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~-~drtv  re Lat ively  inexoenaive a~~~— n t ~tal  allov lt~iv~ been d~~ve l or e d  b y c’ m:~—~r~ id
..;~ urces for dental usa~~~, reliable :ind substant itl data relevant cu ~‘ie n~~~n—
erti.es and handling characteristics o1

~ t~~~~s~~ 1ia ~ er iE t l s  ar e  not  a v ai l .ab Li : . There
tora , utilization of nickel—chronium .~t1lov~ in  ALrnv dental nraetL~ e has nai be~ n
w.icr .tn t~~~.

- ~The presen t study assessed comoosition , microstructure ~rooert.ies and laborato~ y
characteristics of Neydium and Ceramalloy. Analysis revealed that ~~yd ium was
based on a Ni (~ 79%)—Cr (—11%) binary system.wi.th minor modUications by Mo
(-3.6~3, Nb (-3.27,), Al (-1.8%), Si (-1 .17,), ~~~(-O.05%)-~ind C (—0.09Z).7~Major
con ’~onents of Ceraraallov were Ni (—70Z) and Cr (—20%) . Minor constituents of
this alloy included Mo (—5.6%) , Si (—3 .96~ ), Fe (—O.2%)~)Ti (—0.02%) and C

• (0.22Z).’~~Neydium exhib~~ ed a continuous grain—boundary network as well as
isolated spherical carbides. A dendritic carbide—orecioitate was the oredom—

~~autmi~rostructural feature of Ceramalloy.~ PronerUes of Neydiumrsnecimens

~~~~ after heat E atm rby irnul~ Eé ~5iic~ latrr~ iring cycle were: UTS 93,000 psi:
YS 85,000 psi; EL 69,000 psi; E 31 X i06 nsi; El 0.8%; VHN 290. Ceramalloy ,
after exoosure to the same sequence of heat treatments , gave the Following
value~~: UTS 109,000 psi; YS 76,000 nsi; ~~ 42,000 psi; E 27 X io

6 psi; El 1.27,;
VHN 330..—~Thick oxides that formed on the test alloys at temoeratures between
i ,20~ and l,800F impaired metal—porcelain bonding . Neydium—norcelain and
Ceramalloy—porcelain combinations gave relatively low bond strength values of
2,700 and 4,800 osi, resnectively . Co~ in~s and full coverage restorations cast
from the material failed to seat cot~rn1etely . Neydium and Ceramalloy offer the
advantages of high strength and rigidity.~~ However , laboratory technique sen-
sitivities , which restrict the range of d\inical aoolication of these materials ,
remain to be overcome .
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CR 0 ’2N — AND—3R1 DG~ Al LOYS

III recent vearo , • ;u vura l  n u n p r e l ’  Lous a l loy . ; is U/u b~~-r ~ ; r ~~~r ’ d

f o r  the  f a b r ic -it ion of p o r c e l a i n —f u s ed - - t u—m eta l  f ixed r e s tor at i on s .

Composit ions of these alloys are , in esounce , d ep a r t t i r o s  fr ~ ,n t ! i o

comp osi t ions of base—m et a l  p ar t i a l  d e n t u re  al loys .
j~~ N i  ~kei

(60 to 80 percent  b y w e L ~ ht )  and chrom ium (— 12  to 20 pe rcea~ by

weig h t )  are th e major constituents of most available product s.

However , the  seemingly similar  comoos [t i onal  f e atu r e s  o[ the  h i  s u —

me ta l  c rown—and—bridge  a l loys  a re  c o u n t u r o d  by t h u  pr .  -‘u ue  ci

va ry ing amounts of other nonprec b u s  components . Mod if Lu. ;  Lori s of

is Lu ~~e L--chc o: ; s .;yo~~ t .:s ~y r ;inau  • ; . L L o c i n g  o I . o o : s L ;

possible the a va i l a b il i t y  of a broad se lec t ion  of c . s s s t . tb  Lu a t  Lu - ,’ .; ,

the s t r u c t u r a l  f e a t u re s  and p r o p er t  ics of ;~h ich  are s .L~ a i f  le ant  ly

diverse .  It would appear  t ha t  each h a su — m e t a l  r e st o rat i v e  s t i b u ’.’

r .;ust be considered as a un i que eat it v , and th at  ‘os;c Ins tonu b - .t - ; ’.-d on

exper ience  w i t h  one mat ur i a l  can not  be used to pruci L et  t h e  b h a v i u r

of a n o t h e r .  Hence , the riced fo r  adeqi i . s  tt ’ c h i a ; a u  t or I :-::t t . i us ;  o

cx L;t ing i lonpr ecious  c r o w n — a n d — h r  id~ e a 1 Lovs ;  1;  obvious

This r epo r t  Is based Upon cia La on two v ’r ieerah I o h. 5: ;e - - : ;u t  :;1

a l loys :  Ney d ium * and C”ram al loy ~~.

* The J . M . No y  Company,  H a r t f o r d , CO

+ Johnson & Johnson D: ’r ; t • t  P r o d ;s ’ .’ t  : (.0 . , Li st  W t t i d o u r , ~~. t

_ _ _ _



MATi -~ .lALS AN D M~ T 1iOs) S

Chemical  An aly: ;  is. Cons t : i tuen t s  of the ‘‘a.;— ruc .d’’ud ” a L l u y ’ ;

w i t h  the excep t ion  u t  carbon , ~; ~re J u t e r m i u u d  qu:;nt i t : ;t . i vo  ‘ v by  a t o t n iu

absorption spectrop hotome try . Carbon was determined by combustion

gravime tric techniques.

Preparat ion of cast  spec imens .  Castings for determination of

microstructure, response to heat treatment and mechanical properties

were fabricated by routine lost wax laboratory procedur os. Phosphate—

bonded molds~ were burned out at 1,500°F. Time at burnout t e mp e r at u r e

was 45 minutes. Neydium and Ceramalloy were cast with the  use of an

automatic induction casting machine
11 

at respective te:iyeratures of

2,400 and 2,300°F.

~1uta I1o~ r aph t c  ‘sod ha rdn~ s ;  sp-u i ’s -~a4  ‘ r ’  1 3 ~~~~ . ‘1 ‘a. -
~ • ;. ‘

The cas t ings  were mount ed  in p l a ot i c  and polished o s i n c t l .t y w~ t h 241)

to 600 g r i t  abrasive papers . An alumina abrasive (0 .3  li sa ) w t a  ; s o u I  t ’ i t b

a v ib ra t ing  polisher~ to reduce gross sur face  scratches . Fin  ii p o 1 i s h t L i , ~:

was accomp lished wi th  f i ne  alumina abrasive (0.05 150) on a r o t ary  p o l i s - ;b u r . 11

Polished discs were immersed for 15 minutes in a solution of 55.5 per’ ’ ’tr

(conc.)  HC1 , 3 percent (conc.) H 2
S04 , .1.8 p ercent  ( c u r i e . )  11N0

3 un d  40

• percent  water , b y volume , to reveal  the  microstruct ur- ’s o~ the  t e s t  :;1I~- - ,’~~.

Unetched mounted specimens ‘OOr e se ;ud  f o r  hardness  mesIs t ;r . ’ment  -

// Sp ec t rophot omet r , Model 403 , P e r k in — E i i n e r  C o rp . ,  No r ws i lL , (‘0 .

~ Ceramigold Inve stmen t , Whi p — M i x  C o r p . ,  I .oII i :3 V i l ie , KY.
¶ E lect roma t ic  C ast i n g  Machine , h Lvsaet Cor p . ,  Chicago , I L .

~2 Vibromet Polisher , Buehler , Ltd. , Evanston , IL

It Ecome t Pol i sher , Its iehi er , L t d .  , Evan ston , I L .

• • ,  ~~~~~~~~~~~~~~~~~~~~~~
. 

~~~~~~~~~~~~~~~~~~~~~



L i i i ,’ (!~ ‘0 i ’ .~u .ii;~h .1 i ’~~ ’nu  I 055 0 t t ~~ii~~ s_ i ’  spu ’.’ i t ~~~’r1 ~ ; cc i : ;  cj r es -~~I : o

r eq u i r e m en t s  o f  A .1) . A.  Spec i f  I c  it  ion No. 1_ 4 for don t a I ci;  :‘c’a i

ecui s I t  t a s t i n g  a t , 1ev .

D_ ’tc r r i inat  lout of i ’ es p o i l s e  t e h eat  t. r e a tne s t  . A s— c . ; . ;  t ha rd  se - ~

( V . H . N . )  of 3 mm .  X 3 mm. discs was es tab l i shed  t n r ou ~ :; the  use of a

t e s t ing  machine~ and a .t3b ° squ are  base diamond cyr am id  in d ent e r .

Then t h e  discs wer e  s u b j e c t e d  to repeated 15—minute  heat  t r e at m en t s  ;;t

200—degree i n ter v a l s  f r o m  400 to 1, 800° F. for  d~~t a ’~~t ior i  of sot t en La~

t e saep ra tu r e  ranges.  A l L  heat  t r ’a t men t s  wer e t e rm i n a t e d  by w a t e r

quench ing .  Hardness w i s  measured for  each t r e a t me nt  t . s s 1 p e r ’ s t s
~~~ -

To d c l  m o n t e  th e  harden La g t e mp er a t u r e  r ats  ~us hs- ’ t o O t  a l  b y ;;

spec imens w a t e  r— q u o n c h e d  f r o m  1, 800° F. i;e rc i ehieu t t r • t t  h at

degree in  terva 1.s f rosa 400 to I , 800 ° F’ . A I. I d i s ;  c:; vi ’ ru 1,’ ; ~ r —q ’:~ a~ hod

as_nt retested a L t  ‘r .t  1 ~ — sss i as s t .s t r t ’at taent  ,s t cac t i  t cc os - a

The e U f cc  t of  t h e  ~u ice Is; in t ir fag p r ecedur ’ (in •!aes ; was ova l st-

a t  ~‘d w i t h  the  ~is ;e of  add F t  Lena 1. 13 mm . X .t stun . d st ’s . n’ c - c  L~’ in  —

• **c luded four  con secut  iv i ,~ heat  t r~’a tm e s i t s  . ! ts i r ’lo ,us.- ; was ssst~.isu r ed

~ Kentrali Hardness ‘fester , Mud ’. ’ I M’ 1 , R i c h to i ’ i ’. S t I sig ~i.;oh i a
East Moilne , [I,.

** (I) t)t.gas;:; iso~: Sp e c i , ’ns wt ’ ro hc , iN ’d  l i o n  I ,200 t o  I , 9j s ,) ‘ It . , he!  si t
l , 950” F. f o r  5 m i n s s t t ~s , remov ’~I t ro sa t h e  I s~ s’ i ; u’ ’ i n . !  s o t  ‘d in ors ’ i l
a Ir .  (2) S i m u s t a t t ’d • to j s b i e . it  ice ;  ut cio 

~~~~~~ ~‘. r ’ ’ I . u in :  S i n  ;,s’n’ ; w~~r ’

heated  f r om 1,200 to 1 ,112’)’!’. , !‘:‘: lO\ ’ t . tl t r ’a  i i ’  t u r n , ; .  0 I SSUSSi ’ i t t t ~1 s ’
on reaching 1, 82’) ° I~ - , and c o t s  led t o  l eer s I ~~~~~ . u 1’ ’; ri’ I t i  0 0 0 5 1  .i1 r -
(3) S l m u l : ; t t ’d  : tp ~~I t e a t  Ion of body  ‘os ’ a ’ l . ;j j ; :  S~c~ ’ ’ I -  - - i s o  w o n ’  ,~~h j o r ?
to tW O ;U R ’Ct ’ s4 5 iv e  t r I n :~s Ir o n  1 , .~ fl) t o  I , .‘ I  s It . S 1’ - ~c ! ;u ;ss w~~r s’ (‘co i s ’~
to room temperatur e Its open s ir si t 1c r .‘ n-h I I r i u s ~ . . ~) ~

‘ 1 I t  ‘.sd , ~~p I i—
o i t  t on of  gl iz .~: S:s ’ , ’ I i n . ’i ;-; i r e  h u . i t ’ c! 1 5 ’ ’  1 , 2c ) t ) t o  I ,~ 1 cl ) ’ ’~ ’ . ,
f rom the I sirnsI t’e~ irs ‘s’~ t tat .1 v o:s re n t;! ut ’, I , ~‘J ()  • V .  , s i s s i t ‘i i  I . . t  t o  to . - s

t em p er at u r e  1st oo ’si s i r .



P s_ or  to 01550:4  U r t ’ c i t  t h  ‘ ‘. ;rse c i Scs i  - I ;, ,~ s. ’s ; t— ~ re.s f : : ’ . —  - C I ‘

1 0011 coins l e t  ~o:s 0 1 t~ s~ cv c is ’ s fo ’~r ? 1 C L ’ .

V u t e rm j s i ; t  i on  u~ 1 ‘osile r i s u or t i e s  . cc — O 5 L 5 5 1 ) U  11 - a t  — 1  5 L’ .I t e d

spec im~-’ns were used f o r  p r o p er t y  r u a s u r i , ’m en t u .  Heat  t cc ’at r sent  c~~:

t ensi le  spec imen s  was accomp lished by means of the prev ious ly d~ oe r L b o d

simulated porcelain firing cycle . TensiLe strength , yield s t ren g t h

(0.2 percent o f f s e t ) ,  elastic limit , Young ’s modulus and elongation

were determined on a constan t  s t r a n n  rate t e s t i ng  m a c h i n e  at a crosshead

speed of 0 .02 -Inch per minu te .  Elongat ion was measured over a one—inch

gague length w i t h  a break—awa y e le c t r o n i c  ext e n s om et or .  Repor t ed

values are averages and s tandard  deviations of S l - ~ dot e  rmin at  ion .

RESULTS

Cerneos it tons of t h  - ‘ a l l oy s  sire given is; Tahi I . ~~-vd I s c m  ‘~~

based on the nickel—chromium b inary system with snodi I [cat  tons  liv

molybdenum , niobium , :;luminum , si l icon , iron  and carbon . M ; i l u r  0 )55 1—

ponc’nts of Ceramalloy were  also nickel  and c h r o n i u r n .  ‘t i n or  e o e - ; t i- ’-

uent s  of t h i s  al loy included mo lybdenum , s; I I  icon , boron , i ron , t tan [urn

and carbon .

As—ca st  m i c r o st r u ,’t si r s’s of N .’vd burn and Ccr aunnl l ov di  f f o r , ,d :.rii ’ke~ l y .

Ney d turn (F ig .  1) exh ib t~~d a se rn icont  inuous gr ut  La bs, ss s d , i rv no two rI:.

Int r a gr an u lar  pro c in i t , ; t  i , s  o t h e r  th an  t hose which  ssp o~’ar ed t~e be d ’ps ’4  i t s

of spher ica l  carb ides were not  d e t & ’ct &s d .  A (I - ’nd r i t  c Ps’ e c t f l  i t  s i t e  W I . ;

the  p r edominan t  mi c  r es t  r u c tu r a  I t’e5a t u re  ot  Cer .usia I. toy (;‘ I c , . 2) .

~i’ In st r on  U n i v e r sal  1’, ’~~ol  Ic Test [ng M a c h in e , In st  tori C or p .  . C, u n t o s , ~t A .

0 St r a in  (;age E x t c ’n s s saet c r , M d o ’I  lA’.— 5 l— ~I 2 , i i ; ’ ;  ron & ‘ r ;’s ., ( ;‘o - so , tt\

— 4 —
A



( -h a n 5~us in h irdut ess  of t h e  al loys  e l ic it ed  by ;u f t e r i in g  ~s ss d

ag ing  heaL r ea tme s i t ’ . ;  are dep Ic ted in I”igure 3 and F’ 1 gure  .
~ , r e—

s~~’.-~~t i v e Lv . H ar dno~~s of ~- ;v v d i u n  rem ained r e l a t i ve ly  s tab le  on 
5

t r e a t m e n t  .i.t t e m p e r at u r e  rang ing f rom 400 to l., 400° F .  (;t i g .  3) .

Howev er , e leva t ion  of the t r e a tm en t  t empera tu re  to i,, 600~~F.  produced

an ab rupt  decrease in Fsardness of th i s  allot S o f ten i n g  of Ceratnalloy

(Fig . 3) occurred upon exposure to t r e a t m ent  t e m p e r a t u r e s  in excess

of 1,200°F. Significant rehardening of heat softened specimens of

Neydium and Ceranalloy was achieved w i t h  15—minute reheat  t reat m e n t s

at 1,600 and 1,200 ° F . ,  r esoect ive ly  (F ig .  4 ) .

Tensile p r o p e”t i e s  and a d d i t i o n al  hardness  da ta  are given in

Table I I .  Com p a r a t i vel y ,  N ey diurn was s tr on g e r  and sl i gh t l y  more r ig i d

than Ceratnalloy . Elongation values of both alloy s-s were low . h ardness

St d~ r ,uuia LIe ’,’ -j
~~~ ,, s~r oat o  r Loan ;h a ~ so h- ’y ~ tsr; . h0  c _ a  L :ne n a t

the simulated t orce lain f i r i n g  cy cle  ci ic i ted  a ’:;nrkssd r eduction In

y ield s t r e n g t h , e l a s t i c  limi t a:;d hardness of both a l l o y s .

DISCUSSION

Mechanical p roper ty  d i f f e r e n c e s  exh ib i ted  by the two a l l oy s  are

related to composi t ional  and micr o st ru ct s ;r a l  d if f e r e n c e s .  Nickel—

chromium based a l loys  are st r en . ; t ’nened nr i m a r i l y  by p r e cin i ta t  ion

hardening  and to a l e sser  e x ten t  by s ;o u i d  s o l u t i o n  har d en in g . 5

Responses of Nevd lum and Cer amal loy  to ag ing tr o . ;t snon t s sssg.~est t ha t

precip i ta t ion  p lays a prominent  role  in t h e i r  h ar d e n i n g . However ,

these alloys are ~~j t  hard en ed  liv p r e - i n it a t o s  of s i m i l a r  compos t L i o n .

A
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A l 1 r ; i  ,;ss::; sn_I  t~~~, , ’ L c:i ar e  ho  s o - s t  ‘ o : : l — s s ; ’  s ; o l s i t ’ . 5 ;  ‘i s ; j s l ’ . ‘,~ in

I roc ip lt ~tt1  i n ~~~“~eu ig 0 1  r i t  ok , ’ l— - h a s ; .’d ;L 1 1 so ’’ I t  ~~~~ ~d ‘~ s~s ’ .s  r

that the pr ’aence o!i a I u r s i n s m m  iri  ‘ .‘diutn r e- , m l t : ;  í a  t . h a ’ -’a t l o s i

of a r e L at  i v e lv  s ;t ~ b be , , ‘OI ;~~ CCO t- i n t ~’ r tne ta l  L i v  pl~- t ~~t (~ i 3
Al, ) ~‘t ; j - ;

phase p r o v i d e s  coherency s t r e ng t h e n i ng  o~ t he :rat ri s ’s , ac t s  as a

b ar r i e r  to s l ip ,  and c o n t r i b u te s  i t s  s t r e ngt h  to tha t  os~ t h e  a l l oy .

Data obtained on reheat  t r e a t men t  of previousl y sof tened N eydiusn —

spec imens f u r t h e r  suggest  tha t  hea t  t r e at m en t s  in th~ v i c in i ty  of

1,600 °F. enhance the st a b i l i t y  of such a phase .  On the  o the r  hand ,

i t  is like ly tha t  heat t r e a t m e n t  of Cer amnal loy at t e m p e r a t u r es  c lose

to .1, 200° F. encour ~-s~ es the  preci p i t a t i o n  of boron arid s i l ic o n . ~-L;ssivc

p rec ip i t a tes  of these elements  sire ~‘xh ib i t ed  by r e r t . s  in ag e— l ia rd eoed

i n du s t r i a l  n i c k e l — c b r o m iu m— m o ly bd enm srn c o n t a in  Lng a blo\ ’S , t he oorm p os i--

:o: ;. ; - ~~~
‘ ; ‘ :  ‘s. ; i~ 

‘ . i  ;o ’ ) . J s ’ s ’ ’- 5 , L :

boron and s llicos; .
6

Data  obta ined on me asuremen t  of the  r ieeh an iczs l  p ro p— ’r t  Los of

Neydiuxn and Cer amal loy i n f e r  t ha t  the  des 1m b], ’ a s —e n s  c s 1 n r ~ic t s o r b u t  i

of high y i e ld  s t r e ngt h  and h i gh e l a s t i c  limit may he compr cmi: ; . -~d i v

heat t r ea tmen t s  associa ted w i t h  the  ap p l i o a t  ion of d e n t a l  o a r - - -’1 s in .

Unfortunately , a veneerod substructure car; r io t  be reb u t t e d  and  u’ st i r

quenched f r om  e i t h e r  1, 600° F. (n i , ar t int  h ar d e n in g  t e n ner at u r e  o~

Neydiurn) or 1,200° F. ( ap p ar e n t  h a r d e n i n g  t emno er at r i r e  o l  C’.’ r im- i l t o ” )

for restoration of strougth and hardness  w i t h o u t  l ’n d , l f lg er l n s4  L i t ’

porcelain—to—metal hot-id. N onet ’he less , y i e l d  a t r o i s g t l i : ;  stud ,.‘l; s,-s ’ i~’

l imits of these materials tend to be h i g h e r  t h a n  t h o s e  sf h i g h —

fus ing pro c b u s  m et a l  a l l  5 V 4  used In t h e  p or e I ,;in—f sr ;’ ~~— t o — r ’ o t  - i i

technique.79 lE igh  .~~d s i i is ~ of e l ; ; s t i - h L v  ( r i - ~ i d b t y )

___________________________ ---



~1

‘eh j e t s  5 not  s t i  er abl, c liv heat  t r e s i t : m u n t  , s ;ss~s~os t_ .; the u s t e m i t  in ] ,

;is- ’~’u i - i s ’~~s of ~ .‘yd lien , t i s r i  C o r , s s s i i i i o y  fo r  t h e  c l o t  iu ~; O s’ t h i  a c a n t  ngs

and r~’t s i ner s  • and ~or the  c o nst r u c t i o n  of long—sp in f ixed  p sr t  [ml

den tu re s .

Compositions , microstructures, properties and heat—treatment

characteristics of two base—metal crown—and—bridge alloys were

s t u d i e d .  The m a t e r i a l s  displayed s i g n i f i c a n t  co~swosit ional and

s t r u c t u r a l  d i f f e r e n c e s . Both alloys were strengthened by precipitation

hardening . S t r e n g t h  and rigidity of the nickel—chromium alLo .’s suggest

t h e i r  p ot e n t i a l  u se fu lness  in f ixed  p ros thodont ic  p r o c e d u re s .

-7- 
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TA ,~i~-. I . ( s ,~~i’G~~t l0~ S Jf  Tt’~O ~3 S \ S  is ~ iFA L Ci~U sN AND BT ~LDG ALLOYS

N evd iumn Ceramalloy
Element ( p e r c e n t)  (p e r c e n t )

Nicke l 79 .0  67 .1

Chromium 11.2 19.9

Mol ybdenum 3.6 5 .6

Niobium 3.2 0.00

Aluminum 1.8 0.00

Silicon 1.1 3.96

Boron 0.00 2.90

Iron 0.05 0.12

Ti tan ium 0.00 0.02

Tin 0.01 0.00

Cobalt 0.00 0.01

Carbon 0.09 0.22 

~~~-~~~~~-~~~~~~ -~~~~~ -‘ ~~~~~ ‘~~~~~~~ - _ _ _  _



L , \3 LE It . ‘~EC iL \N L C, \L PR0PE~.TIE3 OF TWO BASE ~ E~’AL CR 3WN A N D BPJ DG ’~ A L L O F S

N eydium Cer ;.enallov

* *Proper ty  
_____ 

As—Cas t H e a t — T r e a t e d  .A s—C as t  H e a t — T r e a t e d

Tensile  s t r eng th  (RiO 3 ps i)  118±4 + 93 ±5 + 109±4 + 109±6 ’~
Yield s t ren g t h~’ (x10 3 ps i)  116±2 85 ±4 89±6 73±3

Elast ic  l imi t  (X10 3 ps i)  96±9 69 ±1 56±4 4 2 ± 4

Modulus of elasticity 31.2±2.4 31.4 ±1.8 26 .3±1.3  2 6 . 5 ± 1 .5
(X106 osi)

Elongation (percent) 0.6±0.3 0.8 ±0.3 0.8±0.3 1.2±0.2

Vickershardness 350±6 292 ±4 3ô9±8 33O~ 5
number ( V . H .N . )

* Simulated porcelain firing cycle.

+ ~ :,mnda rd d- ~v i s c i ’sn .

l~ 0.2 pcrccat offset. 

~- ~~~~~~~ -~~ ‘ - --~~~~~-- .~~~~~~ - ~~~~~~~~~~---‘_
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~‘i g . 1. A s — c a s t  a ic r ost r uc tu r e  of N~~ d Lum . I n L t  m l  mna 5 :ri f t eat  to:;

400 N.

Fig .  2. As—cast microstructure of Ceramailoy. Initial xac~nifLca~:ion

400 X.

Fig. 3. Effect of heat—treatment temperature on hardness of two

n i c k e l — c h r o m i um  al loys .

Fig .  4. E f f e c t  of r e h e a t — t r e a tm en t  terrn t~r a t u ro  on h ard r -m e s -, of two

n i c k e l — c h r o m i u m  a l loys .
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