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The subject o f  additives in  lubricating oils i s  one which can hardly have 
escaped the attention o f  engineering pel-sonnel at sea today i n  steam turbine 
and Diesel-dl-iven ships and craft. 

Accordingly, M r .  Tliornley's article should be o f  widespread interest ill giving 
a gene]-a1 pictul-e o f  recent developments and a backgroutid against \vliicli to  
vicw tlie recent rather bewildering sequcncc o f  cli;1nges o f  lubr-icating o i l  
specifications. especially for Diesel engines. 

The warning must be givcn that tlcvclopnlents sincc 1958. \vllcn this article 
was \\sitten, make i t  dangerous to assume that all tl ic :~ddi t ivc chcmic;il\ 
mentioned 211-e still nceessurily ~ lsed today and it must. ol' tour-sc. also be 
I-calizccl that al l  tl ic m;!jor lubricating o i l  companies arc :~cti\,c in  this l icld. 

A1)DI'TIVES FOR LL:BI<I('AN'I'S 

I n  1955 rather more than onc and a quarter mi l l ion tons of lubl-icating o i l  
additives wcr-c rn:in~ll':~ct~i~-ed, and prcs~~tnab ly  sold. I n  1956. tlic total rose t o  
1.350,000 tons. ancl the estinintc Sol- 1960 i s  i-atliel. IN~I-c i l lan otlc and ;i h;111' 
~ n i l l i o n  tons. Tlicsc qilatititics can he I-ouglily cstimaled as to ;ippi-oxinlately 
5 0  per ccnt detergents. 25 per cent viscosity index improvcl-S. ancl I I per cent 
anti-oxidants : po~ l t -  point depress:ints. extreme pressure lubricant additives. 
oiliness additives and the likc. totall ing togctlicr about 14 pc]- ccnt. 

Atldit ivcs are put in to lubricating oils for :I great variety o f  p~~rposcs .  T l lc  
o i l  i r ~  thc internal comhust io~i  enginc has principally (<I clo tcvo tlii~igs to 
I-cclucc [I-iction. ancl t o  carry away licat. T o  do this it is churncd t l l r o ~ ~ g l l  t l lc 
o i l  pun1p, pushed through nal-rob passages under pressure, sprnycd out of thc 
ends o f  heal-ings i n  finc mist. and spt-cad i n  th in films 011 hot inetal. l ieat and 
f la~ l ie  alld oxidizing gkises assail i t  ; i t  i s  contarninatcd wit11 sooc, ;ilclcl~ydes. 
gaseous and l iquid acids, stea~i i  ancl l iqu id witcl- .  2nd 1'1-om pctl-ol ciisine\ 
usirig leaded fucl, c1llo1-ine, bromine, and lead compounds. I t  must prcscnt a n  
i t l co~-~-~ i j ) t ib Ie  front to  these assaults. Therefol-c its stability is vcl-y impal.tnnt. 
al id adclitivcs do a great tlcnl t o  iniprovc thc stability of t l ic petrolcurii r t l i ic l i  
n:iturc and the refiner produce. 

Anti-oxidants help to 1"-event e l~cmical  deterioration o f  the oil. I)ctcrgcnts 
combat the evil ef-fcet o f  solid decomposition products fl-om Stlel and  lubric;~nt. 
Viscosity index ilnprovers alleviate (l ie physical effect o f  ternper;tturc cll;r~igc 011 

viscosity. Pour point depressants prevent solidification due t o  inter-locking of  
wax crystals when tlie o i l  i s  cooled. 
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Test duraliotr. hci~rrs . . . . . . . . 40 
Speed. rcvs/min . . . . . . . . . . 3,150 , 25 
Load, h.11.p. . . . . . . . . . . 5-0 :ippr<)x. 
17ucl . . . . . . . . . . . . PE/II' l.-4 Rel: g:rsrilinc 
Fucl consu~iip~ion. 1bjlr1- . . . . . . . . 4.5 5-0 
Ail. fuel i.ritio . . . . . . . . . . 14.0 l OS:! 
Intakc air tcrnp., dcgl-ccs I:. . . . . . . X0 min. 
.lacket outlet leml,.. degrees F. . . . . . . 200 l 2 

. .  Oullcl temp. :rbovc ililcl leml?.. clegrcc I:. . . 10 l 
Oil ga1lel.y icmp.. dcgrccs 1'. . . . . . . 280 ; ZSAE 1 0  265 1 -  2) 
Spel-k aclvallce clcgl-ccs h.l.d.c. . . . . . .  3 5 1 1  
Oil prcss~tsc. Ihlsc~ i l l .  . . . . . . . .  4 0 2  
Crtlnkcasc vact~~llli, inches walcr . , . . . . 2 1 0-5 
E.xlraus1 back pressure, inchcs mercury . . . . 01 l 

Anti-Oxidants 
Anti-oxidants are  oil soluble 01-ganic compounds  o r  n~eta l lo-organic  com- 

pounds  of' four- pt-iticipal types. First, sulplrur conipounds : s i~ lphur i red  esters, 
s ~ l p l i ~ t r i r e d  ~ C I - ~ C I I ~ S  ancl olcfins. aryl and  allcyl phenol s~ilpliides, and  mctallo 
ditliio-carbonates. Second. ~>Iiosphorus compounds  : alkyl o r  cil-yl ~,liosphitcs, 
o r  the  11atu1-ally occurring c o m p o ~ t n d  lecithin. I 'h i rd ,  sitlpliur and p l i o s p l i o ~ ~ ~ r s  
compout ids  : metal salts ol' dithio-pIiosl>lic>~~ic acids iiiade by I-eacting alcoliols 
v I I I I O S ~ I I ~ I - L I S  p c n t a s ~ ~ l p h i d e .  or- rcactiorl proil~rcts of tcrpcrlcs \{,it11 plios- 
pl~ot-LIS S C S C ~ L I ~ S L I ~ P ~ I ~ C ~ ~ .  I ' o ~ r r t l ~ .  iiriiirrc5 ;11icI l>licnolic c o m p o u n d s  which 
;II-C riot vet-y ~ I S C I ' I I I  in itltcl-n;~l combuhlion cngillc oils \vlicre l i i f l i  tcmpct-aturcs 
prevail, hut  a rc  very good anti-c>sidor~ts for- motleratc tel irpc~-at~rrc wet-k. 

-l lie \vcll k n o w n  oiliilcss cl~ar-irctcristics of castor oil ;Ire piirlictrlarly LISCI'LII 
Cot- I-i~cirig c ~ i g i ~ l c s .  ;11i<i for I b r i c ~ t i t i  l o - I - r i g  ;1tic1 otlier highly- 
str-cssccl maclrincry. but  ~tninliibitcd castor oil is easily oxidizctl. and  its oxitlrltion 
proclucts readily polymcsizc illto undcsirahlc gums and othcl- solitl pl-ocl~~cts. 
A suitable co~rrbiil;rtion 01' i r r ~ t i - o s i ~ l a n t ~  c;ri~ cllkct riiost spcctac~t l ;~t -  iriipro\,c- 
111ei1t i l l  t-esis~;r~ice of 'ci~stor oil t o  i>xid;rtii>~l atid g~trii 1 '01-~i i i~t io~~.  

A $1-eat vat-iety of labor-atory tests t o  cv:rluatc tlichc anti-osit lants l i ~ ~ v c  becn 
dcviscci over  the  l;tst thirty 01- li)t-ty yc;iss. h u (  they a re  not cntil-ely adequate.  
; ~ n t l  \vc a r c  for-ced t o  riiorc cx l~e t~s ive  cngiiic tcsts. \ L I ~ I I  ;ls ilic L.-4 Clicvrolct 
test ~ . I i i c I i  \1;15 devised it1 tlie i l t i i tc~l  State5 a h o ~ t t  1040 ;incl Iias held stv;ry in 
ofticial specilici~tions ever since. I t  LIWS ;L (>-cylinder engine ancl i5. ~ I i c r c ~ o ~ - c .  
rcI;~tiveIy e ~ ~ e n s i v e  to run.  so  cridcavours :tt-e rnatlc to litid a simpler cnyinc 
wl~icli  \v111 opel-;rtc ;r1 Icsb cost. 11, tlrc 11r1itetl S l ;~ tcs  11ic CO-t>rtliii;rtiny Resc;rrcli 
Council .  Co-ol)cs:rtive Luhriciwts licscasch Section. lias. :lfter a st-c;lt tlc;~l ol' 
co-operirtivc work bct\vccti cngitic m;~~~i~l ' ; rc turc t -s  r~ntl the petroleum incl~rslry. 
I>rtl~rgIrt <)tit the CLR (C~-o[)er ; l l ivc  L ~ b r i c ; t ~ i t s  I i s e r r c l ~ )  c i ~ c  l i l ~  i'l 

i t~tenilctl 10 ~-cl>lacc l l ~ e  C'II~VI-011.t. l ~ l l i s  is ;I siriglc-cyli~iclcr. r o h ~ ~ s i  cnzine, 
clesignccl specilicnlly for I~ihric;int\ tcstitlg, Sot- c a s c o f a s \ c i ~ i b l y a ~ i t l  d i~assclnhly .  
Sot- Hcxihility. onci for ability t o  hold constant operating c o ~ ~ d i t i o r l s .  

Tlic 1?1.c)posctl e t  111.oced~11.c Ibt- 1/11' C L K  ct~git ic is k ~ i o ~ i r  c ilte L-31; 
11-occclurc ;rr~d is sho\vn in A I .  

111 tlrc Unitctl St;rtcs t l ~ c  CL.II engine % ; I S  clcvisctl pur-cly a? ;in oil test cnginc. 
whet-ens Britain, co-operr~tivcly, took a n  existing engine already in production 
;[nil ktirly clica~-, to buy, made cer(airi modilications to i t ,  ancl scr L I ~  :I [ , l -occd~~rc  
a s  sliown in T~l1l .1:  / I .  Tlic E ~ i g i ~ i c  Testilig 01' L~l>ric;rtits I'ilrlcI of tlic 11' 
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I'1;TTEII W- l O X I D A T I O N  TEST I'R0CEI)URE 
-- ~ ~~ . ~ ---- ~ ~ - ~ ~ - ~ - - . ~  ~~ ~ ~-- ~ ~ 

Opcr;~tillg lime, IJIIII~S . . . . . . 36 
Spccd, rcvs/niin . . . . . . . . 1,500 ! I S  
Load, b.h.p. . . . . . . . . . . 3 . 3  :II>I~~IIX. 
Oil  nrcssurc. Ih!\o in. . . . . . . . .  S 3 ~ ~ ~, ~, . 
Oil tcmpcratllrc: 

S,.\ l i 20. 30, 40 :t 11d 50. (Jcgrccs 1:. . . 
S A E  10, dcgrccs F. . . . . 

Coolant tc~iipcrnlurc i i~lct.  dcgrccs l ' .  . . 
Coolarlt tcrn)>craturc OLIIICL, dcgrccs F. . . 
IIoL-spot hcater plate rc~iipcr;lturc, deyrcc\ I. 
Spnrk adcancc, dcgr.ccs b.t.<l.c. . . 20 1 

2 
PE/II' 1.-4 Ref. gas~>linc 
45.2 ?cc l.c,r 20 inl ' 0.5 scc. 

Oi l  capacity, p i t i t s  . . . . . . 
Fucl . . . . . . . . 
Fuel llow . . . . . . . . 

S t :~ndard i ra t io l i  Commi t tee  cnl-I-ied o ~ ~ t  co-operat ive rcsc:~rcli w i t h  I view t o  
f i n d i n g  a procedure wil l1 the  I'cttcr W I cngi l ie t o  1.cplacc the  Cl icv l -o lc l  at 
n l ~ t c l ~  l o u e r  i n i t i a l  and lcs l  r u n n i n g  costs. 

In the 36-hour  C l icvro lc t  L ~ 4  test w i t h  an o i l  s u m p  temperature or  2x0 
dcgrces I.', most  m inc r ;~ l  o i ls  \\ill give l a c q ~ ~ c ~ - c t i  pistons wi l l1  s t ~ t c k  r ings and 
connect ing r o d  bear ing \\eight losses of ovcr  1.000 nig. A d d i t i v e  treated oi ls  
o f  1>E1;.2101 qua l i t y  give cleat1 pistons w i t h  li.cc r-ings and bear ing \ \e ight  
losses h c l o u  200 nlg. ;~ t i d  o f t e ~ i  well  belo\v I 0 0  mg. ' l h c  value of  ox idat ion 
inh ib i to rs  in reduc ing hear i t ig \ \e ight  loss caused b y  o i l  os ida t io t i  products i s  
shown b y  the facl  that a bear ing weight loss ol' the order  o f  2.000 111g can bc 
rcducet l  t o  less t l i an  50 hy  t l i c  at lcl i t ion of' l i t t le  m o r e  i l l a n  0 .5  1 x 1  cent o f  a 
suitable ant i -os id ;~nt  t o  t l ie  o i l .  

Ve ry  s in i i lar  conlp;~l -at ivc ~ - c s ~ ~ l t \  31-c obtained I'rom the I'cttcr W I test and  
cor re la t ion  w i t h  t l i ~  L ~ ~ 4  test inay \ \e l l  be a possibility. 

Dctergents 
H a v i r i g  dealt Ihr id ly \\it11 ; ~ n t i - o s i ~ l a n t s .  \vc con ic  t o  cletcl-gents. 01. cletergent- 

dispersant addit ives. 7hcsc come i n  i l la l i y  varieties. I r ~ v : ~ r i i ~ b l y  tl1c1.c i s  :I tiict:il. 
c ;~ Ic i~r r i i .  b:~t- i~ l r i i .  ~ i i : ~ g ~ i c s i ~ r n ,  : ~ I ~ t i i i ~ i i ~ l t i i .  o r  t i l l  \ ~ i t l i  ;I c o ~ t ~ l i ~ i g  ~IK)LII>. s ~ r l -  
phon :~ tc ,  hyclroxyl.  carbosyl .  o r  Inercaptal l  bct\vccn t l i c  n ic ta l  and  t l lc organic 
co ! i i po r ie~ l t .  I ' h c r c  i s  genel-ally i n  the slrilctLtre a liigll ~ n o l c c u l a r  weight. s t r ;~ ig l i l  
o r  hr;~nclicci p;~t-al l i r l  cl iain. ot- ; ~ r o m a t i c  01- napht l i cnc  ~ i i  t o  p r o m o t e  o i l  
s o l ~ l h i l i t y .  -l'liesc dctcrgent adciiti\,cs can he over-based. ot- rliaclc hasic. Th is  
can be done  b y  taking. f o r  example. a b a r i ~ r n i  petro leuln s ~ ~ l l > l i o ~ i a t e .  incor -  
por ;~ t i t ig  i i i ~ r c  hi l t - i~t~i i  i n t o  t l ic  c o m p o l ~ n d  than the 11cut1-al b a r i u m  pctr-oleum 
sulpl ion:~tc f o r l n ~ ~ l i i  rec~~r i rcs.  T h i s  es t r ;~  basic i ty  i s  of \'ulue i n  combat ing  t l ic  
cv i l  cll'ccls o f  su l l i l iu r  acicls f l -om t l lc  c o m h ~ r s t i o n  o f  liigli s ~ r l p l ~ u r  I '~icls ill 
c o m p r c s s i o ~ ~  ign i t i on  cllgii ics. T h e  clctct-gent ;~d t l i t i vcs  arc  q ~ ~ i t c  ol'tcll 1'1-o- 
ox idants  in tliemselvcs. s o  t l l ; ~ t  ihey il l-c i l lmost  i l iv ; l~- iably usctl i n  con ju l ic t ion  
\\'it11 a n t i - o x i ~ l n n t i .  

I 'or test ing fo r  clclergcncy in t l i c  1:1bo1-:~lory. tcsts cal l  lhc colicluctetl \\it11 
S L I S ~ C I ~ S ~ ~ I I S  c ~ I ' c ; ~ r h o ~ i  b l :~ck ,  e s ; ~ l i i i ~ i i n g  t l ic  clcgrcc ol ' t i ispcrs ion \\it11 dispel-s:~nt 
adclitivcs. h u t  i t  i s  imperati \ lc to clo engine test\. ancl t l lc  \ v c l l - k n o w ~ i  Caterpillar 
I/ ~ l lcs13 n l ~ i c l ~  1'01-riis ~:II.I o l ' ~ ~ i i l i t a r y  :III<I o i l i e r  spcci i icat iot>s ;III ovc r  l l i c  \vc~rlcl. 
i s  tha t  mos t  gcnet-ally ~ ~ s c c l .  I t  i s  a 4x0-l ir .  (cst \v i t l i  LW expensive c n ~ i n e .  I l i c  
Catcl-pi l lar- L I test fo rms  pa r t  of DEF-2101.  i h c  C1.S. MlI,-I~2-2104A. and other- 
o l t i c ia l  specifications. I - ~ r e l  o f  m i n i m u m  s ~ ~ l p l l ~ r t -  c o r i t c ~ i t  0 .35 per cc111 is LISCCI 
ill i l l i s  lest. I S  l l l c  Icsl i s  s in i i la r ly  c;trr ic~I 01t1, bu t  \\'ill1 IIrel of I per cent SLII~IIII~ 
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I :~ ip i~ ic  . . . . . . . . . . . . . . ('l1cvr~)Icl 
0 1 1 i  I o t l l  i s  . . . . 
Sl>ccd, rcvs/niin . . . . . . 
. l I  l 1  . . . . . . . . 

. .  C'ool;~nl uutlct tcml~er;~Iul-e, dcgrccs F. 
C'(r(>lanL inlet icml>crnlurc, dcgrces 1:. . .  
Sul l ip o i l  tcmpcrnlurc, dcgrech F. . . 
~\ir-I.k~el c11iu . . . . . . 
I11ili:11 oi l  fill, 111 . . . . . . 
Oil make up . . . . . . . . 

content .  we  get wha t  is k n o w n  ns the Supplement I test, and a d is t inc t ly  supel- ior 
( lcg~-cc o f  detcrgcncy i s  rec l~~ i t -ed  t o  copc  tv i l l i  thc, I l ig l ier  SUI~IILI~ co11te111 o f  the 
I'uel. F o r  tile Caterp i l la r  Company 's  requil-cments, the  Series 2 oil ; i g a i ~ i  uses 
t l ~ c  Ca te rp i l l a r  4 8 0 - l ~ r  test and a I per cent  sulp1iu1- fucl, h i l t  w i t h  a supc rc l i~~ r -gcd  
engine, wh ich  makes cond i t ions i n  t l i c  p i s ton  r i n g  are:\ m ~ l c l i  m o r e  a rduous  a n d  
rccluil-cs a l i ig l ie r  degree of dctcrgcncy. 7'hc Cnterpi l la l -  C o l n p o n y  n o w  specify 
a SCI-ics 3 oil. f i ) r  wh ich  an eve11 I i igher degree o f  s t~percharg ing  makes cond i t ions 
n i ~ ~ c h  wol-sc, and again, mol-c add i t i ve  i s  requi l-cd. 

N : t ~ ~ r ; ~ l y  therefore, people havc looked  for smal ler  e n g i ~ l c s  ~ ~ i t l i  tests o f  
shorter  tluratio17. t o  save cost. Examples at-c t l ie  Lauson  cngine, a n d  t l ic  I'cttel- 
A l .  Lauson  a n d  Pct tcr  A V  I engine test p[-occdures havc bccn devised 
\ v l i i c l ~  ra te  oi ls  in somewl iat  s im i la r  order  t o  t l l c  Caterpi l la l -  L - I  111-occtiure. 
h111 t i le  correlation is st i l l  I'al- fl-on1 complete. 

T l i c  i i iecl ianihm o f  d e t e r g e ~ ~ c y  keep ing engines cleat1 hy  s u s p e l ~ d i n g  o r  
pcpt iz ing s l ~ ~ d g c  i s  :I m a i n l y  physical  act ion,  bu t  tl lcl-c i s  p rob ;~b ly  a chemical  
ell'cct also. T h e  chemical  ac t ion o f  ovcr-basecl tlctergents i n  i~cu t~ - : t l i z i ng  
s u l l ? l ~ u r  acid5 f r o m  the combus t ion  o f  liigli s ~ l l p l l ~ ~ r  SLICI has heeii n1clitioneci. 
I ~ L I ~  i n  a d d i t i o n  tlict-c i s  ox ida t ion  o f  I iydrocal-hons p r o d u c i n g  oxygcnatet l  acids 
Sro111 c i t l le r  IIIC I'LICI o r  the lubl- icant .  These acids have a l i l n i t cd  s o l ~ ~ h i l i t y  ill 
m ine ra l  oi ls. n n i l  arc l iable t o  p o l y ~ n c i - i r e  in the ho t te r  p:1rt\ of the cns inc  t o  
l lacclucr ;incl c : ~ r b o n n c c o ~ ~ s  deposits. 

I l ie mct:rllic salt> LIS~CI 21s detergent addi t ives Inay he considci.cd hasic to\vards 
t l i c  oxygcn:~tcd acids. so that  a react ion occurs fo l -ming n complex ory-ac id .  
1'01- c x ; ~ ~ n p l e  nal>l i thcnatc o r  sulphonate salt, \vli icIi i s  o i l -soluhlc and tloes no t  
l-c;~dily po lymcr i r c .  M a n y  detergent at l t l i t ivcs il lcrease t l ie  f o a m i n g  ~ c n d e ~ l c y  
of  oils. ;\nd it i s  f o r tun ;~ tc  that  a n t i - f o a ~ n  addi t ives :\I-c nvai lahle whic l i  c o m -  
~plcte ly overcome i l i i s  defect. 

Additives for 1 . o ~  Temperature Condition5 
S o  fill- considcl-at ion 11~1s hecn given t o  i n t c rna l  co lnbust ion engine o i l  :~t l t l i t ivcs 

I h i g h - t c n i l > e r a t ~ ~ ~ - c  c t i ~  bu t  f I ~ w - t e ~ i i ~ ? c r i ~ t ~ ~ - c  c ~ ~ l d i t i o ~ i s  t l ic  p r o -  
h lcms arc c l ~ l i t c  dil l 'crcnt. I>r. C'. (;. Wi l l i an i s  was the lil-st t o  p r o p o ~ ~ i i c l .  11101-c 
th :~n  I i r c n l y  ye;ir i  aso.  the corrosive iheol-y of cy l i n t i c~ .  ivcal-. \vl i ic l i  i s  ~ i o \ v  
u l i ivcrsal ly  acccpled : t11:it a t  a n y  tempcraturcs be low ahour 55 00 clcjil-ee\ C' 
i n  l l i c  c o m h u i t i o ~ i  c11ambc1- t l ~ e r c  w i l l  be condensat ion of water- of c o ~ n h u s l i o n .  
In  aclcli l ion t o  t l lc  k l c t  t ha t  the c o m l > u s t i o n o f a  g : ~ l l o n o f  p c l r o l  produces r ; ~ t h c r  
111ol-c t11:ln n g ;~ l lon  of water. t l l c rc  are c;~rhoti .  s i l l i ~ .  I ~ i i t l - o g c ~ i  oxiclcs 
whic l i .  i n  t l ic  171-cscnce o f  wntcr, f o r m  cor l -osivc ;~c ids .  O i l s  tend to be th ick  
\vl icn they nl-c cold,  so in c o l d  stal-t ing t l i c re  i s  ( l ie  I O W C S ~  i-;~te ~ l ' o i l  c i r c u l i i t i ~ ~ i  
when i t  ticcds the c l ~ ~ i c k c s t  ra te  t o  cover  t l i c  surfaces ancl 111-otcct t l icm, either 
17y n c u t r ; ~ l i ~ i ~ i g  acids 01- b y  lay ing  down pro tcc t ivc  f i lms wh ich  w i l l  prevent 
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T11E EX-2 PROC'EDURE 
- ~. ~ - . ~ -- -. .~ ~- - ~ .. 

Fngine . . . . . . . . . . . . Chevrolct (as ibr FL-2) 
Modifications to slandard engine: 

I. Rocker cover vents welded s h u ~  
2. 4 vertical notches in top ct~liiprcssion rings 0.125 

in. wide .I 0.009 ill. cleep 
Narrow slot (1132 in.) oil rings in pistons 1 ,  3 
;~nd 5 
All  lands cliamfcred 

Operating time (total) . . . . . . . . 96 hours 

I.AI!SON C'W I'IIOC'EI>URF A 
-~ -~ ~ 

Detui1.s 
of c.vc.lr, 

- - ~  

I'art I 

Part I1  
Part 111 

Engine . . 
Operating time (tot;rl) 

L.:iuson 112 
90 or 120 hours 

Initial oil f i l l  7: Ih 
Oil make up Every 12 hours l 

711tie. 
lzorrrs 

2 

2 
2 

. . 

-~ - -- ~~ 

S~irrrp oil 
IPII I~. ,  r1e~ree.s F. 

~- ~ -l 

Speed, 
/ I ~ I  

. ~ 

500 

2,500 
2,500 

The engine is ruri in 10-1101rr ~>eriocls \\'ill? cc)riditions A arid H alternating as shown. 
I<i~ig\ arc \vciglic~l evcry 30 hour?. 

Initial oil t i l l  . . . .  . . . .  21b 

C'undition 
:Z 

Condiliori 
I3 

Oil make LIP . . . . . . IJvery 10 hours 
*Not?: lempcratures settle :L few degrees hel<~u' tliosc at C'oriditi<~n H. 

Loarl, 
/ . p  

~ - 

Nil 

45 
45 

the  aclucoils corrosive tiicdia f1-om liiaking colitact with the metal surfaces. In 
xdd i t io~ i .  cold start ing 1-cquires a rich fi~el;air ratio, giving sooty  combustion.  
T l ~ c  cold ulutl~iriium pistol1 is n o t  a s  big as  i t  o~tgl l t  C O  he ~ ~ t i d e r  r~t1111i1ig colidi- 
tions. so  tlicrc is blo\\,-by. and  t l i ~ ~ s  cold sludge is f o ~ l t ~ d  it1 tile cooler parts  of 
tlic cngitic. Th i s  is the  black t~inyonnniso type of \v:~tcr-ill-oil emulsion.  It nl:ly 

be clean \vater and  cle;rn oil, forming 21 \\atcl--in-oil cmulsiolr stabilircd by soot 
ft-om thc  combust ion.  

A great deal of reseal-cl1 has Ixcn p ~ 1 1  into tlic problem of cotitrolling 
l o w - t e r n p c ~ - a t ~ ~ s e  cyl indc~-  weal- nntl  formation o f  coltl slitdgc. Again,  engine 
tests at-c necessary, and a great variety liavc hccn dcvised. M u c h  co-opcrativc 
work has bccn d o n e  in the United States 011 lo~v- tcmper : t t~~rc  operation of 
engine tests. T h e  FL-2 pl-ocedurc (T~rrt.1 1 1 1 )  is n o w  sonic years old, hul thc 
lest is largely disci-edited TOI- c v ~ ~ l u a t i ~ i g  lubricnlits. I t  is said t o  be good for 

15 

h 

C~io!(irrt oiitlet 
trl~i[j.. r1e~rre.r 1,: 

-- -~ 

125 

05 
200 

--l - -  

700 

2.400 

_ 

l t r ~ p  
~ 1 ~ ~ ~ ~ r ~ ~ r . s  F. 

~ 

Not 
controlled 
( 125 app.) 

165 
245 

Air-fuel 
ratio 

9-1 

14.5-1 
14.5-1 

I~llc 

4.0 

Nut coz~tr~~llcd 

60165 

Not controlled* 

70190 



Results - 

160 I n 

St ra igh t  
minera l  

-. 

addit ive 

l. [-L 
Special 

~ n h ~ b i t o r  

T y p e  of oil 

FII;. I 

eva luat ing t l ~ c  dirt iness of fuels i n  l o w  te~i ipel-atu l -c operat ing c o ~ ~ d i t i o n s .  
1.11~ Ex-2 procedure (T~l31.1: I V )  was co-operat ively developed i n  the l.Jnitcd 

States t o  t r y  ancl overcol l ie the dis:~dvantages o f  the F L  2. Ccr ta i t i  111otlilicn- 
t ions \vcrc made t o  t l i c  etiginc ; I-ocker-cover vents \veltled shut, t o  reduce t l ie  
vent i la t ion  and  give m o r e  chance for  water condensat ion t o  produce c o l d  
s l ~ ~ d g e  : VCI-ticill I~O~CIICS ill the  C O I I I ~ ~ ~ C S S ~ O ~  r ings 10 pert l i i t  11io1-C b low-by  : 
and  a cyc l ing  load  and speed procedure was ~ l s c d .  I t  h a s  n o t  successful a n d  the 
CO-opcl-at ive L ~ ~ b r i c a n t s  l iesearch C o l n ~ i i i t t e c  went t o  w o r k  again. a n d  arc 
now dcvis i l ig  a n  E x 3  procedure.  Tliese things show how d i f i c ~ ~ l t  is t l i c  proble111 
of eva luat ing o i l \  slid adt l i t ivcs t o  copc w i t h  t l ie  d i i l i cu l t  l o w  temper-nt~11-e 
cond i t ions.  

In a d d i t i o n  t o  thosc t w o  A r n c r i c z ~ i ~  projects. there have been some cll'or-th 
m a d e  in the U n i t e d  K i n g d o m .  where a l i t t le  single-cyl i t idcr L a i ~ s o n  engine was 
~ ~ s e t l .  i l~stcacl  of a h-cyl i r idcr  Cl ic \ . ro lc l .  and  the Lauson  C'W procedure \vas 
dcvisccl (I',\lri I. V) .  I t  i s  ;I cyc l ing  ~,roccclurc. \v i l l i  l o b  spcctl. fo l lo\ved b y  I i ig l i  
speed \\ill1 21 very l o w  coo la t i t  t c m p e r a t ~ ~ ~ - c .  

FK;. I sl~ort 's  t l ~ e  eli'cct o f  addi t ives on pis ton r i n g  \vcigl i t  loss, a nieasut-c of 
l o w  tetnpcr-oturc \\ear it1 t l i t ~ t  pt-ocedut-e. - l l i c re  i s  a ~'c1-y l i ig l i  weight loss wit11 
t11c s t r a i g l ~ t  rn i l i c~-o l  o i l  : t l ic M L - 2 1 0 4  o i l  i\ n o t  ~ i i ~ l c l i  better. T h e  basic 
;~c ld i l i vc  cf l 'ecl sotnc i n ~ p r o v c t n c n l .  ; ~ n d  ;I speci:~l h:lsic ; tddit ivc is a l i t l l c  hcttcr- 
st i l l .  

Flc;. 2 I-cvcals r i n g  \~c:II- it1 nlgIl11- f i-ot l i  i1 1;11gc I I L I I ~ ~ ~ C I -  (31' tests. Tliesc arc 
averages. and they s l low t l ie  evi l  c i k c l  o f  In\\ .jz~ckct tctnpct-atut-e. and  t l ie  very 
g o o d  elfcct O S  liigli i t ~ c k c t  tcmperaturc.  I t  i s  seen t l i i ~ t  hct\vccn 2 and  6 m g j l i r  
~:III hc  lost oll' l l l c  pistot1  rings u i t l i  ;I 00 clcgl.ees I-'. jackct  tcli ipct-ature. t lo \ rn  
t o  a lmost  i ~ o t h i n ?  at 350  dcgrccs F. W h a t  the lubric;ttit i s  hotl ict-ct l  ~ v i t h  i s  
cold,  trot heat. 

111 i s  60 tlegr-ccs iackc t  t cmpcra lu rc  serics of (est.;, a peculiar- cii'cc( W;]\ 

foilnd that  is.  listo on ski l- t  corl-osion. F[<;. 3 sho\ \s a co r roded  p is ton !'l-on1 that 
low- ten ipcra turc  \\ark, a n d  a si1nil~11- p is ton using an addi t ive  ill a n  at tempt  I O  

cornbat  t h ~ r t  e l k c t .  As i s  usual ly  t l lc  case tv i t l i  tests ~ l ~ c n  us ing acccler-atccl 
cond i t io t is  t o  t r y  t o  get results t l ~ ~ i c k l y ,  I ~ C L I ~ ~ : I I -  e l k c t s  arise. l ' l i i s  cor~.ode<I 
p is ton c l lkct  has been seen about  three titncs i n  the last th i r t y  years f r o m  vehicles 
i n  service. s o  i t s  incidence is  entirely rlcgligihle. However .  i t  is 1'0u11d every 
t i m e  w i t h  stt-aight minera l  o i l  i n  the Lauson  (est. w i t h  t l i c  i a c k c t  t c ~ i i p c ~ - a t u ~ - c  



Jacket  temp. (?F) 
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A U S T I N  A('/K I 'ROC'EDIJKF 
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1:ngine . . . . . . . . Aust in 
M<>dif ications li) ctiginc: 

I. C'ornprcssion r i ng  gap., ilicrc;l\e<l l<> 0.030 in. 
2. O v e r s i ~ c  id l ing i c l  l i t l cd  givc r ich l i i ixl l lre. 

Aclual  o p c l ~ l i i n g  tilrre l l o l ; ~ l )  
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'1'<>1;1I ~ l ~ ~ c l g c  rat ing iii:ru. 60 . . . . 

Kefiic~ic,r o i l  
I:I'l 37!5? 

~ l t i / i - o . r i ~ / ~ i t t ~  
111;1dlj, ~/~~/~~,~,~CIII 

~ ~~ ~~~ 

33.c) 

~~~ ~ ~-~~~ ~ 

.(pcr.i<i/ o i l  
l;T/9/50 

~ l t ! / i - o . \ - i ~ / < ~ ~ ~ /  
A,~/i-cori.o,si\~<~ 

.......... ~ ~ 

3 5 - 8  



at abou t  00 dcgrccs F. 'I 'lie question i~ \vl iet l icr the cond i t i o l l s  have hccn 
:~cce lc r :~ ted h y  this c ( ~ l d  jacket riictc.11 i l ia1 l l i e  test i s  IIO longer  ol' v a l ~ l c .  

N o t  h c i n g  ent i re ly s:ttisficd \\lit11 the L . i ~ i i i ~ l i  ~CSLII~S ment ioned. a procedure 
(TAI<I.I: V I )  \\.:IS dc \~ iscd \\'it11 :I I 0  h./?. At is t i l l  cngi l ic. T l i e  r i n g  gaps were 
incl-easccl. a n  ovcrs i rc i i  jet l i ~ t c t l  t o  give I-icli 11iixtu1-c. an i l  n cyc l i ng  ~>roccdurc  
using I o n  s~ccd- IOM,  load  ancl liisli speccl-l i iyli load.  fo l lo\vcd evcl-y n ine hours  
b y  one s l i ~ l t  d o n n  wit11 t l lc  co l i l  \r:~ti.~- ci l-culat ing t o  gel  static condensat ion i n  
the engine. S o ~ i i c  ~ C S L I I L ~  \vcre oht;i i l icd 1'1.0111 tl iosc tests (TAIII-I V I I ) ,  h u t  t l i cy  
clid n o t  te l l  :I grcat deal ahout sluilgc. 

t lo\ \c \ 'cr .  i t  c;111 he sec11 tIi;~t i t  i s  po\ \ i l> lc t o  b1.ili3 c Io \v~ i  t l ic irate o l ' bo rc  \vc:ir 
very col is i t lcrahly and  t o  yet i ~ r y  t 1 i 1  1 1 1 s  I t l ic  i i i ;~ t te~.  01' sluilgc. 
\vl i ic l i  i s  n gi-cat l lc lp.  

As has h c c r ~  s;licl. ;I great cIc;rl (11' \ \or i ,  i s  y1ji11g o n  ill t l ic  i l n i t cc l  S t a t c  a r ~ d  
ELII.OPC t o  linci the al l i \ \crY t o  tI1c c\. i l  cll'ccts 01'  lo \ \  tc inpc~-: l t~ l t -c operat ion.  ;lnd 
th is i s  p :~~- t i cu la r l y  i inl>ort:~nt ill t l ic i ln i tcc l  States h c c a ~ ~ h c  thc compet i t i ve  
I I t i i  I I ~ I  I ~ ~ I I I ' I ~ I I - ~ ~  i ~ l i s r y  c t l i c ~ i ~  10 h~lilcl b iggcr :III~ 

I l igycr  engines 111' l i i g l i e~ -  ;ind I i i g l l c ~ -  I io~-sc-l>o\vcr. \vl i ic l i  t l i cy  c;innot LIS~. T l l c  
conscqc~c~ icc  i i  that  90 pel- cc111 01'  [ : .S.  c;lrs 11i:1y he opct-at ing ;I{ tile l i ig l ie i t  
spccil tIi;lt the r ~ ~ d  cond i t ions \\.ill \,cl-niit. h i l t  t l ic cngincs al-c o n l y  id l ing,  s o  
c i s  I l tcrnpcr:rt~il-c opc~- ; l l io i i  a r c  \\.it11 t l i c ~ i i  111~1cli nlot-c tIi;ln t l lcy ;li-c 
i n  the C!nitcd l i i ~ i ~ c l o i i i  wit11 i ts  si i ial lcr h igh I - cvv i~ i f  e i i g i i i c ~ .  

t4owc\,c1-, e 1 1 s  ;IIK be i l l s  I - C ~ O I . ~ C ~  I ' r o ~ i i  ; l 1 1  t l i i s  \\ark. ;IIICI I o r g i ~ i i i c  
c i ~ i i o ~ i i c l s  c i t ~ i ~ i i i  I i o s i o i s  I I ~ I  I c p r o n ~ i s i n g  results. 
;11i ( l  goo(1 c - i ~ c c  11;is I?cc~ i  I.CJ~OI.ICCI 0 1 1  I I ~ - c ~ t i i ~ i i i g  ~ ) o I y ~ i i c ~ - ~ .  
a lhy l  : t m i ~ i o  a1kyI li1ctllnc1-yl:~tcs \ \ l i i c l i  co i i ih inc  \ ' i \co\ i ty  indcx i ~ i i ~ o i i  ;ri id 
s l i~clgc tii\l?cl.sanl p i - o j > ~ r t i c \ .  

I l i c  l>:~tcnt litcr-atclre Ilas rccci i t l )  ~ ~ i c ( i t i o i i c c I  :I ~ o - ~ ? o I y ~ i i c t .  ol' dodccy l  
~ i ~ c t l i : ~ c r y l : ~ t c  ;1tic1 c t l i ; ~ i ~ ( > l : ~ ~ i i i ~ i c  ~ i ic t l i ;~cry l :~ te .  ;I c~>-poly111cr oi' ;11pIia ~ ~ c t ~ i c l c c c ~ i c  
;tlid acry loni t i - i lc  ancl :I 11-i-polymct- 01 '  p:llrn hcl-ncl ~ L I ~ I ~ I - a t e  v i n y l  acetate slid 
acry lon i f r i le .  T1ict.c i s  n l i ic l i  act iv i ty  iii t l i i s  l i c ld  ! 

\'iscositg Index lmprovcrs 
A l l  o i ls  hccomc t h i c k c ~ -  w l ic i i  coolct l .  ;incl t I i i n ~ i c ~ -  \\,lien ho t .  BLI~ tile c l i l l icu l ty  

can he n l lcv ia tcd h y  the use ol 'v iscosi ty indcx inipl-oucrs. \vl i ic l i  arc a l l  po lymers  



Cycles through shear rig 
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f r o m  either- isobutcnc, methacry late ester-S, o r  styrcl lc. I ' l i cy  arc  n o t  rcaclily 
soluble i n  c o l d  oi l ,  allcl app;~rcn l ly  exist ihcr-cin in a k i n d  o f  co l l o id ;~ l  suspe l~s io l i  
w i t h  the l o n g  cha in  po lymer  CLII-led LIP, b u t  \vIic11 the o i l  is l ic:~tcd t l l c  l o n g  
cha in  17olymcl- straightens o u t  a n d  goes i n t o  complc te  solut iorl ,  ~ ~ h e r c b y  i t  
h;~s ;I substant ia l ly  greater th icken in3 cff'cct o n  the oil, and  t l i ~ l s  t l l c  viscosity 
index i s  improved.  

W i t h  tliesc polynicr- ic viscosity index iriipr-ovcrs, i t  i s  possihlc t o  n iakc  m u l t i -  
grat lc oils. G r e a t  advantages arc c la imed f o r  these, s ~ l c h  ;IS ease of s tar t ing  
when cold,  q ~ ~ i c k  c i r c u l i ~ t i o l i  o f  o i l  il.om co ld  stal-t, r c d ~ ~ c c c l  f ~ l c l  coristrrrtpt ior~. 
lo\vcr  octane ra t i ng  ~-ecl~l i t -crncnt  inct-case. a n d  no increase i n  o i l c o n s ~ r l n p t i o r ~ .  
-1.hosc are t l i c  claims. and t o  a consider-ahlc extent, \\,ell-founded. a l t l l o ~ r g h  i t  
rnlrst n o t  he t l l o ~ l g h t .  ofcc>ctrse. that  large-scale use o f  viscosity ir idcx improver-s 
\\.ill ~ o l v c  a l l  these problems. T h e  case o f  s tar t ing  f ron i  cold,  the  qu ick  c i rcu- 
l a t i on  f ro i l i  :I co ld  start. and  the I-cduccd f ~ r e l  consumpt ion,  a l l  depend u p o n  
lo\ \  \,iscosity a t  col t l  s tar t ing tcmpcratl l res. T h e  A S T M  I l a n d b o o k  I-ecornmcntls 
tI1;1t t l i c  \<iscosity a t  IOW teri i~~ct-B~LII-CS SIIOLIICI hc  i l scc r t :~ i~ ied  hy ~ x t r i ~ p o l : ~ t i o r l  
on the AS 'TM Viscosity Tcmpcra t~ r l -e  C h a r t  I'I-0111 viscositics d c t c r m i ~ i c t l  at. 
usually. 10:) degrees a n d  210 degrccs I:. T h e  A S T M  Viscosity Tc~i lper-at l r rc 
C h a r t  i s  a l l  vcl-y \\.ell for- N c w t o ~ i i a n  fluids, b11t 1)ils con ta in ing  viqcohity i i ldcx 
imp~-o\,cr-s cease t o  hc Ne \+ ton ian  f luids at ternpcrat~l l -cs o f  the or t lc r  o f  40. 50  
01- (10 dcyl-cc\ F. a n d  il' t l l c  \:isco\ity at 32 degrccs F. o r  re!-o i s  I-ccl~rircd. cstr-a- 
~ ~ o l a t i o r i  o n  ~ l i c  AS'TJ4 C l i a r l  is 11roh:rhly qu i te  n i is le;~t l ins.  T h c  11-LIC ~ i s c o i i t y  
of  the l at those l(>\\. t c n i p c r n t ~ ~ r e s  i l l  he h ig l ic r  than  t i le  cx t rapo la l io r l  
indic;~tcs. 

T h e  actiral i l c t c r i ~ ~ i n e d  \,isco\ity at lo\ \  tcrnpcr;itul-c iicl3cnds o n  t l ic  I-atc 01' 
slicar- i n  t l ie  ir~strnrmcnt irhctl for- t i le  viscosity cletcrminntion. hut o111y at t i le  
very l l ig l i  rates o f  slicar- w i l l  the 11-uc viscosity coincide w i t h  that  on  thc cx t r :~-  
po la tcd cur-\,c. Th is  i s  a very c o ~ i i p l c x  sul3jcct. nnt l  i t  has hccn discu\ \cd at 
I c r ~ g t l i  in the rc lcv ;~nt  l i terature.  \\it11 !vitlcly tlivcr-gent r.ic\.th I'rorli t l ic  c ~ j l c r l \  
o n  hot11 sides. 

I ' l i c  \'iscositics of oi ls  con ta in ing  viscosity int lcx i rnpr l )vcr- i  arc. a 5  l ia \  h:cri 
; ~ i t l ,  t-cdclccti h y  slic;i~.ing strcsscs. Viscosity ir idcx improvers  var-y ill t l ic i l -  h I ~ c ; ~ r  
stabi l i ty. ancl i t  i s  impel-tant to crisrrrc that t l i c  i inishccl o i l  w i l l  r i o t  s~~ll 'cr.  ;III 

r~naccept:ible loss o f  \,iscosily under t i le  shear ing stl-csses irnl>osccl i n  scr-vice. 
SIic;i~- stabi l i ty  dcpcntls o i l  rnolccular- \veiglit and  S~I-LIC~LI I .~  of  t l lc  p o l y ~ i i c ~ - .  a r ~ t l  
i ts conccnt~-a t ion.  111 gcncl-al. the l i ighcr the molccul;rl- \\,ciglit, the lober-  t l ic  
slicar stabi l i ty .  

I t  i i  not easy t o  rnc;~sur-c sllcar st;rhility ;~ccu ra tc l y .  O n c  rnctl io( i  w l i i c l i  i s  
I-c;rson;lhly r lsc f~r l  rnctrsnl-cs loss o f  \,.iscosity tluc t o  cyc l i ns  1lic oil r o ~ g  :I 

I3iescl fircl injcctol- norz lc .  M o r e  ~rcccntly. ~rItr;tsonic vibration i r ~  sonic osci l-  
latol-s Iias gi\ 'cn promis i t ig  results, w i t l i  r i i ~ l c l ~  reduced t i m e  taken f o r  testing. 



t:~(;. 4 indicates tlic ell'ect o f  shear Llpon viscosity. I t  i s  clc:11- that tlic viscosity 
I;ills o l f  fcrirly I-apidly \vith incl-easing numbcl-s o f  cycles through the shearing 
c q ~ ~ i p l i ~ e l i t .  

F[(;. 5 shows theoretical cul-ves to illustr;ltc somc o f  the difliculties o f  eval- 
uating shear stability fl-om the practical and econolnic points o f  view. CLII-vc 
' :I ' represents a n  o i l  containing a viscosity index improver o f  i;~irly low 1n.w.. 
' c ' rclxcscnts an  o i l  containing a high m.w. polymel-. 2nd ' h ' a type inter- 
mediate betweell ' a ' and ' c '. How long should tlic slieal- test be run  Y I t '  
stopped at the point ' x ', oi l  ' a ' i s  infinitely better thall oils ' b ' and ' c '. but  
i l 'co~i t in l led to point ' z ' all are approxilnatcly c q ~ ~ a l .  .l'lic answer i s  to  run tlic 
oils i n  ~representativc engines, preferably dl-ivcn by a  noto or to  avoid fuel di lut ion 
and o i l  oxidation effects. Aftcl- a period rcpl-exnting :I suitable roatl niileagc. 
the practical elfect of engine shearing stresses on viscosity can be cletermined. 

I.o\ver octanc rat ing requil-ement incl-ease niay require n l i t t le explanation. 
T l ic  cat- manulacturcr wishes to design his cnsine \\.it11 a compression I-atio 
as 11igl1 ;IS rhc octane rat ing o f  t l ic available petrol \\,ill allo\v. hut the tendency 
to\4.al-ds piliking, and  thcl-efore the octanc rati l ig r e q t ~ i r m i i c ~ ~ t .  increases (luring 
the first fc\v thousand miles o f  dr iv ing hecause o f  fol-mation o f  deposits i n  the 
conibustion cli;lmber. L o w  viscosity solvent refined neutl-nl oils tl~ickcneci wi th 
suitahlc po ly l~~c l -s .  \v l i ic l~ [raise hot11 \,iscosity and  viscosity indcx. havc less 
tcnticncy to forl i iation of clcposits on piston l~c :~ds  a n d  cylinder lieads than 
sin~ilar- oils thickened \\.ill1 bright stocks. Therefore. they have a n  :lclvantagc 
f rom the pnint o f  octanc rating req~~ i r cmen t  incl-ease. 13~11 it i s  not a n  ~ ~ n m i x c d  
blessing. because somc. a t  least. o f  these polymc~-ic thickeners give rise to 
iricr-easeti pislori r ir ig gr-oovc deposits. cspccially i r ~  conil>ression ig i i t io r i  
cl~gines. and  ~ n u c l i  1x1-gel- :irnounts 01' clctcrgclit ;~tlclitivcs l i v e  t o  he used to 
eo1it1-01 this cll'cct. 

No increase in  oi l  consulnption is ;I conlrovcl-sial claini. and il I s  been 
discusscti fl-on1 al l  sides by tlic CX~CI-1s. MLICII 111orc S ~ L I C I ~  oI' tl l is s ~ ~ h j x t  i s  
necclcd. but oi l  consumption i s  influenced hy  so many vat-i;~blcs tliat tlie liiost 
c '  ,IILI'LII ' 3  : i l i i~lysis o f  res~11ts fro111 engines i s  reclui~-cd before valid conclusiol~s can 
be dl-;~\vn. One th ing i s  eel-tain, and that is t l ~ c  higher the colicentration or 
viscosity indcx i11ip1-ovcl-, tlie Io~l 'er  tlic viscosity nf the h i~sc  oil. and  the lower 
the viscosity ol' the base oi l  the highcl- thc volatility. ancl that may bccomc an 
advcl-sc factor i n  o i l  consumption. \vIicn high tc11ipc1-~~LII-c operation i s  
considcrccl. 



I'our Point 1)epressants 
' f l rcsc have hccn k n o w n  and wide ly  used fo r  m a n y  ycal-s : m a n y  compounds  

l iavc hecn patented, bu t  tlre typcs niost c o m m o n l y  used are paraf t in w a x  
a romat i c  condcns:ttion p]-oducts. ol- polymerized mcthact-ylate esters. ' l ' l iey 
;ippear t o  have the pi-operty o f  coat ing the wax cl-ystals a n d  pi-eventing t l ic i l -  
coalcscellcc as i l i c y  begin to separate SI-om the coo lcd oi l ,  s o  inslead of a lna t r i x  
of' i n te r lock ing  ncccile-sliapcd cl-ystals, thet-e arc smal l  non-ad l i c rcn l  part icles . . 
of \\.a s~tspcndcd i n  the f lu id (111. I'hc rct luccd p o u r  po in t  obta ined b y  the LISC 

or p o u r  p o i n t  dcl>rcssants is no t  necess;~rily slnhlc in cer ta in  c o r l d i l i o ~ i s  of 
cycl ic  tcmpcratul -c change, a n d  ill sornc c;tses the ~ O L I ~  ~ o i t i t  m a y  rcvcl-t  near ly  
t o  that  o f  t l ic  untreated o i l  ill such col ir l i t ions. l3ut i n  ~sccent years p o u r  p o i n t  
dcpr-cssants have been vastly impr-oved i n  ~sespccl o f  t l lc i r  ability t o  prevent p o u r  
p o i n t  revcl-sion. and rc l incrs l invc contr ibutecl b y  m o r e  cf l ic icnt  dcwaxing.  

Lxtrcmc Pressure Additives 
Ext reme prcssurc adti i t ivcs 211-c ~ ~ s c d  t o  increase the load-car ry ing capacities 

o l 'o i l s .  T h e  expression E[' ( c ~ t r e ~ ~ i e  PSCSSLII-C) wlr icl i  has bec011~e very cornmol l ,  
i s  hest rescrvccl for thosc c l ic~n ica l ly -ac t ive  load-c;~r-I-ying atlciit ivcs wh ich  arc  
set-viccablc i n  I l ypo id  gear oi ls. A vat-icty o f  other load-car ry ing additives, 
of less act iv i ty ,  bu t  great v:~luc ill ccl-(;lin appl ications, arc  better dcscr ihcd as 
I ( ~ a d - c n r r y i n g  additives. t l i c  reason he ing t l iat whcr i  ~pcoplc in the indust ry  t h i n k  
o f  LI' a d d i ~ i v c s .  they t l i i nk  o f  the c I~c~ i i i c :~ l l y -ac t i ve  h y p o i d  type. In  the h y p o i d  
gcat-. ;L comh in ; r l i o~ i  o l ' l ~ i g l ~  r u n n i n g  s~,ccd :rrid h igh  ~ l n i t  l o a d i r ~ g  provides very 
d i f l i cu l t  I ~ ~ h r - i c ; ~ t i n g  condit ions. especially dur- ing t l ie  runn ing - in  13~1-iod. 'The 
lub r i ca t ion  r e c l ~ ~ i r e m c n t s  ;I]-c d i l k r e n t  i n  l o w  speed-high torq t lc  cor id i t iot is  
I ' rom thosc in h i g h  i p e e ~ 1 - I o ~ .  l i r r i l l l c  c o ~ l d i t i o ~ l s .  and i n  t l l c  past tlill'erent typcs 
01' addi t ives have hccn riccdcd t o  iat isl) citl ict. completely.  W i t h  d i l f i cu l ty  a 
C O I I I P ~ O I ~ I ~ S ~  S ~-c;~cI icd \vll icIi :1dec~11;11cIy ser\,ecI h11111 C:ISCS. :1ll110~1gli ill 
eel-tail1 passenger- ~LII-5, liigli speecl shock loaci ins cor id i t ions r c q ~ r i r c d  ;I dcgl-cc 
o l ' c l i e ~ n i c a l  : ict iui ty i n  t l lc aulc o i l  u.I i ich made i t  impossible. \\.it11 the sallie oi l ,  
r o  ~ t s f  t l i c  ~ - c c ~ r r i r c ~ n c ~ i t s  k-rr- Io\\. spccd-high torque co l id i t ions  in o the r  
vehicles. -l his goes b:lck 10 t l ic  ~ i l i i c  \r11c11 the l o w  speed-li igli tot-clue k i n d  of 
o i l  \\.;IS rcc l t l i rc~ l  t'c,r t1-11cks. ;II)L~ [ l ie  l l ig l~ s ~ ~ c c t l - I ~ ~ \ ~  ~ O ~ C I L I C  s l i ~ c k  Io:~( i i l ig  type 
1.01. I > : I S S C I I ~ ~ ~  c;trs. A c o ~ i ~ p r o ~ l ? i b c  \V;IS I-e:~cliccl ~ 1 i e 1 - c h y  \\:litit \v;ts c;~llcci t11c 
(rnivcrsal hyl111id gc:~r lubr ic ;~nt  cou ld  he i l \cd  i n  h o t l i  type o f  \~cl i icles. u n t i l  the 
Ipasscnyel car- c i ~ l l c l i t i o ~ ~ s  \\ere in tcnr i l i cd  t o  t l ic state \1,11e1-e. ill CC~I;I~II ~ i i ~ c l c l s .  
i t  \ \as  necessary t o  use a 1iigIie1- clcyrcc of cl icrnical ncti\,ity \+~ l i i c l i  prcvcntet l  
t l ie  o i l  p :~s \ i l i g  t l io  l o \ \  speed-li igli to~-cltrc test. Compoun t lb  o f  s u l p l i ~ ~ r - .  chlor ine.  
ancl p I l o s l ~ l i o ~ - u s  \\cl-c gel lcral ly uscil. arrd t l ic  ~nccl i ; rn ism appear-s t o  he t l ia t  
t l l c c o ~ n ~ ~ o ~ ~ n d s  ill oil so lu t ion  :II-~ i t a h l c  ;it no r l i i a l  bu lk  o i l  \ vo rk ins  t cmpcra tu~-c .  
hu t  \ I . l ~ c n  m i n u t e  ;~spcr i t ics 011 t l lc I I ~ I  r f ~ c c s  c r c l i ~ i g  t 1 1 ~ 1 g l 1  t l i c  
o i l  i i i  : l t c ~ i ~ p c r - ; i t \ ~ r c  rise occurs. ancl \ r e l d i i ~ g  of the  iris11 si>ot\ \\ill 
t;~!ic p l ;~ec il' 110 a d t l i ~ i v c  i s  171.ese11t. S~rii; lble s u l l ) I i ~ ~ r  cor i~poctr lds deco1iil7osc 
; i t  the n i i nu te  po i l i t s  of  contact  h c l ' o ~ ~  u c l t l i ~ ~ g  tempcl-;tturc i s  rcaclicd. l l i ~ r s  a 
sulphide l i l m  o f  lo \ \c l -  me l t i ng  l > o i l ~ t  than t l ic  r l ictal i s  Sol-mctl, anrl \ \clcl ing i\ 
~ve\ ,cn tc t l .  C ' l ~ l o r i n c  cot i ipoi tnds acr s imi lar ly  hy  t l io l b r m a t i o n  ol '  c l ~ l o r i d c  
I i l lns. Thcrc l 'o~-c .  t l ic  clTcctivcnc\\ 01' a n  ndt l i t i vc  u l ~ t l e r  any givcn co r~c l i t i on  
[ v o h : ~ h I y  clcllends 011 t l ie  tcml1cr;lru1-c at \ v I i i c l~  i t  i l l  react \v i t l i  t l i c  r i lctal ol' 
the gc;~r-. and t i le  natirr-c of the lilnl s o  p r - o d ~ ~ c c d .  I r o n  sull3liitic lilms p r i l v idc  
the hest rcsi5tance to \velciiny, arirl i t re stable at I l ig l i  icmperat~rt -cs.  over X 0 0  
11egrecs C.. 11r1t they l i ; ~vc  21 h i gh  C O - c l l i c i c ~ ~ t  o l ' f r i c t i on .  11-on cl1loritlc l i l n ~ s  have a 
lo\ rc l -  co-el l icicnt o f f r i c t i o l i .  hu t  bt-cak dowr i  at i i b o ~ r t  3 0 0  degrees C .  I'IIOS~I~~I~C 
i s  \ v l ~ i c l i  arc hcl ievctl  I o i  I l 111clting c ~ r l c c t i c  w i t h  i l ie  fr-cc metal.  
a rc  PI-ohahly fo rmed  b y  c ( ~ r n p o u ~ ~ d s  con ta in ing  t r ~ v a l c r i t  p h ( ~ s p l i o ~ - t ~ s  a t  modcr; i tc 
ternpcr- ;~t~~rcs.  and  prov ide P I - O ~ C C ~ I ~ I I  ;~y;lirlst r i ~e t :~ l  cicf(>r~i iat i(~)t i  i r ~ i d c r  coricli- 
t ions  o l ' l o w  spccd and h igh  tot-clue. 



Duration in hours 
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Two-Stroke I'ngines 
I ' \vo-stroke engines are now vet-y populat- : their nutnbcrs are incrcasing 

every day. -1.licy have :I great vat-iety ofdcsigns. and quite a big o i l  consumption; 
their l i t t le engines use about as m ~ ~ c l i  o i l  ;is a 10 1i.p. cal-. so t l l ~ i t  they o~ tg l i t  not 
in hc ncglccted. They 1i:rve v i ~ r i o ~ t s  t r o ~ ~ b l e s  ~ o r l  blocking ;ind e.xh:lllst systcm 
hlocki l ig : carbo~i;~ccous dcl~osits i n  the combustion clianihcr : fitilure o f  
cranksliaft ball-bearings by weas 01- corrosion : spark plug br idging : atid 
piston r ing sticking a n d  piston scirut-CS. due t o  metallic contact o r  tlic f i l l ing u p  
01' the clc;ll-ance \\,it11 lacquer. 

I t  i h  \'er-y dilt icult t o  get any sense o ~ ~ t  o f  two-stl-oke testing. These engines 
are very v a ~ ~ i i ~ h i e  in  ilicit- behaviour. In some engines, high viscosiiy index 
solvent-extracted oils give better r c s ~ ~ l t s  tlian n i e d i ~ ~ m  viscosity index naplit l icnic 
type oils. ;rnd in  oilict- engines. the 1-cvcl-sc i s  t l ic case. Using the same engine. 
the o i l  res~rlts can hc I-cvcrscd hy cl innsing the condit ions 01' test. I f  oils d o  
~ x o d u c e  port tleposits. i t  is tlesirnhle that they Snl-m deposits o f  the type wli icl l  
bt-cak a\vily befol-c bccotning so great as to reduce cnfine perfor~i iancc. 

I-I(;. 0 slio\\;s the reduction i n  cnginc speed t l l ~ e  t o  blocking of the cxhauhl 
~XN-t. ~ ~ l u c i n s  the eliicicncy o f  i l ic engine. The occasional incl-ease in spcccl 
arc tiuc to the bl-caha\\iay o f  ticposits i ~ i i p rov ing  pct-fol-mancc for a sliol-t ti lnc. 

Ftc;. 7 is the I-csult o f  photographing the cxliaust port  at intcr\,als t lur ing 
Ihc runni l ig  o f  a two-slrokc cnginc olr the ro;ld. T l ic  percentage o f  cxhnust 
p("-l at-eo h l o ~ l i c i l  increases to bcltt,ccn 40 ancl 50 pct- cent : illereaftcl. i t  Huc- 
tuates \citli in these l i ~ i i i i s  hy bui ld-up ancl bt-eaka\vay o f  carbonztceous deposit. 
Incidentally, tli is perSn~-rnailcc has been repcatcii entirely. and i t  gives an almost 
identical cut-\!c. I t  i s  a t l c l i g l i t r~~ l  piece o f  rcpcatahility froin a I-oad test and i s  
the so1.1 n l ' t l i i t i ~  \v l l ic I~ i s  rirrely cul>et-iciiced. 
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S t c a ~ n  l'urbine Additives 
\ /ar iot ls :cdditives ir i ipr-vvc the perfor-mitricc 01' slearn t ~ l r b i l i c  o i l s .  A cor)1- 

parat iuely 1-ecent development ill t l lc  f ield o f  loaci-carryir ig aclditives i s  the 
~ x o d u c t i o n  o f  \ team tu rb ine  o i ls  l ia \ j ing SLII>C~-~OI- I - c r t i i  c ~ t i e s  t o  
protccr  I i i gh l y  511-essed ~ n ; r ~ - i l ~ c  i ~ r r h i n c  I -ed~rc t ion gear-irig. Add i t i ves  for this 
purpose r i i ~ t s t  be selcctcd \vi t l i  great care. I'ot- the essential propert ies of steam 
turbine oi ls  ox ida t ion  stahi l i ry, g o o d  c lcmul\ i l icat ion va l~ te .  and ab i l i t y  t o  
Iwe\lcnr rus t i r ig  11, t l i c  p ~ w t ~ e c  ol' SC;I-\\ irlcr- i I t o  c i i i : t c  l l ie 
incl-ease i n  loatl-cart-ying capaci ty \ \ l i i c l l  can be acl i ievcd is sl io\vn i n  TAI(I.I 
V I I I .  

T t lcvclol?nienl ct~:thles l l i c  gc;~r t l e s i ~ n c r  t o  tlcsigri r i i c l l e r  ;rrid I i ~ l ~ l c ~ .  
~-ec;~i;tir)li gear ing o f  l i ig l ier  u l i i t  lo ;cc l i l l~ ancl I~ ig l ic r -  s l id ing speeds \vit l ioi t t  
I-isk oS scu f ing .  

Oxidation and Rust Inhibitors Ibr S tca~n  'furbioc Oils 
I t  i s  c ~ t i v c r i i c ~ i t  :lt ! I i i s  [)oi l i t  t o  t ~ i e ~ i t i o ~ i  ot l ict- : l~iIcl i t i \~cs L I S C ~  i r i  ste:llii 1~11-hi t ic  

oils. n io re  ~xtrt icular-1y o.xicl:~iiori ililiibitor-S ;end rc ts t  i t r l i i h i t o ~ s .  T l i c  amit ies 
allcl p l i c ~ i o l i c  C O I ~ I ~ ~ O L I I ~ ~ S  l i ~ i d  tl lcir- ;1p1311~;1tioti IICSC i ~ r ~ d  h y  c n ~ - c l ' ~ ~ I  sc lcc l ion 
o l ' s t z ~ l ~ l c  base o i l  a n d  s ~ l i t a b l c  o x i c l ~ i t i o t ~  i l i l i ib i to r .  steam t i l l -hinc oi ls  arc hc ing  
n ~ a c l c  i r i  I l ie con l i dcn t  helicl ' t l la t  the oil \\ill 11c\,cr- ~ i c c d  ro l>c discar-deti clur-irig 
t l i c  \ \ l i o l c  lib o f  [ l ie  tu rh i l i c .  

Watel-  is o f ren pl-cscnt ill t l ic  luh t - ic :~ t ion  >ysli.ni\ ol' stcanl trrt-hincs. (;oocl 
tur-hitlc o i l s .  c l c s i p c d  t o  sel,:rr;rre \\;ricr qtr ick ly clo not re :~d i ly  \+,c[ r~lcI; t l  scrl-l,lcc. 
11-011 SLII-~';ICL", ill t l ic  systc111 C;III ()C \vctIecI b y  \\atet-. c;c~lsilig r t ~ s l i l i y .  ;incl 1.1151 
i s  ;I good stahi l izcr  of \\atcl--in-oil c t ~ i u l s i o ~ i \ .  Cc r ta in  surl;ccc acti\;c agents. 
int roducecl  i r ~ t o  stc:tni tu rb ine oil,\ in \;cry srliall ~ i i s  II:I\,C :I q l ~ i t e  
I-cniark;lhlc c l k c t  i n  131-eventing I -~ ts t ing  01' the k r r o u s  1>:11-ls of the oil system, 
eve11 ill ~ l i c  I>I-~SCIICC 01' sea ~v;itcr-. T l i e  t i~cc l i ;c t~ is~ i i  b y  \vhicl l  thcsc inh ih i l o rs  
I i s  i ~ i t e ~ c s t i ~ i .  T l i c y  hccornc : l h o t - l ~ c d  011 l l ie  1nct;11 .SLI~~;ICCS, I'o~.rllitlg :I 
b:lrrics (0 tI1c \v;~tct- irlicl oxygct i  w l i i c l i  C:ILISC co~- ros ior i .  1 ' 1 i ~ t s  t l i cy  IC:IVC t l ic  
oi l .  i n  \vl i ich l l i cy  \vet-c int rodrrccd t o  the ~i>ncl i i r ic .  \v i th the result that  :I saniplc 
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o f  oil dl-awn fl-om the turhinc may give a had i.csult on a laboratory rusting 
test, yet the turbine is free fro111 rusting hccausc the inhibitor has ' platcd o u t '  
o n  tllc rilctal surfaces where i t  I-e~nains quietly doing its work. 

Oil A : l<~:tci-  
carrying nclditives 

--- -~ .~ .- 

Additives for Marine Diesel Enginc 1.ubricatio11 
In the snlallcr. high-speed. trunk piston engines, convcnlional heavy-duty 

oils containing anti-oxidant and dc tc rgc~~t  additives, are quitc successful in 
keeping e ~ ~ g i n c s  clc;r~i and  piston I-irigs frcc, and extending overhaul periods. 
1)ilt'crcnt conditions preuail in tlic large. slow-moving crosshead engines where 
tlie cylindel-s are lubl-icated by ;L mechanical Irthr-icatol-. 111 the crankcase oils 
for thesc engincs, anti-oxidants, in some cases of tlie tul-bine oil type, havegiven 
 ZOO^ ~ C S L I I ~ S .  WIICSC COI-rosivc c o ~ i i b ~ ~ s t i o ~ ~  prod~rc(s II;IVC acccss to tlie crank- 
cnsc oil. pitting (of cranksliali jourtials is sometimes a problem which can be 
alleviated by tlie use of oil soluhlc compounds of hasic properties to neutralize 
the acidic protlucts of combustion. 

In tlic lal-gc cy1il1del.s. especially when high viscosity. liigll sulphur content, 
h(>ilcr- f ~ ~ c l  is uscti, combustion cliarnhe~- fouling and high rates of liner \ve;lr 
XI-e expericnccd. The conventional detergelit additives, even if basic in reaction, 
21-c not very successful, appal-e~itly hcc;rusc the lubric~int is adtiiitted to tlie 
cylindc~-s in sucli s~iiall c1u;rntitics that tile amount of additive prescnt is 
inullicicnt to cope \\.irli thc dclctcrious combustion p]-oducts. The  problem is 
being tackled in several dilfc~-elit ways : 

( I )  Ry making llic cylindci- oil liiglily ;rlkaline by incorpol-ating a relatively 
large proportion of stl-ongly basic. oil-soluhle organic compounds; 

( 2 )  liy c:rrryi~ig Iiigli hasicity i r110 the oil 11y c~ii~~lsiTying tlierewitli an  aqueous 
xolution of oil insoluhlc. vater  soluble salt: 

(3 )  I%y inc~-oclt~ciri~ ccrlloidal susy>cnsioris of irior-ganic compounds, e.g. 
chalk, into the oil. 

Tlicsc ~iictliods have slio\rri pro~nisc i n  ficltl service tr-ials. I-csulting in  reduced 
line]- \\c:r~- ancl clcanet. engines. 

(;as 'l'tlrbinc 1 .uhricants 
I'hc rci l~~ircnie~its  01' :rircral't gas l urbincs iri tlic \vay ol' lubl-icants PI-esellt 

2117 i ~ ~ i ~ ~ i c i i s ~ .  field h]- additives. becnrlsc they ;Ire constantly asking fol- what 
appeal-s to be ilnllossiiilc hy way 01' Ion t e ~ i i ~ e r : ~ t ~ ~ r e  tluidity. cxtre~nely high 
Icrnl~cr-:~li~r.e sl;rhiIily. :rnd higli Ioacl-c:rr-I-yitig capacity. So there is plenty of 
scope l atltiitivcs. Tlicrc arc ~rnti-oxitlants. loacl-c:r~-rying additivcs, and 
1>(7ssibly dctcr-gerits 10 clcar) L I I '  tlcposils fl-oni oils inadequately arranged frorii 
the 1x)illt of vie\\ of oxidation ~rchisrancc. Tlic hasis of these lubricants are not 
convcntiolial l~ydrocat-bo!is. I?ut ~ ~ s r ~ ; ~ l l y  di-esters o r  scbacic acid or  azalcic 

/ ~ I I / / - . s c ~ I / ~ ~  rt~aritre 
jieor.irr,y of ndvnnced 
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TABLE IX 

Estcr I PE I2 . . 1 85 1 l30 I 0 3 2  2.5 1 

GAS T l J R B l N E  LUBRICANTS 

Ester 1 S4 . . . . l  55 1 1 3 0  1 0 - 4  2-5 
I 

acid, and pelasgonatcs. ~ A B L I .  IX shows Fo~~r - -b :~ l l  rliaclii~ic rcs~rlts Tram esters 
treated with diffel-cnt adciitives. I t  particula~.ly hi-irlgs oirt the sy~icrgistic clfcci 
on load-car-lying capacity of having botli the pliosphate cstcs ( P E  12) ancl the 
s~i lp l i i l r  conipound (S4) togethcr in the synthetic fluid. 

~~- -- -~ - -- 

<70i~~[>o.s;tlo~r 

- ~~ -.- -~ ~ 

Fslcr I PE 20 . . 

-- 

Wr./d 
I ,  

k A? 
-~ ~- - ~ 

l l0  

---- - 
Load at 
;~?cjp;r~!f 
.se;zr~r-e 

kfi  
-~ 

85 

-- ~- -~ ~p -- 

W<zar .~cur d i n , ~ ~ .  (111111) 

r/t loot1 ( k ~ )  
. - -  - - - 

SO 100 I SO 
- . ~~~ ~- -- --- ~ 

0.32 3.2 
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