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V A . P O R I W I O N  PHEXOMEf\JA OF HAYNES ALLOY NO. 25 TO 1150°C 

D. T. Bourget te  

ABSTRACT 

The evaporat ion r a t e  of Haynes a l l o y  No. 25 w a s  
measured a t  870, 930, 980, 1040, 1.090, and 13.50"C 
over a p res su re  range of' 6 X to 5 X t o r r .  
Resu l t s  of long-term t e s t s  showed .that t h e  evapora- 
t i o n  rates were h ighly  teInperature s e n s i t i v e .  At 
constamt temperature ,  t h e  evaporat ion r a t e  decreased 
w i t h  t i m e .  Changes i n  the composition of vapor 
d e p o s i t s  and e l e c t r o n  probe microanalyses  have shown 
t h a t  t h e  h igher  vapor pressure  elements,  Mri, C r ,  Pe, 
and N i ,  were quick ly  evaporated from t h e  specimen 
su r faces ,  r e s u l t i n g  i n  concen t r a t ion  g r a d i e n t s .  
F k t h e r .  l o s s  of' t h e s e  elements was dependent on t h e i r  
diff insion r a t e s  i.n t h e  coba1.t-tungsten matrix, thereby  
accouritirig f o r  t h e  decrease  i n  evaporat ion r a t e  with 
time. 

The major micros t ruc tura l -  changes which are 
d i r e c t l y  a t t r i b u t e d  t o  evaporat ion l o s s e s  are subism- 
f a c e  and surface-connected void formation,  gross sur- 
fa.ce roughening, and fciririation of Laves phase a t  t h e  
specimen su r faces .  Changes i n  t h e  bulk  a l l o y  composi.- 
t i o n  also r e s u l t e d  i n  t h e  d i s s o l u t i o n i n g  of Laves 
phase i n  .the subsurface r eg ions  of t h e  specimen. 

IITCRODUCTION 

The Future  success  of space exp lo ra t ion  i s  t o  a great ex ten t  

dependent on t h e  development of I-ightweight, e f f i c i e n t  power p l a n t s  t o  

supply t h e  e l e c t r i c a l  needs of s;pa.ce veh ic l e s .  Design studi.es'  a t  t h e  

Oak Ridge Natiorial Laboratory Iiave shown t,?iat h igh  perfomiances are 

achievable  i n  a nuc lear  r e a c t o r  rnated t o  a Harkin cyc le  t u r b i n e  genera-Lor 

BY stern employing potassium a s  

'A. P. Fraas ,  Nucleonics 

a s i n g l e  worki-ng f l u i d .  In additfori ,  

22, 72 (1964). - 
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l iquid-metal .  corrosion studies2 have showri t ha t ,  the corros ion  r e s i s t a n c e  

of Xaynes aJ.Loy No.  25  i s  super ior  t o  that of Incone l  and t y p e  316 s t a i n -  

3.ess s t e e l .  Tke  disso3.utive cor ros ion  of Hsynes alloy No. 25 does c o t  

i ri c r ea s e i nor  d i na t e ly v i  t I I i n.c r ea s i ng temper a tx: e , and st higher  Lesi 

"ictnperatures, problems a s soc ia t ed  w i t h  agj.rip; embr i t t l enzn t  and f a t i g u e  

cracking are l e s s  severe. In additio-n io iiie above li~s-ted p r o p e r t i e s  

the excell-en?; h i  gh-temperature s t r ~ n g - 1 ,  ti oi t%i. s a3.1 oy- i -nd ica tes  its 

potent ia l -  as a con-Lairier m a t e r i a l  for b o i l i n g  potassium a.t l.Or)O"C. 

The r ooiri -t ernper., t1si-e ernb ri -tA 1 eixe nt  usii-3.1- 1.y a s s cc i a t  ed w i t  h L h i  s 

s l l o y  resu l t s  f'i-orn t l i i .  pi-ecipi-ta.ti.on or a. 1,aves phase; liowevcr, this 

ein'or-ittlerr-ent i s  rarely r e t s ined  above 550°C ( r e f .  3 ) .  The embr i t t l e - .  

meni  does not a g x a r  tc be r a r e  acube i n  welded than i n  wrought iiiaterla.1.; 

however, comgosi t ional  chaiiges i.nvo.l.ving an  i n c r c s s e  i n  turigsten and. 

si 3.ico:i and a decresse 3.n i r o n  r n d  n i c k e l  prcmote l;ie L'onietion of t h e  

Lave:: phase. 

The puypose of this i n v e s t i g a t i o n  was 'IO deberrnine the high-vacuum 

s t a b j - l i t y  of Hayncs 11l.oy No. 25 over iis u s e f u l  terripcratiire range w i i h  

regard t o  (1) i - i s  evepor-aticn chm-actcwist ics ,  ( 2 )  the effects ot' svsp- 

ora-tion losscs 0x1 allloy composil?on., and (3 ) t h e  e f f e c t s  cf 1oilg-ttii;in 

anmal i .ng  amd. evapors-LioE losses on the alloy micros.Lructiure. 

Sample P repa ra t i  or1 

Specimen s tock  C .  1.6 cm tlnick was cold rol.1.ed. t o  a i jp-oxin4te ly  

0.015 cr::. 

tilrough &/I ab-rasive p,2per, degrea-sed, weighzd, and th2i . r  geometric 

surface area dcicrmincd. The cor:iposikion of the allny used i n  tiiis study 

i s :  

Specimens wi th  4 t o i a l  a r e a  of aboirt I3 e m 2  were cut,  po l i shed  

'I). H. ,Tansen and Ei. E. Hoffman, Type 316 S.ba.lnless Steei2--sncone1, 
and Ilaynes All-oy No. 25 Na'Guyiil- Circul..a.tion Boi ling-P0ta.s siim Corrosior? 
Test  Loops, .... ~ ._.._ ORNL-3970 ( June  19T). 

_____I 

3 S .  T. Wlodek, Ehbri-itl.emeiit of a Co-Cr-W . . . (L-605) . .. . . . . .. . . . . Alloy, R 6 1  FPD 
~ 

538 (Dee. ?., l961)- 
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Element 

Cr 
W 
Ni 
Fe 
Mn 
Si 
C 
CO 

Concentrat ion 
(Td 4 )  
20.00 
16.45 
10.97 
1.65 
1.38 
0.30 
0.066 
lt9.16 

Evaporation Apparatus 

The two types  of evapora t ion  appa ra tus  employed i n  t h i s  s tudy are 

schemat ica l ly  i l l u s t r a t e d  i n  Fig. 1. The f i rs t  appara tus  permit ted 

cont inuous mea.surement of t h e  evapora t ion  l o s s e s  by observing t h e  Trreig’nt 

change in a. specimen suspended from a c a l i b r a t e d  s t e e l  spr ing .  The com- 

bined s e n s i t i v i t y  of t h e  spr ing  and t h e  cathetometer  for detecti.n.g weight 

changes ~sas  0.004. mg. 

t empera tures  t o  950°C and 5 X 10”‘ torr a t  1100°C. 

T h i s  appara tus  was capable of 5 X lo-’) t o r r  a t  

A lsnowlrdge of t h e  behavior  of the p r i n c i p a l  elements vaporizing 

froin t h e  alloy i s  important  i n  understanding the  time-dependent changes 

i n  evapora t ion  rates and t h e  r e s u l t i n g  mic ros t ruc tu re  of t h e  a1 l.oy. 

Therefore,  a second appara tus  was designed t o  permit  t h e  c o l l e c t i o n  oP 

vapor deposi. ts  under v a r i a b l e  condi- t ions of t ime and temperature .  The 

vapor deposits f rom induct ion-hea ted  specimens were q u a n t i t a t i v e l y  a n a -  
lyzed f o r  e lementa l  concent ra t ions .  Th i s  appara tus  was capab1.e of 

lo-’ t o r r  a t  ternperatures to 1500’C. The cons t ruc t ion ,  operat,i.ng charac-  

t e r i s t i c s ,  and experimental  procedure for bo th  types  of equipment have 

been d iscussed  previ.oi~s1.y i n  de ta i l . .  

I n  sn e f f o r t  t o  determine composition g r a d i e n t s  a c r o s s  t h e  specimen 

th i ckness ,  elec.tron probe riilicroanalyses were completed us ing  a 

Norelco AMR/3 e l e c t r o n  probe ana lyzer .  A computer code descr ibed  by 

‘D. T. Bourgette,  Evapora,tion of I ron- ,  Nickel-, and Cobalt-Base 
All-oys a-t 760 t o  980°C i n  High Vacuwns, ORNL-3677 (November 1964). 
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P- 

Fig. 1. Sctkmnatic D r s w i n g s  of Zvsporz-Lion Appara-tus U t i l i z e d  in tlie Vsporization Siudies of Eaynes 
Alloy KO. 25. 
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Brown.5 was used t o  c o r r e c t  t h e  i n t e n s i t y  data for abso rp t ion  and 

f l u o r e s c e n t  effects  and t o  conver t  the  co r rec t ed  rate data .Lo weight 

pe rcen t s  . 

RESULTS AND DISCUSSION 

Validrity of t h e  Experimental  Technique 

The accuracy of -the experrimental evapora.tion technique  used i n  tbi .s  

i n v e s t i g a t i o n  w a s  vex-i-i'ied by t h e  de te rmina t ion  of t h e  vapor pressures  

of pure i r o n  and pure n i c k e l  u-sing t h e  Knudsen-Zangmuir equat ion wi-bh 

t h e  vapor iza t ion  c o e f f i c i e n t  equal to u n i t y .  The rneasured vapor pres- 

sures agreed w e l l  w i t h  publ.ished va lues .  I n  the  case  of ni.ck.el, t h e  

experi.rr?ental- val.ue of? 2.25 X t o r r  i s  compared w i t h  t'ns publ ished 

value6 of 3.00 x 10-7 t o r r  a t  103$*~, whi le  for i r o n  an experimentaI. 

valiue of 3.54 x I.OB7 t o r r  i s  coni,pa?red t o  a, publ ish~.d value" of 
1.77 x t o r r  a t  872°C. The r e s u l t s  of t h e s e  evapora,tion tests show 

a l i n e a r  weight l o s s  wi th  t i m e ,  a behavi.or cha rac t e r i s t i . c  of pure meta ls .  8 

Alloy Evaporation 

I d e n t i f i c a t i o n  of Evapomted Elements 

Chemical ana lyses  of deposi.Led metal vapors froin t e s t s  conducted 

f o r  approximately 500 h r  a r e  surmriirized i n  Table I.. Although t'ne t o t a l  

amount of m a t e r i a l  be ing  evaporated increased  wi th  i n c r e a s i n g  temperature,  

t h e  r e l a t i v e  concen t r a t ions  of t h e  d i f f e r e n t  a l l o y i n g  elements varied 

considerably. The concen t r a t ion  of t h e  h igher  vapor presswe elenent s, 

5J. D. Brown, A Computer Program f o r  E lec t ron  Probe Microanalysis ,  

6J. E. E l l i ! , t t  arid M. Gle iser ,  Thermochemistry f o r  Steelmaking, 

Bureau of Z;/lines No. 6648, 1965. 

Vol. I., p. 2'70, .AddFson-Wesl.ey, Reading, Massachusetts,  1960. 

7E, A. Gulbransen and K. F. ,bdrc?w, Trans.  Met. SOC. AIME -- 221, 
12[+7 (1961). - 

M. Pound, J. Ri-ys. Chem. - 64,  619 (1960) - 
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C r ,  Mn, and Fe, j-n t h e  .vapor d e p o s i t  decreased wi th  inc reas ing  tempera- 

t u r e  betweerl 8'72 and I093"C, T b 7 h i l . e  t h e  concen t r a t ion  of ttle lower vapor. 

p r e s s i r e  elements,  Co, N i ,  and S i ,  showed a.n 5ncrease. 

T e s t s  coiidincted EL% 982°C for -Limes rarigiiig from 5 to 5130 hr showed 

t h a t  t h e  concen t r a t ion  of rfiaiiganese and -iron in t h e  depos i t  decreased 

w i t h  increasing t i m e ,  while t h e  concen t r a t ions  of -the rmaining elements 

i n  t h e  d e p o s i t  increased .  The concen t r a t ion  of eE-irgmi.im a.nd c o b a l t  

increased. a t  a s i g n i f i c a n t l y  g r e a t e r  r a t e  t han  did n i c k e l  and silicon. 

These results i n d i c a t e d  a s e l e c t i v e  loss of all.oyi.ng elements, r e s u l t i n g  

i n  a c o n s t a n t l y  cliar~ging siirf'ace composition. 

E lec t ron  probe microanalys is  of specimens t e s t e d  a t  l;ein:pera.tures 

ranging from 872 -to 1150°C for t i m e s  to 3000 'rii showed. t h e  ex i s t ence  of 

conceiit,ration grsdi e n t s  which v a r i e d  w i t h  time and -t;?mpera-ture. 

results as i l l u s t r a t e d  i n  Fig.  2 f o r  a. 1040°C t e s t  s u b s t a n t i a t e d  the  

Typica l  

ORNL-DWG E6-10045R - 
1 .................. 

I 
! Co I I 4. I 

l....... ... 1 

0 - t  1: ORlGtNCL ALLOY .. j COMPOSI~IION (wt"%) 
........... 

c0-- 4 3 . 1 6  

Cr- 20.00 

w-- 16.45 
v,ji-,()!yr .......... 

Fe-- 1.65 
Si -- 0.30 

Mn-1.38 .. 

C-0.066 

....... 1 
SPECIMEN 
SURFACE 

I 

...................... 

.. .................. 

..... 

Fig. 2. Cmqms5.tion P r o f i l e  of a. flayiies Alloy No. 25 Specimen 
Evaporation Tested a-t IO~+tC)"C f o r  2672 hr. 
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chemi-cal a n a l y s i s  and indicated.  t h a t  t h e r e  i s  a dep le t ion  a t  t h e  s p e c h e n  

si).rfacec of Fe, C r ,  N i ,  and Mn. The su r face  concent ra t ion  of tungs ten  

and s i l i c o i i  increased  s u b s t a n t i a l l y ,  whi le  t h e  coba l t  concent ra t ion  

increased  only s1ightl .y.  Fur ther ,  l o s s e s  of t h e  higher  vapor p re s su re  

elements, chromium and manganese, from t h e  i n t e r i o r  reg ions  of -the 

specimen r e s u l t e d  i n  an i nc rease  i n  the Co, W, and Fe concen-Lrations i n  

bmse rcg ions .  T h i s  b e h v i o r  indicated. t h a t  subsequent l o s s e s  of the 

evaporat ing elements were d i . f fus ion- ra te  dependent. 

i l  

Met 31 l.ogr aphy 

Y'he mic ros t ruc tu re  of Haynes a l l o y  No. 25 a t  t h e  temperatures  

invest iga. ted exh ib i t ed  f o u r  major changes t h a t  can be d i r e c t l y  

a t t r i b u t e d  t o  evapora-Lion l-osses.  These changes a r e  lis-Led below. 

1. The f orrtiation of microscopic subs ixface  voids  r e s u l t i n g  from 

the coalesceace of Kirkenda.11. vacancies.  

2 .  T'ne forma'cian of a "honeycomb" sLr1lctui-e a t  specimen su r faces  

above 1.00O"C. 
3. 

4.  Dissolu t ion ing  of t h e  Laves p r e c i p l t a t e  i n  t h e  subsurface 

Formation of t h e  Laves phase (Co, N i  ) 2 (W, Cr ) a t  specimen su r faces .  

reg ions  of t h e  specimens due t o  bulk  conpos i t i ona l  changes. 

These m i c r o s t r u c t u r a l  changes are i l l u s t r a t e d  i n  FLgs. 3 and 4. 

Wlodekg repor.ted t h a t  Xaynes a l l o y  No. 25 on prol.onged exposure i n  

t h e  temperature  range of 650 t o  1100°C T w i l l  p r e c i p i t a t e  a Laves phase, 

which promotes a l l o y  erribrittlement. Maxirriim h v e s  p r e c i p i t a t i o n  occurs  

i n  t h e  v i c i n i t y  of 870°C af tei -  about 1000 h r .  

temperatures  r e s u l t  i n  l e s s e r  amounts of Laves phase i n  t h e  micros t ruc-  

-ture.  Wlodek f i r t h p r  s t a t e d  t h a t  s i l i c o n  s t a b i l i z e s  t h e  Laves phase and 

also t h e  hexagonal-close-packed modi f ica t ion  of t he  coba l t  iriatrix. Other 

c o n s t l t u e n t s  such as i r o n  and n i c k e l  tend  to s t a b i l i z e  t h e  face- .centered  

cubic  hish-tempera.tu.re s t r u c t u r e  of t i le  coba l t  mat r ix .  I n  add i t ion ,  

n i c k e l  tends  t o  decrease  t h e  s t a b i l i t y  of t h e  Laves phase, 

Aging t r ea tmen t s  a-t 11ri.g'n.er 

9S. T. Wlodek, Ehbri t t lement  of a Co-Cr-W (L-605)  Alloy, 8 61 FPD 
538 (Dee. I., 1961). 
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PHOTO 84998 

^, 

1040°C Y-70343 1090°C Y- 7034 2 4950°C Y-78341 
2672 h r  670 hr 164 hr 

WT. LOSS-22.6 mg/crt-r* WT. LOSS-27.5 mg/~m' W f .  LQSS-25-28 mg/cm' 

Fig. 4 .  The Ef'fect of Evaporatiori Losses i n  Excess of 20 r.g/cm2 on t h e  Micros+;ructare of 
3ayres Alloy No. 25. Original rnagnifica-xion 50CX. Etchant: electrolytically polished us ing  s 
p l a s i z m  catkode in 8 s o l a t i o n  et' 1OC n2. E20 + 40 ml HC2H332 + 40 ml $C1 -f 4,i.O ml HN03 -k 25 g FeC13. 
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S l i g h t  c omposit i onal change s i nvolv i  ng th.e e l i m i  nat i or1 of s i  li c on, 

a decrease  i n  t h e  tungs t en  l e v e l ,  and an  i n c r e a s e  i n  the i r o n  and n i c k e l  

con ten t s  may suppress  t h e  k-ires phase p r e c i p i t a t i o n  j.n t h e  temperature  

range 850 t o  1000°C. 

chromium and manganese, s u b s t a n t i a l  amounts of i r o n  and n i c k e l  w i t h  

l e s s e r  amounts of s i l i c o n  w e r e  evaporated from t h e  specimen su r faces .  

The lo s s  of' t h e s e  elements from t h e  su r faces  of t h i n  specimens, i n  

essence,  r e s u l t e d  5-11 a n  i n c r e a s e  i n  t h e  concen t r a t ion  of t imgs ten  and 

cobal-t .  This  evaporat ion behavior  could t h e r e f o r e  promote t h e  forniation 

of t h e  Laves phase a-t tempera tures  above 900°C. 
t h a t  Laves phase :forms w i t h i n  61, hr a t  tempera tures  of 760 -to 980°C. 
Ekaporation tests have slmwn, however, t h a t  a t  t h e s e  temperatures  far 

longe r  t imes  are  r equ i r ed  t o  s u b s t a n t i a l l y  change t h e  bulk  composition 

of the alloy. Therefore ,  t h e  k ~ e s  phase i n  t h e  mic ros t ruc tu re  (fig. 3 )  

r e s u l t e d  from thermal  eff  ec- ts  and not  from evaporat ion.  

T h i s  s tudy has  s h o ~ m ,  however, t h a t  i n  a d d i t i o n  t o  

Wlodek9 a l s o  r epor t ed  

Resu l t s  of x-ray d i f f r a c t i o n  a n a l y s i s  showed that t h e  su r faces  of 

a l l  specimens evaporat ion tested at 930 t o  1 1 5 0 ° C  were composed of t h e  

Laves phase. Metal lographic  examination f u r t h e r  showed that t h e  amount 

of Laves phase a.t t h e  specimen su r faces  inc res sed  wi th  temperature  o r  

w i t h  an i n c r e a s e  i n  evapora t ion  losses. This  behavior  i s  i l l u s t r a t e d  i n  

Fig.  3 f o r  evapora t ion  l o s s e s  of less than  10 mg/cm2 and i n  Fig. 4 Por 

l o s s e s  i n  excess  of 20 rng/cm2. 

subsurface regi0n.s occurred sirnul.taneously wi th  i t s  formation on the sur- 

fa,ce. This  ancrma.1ous behavior  :i.s a t t r i b u t e d  t o  the gross d i f f e r e n c e s  i n  

composition i n  t h e s e  regions due to evaporat ion 1-osses of' t h e  higher  

vapor p re s su re  elements, Mn, C r ,  and S i .  

D i s so lu t ion  of the Laves phase i n  t h e  

The h igher  evaporstion losses from reg ions  near the su r face  and the 

coalescence of voids  d i r e c t l y  beneath the su r face  r e s u l t e d  in t he  honey- 

comb s t r u c t u r e  a t  t h e  specimen s u r f a c e s  (Fig. !+). Subsu?-face voids  were 

p resen t  throughout the micros t ruc tu re  of the 0.015-cm specimens t h a t  

had su f fe red  a weight l o s s  of 2 mg/cm2 o r  g r e a t e r .  The f'onnxkion of 

t h e s e  microscopic  voids  i s  a t t r i b - u t e d  t o  t h e  coalescence of Kirkendal l  

vacancies .  



Evaporation Behavior of Polished Specimens 

Evaporation t e s t s  were cond.ucted a t  870, 930, 980, and 1.040"C For 

times ranging from 1.200 t o  2700 kr. Tests conducted a L  1.090 and 11.50"C 

were te rmina ted  prematurely a t  650 and 170 h r  because of excess ive  evap- 

o r a t i o n  lo s ses .  The r e s u l t s  of t h e s e  t e s t s ,  i l l u s t r a t e d  i n  Fig.  5, show 

t h a t  evaporat ion 1.osses i n  t h i s  a l l o y  a r e  h ighly  dependent on 'cempera- 

t u r e .  I n  add i t ion ,  t h e  changes i l l  s lope  of t h e s e  curves i n d i c a t e  a 

decrease  i n  t h e  evaporat ion r a t e  wi.th inc reas ing  t ime. This  behavior  is 

i l l u s t r a t e d  more c1ea.rl.y i n  Fig.  6. The decrease  i n  evapoyation r a t e  

wi th  iime w a s  g r e a t e r  a t  t h e  low ' ieinperatures and i s  a t t r i b u t e d  t o  t h e  

decrease  i n  d i f f u s i o n  rates of t h e  evaporati-ng elements a t  t h e s e  

-t ernperatur e s . 
As showil e a r l i e r  by t h e  ex i s t cnce  of concent ra t ion  g r a d i e n t s  and 

t h e  time-d-ependent chances i n  t h e  composi-Lion of vapor deposi- ts ,  t h e  

su r faces  of t h e  specimens become deple ted  i n  t h e  higher  vapor p re s su re  

elements.  Therefore,  t h e i r  f u t u r e  1.osses become dif  f u s i o n - r a t e  depen- 

deiit.  The major s i g n i f i c a n c e  of' Fig. 6, however, i s  that  t h e  curves a-ee 

nea r ly  p a r a l l e l  which i r id ica te  t h a t  t h e  evaporat ion mecha.nisms o r  t h e  

r a t e  c o n t r o l l i n g  s t e p  changes only s l i g h t l y  between 2 and 1000 h r .  1.t 
i s  post i i la ted t h a t  t h i s  change may be due t o  -the formaLion of Laves 

phase on t h e  specim2-n sur faces .  

Po 'wnt ia l  space a p p l i c a t i o n s  f o r  Hayries a l l o y  No. 25 may r e q u i r e  

s e r v i c e  l i v e s  i n  excess  of 10,000 h r .  A method for p r e d i c t i n g  t o t a l  

weight, 1.osses f o r  po ten t ia l .  opera t ing  temperatures  t o  var ious  s e r v i c e  

l i v e s  i s  p l o t t e d  i n  Fig. 7. I n  ad-d-ition, t h e s e  curves may be used t o  

s e l e c t  opera t ing  temperatures  f o r  a maxhum t o l e r a b l e  weight Loss. The 

mic ros t ruc tu res  a s soc ia t ed  wi th  such weight l o s s e s  may i n  t u r n  be e s t i -  

m a t e d .  with t h e  a i d  ol" Figs .  3 and 4. It i s  emphasized, however, t h a t  

t h i s  r e sea rch  t e s t e d  specimens only 0.015 t o  0.020 ern i n  th i ckness  and 

t h a t  g r e a t e r  t h i cknesses  might y i e l d  q u i t e  d i f f e r e n t  experimental  

r e s u l t s .  It i s  f e l t  that t h e  major d i f f e r e n c e s  would be an inc rease  in. 

t h e  s e v e r i t y  of t h e  concent ra t ion  p r o f i l e s  of t h e  evaporat ing elements 

near t h e  surfaces and a decrease i n  the s e v e r i t y  of void Tormation 

wi th in  t h e  bulk  of t h e  sample. However, t h e  evapora t ion  r a t e s  would 
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remain r e l a t i v e l y  W.gh as long as t h e  t empemture  was s u P f i c i e n t  f o r  t h e  

higher  vapor p re s su re  elements to d i f f u s e  to t h e  specimen su r faces .  

Greater  t h i cknesses  slimply mean t h a t  more m a t e r i a l  i s  a v a i l a b l e  f o r  

s e l ec  t i v c  evaporat ion.  

CONCLUSIONS 

This  s tudy has shown t h a t  t h e  higher  vapor p re s su re  a l l o y i n g  e l e -  

ments, rmnganese and- chromium, were s e l e c t i v e l y  evaporated. from Haynes 

a l l o y  No.  25 a t  high vacuum i n  t h e  temperature  range of 870 t o  1150°C. 

When t h e  su r face  of t h i s  cobal t -base  a l l o y  became dep le t ed  of t h e  higher  

vspor pressure  a l l o y i n g  elements, t h e i r  f l i r t he r  l o s s  became dependent on 

t h e i r  d i f f u s i o n  r a t e s  i n  t h e  base a l l o y .  A t  t h e  lower t m p e r a t u e s  

(<1050"C), t h e  low d i f f u s i o n  r a t e s  of t h e  vo3.ati ].e, evaporat ing elements 

r e s u l t e d  i n  severe concent ra t ion  g rad ien t s .  A'c -teriiperatures of 1090 and 

1150°C t h e s e  g r a d i e n t s  were less severe;  however, t h e r e  occurred a much 

g r e a t e r  change i n  t h e  bulk concent ra t ion  of t h e s e  higher  vapor pressure  

elements. Eventually,  t h e  specimen su r faces  becxne enriched i n  t h e  

lower vapor pressure  elements, coba l t  and tungs ten .  Because of t h i s  

behavior,  t h e  evapora.tion r a t e  a t  cons tan t  temperature  decreased w i t h  

ti.me. The amount of cobalt i n  the vapor increased with  t i m e .  

Surface roughening, void formation, and Corrnation of ma.ssive Laves 

phase It t h e  specimen su r faces  were t h e  rnaj or m i c r o s t r u c t u r a l  changes 

a t t r i b u t e d  t o  evaporat ion lo s ses .  A s  evaporat ion of t h e  higher  vapor 

pressure  elements coiiLinued, however, t h e  al.l.oy composl.Lj.on i n  t h e  sub- 

surPace r eg ions  of the specimens w a s  a l t e r e d  i n  a manner which r e s u l t e d  

3.n t h e  dissol iut ion of t h e  f i n e r  Laves p r e c i p i t a t e .  

The use of Haynes a l l o y  No. 25 i n  space environrfients f o r  times in 

excess  of 10,000 h r  i s  not  recommended a t  temperatures  above 870°C. 

i s  f e l t  a t  t h e  p re sen t  t ime 'that t h i c k e r  s e c t i o n s  could be used 

successPul ly  a t  800°C o r  bel.ow. 

It 
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