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ABSTRACT

The report summarises the current status of the development

and the use of lubricant’ for varieiy of purposes in nuclear technology.



TUBRICANTS IN NUCIEAR TECHNOLOGY: A BRIEF FEVIEW

by

S5.B. Srivestave and V.G. Thomas

The radiation resistant lubricente aml hydraulie fluide which
are important in nuclear reac‘corsﬁ '2’3’4’5’52aerospace teehnology(7’s’92
and medern military applicetions have been the subject of numerocus reviews
ip the past. They are elso essential in fuel processing plants and waste
prooeasing plants where handling squipments are exposed to intense radia-

tion for mrolonged pericds. The present report summarises the current

status of the field.

In nuclear resctors score of the vital parts which operate in
raedigtion field are conirol drive mechenisms, coolant pumps, valves,
fuelling machimes esnd other guxiliary equipment for handling epent fuel
glements. A comparative estimate of the doses rsceived by these parts in
reactors of different corcepts ere given in Table Iﬁ O). Tt 1s obvious thet
& suitable lub?iéant should be capeble of withstarding & dome in excess of
10° rede. Under these conditions conventional lubricents show enhenced
viscosity index (Table II )(w)and consequently impeiresd performasrce. The
lubricant requiremeht for control rod mechanism of & typical reactor

{gtrictly valid for 002 cooled graphite moderated) is given in Table IIiﬂo}

4, DSVELOFMENT OF RADIATION RESISTANT IUBRICANTS

Egsentially e lubricent consis®s of a bese .oil (neturel or

===

syn‘thetie), a thickener, an antioxidant; an antiwear agent and sometimes
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a fire resistant agent. The base oil cometitutes 75 to 1008 of most
organic lubricants and as such the radlation resistance is predominantly
determined by its chemical nature. In gensral, the aramatic oo;xtent is
known 1o render 1% more resistent. One of the most ypromlsing synthetic
fluids are polyphenyl ethers. Bis {p-phenoxyphenyl) ard bis (p-tert-butyl
phenoxy) vhenyl ethers show reasonsbly good viscosity/temperature
characteristics at elevated temparatures of 430°0 to 480%C (even et 540°C

for a few hours) and rebain their integrity at doses in excess of 109 rads.

Recently Ho.’Lliynghursiﬁ(1 1)has developed an equally resistent £fluid
with partially hydrogenated terphenyl blends for irradiation doses of 109
rada. T proposed coaponents are 8 hydrocarbon mineral oil, 1 - 20 wt%
unhydrogenated polyphenyls and 1 -~ 30 wh% polystyrene,_ polyalkyl shtyrene,
an allktyl or aryl selenide or aryldisulphide. The degree of hydrogemation
of terphenyl is such that the total polyphenyl componente present is at

least 304 of the theoretical amount for complete hydrogenstiom.

Yet another fluid capsble of withstanding a dosme of 109 rads
seems to have been developed by Yas Gupta and Slobodian {1 ) It is produced
hy copolymerising cammercially available 1oﬁg' chain hydracarbon lubricants

) : S o, 7
having 12 - 26 carbon atoms with 10-50 wit% efyrene by exposing to 10" rads.

it
Mc Cabe 3) has suggested the use of certaln types of hindered esters

of carboxylic acid havmg the genera} formu..a'
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irn which R,' and R3 are alkyl groups conteining not more then 3 carhon
etoms in each,.ftg is an acyclic alkyl group conteining froam 2 -~ B carbon
atons and pey contaln a single branch of not more than 2 carbon atoms,

R5 ,Rs ,R7 and RB are allkyl groups containg 2 = 4 carbon atome esch and n i

an integer varying from 2 - 6.

Sane of the additiveém)tried to improve the radiastion resisience
of bage oll are ioﬂcnaphthalene(a), (pnenyl2ibutyl dithiophosphate,
mercaptobenzethiazole, dihexacosyl polysulphide, and hexadecanethiol)(b)9
scinkillation phosphors (e} (aromatic hydrocarbons, furans, pyrréles,
oxazoles; 1:3y4 oxadimzoles, pyridines, indoles amd benzoxazoles) and
asphaltenes @) .

Other notable studies reported in literature are by Schulze
et al.(ﬁ), Bethlendy et al.(16), Heinz(ﬂ), Irving et al-“a) and
(19)

Zaslaevasky ot al.

2. RADIATION RESISTANT GRBASES

The most important ingredients im grease are the base oil
gnd the gelling ‘agentr . Usa of aromatic compounds with their superior
restetencs tb raiiolysis can be used in both portions of the £reass €.Zg.
alkyl bivhenyl oi'l;l gelled with sodium n-ceta decyl tetraphthslamate
available cmmeréiany as NRRG 159 (Stendexd 0il Co.). Inorganic gelling
agents such as grxé,phite or silica in alkyl bensene (HRRG - 300) or
silica thickensed minersl oil (APD 700,701 Shell Gil Co.) appear %o be
suitable. Other gdditives suggesied were bentonite,; silica, urea

derivatives; soan, clay or carbon black.



{
prrays 07 frradisted silicone grease, APL-700 and WRRG - 235
o odore oof X 1(# rads and ohserved that only the last two are sisble
mler these conditions. Silicove grease starbs losing 1ts integrity

¢
beyonsd a dose of 3§ x 10 rads.

mith respvect to rediation stability lubricants; in gensral, can

be clascified as follows:-

a) <: 106rads - no unususl vroblem fram radiation

.

7
L) ioﬁa 10'rads ~ methyl cilicones,; aliphatic diesters
and phosphate asters become affscted and

polymers in solution degrade

c) 10/ - iBrads - rediation effects on physical properties
of diesters and certain minerel oils mérgi:éal;
Oxidation stability and thermal stabiliity are
adversely affected for aill flulds.

d) 10°- 10°reds - Oxidation and thermal stability of most
lubricants are seriously impaired. WMzjor changes
occcur in most physical propsrities. Ali‘phé*f:i&
ethers, aromgtic esters and certain mineral
oils way bs used.

e) 09-10"%rads - polyrhenyls, polyphenyl ethers or alkyl

aromatice are reg mmnendeda
0
£) 0D 101 rads -~ lamimar soliﬂs sh’oul’d'be used .

Bince irradiations under dynsmic and static eonditions cculd

21
give differewnt results, Jacohson et a'l..( )

designed a capsule for inpileQ
dynamic evalustion test in NASA P}.L.m Brook resctor Tacility to meafsura
friction coefficient during radiation exvosure at a neutron flux

2% 1012n/cm2/sec.




3. DRY LUBRTICANTS

In certain ceses, varioue subatitutes Tor conventional lubri-
cants are emplaoyed. E’cr:‘ exenple ;n yater nnd heavy water moderated
réaptors, waber lubricated E'hainlrés‘bir‘?el bearings are often used. Resin
bonded aobestos containing grersite hee also been employed whereas nylon
ar poly Hetra fluore ethylers bushes are other alternatives inm lower
rediation arems.

Molybdeﬁiséd lubricating greases nhave been used as a dry powder
vr & paste for a vardety of purnoses. Solid lubricants like grephite,
,’Maﬂ,g, mixed with S, ™0, SuS,, CdS, Sk,S. ar  ZnS are used for specific

&5
purpusas. Z’{,:lm: and, L’H;erﬁ(??) etudied the effect of reutron irredietion on
grapatve -f-uﬁ.s..,u Bplys TiP; (ENCL,), or Ag e(1 at 800°C amd Chlained best
wear ‘mapertiam gwea:r poefficlent remsined beiow 0.10 from 40°0-800°C) for
gﬁ’asahi‘!aﬁ #Gr«:,l upta inkagrated neutron flux of 10 n/cm . Haley ani
ﬂann*‘eicas} did 11“"{. _obgerve any significant wear life of mixture of

-« 9 =1
ﬁuﬁ 4 E@S and MOS2 + graphite filme uplc V dose of 1.47 x Q" rade

2 ‘2
. \ 16 2
and integrate! bsuiron flux of 2.85 x 10 6n/cm .

4 'HXPERIEND OF LUBRICANTS USED IN. REACTCRS

‘ The compatibility of lubricants with the meterial of comstruction

LA of Mea'ﬁ b Dori.d ge in the choles of lubricants used e.g., lubricau'ts

ﬂﬁnﬁaz&mw ehlro of chlor@-flumro conpounds can not be ussd on 300 series

'stainlesav stee. d jLn high temperature water systems as it leads o serious

(24) (z0)

btrﬁBh curro ion . Also in 002 cooled graphite moderated reactor

"‘anba::?.z‘xing.evjen traces of Fg,Ba,Fa,Tl,;Sm, Zn,4g, i etc. sare



not canpatible with magnox fuel alement cang. Foy 'Mv auri’acé the best
luhricant io benzyl iodide, For ca, cooled graphgta moderated reac:'h‘or,'
conventional turbine oil comprising g high viacusﬂﬁ :inﬂax baae oll conw-
taining conventional oxidetion inhibitors (emims %ypse), rusb $-2 bitor
and g defoamant wag shown to be stavle to 10 - 100 ¥ rads (Table IV)“O)
Cortain additives were shown to extend the range of applicability to

500 - 1000 M rads. Conventional greases of the hydrocarbon type thickened
with Ca, A41,VNi scaps showed softening in the region of 16 - 100 M rade.
Some of the ouggsstsd greasas(zs) were AFL 700 of WIS 1,2 condistemcy
{(camabie of :anding upto integrated neutron flux of $.8 x 1013nfcm2),

or Cosmus B-30 (ESSG Petroi Co.) and Greasrex - R4 {stable upto

4 % 10° rade = 12 x 10° rads ).

For Drsgon reac tbr(,QG), Shell product APL 701 grense was
recammended .’ No gegreasing was expected during the suntire life time of
reactor prAcvided grease losses by mechanicél cpusee cou"d}be é.ﬁ'e‘&ed«

ommer( 27) indicated that naphi‘»henic and promebic and baenzenie
oils behaved better than silicone oil and mineral oil though siliuom ﬁil
was preferred to mineral oil. In ﬁhz‘ A&égradationg r‘e.dia'tion type Yias

found to be less importent %;han radiation intensity

Saaayulu gb.al (23,29) desa:-ibqa& 1ubrinatmg oilta ussa iﬂgﬁha

components &f the sbomic power e‘ﬁaﬁions and, cbaawed tha*‘ w:rbine

with sdditives; geaz- ‘611, hlgh viscosity’ index: oil and greases Wors stab

upto 107 rads and needed replacemsnt every year.:

A recent repozc-t(3 7 de.scribeé ang incident of infileration of:

56 gallons of mein helium blower lubricating oil into the prdi:
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of the EBOR (Experimental beryllimm oxide remctor) during valve testing

operations, Subsequent clean up operation, and a discussion of possible
CP:UBEE a8 well a8 an assessment of the damage %o the plant. The clean up
procedure consisted of pumping cut the oll followed by flushing with
chloride free sclution of Turco 4324~CR detergent (Turce ?roﬁuc%a Oc,) at
M 9.9, cleaning up with agusous solution coniaining emmonia avd hydrazine
gnd finslly treating with Standard cdorless thinner amd butyl eleohol

(as deem.s*eifier) o0 as not to leave any solid residues behind .

5. EXPERIENCE OF LUBRICANTS USED IN PLUTONIUM PROCESSING

Lubricants used in glovs boxes used Por plutonium tabricetion
are susceptible to radiolydic deconnosition and the products thus formed
coﬁi'd be cm'rasive gnd affect the integrity, of tihe produci. Kazanjisn end
Brwm() 1) summarised the experience on laths ¢oclant (Lemco Regal 0il 4),
Dow Corning 550 silieons o0il, Rykon grease and Nyss Watch. 0il used in
Rocky Flats. Generélly lathe coclant comes in contect with Pu during
’oizttvin‘g and machining operations and the production of even 1.2 x 10_2mg
ofri2 ?p'er émz of ‘%ﬁé“éuz‘faéé of Pu fthraugﬁ £2- radiolysls oF coolaent )
could 1ead ‘i;o appreeiable pitting through the .mmation of plutcmium
nydriue Af'ter the machining operation, oo , 18 used to remove residual
- cut’singail gna- aajquch,;’a mx‘%;uz'e of (5(}111 aiﬂ eoolant oil is likely j:o be
eipéﬁﬁﬁ%éf 6t ;:f‘a“sré ofi?u'hurnings in the isﬁhe"glave box causing the
produc’alono‘.f‘hyr*rogen ot oride aﬁé lbrfgaiﬂic aciés which are known t0 be

potentia‘l édumg‘aiﬁ of corrosions




Dow corning 550 silizone oil was found compatible but needed
frequent changes.

Rykon grease (American 01l Co.) used in large quantities on the
chain conveyer system that moves plutonium through glove boxes was found
to be reasonably stable am iis incompatibility with Pu has no{; been
established nor anything definits could be said about Nyes Tateh Ol used

on Pu during inspection.

6. EXPERIENCE OF LUBRICANTS IN HOT' CELLS, ELECTRON ACCELERATURS AND
CTHER IRRADIATION PACILITIES

The seizure of a bearing can put an active cell oubt of
commission for several days since its repair meane mrior ﬂismantlfi.’ng and
dec ontamination(?’z). Radiation resistant lubricants are more desirable.
MoS,, peste could be profitably used. Alternately thg machinerieé are
piped individually to a emmmon pump and the capillai'y véivés in the lines

ensure constant supply at all points.

Nagamitsu and Hisashi (53)

report the fcrmétion of contemination
film through the radiation induced polymerisation of organic gases
emanating from diffusion pump fluids. The contribubion of Aplezon M ant

Apiezon L to the formation of fili was relatively ema.‘,.la

Thus in view of growing epplication of nuclear technology in

India, the demand for sulteble l,ubricaﬁts arld hydranlic fluide is bound

to increase. As such there is a strong need for the development of

indigenous radiation resistant fluids and lubricants to meet tile_l o
requirement adequately.
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Jaole I
BSTIMATED IEVELS IN DITTZRENT NUCIEAR REACTCR SYSTE'S (rai/-s-.,
- (B T ——— [] - - "—“T"' ...... = ___'“-"'——b-':—__- T
H CO,-ccoled grashite mocerated rea-) Crgenic | Li.aif zetal! SIEII CLEEd N 4
' ! ' ctor ¢ moderates ! ccoied ! L TEL '
Cemponent ! ; ! aLes ! o e, ' e .
) s . . reactor ! reactIr , b T-D R
- ) — ! Lubricant ! dose 1 H 3 -
i 1 Y ] ' T Ty -

. . o H . ! = 3 ! 3 S 5 5 .8 ' Kd
Control rod agecasnisms | grease , 0il ' 163- 5 x 10 v 107 mex 115 - 1¢? ! 127 -4l X 127 ex
- ] 3 1 2 . 2 ! ’ ' . . i ‘

Fuel handling devices | grease, oil | 10-3 x 10 ' - ! - P2zl uzx ‘ -

' ' v ' 3 ' ¢ 1 v

Primary coolant pumps ] 0il, grease for! 10 ! ! " ! - 7 M . :
' beari ' -11: ) negligible ! 10 U ForR e T »
! earings ! {gas circulatorg) negligible ! ! [ PSR Foui

. 3 R S . ; A - e
Auxiliary pumps ! oil , grease C: 17 - 10 7 negligible) - RO AR5 4 R ’ 107 -2

E : It ancillery ! ' : :

i 0; and charge chute ; ! !
! Q: machines ; ; : .
. ' '
: b ! ] L5 4 P
Auxiliary motors ete. | oil ; grease b; : - ; - vo107-3x10 [
. f 1} ¥ 1 t ’
1 ] ) 1 t 7
Turbine H cil ! - H negligible =negligible | negligiile !  negligible
~ 3 ! 1 0 25 : 7 %o 1T . to 8C #

. ! t T 8 1 1 . t .
‘-‘per-fl:vfueAl element }. grease 12 x 10 mex : presuzgably presumably ! presumeily ! presuned
conveyer systems ! ' (chains and ! H 103 ! 553 ! 1B
' o - : 4 1 ' ;

H 1 vearings) H ' ‘ '
i [} t i Lo L —

P

+ The radlatlcn level may vary considersbly from the estimate shovm depending cn varisnis of esch
basie design.

I

The dose is lmly to be considersbly higher because of higher radiation field :rroducea by the
radicactive steam and impurities.
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Table 11X

0 —— Y Ve s

SUMMARY OF UKAEA's SCHEDUIE 1 GREASE HEQUIREMENTS FOR CONTROL ROD
MECHANISMS, SHOWING TYPICAL RBSUL'S FOR AN APFROVED PRODUCT

el 2

5. Compatibliliby:
Semple of cleansd fuel element
camming material coated with greass
exposed to static Clat atmospheric
pregsure and 500°% for 500 hrs.
Pirgt hour of test with flow of
002- af 2 litres/min.

Yo signs of

resction

Ve reaction

UKARA Typlocal resulis
Test requirement on approved
H product
- - — - ———— - 9 - - —— e s
1. Drop point (IP 152/57);-
(a; Before irradiation 5 200°C min S 230°0
Aftey irrediation to 5 x 10 rad 20070 min > 23000
! .
2. Worked penetration { IP50/56): ' §
(ag Pefore irradiation ! 220 - 320 |} 265
After irrediation to 5 x 105 rad ' 220 - 320 269
t [ 3
' f
3. Loss by evaporation (ASTM D972/51T : ;
modified ): v
CO, at 150°C is used in place of air i 4% weight ) 3.4
for 400 hours i maw . ! ‘
1 ‘ !
t
4. Bearirg rig test: L s
20 mm bore shielded ball bearing, ! i
100 rev/min, €0, at 1509C amd H {
200 1b/1n and f{mv of 10 litres/h, E {
720 hrs' duration. Grease irradisted |
to 5 x 10% red prior to test :
(a; Bearing rotation at erd of test ! Free ! Pree
. 1 l i
(b ::lgnfi ai‘eﬁ.u ds or solids at . 3 None | None
'
t
t
t
¢
1
i
?
]
]
\
L]
1.
]
.'.




" EFFECT OF mwg;m ‘OF CCYVENTIOFAL HIGH QUALITY IVHIBITEX HYDROCARBON TURBINE/SYDRAULIC OIL

150 kg loed, mm

-
s L]
e v
o i Redisticn dose, Yrad
S Peat v
» i : o H i
o : HER R 10 : o 500 ¢ 1000
g - 7 + l " o
pecific gravity ' 0.889 ! 0.888 | 0.889 ! 0.893 ' 0.898
Vigeosity at 100°F os. v 83.9. 1 91.2 ' 101 ' 161 ‘ 297
¥iscosity index £ 97 voo97 P97 1 108 ! 120
YoYor ASTM D 155-45T |2- P 2- P4 i T ; 8+
Total zeid mumber (IP 1/58 Method A) {020 1 0.5 ] 0.0 ! 2.15 : 0.10
! Demulsification mmber (IP. 13/55), see ' 300 ! 900 g 1200+ ! 120G+ ‘ 1200+
i} Copper- corrosion test at 100°C (1P 154/598) ! i : 1b \ 1t ! ib ' ib
" Turbine oil oxidation test (IP'114/56), 90 hrs! ' i ! '
“at 110°C: total ecid number after test 1 0.05 i 0.05 . 0.10 ' 0.30 ! 0.45
Socony HMobil B.10 oxidetion test, 40 hrs at ! : 1 ' '
129G I ! 1 ! q
(a) Total secid number after vest '; 0.1 S 0.2 ; 0.3 ; 0.9 E -
(b) Viscosity increase (campered with ! ! ' ! '
irradinted oil prior to oxidation I ! i ! '
test ),% 1 1.5 ' 2.0 ! 3.0 ; 2.0 ; -
{c¢) Tezd loss, mg ¢ 0.7 : 0.5 ' 0.8 h 14.3 ' -
(a) Sludge PNl 1 Wil 3 Nil ! Fil ! -
(e) Appearame of aluminium catalyst ' Cleen ! Clean 1 Clean Clean ' -
" of iron catalyst ' Clean ! Clean Clean Clean ' -
" of copper catalyst iTernished) Ternished ' fTarnished | Tarnished : -
[] T t : []
Load~cerrying and wear charscleristics, E ; "( ' .:
Shell four ball tests: ! ! ' H '
() Seizure load, kg 150 1 470 i 190 H 170 ; -
(b) Scar dismeter sfter 1min at ! ! ] ! :
' Seized !  2.66 i 2.9 ' 2.45 ! -
; ! L ; '

-




