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ABgERACT

The repor t summarises the current s t a t u s of the developaent

and th® use of lubrieaat" for v a r i e t y csf purposes in nuclear technology.



LUBBXCAOTS IK NUQIEAR TECHNOLOGY: A BRIEF REVIEW

by

S.B. Srivastava and V,G. Thomas

The r a d i a t i o n r e s i s t a n t lubricantB and hydraulic f l u i d s which

a r e important i n nuclear r eac to r s ' ' * ' ' ^ a e r o s p a c e technology * ' ]

and modern m i l i t a r y app l i ca t ions have been the subjec t of numerous reviews

1» the pas t . Thsy are a l so e s s e n t i a l in fuel processing plants and waste

proaessing p l a n t s where handling equipments a r e exposed to i n t ense r a d i a -

t i o n fo r prolonged per iods . The present r e p o r t suminariBes the cu r ren t

status of the field.

In nuclear reactors sane of the vital parts which operate in

radiation field are control drive mechanisms, coolant pumps, valvesf

fuelling machines and other auxiliary equipment for handling apant fuel

elements. A comparative estimate of the doses received by these parts in

reactors of1 different conaepts are given in Table T '. It is obvious that

a suitable lubricant should be capable of withstanding a dose in essess of
Q

10 rads , Under these conditions conventional lubricants ahem enhanced

viscosi ty index (Table I I ) and consequently impaired performance* The

lubricant requirement for control rod mechanism of a typical reactor

( s t r i c t l y valid for C02 cooled graphite moderated) ie given in Table I l r I

1,D3VEIiOE®?T OF RADIATION RES3STAKT IflBRICABTS

Essential ly a lubricant consists of a base oi l (natural or

syn the t i c ) , a thickener^ an antioxidant.5 an atitiwear agent and sometimes
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a fire resistant agent. The base oil constitutes 75 to 100$ of meet

organic lubricants and as such the radiation resistance is predominantly

determined by i ts ohemical nature. In general, the arcsaatie oonteat is

known to render i t more resistant. One of the moat promising synthetic

fluids are polyphsnyl ethers. Bis (p-phenoxyphenyl) a»S bis (p-»tert-butyl

phenoxy) nhenyl «thers shew reaaonably good viscosity/temperature

characterietics at elevated temperatures of 43O°O to 48O°C (even at 540°C

for a few hours) and retain their integrity at doses in excess of 10 rads.

Recently Hollinghurs4 'has developed an equally resistant fluid

9with partially hydrogenated ter'phenyl blends for irradiation doses of 10

rads. .Thfi proposed components are a hydrocarbon mineral oil> 1 - 20

unhydrogenated polyphenyls and 1 - 30 wt$ polystyrene * polyalkyl styrene,

an alkyl or aryl selenide or aryldisulphide. The degree of hydrogenation

of terphenyl is such that the total polyphenyl components present is at

least 30$ of the theoretical amount for complete hydrogenation,

9
Yet another fluid capable of withstanding a dose of 10 rads

(12)
seems to have been developed by Bas Gupta and Slobodian . It is produqed

by copolyaierising commercially available long chain hydrocarbon lubricants

7
having 12 - 26 carbon atoms with. 10T50 wt$ styrene by expoaitig to 10 rads.

(13)
Me Cabe has suggested the use of certain types of hindered esters

of car'ooxylic acid havijag the general formula 1

F. On P

B g - C - C H g - O - O - C - C - < C H ? ) n - C ^ q - C H 2 ~ C »

R 6 R e R 3



i n which JL and R_ a r e a l k y l group© c o n t a i n i n g not more t h a n 3 carbon

i n e a o h , , B _ i s an a c y c l i c a l k y l g r o u p c o n t a i n i n g f ras i 2 - 8 carbon

and fiay c o n t a i n a s i n g l e branch of n o t more t h a n 2 c a r b o n atoms „

HgSHgsR™ and HQ a r e a l k y l g r o u p s c o n t a i n g 2 - 4 ca rbon atome ©aeh and n i s

a n i n t e g e r v a r y i n g from 2 - 6 .

Some of the additives tried to improve the radiation resistance
fa) /of bass oil are iodonaphthaleno f (phenyL2ibutyl dithiophosphatej

msrcsptobensothiazolej diliexacoayl polysulphide, and hesadecanethiol) s

(c) ts c i n t i l l a t i o n phosphors (aromatic hydrocarbonss furana5 pyrroles,

1*3*4 oxadiasoles9 pyridines? indoles arel benzoxazoleo)

aeplialteaee

Other notable studies reported In literature are by Schulae

et a l / 1 5 % Bethlendy et a l 5 i 6 j
8 Heins^17\ Irving et a l i 1 8 ^ and

f i Q

Zaelavasky st al. "

2 . StfDIA3?IOI RESISTAHT GHBASBS

She most important ingredients in greaee are tjrte base oi l

ana the gelling agent. Use of aromsitic ecmpounds with the i r superior

re^t'Stance to ra i io lys i s can be used in both portions of the grease e .g .

alkyl feiphenyl oi l gelled with sodium n-octa fiecyl tetraphthalaisate

available ooameroially as HHRG 159 (Standard Oil Co.)- Inorganic gell ing

agents such as graphite or s i l i ca in alkyl bensene (3BRG - 300) or

s i l i c a tMeteened mineral o i l (AH. 700?701 Shell Oil Co.) appear to b©

s u i t a b l e . Other addit ives suggested were bentonite, s i l i ca? urea

der iva t ives , soapf c lay or carbon black.
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Furuya*' irradiate? silicons grease, AFL-7G0 and HRBG - 233

iz d size of 2 x 10 rada and nhaerved that only the last two are stable

uiK'er theste conditions. Silicone grease starfca losing i ts integrity

beyond a dose of 3 x 10 ratfa.

l"ith respect to radiation stability lubrio&ntB; in general» can

be classified as follows:-

a) ^ H ) rade - no unusual problem from radiation

b) 10 - 10'racls - methyl silicones, aliphatic diesters

and phosphate astex'S bsccaae al'i'ected and

polymers in solution degrade

c) 10 - j0 rads - radiation effects on physical properties

of diesters and certain mineral oils marginal*

Oxidation stability and thermal stability are ,

adversely affected for all fluids.

d) 1 0 - 1 0 rads - Oxidation and thersnal stability of.most

lubricants are seriously impaired. Ifejor ebaages

occur in most physical propertied Aliphatic

ethers» aromatic esters and certain

oils Eoay be used.

e) 10-10 'rads - palyphenyls, polyphenyl ethers or

aromatics are recommended.

f) >̂ 10 rads - laminar solids should be used.

Since irradiations under dynamic and static conditions coulfi

(21)
give different results, Jacobson et a.V designed a capsule for

dynamic evaluation test in NASA ÎLum Brook reactor facility to

friction coefficient during radiation exposure at a neutron flus

12 2
5 x 10 n/cra /ssc.



3 . DRY ttrBBtQAfflS

I*i certain cases<, various subst i tutes for conventional lubri-

cant B are employed. For e:R8J&ple in water rmA he©vy water moderated

re» water lubricated steinlrtsa ss-i^el bearirjgs are often used. Resin

containing g r a n i t e hee also been employed whereas nylon

oq? poJ.y Hietra fluoro othylera bushes are other al ternatives in lower

radiat ion a reas .

MolybdejnlEjefi lubricat ing greases 'na,YQ been used as a dry powder

or a paete for a variety of purposes. Solid lubricants l ike graphite.

MoSf,, ajixocl with M , IWS SuS^j CdŜ  Sb^S^ or SnS are used for ^pacific
(22)

Mpj: aa4,. 8terssv etudiad the effect of neutron irradiation on

g r a n i t e -4€stl^ i BgQ ĵ S1F5 ( l®0ig) , OT AgOl at 800°C arsd obtained bestg ) ,

wear properties (weay.coefficient jjsaf'.ined below 0.10 from 40oU~300oc0 for

40r'Cla upto intsgrsted neutron flux of 10 n/cm . Haley am

dini not. observe any aignificant wear l i f e of laixturw of
• 9

+ Bo0,, aj>.d MoS0 +• graphite filme uptc Y d 0 B e o f 1 *47 >: 1 0

l e^vtiron flux of 2 ,85 x 10 n/cm »

p i Ql? ID1RI0&-3SSS • USED IH. HBAOICKS

The compatibility of lubricants with the material of construction

is' of gteat iiiportatice in. tfe© ciiolc© of lubr icants used e . g . , lubricants

containing ch l?ro or ehloro-f luoro saapou&3s can not be used on 300 series

s ta in less s t e e l s in high temperature water systems as i t leads to serious

s t r a s s cdproaion •. Also in 00? cooled graphite moderated reactor

t r a c e s of Rg,Ba,Fa^Tl,5ia, 3nfAg5 Ki e t c . axe



not compatible with tnagnox fuel element cans. For f i surfac© ifos best

lubricant is besayl iodidej For CQu cooled graphite raoderaied reactor$

conventional turbine oil oaapriBing & high viscosity iMese base oil oon-

tnining conventional oxidation inhibitors (amipa .i^ps)'* rust idsibitor

and B defoamant was shown to bs stable to 10 - 100 1 rade (Table tV)\

Certain additives ^ars shown to extend ths range of applleabiliiy to

500 - 1000 M fade. Conventional greases of the hydrocarbon typa thickened

with Ca, Al»Ni soaps showed softening in the region of 10 - 100 It rada.
(25)Some of the suggests*! grea.cjeisv wei'e APL 700 trf SIS 1,2 eoa^istemy

(oapable of ..-tending upto integrated neutron flits of 1.8 x 10 a/cm ) ,

or C0335us tf-30 (ESSO Ifetroi Co.) and Greasrex -314 (stable upt.o

1 x 106 rado » 1-5 x 109 rads).

fog)
For Dregon reactorv , Shell psrcidffit AH« 701 grease was

reqcsamended.' No ^egreasing was expected during the entire life time of

' reactor provided grease losses by mechanical causes could jbe fevoid@3*

Sommerv ' indicated that na$bi;he»ie and .araaatjlo and bensaxiio

oils behaved better than silicon© oil aiia adneral oil though Biiitiom eii

Wad preferred to ttdneral oil* ^ thfe;;l^^apibn^ pad^ion tyfe

found to be IOSB important than tadiatioti

Sadayuiei et al^ 8 f 9 ' d^»±|jfa.,3iU>H<J8tii^,oiis usied in

ocaaponenta of tha ©.toadc power stations kpi ofeserved that •vmrblne oil

with additives} gear bil9 high visooalty index; oil and greases
7

upto 10 rads and needed replacement every year*

A recent report^5 ' .describee aM itspldent of isuflltraiiion pi"

56 gallons of nsain helium blower lubricating oil into the primary loop
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of the BE® (Experimental beryllium oxide reactor) during valve testing

operations, subsequent clean up operation, and a discussion of possible

ceuaes as well ae an assessment of the damage to the plant . The clean up

procedure consisted of pumping out the oi l followed by flushing with

chlorides free solution of Turco 4324-Cffi detergent (Turco Products Co,) a t

pH 9.5) cleaning up with aqmsous solution containing amonia BM hydraalne

and f ina l ly t rea t ing with Standard odorless thinner and butyl alcohol

tas deemalsif i e r ) so as not t o leave any solid residues behind.

5 . EXSERHNOB Of KIBRICA51TS USED TS HOTOftltM lEOOSSSINS

lubricants used in glove boxes used for plutonium tabr icat ion

are susceptible to radiolyt io decoappaition and the products thus formed

could be corrosive and affect the integri ty, or the praduci. Kasanjian and

Brown BUffimarised the sspariencs on laths coolant (fesaco Regal Oil A ) ,

Dow Corning 550 silleona o i l 9 Rykon grease and BTyes Watch Oil used in

RooSqr F l a t s . Generally l a the coolant comes in contact ?/ith ?u during

• • - 2

cutting and machining operations anc* ths production of even 1.2 x 10 mg

of Hp par oi» of 1ihsvsurface of Bi (througti $$,• rafliolysis tit coolant)

could lead t o appreeWbl© pi t t ing through the formation of plutonium

hyarifle» 'After the fflachinii^ Qperstioaj GG1- i s used to remote residual

cut-^xig M l MS asiuGhsfe aiixiiure of 001^ aM coolant o i l i s l ikely to be

exposed t o & ^ a y i of M turnings in -tie lathe glove bos causing the

prodHOtfon of ii^firpgsn eaibrid© and organic acids which are known to be

potential &du»ce£-'• of corrosion*
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Dow corning 550 sili^one o i l was found compatible but needed

frequent changes.

Rykon grease (American Oil Co.) used in large quant i t ies on the

chain conveyer system tha t moves plutonium through glove boxes waB foujkS

t o be reasonably s table arri i t s incompatibil i ty with Pu has not been

established nor anything def ini te could be said about Nyes 'Patch Oil used

on Pu during inspect ion.

6. EXEBRIBNCE OF LUBRICANTS IN HOT CELLS, ELECTRON ACCELERATORS AND
OTHER IRRADIATION FACILITIES

The seizure of a bearing can put an active c e l l out of

commission for several days Bince i t s r epa i r means pr ior dismantling and

(32)
decontamination . Radiation r e s i s t a n t lubricants a re more des i rab le .

p paste could be profitably used. Alternately the machineries are

piped individually to a common pump and the capillary valves in the lines

ensure constant supply at al l points.

(33 )Nagamitsu and Hisashi report the formation of contamination

film through the radiation induced polynrarisation of organic gasee

emanating from diffusion pump fluids. The contribution of Apiezon M and

Apieson L to the formation of filtii Wat relatively small«

Thus in view of growing apjjlipation of nuclear technology in

India j the demand for suitable lubricants and hydraulic fluids is bound 5

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

indigenous radiation resistant fluids and lubricants to meet the

requirement adequately.
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SS7IMATSD LE7SLS Iff D.tFj3EENr NU'JIEAR REACT'CH i^CE-i (rai/V'S---';

Component

Control rod Jiecnanisms

3'uel handling devices

Primary coolant pumps

Auxiliary pumps

Auxiliary motors e tc .

Turbine ;

Spgi-ir fuel element .!
conveyer .systems ]

1

J C0_-cooled graphite moderated rea-
,' ' ctor

' Lubricant
!_. *..^. _.„. . .

| grease , oil
greaae, oil

oil, grease for
bearings

oi l , grease w

1
I

oil f grease k

o i l

grease

i

i _d2se _ _
1

; 102- j x 10'

10 max
(gas circulators

105 - 103

Ancillary
and charge chutt
machines

i

2 x 10 max
(chains and !
bearings} :

i

; Organic
; moderated
| reactor

1 10 max

1

0 negligible)

negligible

1

negligible
to 25 1

presugablj

c ccied
reactor

1C* - 1C5

-

10 6

mm

•mm

negligible

prea^ably

2 ;•: 1: :_ax

1G5-5X1O7

xo 1C '

presuoably

" _r

? ;" .iax

-

ntuM- "^ -Xi«-ifrr-rfri

1C3 - 1C?

negligible
to 3C ̂

presuaa'oly

108

+ She radiation level may vary considerably froa tbe. estiaate shovm depending on variants of eaei
basic design. '

The dese is liiffily to be considerably higlier because of- higher radiation field produced by the
radioactive steam and impurities-
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cr Bmmnm m

lubricant; type

iron-petroleum base fire-
resistant hydraulic fluidss

(a) All synthetic base type
(b) All- synthetic base type

- (c } Water base -type
• {& } Water base type

]?roduct3 coataining extreme
pressure additives

(a) Marina SP turbiae oil
(b) Automotive gear oil

Eroducts containing visco-
si ty indes improvers

(a) Aviation hydraulio fluid
(b) Autottiotive engine oil
(e) Automat is tr-ansmission

fluid

f.Potal acid number

Ix l
JSrad

0.2
0.2

0,05
2.70

0.(5
0.55
0.15

69

UQ
3.5

0.2
2.1

Change in viscosity
points

0,9
0.6
0.15

133
'•Irad

2.5
5.0

0.45
2.2

5 1.0
\ 0.65
t 0.15

232
Mrad

t0.5

0.55

0.20

133
Mrad

28
18

0.9
4.0

-77
-31
-15

t,.

232.

29

1.5

-19

69

36
33

-47
-50

9
3

-55
-53
-25

Tiscoaity increase
per cent

Mrad

80
52

-52
-40

17
6

-59
-33
-25

232
\Irad

76
-43
-12

29

-2:5



SUMMARY OP UKAEA's SCHEDULE 1 GREASE REQUIREMENTS FOB CONtPRGD RQS)
MECHANISMS, SHOEING TYPICAL RESULTS FOR AN APH5OVED PRODUCT

UKABA
T e s t on

1. Itt-op point (IP 132/51?)*-
(a) Before irradiation
(b) After irradiation to 5 x 10 rad

2. Worked penetration ( IP 50/565*
(a) Before irradiation 5
(b) After irradiation to 5 x 1o rad

3. Loss by evaporation (ASM! D972/51T
modified)s

C02 at 15G°C is used ia place of air
for 40O hours

4. Bearing rig test s
20 ram bore shielded ball bearing?
100 rev/min, COu at 150°0 and
200 lb/in2and flow of 10 l i tres/h9
720 hrs1 duration. Grease irradiated
to 5 x 1Q5 rad prior to teat
(a) Bearing rotation at ec& of test
(b) Signs of fluids or solids at

end of test

5. Compatibility*
Sara pie of cleaned fuel element;
canning material coated with grease
exposed to static GOgat atmospheric
pressure and 500°C for 500 hrs .
First hour of test with flow of
CO2- of 2 litres/rain.

ain
300^0 tain

220 - 320
220 - 320

4$ weight
mas.

None

f
t
t

|

i

i

No signs of
reaction

t
i
i

--1.

> 230*0

269
269

5.4

"Free

Hone

No reaction



XV

EFFEG2- OF "MBIMIXM' OF IOML HIGH BHIEEffiS HHSOCJIHB0II OIL

Specific gravity
Viscosity a t 1QO°F e s .
Viscosity index
Color ASM U 155-452
Total acid number ( IP 1/58 Method l )
Bemulsificationnumber ( l ? 19/55),
Copper corrosion t e s t a t 100°C (IP 154/59S)

_ Stir bine oi l oxidation t ea t ( IP 114/56), 90 hrs
a t 110°CS to ta l acid nraaber after t e s t
Soeony Tiobil BT10 oxidation t e s t , 40 tea at
127°Cs

(a) £otal acid number after i;est
Viscosity increase (compared with
irradiated oi l prior to oxidation
tes t ),/b

(e) liesd loss , mg
(d) Sludge
(e) Appearaise of aluminium catalyst

" of iron catalyst
" of copper catalyst

±Dg and vraar eharacter is t ios , ::
Shell four bal l t e s t s :

(a) Seiaure load, kg
(b) Scar diameter after 1min sit

150 kg load, rsm

ladia t icn dose, LJrad

0.889
89-9
97
2-
0.20
300
IB

* 0.888
j 91.2
; 97
i 2 -
< 0.15

900
• lb

0.05

0.1

1.5
0.7
Ml
Clean
Clean

'Tarnisted

150

Seized

10

0.05

0.2

2.0
0.5
ITil
Clean.
Clean

Tarnished

170

2.66

.x. ,-

too

0.889
101

97
4
0.10
1200+
lb

0.10

3.0
0.8
¥11
Clean
Clean

Tarnished

190

2.9

500

0.893
161
103

7+
0.15'
1200*
lb

0.30

0.9

2.0
14.3
ITil

Clean
Clean

Tarnished

170

2.49

1000

0.898
297
120

8+
0.10
1200+
lb

0.45


