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ABSTRACT

Rubbing surfaces  o f  c r i t i c a l  components for  the coming 

generat ion o f  the nat ion 's  1 iqu id -m eta l -coo led- fas t -breeder  

reactors  must withstand severe  environments o f  high tempera

ture ,  1iquid-metal corros ion ,  and nuclear i r ra d ia t io n .  For 

some component requirements, the use of  the b e t t er  known 

bearing materials  and hardfacings has been shown to be in 

adequate or im pract ica l . For several  a p p l ic a t io n s ,  bulk 

(> 25 micron th ick) coatings have provided the only su cces s 

ful so lu t io n  to  f r i c t i o n  problems in high temperature sodium. 

Coating processes that have been or are being evaluated in 

clude plasma spray, detonation gun, spark-discharge , sp u t ter 

ing , and d i f fu s io n  coating processes .  Testing included 

f r i c t i o n  and wear t e s t s  in up to  650°C sodium, sodium cor

rosion t e s t s  for  up to one y ea r ,  thermal c y c l i n g , bond strength  

t e s t s , and irrad ia t ion  t e s t s  in a f a s t  reactor.  For one
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pa r t icu la r ly  severe a p p l ica t io n ,  a s p e c i a l l y  modified
/

commercial coating of  chromium carbide in a 15 volume percent  

nichrome binder,  applied by a commercial detonation gun process ,  

has so far  been found to be most acceptable  in meeting the 

f r i c t i o n ,  corros ion,  and ir ra d ia t io n  damage c r i t e r i a .  Much 

o f . t h e  t e s t  data reported i s  on t h i s  coating and i t s  

antecedent m odif icat ions .



V̂ ear Resistant Coatings For Reactor 

Componen-^4 In Liquid Sodium Environments

By R. N. Johnson, S. L. Schrock & G, A. Whitlow 

INTRODUCTION

Rubbing surfaces  of  c r i t i c a l  components for  the coming 

generation o f  the nat ion 's  l iq u id -m eta l -co o led - fa s t -b reed er  

reactors  must withstand severe environments of  high tempera

tu re ,  l iq u id  metal corrosion, and nuclear ir ra d ia t io n .  During 

the design o f  the Fast Flux Test F a c i l i t y  (the USAEC's sodium- 

cooled f a s t  t e s t  reactor now being b u i l t  a t  Hanford) i t  became 

apparent that some rubbing surfaces  in the core o f  the reactor  

required materials  capable of  providing low c o e f f i c i e n t  o f  

f r i c t i o n  in sodium at  temperatures from 230°C to 65D°C. Our 

o b jec t iv e  was to id e n t i fy  a material  combination which would 

e x h ib i t  adequate s erv ice  l i f e  in the reactor core environment 

and provide a f r i c t i o n  c o e f f i c i e n t  o f  0 .4  or l e s s  a t  230°C.

This was found to be a s tr in g e n t  requirement s ince  sodium i s  

an extremely poor lubricant and i s  a l so  ex cep t ion a l ly  e f f e c t i v e  

in  s tr ipp ing  oxide 1ayers from most material  surfaces .  The net 

r e s u l t  i s  that  many materia ls  in contact with each other in 

sodium have the same high f r i c t i o n  and se l f -w e ld in g  tendencies  

found in ultra-high vacuum environments.  In some ways, vacuum 

environments are considerably l e s s  severe ,  because sodium, in 

addit ion to  enhancing materia ls  s e l f - w e l d in g ,  can be a highly



corros ive media in which mass transfer  takes place and which 

precludes the use of  nearly a l l  known l iq u id  or s o l i d  lu b r i 

cants .

In order to id e n t i fy  materia ls  capable o f  meeting the f r i c 

t ion  c r i t e r i a ,  f r i c t i o n  screening t e s t s  were performed on over 

65 materials  combinations, including metals ,  ceramics , and 

cermets both in sol id forms and as coatings applied by a 

var iety  o f  processes . During the early  materia ls  screening

period, 1 iterature  s e a r c h e s a n d  review of  e a r l i e r  program 
( 2 )results^  ' indicated that one o f  the most promising c la s s e s  o f

materials  that should be examined was the bonded carbides.  '
( 2 )Hoffman, e t  al s ta ted  th at  a f t e r  ex tens ive  screening of a 

wide var ie ty  of materia ls  in wear t e s t s  in sodium, the bonded 

carbides appeared to be the only materia ls  as a c lass  which con

s i s t e n t l y  exhibited good wear and f r i c t i o n  behavior a t  high 

(above 500°C) temperatures in sodium.

Subsequent f r i c t i o n  screening t e s t s  confirmed that the 

bonded carbides provided the lowest  f r i c t i o n s  and in part icu lar  

the chromium carbide base materia ls  were s e l e c te d  for  primary 

development e f f o r t s  and titanium carbide base materia ls  were 

s e le c te d  for-back-up development. A number o f  methods of  

attaching wear materials  to  the component surfaces  were i n v e s t i 

gated and included mechanical attachments, v^elding, explos ive  

bonding, and a var iety  of coat ing processes .  Some method of  

coating appeared to o f f er  the most des irab le  method of  attachment
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provided a r e l i a b l e  process could be found vdiich met the q u a l i f i 

cation c r i t e r i a .  The q u a l i f i c a t io n  c r i t e r i a  were as fo llows:

• The material sha l l  have a c o e f f i c i e n t  o f  f r i c t i o n  of

0 .4  dr l e s s  in sodium at  230°C and no more than 0 .9  

at  625°C.

•  The coating shall  not corrode more than 1/2 the coating  

-thickness over i t s  s er v ic e  l i f e .

•  The material sha l l  sus ta in  the equivalent  o f  60 reactor  

scram cycles  (cool from 625°C to 425°C in 1 minute in 

sodium) without cracking, s p a l l in g  or f la k in g .

•  The material sha l l  be capable o f  withstanding f a s t
22 2neutron exposures of  8 x 10 n/cm without spa l l in g  

or f laking or f a i l i n g  to perform i t s  function as a low 

f r i c t i o n  surface.

•  The material  sha l l  not transmute to undesirable  radio-
C A

a ct ive  products ( e . g .  Co) which can contaminate 

downstream components and piping.

• The material  sha l l  be capable o f  being attached to core  

components in such a way that dimensional to lerances  

are maintained and cold-work l e v e l s  o f  substrate  

materials  are unchanged. (20% cold-work i s  required

in the 316 s t a i n l e s s  s t e e l  fuel  ducts for  irrad ia t ion  

swell ing  r e s i s t a n c e ) .

This paper describes  the coating processes  inves t iga ted
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and the r e su l t s  o f  wear and f r i c t i o n  t e s t s ,  sodium corrosion  

t e s t s ,  thermal c y c l in g ,  mechanical i n t e g r i t y  t e s t s ,  and neutron 

i rrad ia t ion  t e s t s  performed in order to  q u a l i fy  candidate  

materia ls  and attachment process .



DESCRIPTION OF COATING PROCESSES AND 

COATING COMPOSITIONS

Spark Transfer Coating

Spark transfer  coating has i t s  w idest  industr ia l  usage

in the appl icat ion of  tungsten carbide fi lms to complex geometry

surfaces .  E sse n t ia l ly  the process c o n s i s t s  o f  discharging

stored energy from high vo l tage  capacitors  through an e lec trode

of  the material to be deposited. In the resu l t in g  spark, a

small amount o f  material  i s  removed from the e lec trode  and

welded to  the substrate  m ater ia l .  The process was found to be

capable of deposit ing coatings o f  a wide var ie ty  of materia ls

iriTthickness'es of  2 .5  microns ( .0001") to  62 microns ( .0025") .

L i t t l e  surface heating occurred (small parts could be hand held

during coating) so thermally induced d i s to r t io n  o f  parts or

modif icat ion of  bulk meta l lurg ica l  s tructures  was not a problem.

Bond strengths o f  carbide coat ings  applied by spark tran s fer

appeared to be e x c e l l e n t  in that q u a l i t a t i v e  t e s t s  such as

severe bending and "hammer and c h i s e l " t e s t s  were usual ly  un-

successfu l  in dis lodging any m ater ia l .  Capital equipment

costs  were low ( s t a t e - o f - t h e - a r t  equipment was purchased for

under $5000).  Deposition rate  for  f u l l  coating th ickness  was
2

usual ly  in the range o f  1 to  2 in /minute.  As-deposited surface  

roughness ranged from about 60 p- in  AA for  v\?ell-optimized 

tungsten carbide coatings to > 250 y - i n  AA fo r  some o f  the
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1 ess-developed experimental chromium, titanium, and niobium 

carbide compositions and other cermets which v/ere deposited  

by the spark transfer  process .  Even with decidedly non

optimum coating parameters and surface f i n i s h e s ,  the chromium 

carbide coatings showed f r i c t i o n  c o e f f i c i e n t s  in sodium which 

averaged l e s s  than h a l f  those o f  the  other carbides.  These 

I n i t i a l  re su l t s  encouraged further  development o f  chromium 

carbide base coatings by other depos it ion  p r o c es se s .

Development of  the spark transfer  process for  reactor  

applicat ions  has not progressed beyond the i n i t i a l  screening  

s tudies  due to the early success  of concurrent developments 

(the b-gun coating described below) and time and manpower which 

would be necessary to develop the process to the same degree 

of optimization for chromium caribde coatings as had been done 

for tungsten carbide. The process i s  s t i l l  being considered 

as a "back-up" process for  further  development as needs and 

resources allow.

Sputtering

Coatings of chromium carbide + 15% nichrome were applied  

by sputtering to Type 315 s t a i n l e s s  s t e e l  su b s tra te s .  Coatings 

were 4 to 5 mils (100 to 125p) th ick and were deposited a t  125°C 

and at 600°C at deposit ion rates  of  23u/hr.  The coatings appeared 

to  be very hard and t i g h t l y  adherent in the as-depos ited  con

d i t i o n ,  ' but  a f t e r  heat ing to  625°C to s imulate  in — reactor
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temperatures, both the low temperature and high temperature 

deposit ion coatings showed cracking with the low temperature 

coating showing both cracking and s p e l l i n g .  I t  i s  p o ss ib le  

that further development e f f o r t ,  perhaps using graded coat

ings ,  could overcome the cracking problems; however, no further  

work i s  ant ic ipated at t h i s  t ime.

Plasma Spray

A number of chromium carbide and titaniurn carbide base 

coatings on 316 s t a i n l e s s  s t e e l  and Inconel 718 substrates  

were prepared by a non-transferred, D. C . -co n s tr ic ted  plasma- 

arc with f u l l y  shie lded e f f l u e n t ,  using argon gas .  The coat ings  

ex-htbited good v;ear behavior,  but ,  as shown below, were eliminated  

for  in -reactor  app l icat ions  by the cracking and sp a l l in g  tenden

c i e s  found under both i rra d ia t io n  and thermal cycl ing  t e s t s .

Detonation Gun

The detonation-gun coating o f  chromium carbide plus 15 v o l .

% nichrome has been s e l e c te d  as the reference  process and material 

fey', the coating o f  reactor  core components fo r  the FFTF. In 

the detonation gun p ro cess , the powdered coating material  i s  in 

troduced into the chamber of  the gun along with a metered 

quantity of  oxygen and ace ty len e .  The mixture i s  detonated by a 

spark plug and in the resu l t in g  explos ion ,  the powdered materia ls  

are heated to  a p l a s t i c  or molten s t a t e  and acce lerated  down 

the gun barrel to impinge on the substrate  a t  approximately three



times sonic  v e lo c i t y .  The combination o f  hot p a r t i c l e s  and the 

high k in e t ic  energy of  impact creates  a coating which i s  ty p i 

c a l ly  more dense and which has a higher bond strength than 

s im i lar  coatings applied by plasma spraying. Much of the t e s t  

data presented in th i s  paper w i l l  be on coatings applied by 

the detonation gun technique.

Materials Se lected  for  Evaluation

After f r i c t i o n  screening t e s t s  had been completed,  

materials  remaining for  f in a l  t e s t in g  and evaluation included 

chromium carbide and titanium carbide coa t in gs ,  each contain

ing 15 vol.% of  a binder.  T yp ica l ly ,  coatings were 75 to  125 y 

( 3 to 5 mil s)  thick and were applied to g r i t - b l a s t e d  316 SS 

or Inconel 718 substra tes .  The m ater ia ls  and compositions are 

l i s t e d  in Table 1. Although chromium carbide coatings showed 

the lowest f r i c t i o n ,  t itanium carbide was a lso ' inc luded  in 

case 'odium corrosion t e s t s  showed ex ce s s iv e  attack on the  

cnronnum carbide m ater ia ls .  As w i l l  be shown l a t e r ,  an un

expected r e su l t  v\'as that the titanium carbide compositions  

showed the more severe sodium exposure e f f e c t s .
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Table 1

Carbide Cyating Compositions Evaluated

Coating
Designation

LC-IH

LC-IC

CN-IP

Cl

CI-D

CM

TM

TN

Start ing
Composition

Cr^Cg-lS Vol.% Nichrome

CrsCg-lP Vol.% Nichrome

Cr^C„-15 Vol.% Nichrome 
3 2

CrgC^-lB Vol.% In. 718*

CrgC^-lB Vol.% In. 718*

CrjC^-lB Vol. % Mo

Tie - 15 Vol.% Mo

TiC -  15 Vol.% Nichrome

Application
Method

D-Sun

D-Gun

Plasma

Plasma

D-Gun

Plasma

Plasma

D-Gun

Remarks

Reference
Coating

Back-up
Coating

Failed Irradi
at ion  Test

Fai led Irradi
at ion  Test

Back-up
Coating

Failed Irradi
at ion  & Thermal 
Cycli ng

Failed Corrosion 
Test

Failed Corrosion 
Test

* Inconel 718 -  TM - International Nickel Co.
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TESTING PROCEDURES AND RESULTS

Friction and Wear Tests

Wear t e s t s  were conducted by Atomics In te r n a t io n a l ,

Liquid Metal Engineering Center and Westinghouse Advanced 

Reactors Divis ion in a cooperative program with the

Hanford Engineering Development Laboratory. In a l 1 ca se s ,  

t e s t s  were conducted over temperature ranges from 200° C to  

625°C in high purity sodium (oxygen content l e s s  than 5 ppm 

measured by total amalgamation or l e s s  than 1 ppm measured by 

vanadium wire a n a l y s i s ) . Test specimen geometry varied some

what at each of the three t e s t  s i t e s ,  but a l l  used a general  

p f ^ n - p l a t e ,  o s c i l l a t o r y  rubbing with f l a t - o n - f l a t  in ter face  

configurat ions .  Loads ranged from 300 psi to 1000 psi for  most 

t e s t s .

Figure 1 shows some of the early  data developed in screen

ing t e s t s  which led to the further  t e s t in g  and development of  

chromium carbide coat ings .  The chromium carbide coat ings  vere  

th^.only coatings or materia ls  found v^hich c o n s i s t e n t ly  met 

the f r i c t i o n  c r i t e r i a  over a l l  temperature ranges.

Surface f in i s h  was found to have an e f f e c t  on the f r i c t i o n  

behavior of the chromium carbide coat ings .  The best  f r i c t i o n  

r esu l t s  were obtained on coat ings  which were brush f in i sh ed  

with a f in e  s i l i c o n  carbide impregnated nylon brush to a f i n i s h
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of  80 to 125 y - in  AA. The r esu l t in g  surface tex tu re  i s  best  

described as a smooth, "pebbly" f i n i s h .  When the coating was 

applied by the spark transfer  technique, a surface f i n i s h  of  

80 to 250 u~in AA or rougher was obtained vdiich resu lted  in 

in con s is ten t  f r i c t i o n  c o e f f i c i e n t s  averaging higher than the 

brush-finished D-Gun coating or a lapped-f in ished D-Gun coat

ing. A lapped f i n i s h  of 5 to 16 y - in  AA a lso  resu l ted  in in 

c o n s i s ten t  f r i c t i o n  behavior intermediate between the brush- 

f in i sh ed  and the spark-transfer  coat ings .

Qual i f ica t ion  t e s t s  o f  over 1000 inches of rubbing in 

sodium at  625°C and loads up to 1000 psi have shown no s i g n i f 

icant  wear on the chromium carbide coat ings .

Sodium Compatibil ity Tests

Sodium compatib i l i ty  t e s t i n g  i s  necessary to  assure (1) 

that  the chromium carbides are chemically s ta b le  and do not 

d is s o c ia t e  over a period o f  time in sodium, and (2 ) that  the 

leaching of  binder m a ter ia l s ,  such as nickel and chromium from 

nichrome, does not r e s u l t  in a physical breakdown of  the coat

ing during the ser v ic e  l i f e  of  the component.

As a r e s u l t  o f  these  poten t ia l  problems, a portion of  the

present program i s  d irected  at evaluat ing the e f f e c t s  o f  long

term (8000 hours) high temperature (625°C) sodium exposure on
(6 )the various coating combinations. This program ' i s  being 

conducted in a u s te n i t i c  s t a i n l e s s  s tee l  systems v/hich include
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provis ions  for  impurity monitoring and contro l .  Test condit ions  

encompass a h o t / leg  t e s t  temperature o f  625°C, with a v e l o c i t y  of  

1 f p s ,  a loop temperature d i f feren ce  (aT) of  238°C, and a 

sodium oxide leve l  o f  0 .5  to 1 .0  ppm as determined by VWED 

(Vanadium Wire Equi libration Device).

Samples (0.75" x 0.75" x 0.180" with a 0.003" to  0.005" 

thick coating on both squared fa c e s )  are p e r io d ic a l ly  withdrawn 

from the system hot leg in to  an argon atmosphere. Residual 

sodium i s  removed from the samples by su c ce s s iv e  r inses  in 

alcohol and water.  After  vacuum drying and microv^eighing, sodium 

e f f e c t s  are determined by chemical, metal lographies and e lectron  

microprobe analyses .  Average corrosion rates  in mils  o f  th ick

ness l o s t  per year (mpy) are ca lcu la ted  on the bas is  of weight  

lo s s  and coating density  va lues .

Titanium carbide base coatings exh ib i ted  high corrosion  

rates due to coating i n s t a b i l i t y ,  and were soon eliminated  

from the program. The as-depos ited  titanium carbide showed a 

non-s to ichiometr ic  composition o f  TiCg  ̂ before sodium exposure 

and a s to ich iom etr ic  TiC composition a f t e r  exposure. The coat

ing f a i l u r e  was at tr ibuted  to the s t r e s s e s  created by the volume 

changes occurring during carburizat ion of  the coat ing . (Sodiurn

maintains an equilibrium carbon leve l  by removal of  carbon from 

the s t a i n l e s s  s t e e l  loop system.)

Early chromium carbide coatings suffered  from coating pro

cess  con t ro l  probienis r e s u l t i n g  in  soiiie speciiueris e x h i b i t i n g  

cracking through a contaminated layer in the coating a f t er
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2D00 hrs sodium exposure at  625°C. N e v e r th e le s s ,  some s p e c i 

mens atta ined 8000 hours exposure time and exhib i ted  a cor

rosion rate  o f  0,3 mpy. After the process  control problems 

were resolved,  exposure to  sodium o f  the l a t e r  chromium 

carbide combinations resu l ted  in time dependent weight l o s se s  

with average corrosion rates o f  approximate ly  0.25 mpy.

Figure 2 shows a comparison o f  the chromium carbide and titanium  

carbide corrosion rates .

Although extens ive  sodium penetration of  the coat ings  occurs,  

no changes in cross sec t ion a l  microstructure of  the D-gun 

applied chromium carbide coatings were observed. The weight  

l o s se s  were a t tr ibuted  to l o s s  o f  binder m a te r ia l  to  the sodium 

poss ib ly  coupled with lo s s  of chromium carbide. Surface analyses  

showed, for  example, that  the reference  chromium carbide/  

nichrome (LC-U!) coating l o s t  nickel from the nichrome binder 

to  the sodium, but th is  did not r e s u l t  in marked surface  

d eter iora t ion .  Some internal  cracking was observed, however, 

in the plasma sprayed CM and CN-IP coatings at exposure times 

greater than 1000 hours.

Thermal Cycling Tests

An inherent problem with many coatings i s  a tendency to 

ph ys ica l ly  d i s in teg ra te  during thermal t r a n s i e n t s . .  Hence, a 

th ird part of the present program involved t e s t s  designed to 

simulate temperature f lu c tu a t io n s  experienced by the reactor  

component during s er v ic e .  The experimental f a c i l i t y  used in
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t h i s  work i s  s im i lar  to the sodium com pat ib i l i ty  loops ,  ex

cept that  the loop i s  equiped such that by mechanical manipu

l a t i o n ,  t e s t  specimens can be transferred between the 625°C 

hot leg  and an adjacent 427°C sodium quench tank, without  

coming into  contact with a i r .  A thermal cyc le  c o n s i s t s  o f  

holding a specimen at 625°C for  a minimum of  8 hours and a 

maximum of  4 days, quench to  427°C in approximately 1 minute,  

r a i se  to  625°C at  a rate  o f  28®C/hr. Specimens exposed to  

t h i s  in-sodium cycl ing  are removed a f t e r  15, 30 and 60 cyc les  

d i r e c t l y  in to  an argon atmosphere and cleaned as described in 

the previous s ec t io n .  Temperature cycling e f f e c t s  are then 

determined m eta l lographica l ly .

D-gun applied chromium carbide coat ings  have shown no 

deter iorat ion  as a r e s u l t  o f  thermal c y c l in g .  Plasma sprayed 

chromium carbide/molybdenum, CM coat ing ,  has ,  however, shown 

coating d is in tegra t ion  a f t e r  29 thermal c y c l e s .  The fracture  

occurred near the co a t in g / sub stra te  in t e r fa c e  and i s  at tr ibuted  

to the mismatch in thermal expansion c o e f f i c i e n t s  between the  

CM coating and the 316 s t a i n l e s s  s t e e l  substrate .
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Irradiat ion  Tests

Small d iscs  of  316 s t a i n l e s s  s t e e l  and Inconel 718 were 

coated on one s ide  with a candidate chromium carbide material  

and were inserted in s t a i n l e s s  s t e e l  capsules f i l l e d  with 

sodium. The capsules were sea led  by welding and were i r 

radiated in the EBR-II reactor in Idaho F a l l s .  A number of

capsules are now being irrad iated  to f luences  as high as 
2 ? ?3 X 10 n/cm , Two capsules have been removed for  examina

t ion  so fa r ,  a f t er  rece iv ing neutron f luen ces  o f  approximately 
97 91 X 10 n/cm . Irradiat ion temperatures were 450°C (844°F) 

and 585°C (1083°F) r e s p e c t i v e l y . The materia ls  in Table 1 

which have been irradia ted and examined so far  include LC-IH,

CI and CM coat ings .  In ad d i t ion ,  the LC-IC and CI-D 

coatings are being irradiated  but are not y e t  ava i la b le  for  

examination. The titanium carbide coatings {TM and TN) were 

eliminated from consideration by corrosion t e s t  r e su l t s  and 

thus were not included in the ir rad ia t ion  t e s t s .

Pos t - irrad ia t ion  examination and t e s t i n g i n c l u d e d  visual  

apd low-magnification examination, weight and th ickness  change 

measurements, opt ica l  metallography, scanning microprobe exam

in a t ion ,  x-ray a n a ly s i s ,  and bond strength t e s t i n g .

Visual examination revealed that the plasma sprayed coat

ings of  a l l  compositions showed tendencies  for  cracking and 

s p a l l in g ,  both within the coating and at or near the coating-
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substrate  in ter fa ce .  The observed e f f e c t s  ranged from barely  

detectable  cracks or no e x te rn a l ly  observable cracks on some 

of  the CN-IP (chromium carbide -  15% nichrome) coated s p e c i 

mens to  e s s e n t i a l l y  complete removal o f  the coating on the CM 

(Chromium carbide -  15 Vol. % Mo) coated specimens. All the  

plasma-sprayed coatings showed at  l e a s t  some cracking within  

the coating and at the in ter fa c e  under metal lographic examina

t i o n ,  however. Figure 3 i s  an example of  the cracking found 

in the CN-IP specimens.

None of  the 24 D-gun coated specimens showed any cracking 

or spal 1 ing tendencies by e i th e r  visual or metallograpfiic  

examination. Figure 4 shows the D-gun applied chromium carbide - 

15% nichrome coating (LC-IN) a f t e r  i r ra d ia t io n .  The voids seen 

in the coating in ter face  resu l ted  from the "pull-out" of  Al^O  ̂

p a r t ic l e s  during metallographic preparation. The AI2O2 p a r t i c l e s  

were eliminated in la te r  coat ings  by improvements in the pre

coating g r i t  b las t ing  operation.  There were no observable  

di f ferences  between the irrad ia ted  and un-irradiated condit ions  

of  the D-gun coatings when examined by metallography or by 

e lectron microprobe. X-ray r e s u l t s  showed no compositional  

changes and only s l i g h t  l i n e  sharpening of  the pattern a f t er  

irrad ia t ion . .  Bond strength t e s t s  were conducted by an epoxy 

l i f t - o f f  t e n s i l e  t e s t .  In a l l  c a se s ,  both before and a f t e r  

i r ra d ia t io n ,  f a i lu r e s  occurred in the epoxy at  t e n s i l e  strengths  

up to 13,000 p s i .  Perhaps one of  the more s i g n i f i c a n t  ind ica

t ions  of  the coating in t e g r i t y  was found u n intent iona l ly  when 

attempts to remove samples of  coating by hammer and ch ise l  

methods for  X-ray analys is  proved unsuccess fu l .



SUMMARY AND CONCLUSIONS

Wear t e s t s  have shown chromium carbide coat ings  to  have the  

lowest f r i c t i o n  and best wear r e s i s ta n c e  in sodium at  tempera

tures from 200°C to 625°C o f  any of a wide var ie ty  of  materia ls  

t e s ted .  The next best material  from a wear performance view

po int ,  titanium carbide-base co a t in g s ,  f a i l e d  the sodium 

corrosion t e s t s  due at l e a s t  in part to carbon lo s s  during 

depos i t ion ,  and subsequent carburizat ion during sodium exposure.  

Further f r i c t i o n  t e s t s ,  sodium corrosion t e s t s , thermal cyc l ing  

t e s t s  and irrad ia t ion  t e s t s  resu lted  in the s e l e c t i o n  of  a 

chromi urn carbide -  15 Vol.% nichrome coati  ng applied by 

d^onat ion  gun as the only material  and coati  ng process which 

has so far  passed a l 1 q u a l i f i c a t io n  t e s t s  fo r  usage on s t a i n 

l e s s  s t e e l  components in 1 iquid-metal-cooled nuclear reac tors .

An ident ica l  composition coating applied by a plasma spray pro-
22cess  f a i l e d  to remain i n t a c t  during ir rad ia t ion  to  1 x 10

- 2 
n/cm .
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FIGURE CAPTIONS

Figure 1. Fr ic t ion ranges observed for  various materia ls

rubbing in sodium.

Figure 2. Corrosion of chromium carbide and titanium

carbide coatings in 625°C sodium.

Figure 3. Cracking found in plasma-sprayed chromium carbide

\  15 Vol.% nichronie coat ing on 316 S3 a f t e r  irradia-

. t ion  to 1 X 10^^ n/cm^.

Figure 4. Detonation-gun coating of  chromium carbide - 15 V o l . 5̂
22 2i?  . nichrome on 316 SS a f t e r  i r ra d ia t io n  to 1 X 10 n/cm .
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