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ment staHes and may. or may not ultimately have commercial
Impact on marine engineering.

marine boiler linings
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Fig. 2—China day brick after panel spoiling test
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heat transfer, while also withstanding relatively high temper- Another ceramic materral which gan be classed i nucl ar
SI' fuel is thoriym xr e orrum ahsor ne utr P ey

he thou%ht% of dg r]ers a arH Lbn towards cera(mrcs rocess 0 ra ﬁctry]e ecay rms rg rs 145

and mtich rese [ and o me een do etorp uce rra s on esh rge oxr

maerras surtable for speh ron In_nuclear. reactors, rtfrc er {0 ey as ee1n oun

such success that't ese erras are already in use in a |me |n eas ensr on rrnﬁ;
some Installations. rom er cen to er cent of the theorefica
ensr vr{) e sl ar densities are now_ being 8hreve
the alut ors Es)mgan t out additions,

Nuclea] ub ommerf
e obvious material fo[) use as.a nuclear fuel is patu {al the resultin maerral ana
ranium, %ut this ﬁs a numbper of drsadvanta]%es i | any pther ¢

re
eca Se 0 ph as anr%;gs ﬂlSOtrQ [) (?IS arts  as ntrclea Ql an %bi eports. on t
on ermal cyc n in_additio Ij)g/ axr um wor lﬂa es are an F ”E%SI IB %F\
snou

peare
Lutonru o%<
euseo the
shor

ase nUCIE)EItT e%(h%er

Smgrra?s have eﬁn sugggested forér

eratu rslrmr dto a roxrmath/ swellin {e—uranrum oxr rxure i
rrrrar tion. ro ctea ree om thes a f ua trtres utonru v¥rc
ects have been artra ul, ele appears fo be erar n o
a_trend towards c ramic fue and W temper- sta rons ndou e !
ature s stems. tores ] rovrde materia

e ethur'e” R gnares
atrr]elumosrtasstaft?lgrr(r) %Tes UO UO U 08 UOSof which an It ap ears that muc thrs worlzmhas a ceramic flavour.

is t as, a melting po (t
%)0 . compare ¥vr algbd 98 ’for he aIJ rg Thereaal Barrier Ds
oxide s ows a range .0 nonsa ¥ urre eactor echnrqu vo ve encasrn thef eI eIen]ent
and on ern heated in air af t% orms d8 in a can, w Ich se ar ue element rom eco ant
with an rncre se In volume (13). ese effects have a profound to prevent corrosio ormer and contamination 0

Table [|.—Properties of various nuclear fuels (7, 13 18

C

Property Uranium A,
Cogficient of.thermal expansion i 20-3 100 114
L) -2
Themlaconducivite. 071 0017 0060
Uth@altseq telrrrﬂle strength ap%%aaate _ _
Bend strength (Ibs./sq. in.) - 16,000 50,000

fCrystalline axes.

hnflugnoe op the fabrl)catron of uranr dioxide an mucg wark  latter. Addrtronaw the can acts as ahstFucturaI unit.  Once

gbs een done .to, obtain a materia vrn th ensit agarnhere IS a ious trend towards higher fan te geraturF

;&r cent of theoretical) de rrab cear r actor USE. tise of cer mrcs as cannrng m terra]s would invo
dh m st be carrie rnanon xid rzrn atmos- d derabe technolog ca advan es srnce the can lh g

Pnere an ensities, can tarne Wit nonsorc ei0- ﬁ errodervrousr ggerro ﬁ eratrog urrn vgrch

etric oxrde r}wrth the stol c% metrrc or exa e, a thermal S|oossrb hrlrc shocks ? ceur. f]nce

artr oxr co posItion 8 densrt%o rohrr most ceram!ﬁ are 0 dealve thermal conductivity heat

g g en srnte to 40 bt ! transfer problems would also arise.
WB Cgi?je SIS U&Jaﬁ iCnC (\%Leﬁ]lc ete%ﬂwg]%rgy ?“%)ﬂ SILZﬁ acg Table |[|.—Properties of oxide ceramics (19)
area
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t%”e“bt%tfa't”ﬁ o ”é?éttte'y °%”dwa}h”yz.tc”odnrt‘eH”"” Shsorpton.
roximate |[ner C atnia which mar r¥ Increases
éneutron apsorption. h|Ie se aratronE )g Ola IS oss

n sta Ircania asYg ﬁns matrrrai

e It is a.costly procedure and this, cou
ttg rra ArgtP FtP/ t
Jt ackground as a thermal barrjer ceramrc afc t]
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com aﬁtlve Inor comp Pnent 0 ‘eactor an esta |se
(ense aumrna or less commonly magnesia, ceramics

have

Wou|d ap ear to tie scope for |nvest| ation of the
Ionﬁ] errn] stabl |tg other low c n uctrvrt amics, suo
0se avrn r

a us structu es rt gsrntr nsical
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8 %cmZ/ ameasure n utron absorption cross- se tion
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Control Rods
fu[]t er exam Ie of r?search in the ceramic, field de
tﬁ meet e require F ne nuclear re tor tS rovr
b Hro contro reactor. carrre
ustrn osr ion 0 0T neutron a so aterr
r ac or the maerr |n common use oron
h orm o oron steel.  Some other emen
|gh neutron absorption” cross-section are shown in
Table [V —Thermal neutron absorption

CROSS-SECTIONS

Element Cm.2gms.
Eadmium %gg
uropium -
%nr rium -
aoD rlinium 169-

It Is not possrble to |ncorPoraé a v%gmrght&ercent e of

boron in steel so that contr P S f‘ ¥

n necessifate e nswe ectrrcg contro ear 0

elr.operation drtro ag/natur ron Hreaks ﬂ under
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or these reasons there 1S |nt% ast n the tdse of the t ree
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the e ma erras WI ter control rods to be

ﬁ hhat these wr the sta eun r|rrad| tion.
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hrgh meltrnﬁ &ornts and Initial reséarch showed that the
r com arﬁ vely easily fabricated |nto Iow porosr%cera ICS.

SUC\p{ sle s(r)mﬁlle”r%ater liérwoelﬂ(és %%Utlrg '[COOT)G tJabrrcat (?
Int |m OSSI 0 avol

ection ft stem h vrn {00
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tron ceram cs so that the absorbing nuc e| are |str uted ove
H ér IS has ecessr te u(n damenta
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Incontrolling nuclear reactors. For exam

e
Ie boron nrthe

Fig. 6— Tentative dia%ram for the system
Gd, 03A 120,

has, %{ﬂen described (9) and boron carbide is commercially
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UC(?
unaert a

ear p mysrcrssto st surta
B terra% a\ t ese m Lerra rove
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conc orne REMARKS
as not h]en possr e In the 38 e of this s rv%y to delal
detar wrt fhe man ceramic de eor[)me fs w ¥
0 shnr icance f rrne ngineer. tat sufficl-
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o ceramic techno OHX in th% Jast decade an the . xtth
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onventional
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f automatic igpition wou d’ib rrlr tnsuratojw cou[q
Efrrrlrrecrorgoraheat Isn e tIthton Carre be a pOI 8” rl‘,?
marnqburners %? r,'ir]arme borrer matea tmej t the
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It WHTS ar vantaﬁelo s to a OI ts as cose as ) e
ort “dim a

and nsé accurac a pre- reo]urg t xam
matron 0 }% infe ed nsron Ifferences of
er cent arrs of stac e rrc s with measurement
ma to mrnrmrze gerspectrvee e%
eferrin would be of valye for reference

e f
if cost relatnge to Scottrsh hrebrrcL were stateéI for the hrgPrer

umina grades. It was also obseryed that sillimanite based
per cént umrna exhibited a reheat r manent expansion
greas the per cent aumr a. Show eat ermanent

i i, ol o b ey
H dS ﬁowever quesfio ﬁet er IH%

heStk\éverrﬁng\?eg hﬁdee\,\elr?u aid U H ea r const ction

il
\f/]\lTh was enera y the no Infiuence

ﬁer or stre [) g wou @;ahave on t |s test E\sessmen
0SS, In wer % enar te ents over
ought e unsa act etter srs

S

w Vrf% enum ro ccestosecr? ercntaewer

SSES. ervrce eper or ance of ch | a cla rrc erson
F served |n |cat Irst ca %pe |or go Bsis anc%
ater spallin reater e cot |reca rick.
In the, overa an ys (h arr dt elapsed 1o a mrtm
ﬁd uction thickness .Indi t] that any a vantage

the ¢ macav) nc Was marr%nna on

It was onserved that no ‘mention has been made of coatings

93



General Developments in Ceramics for Marine Engineering
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