is described and  
exam ples o f service failu res a re  given. These concern  a casting, 
an  ex trusion  and  a  forging. T h e  influence of th e  alloy type, 
heat trea tm en t an d  grain  o rien ta tion  on the susceptibility  to  
co rrosion  a re  discussed. T heories regarding stress corrosion

are surveyed. W ays to com bat stress co rrosion  are  indicated . 
A ssem bly stresses, residual stresses, design, surface, p ro tec tion , 
alloy selection and  heat trea tm en t a re  considered.— van 
Leeuw en, H . P., P olytechnisch tijdschrift, 1970, N o . 20, V o l. 
25, pp. 872-880.

Corrosion and Corrosion Protection

By chem ical trea tm en t w ith certa in  m edia, depending on 
the type  o f m etal, it is possible to  p roduce  on m etals so-called 
conversion layers w hich a re  ab le  to  p ro tec t the m etal against 
corrosion . C onversion layers a re  bo th  cover layers and  p ro tec­
tion layers w hich are  genera ted  by conversion o f the m ateria l 
su rface  u nder fo rm ation  o f a  m eta l com pound . T h e  p ro tection  
layers a re  p roduced  by th e  action  o f gases, aqueous solutions 
or salt m elts (w ithout o r w ith electrical cu rren t).— W iederholt, 
W ., V D l-Z , 1970, V ol. 112, N o . 18, pp . 1253-1257.

Fibre Reinforced Materials— Theory, State of Development and 
Tendencies in Fibre Production

Fibres o f glass, ceram ics, bo ron , ca rbon , tungsten  and 
beryllium  and  steel a re  being used a t p resen t fo r the p ro d u c ­
tion  of fibre-reinforced com posite  m ateria ls. W hich co m b in a ­
tion  o f fibre and  m atrix  m ateria l is selected, depends on the 
in tended  use o f the com posite. M ost o f the em phasis, how ever, 
is placed on  rein forcing  m etallic  and  non-m etallic  m atrices 
w ith non-m etallic  fibres. In  th e  near fu tu re , glass fibre re ­
in forced  plastics will be used to  increasing ex ten t, and  will 
no t be supp lan ted  by com posites re in fo rced  w ith carbon , 
bo ron  or silicon carb ide  fibres.— Closing, M ., V D l-Z , 1970, 
N o . 19, V ol. 112, pp . 1333-1335.
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