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The fusion of porcelains to metals is an ancient art. Al—

though its specific origin cannot be substantiated , it is known that
metal ceramic decorative and functional devices were fabricated in
many early civilizations, particularly those of the Egyptians , Greeks

~~~ nd Persians.

Since the early 1950’s, esthetic porcelain—fused—to—metal
dental treatment devices have enjoyed wide clinical use. The fol-
lowing problems , however, initially encumbered the production of por—

> celain—metal dental restorations: (1) Fused porcelain displayed
0— cracks after firing because of the mismatch of thermal expansion be—

tween the porcelain and the metal substructure; (2) the color of fused
porcelain was altered adversely by color forming oxides and by tech—

• 
~~~ 

nique ; (3) relatively soft gold—based casting alloys lacked sufficient
_j  strength and rigidity to withstand rigorous functional service.

~~~ LL- Over the past decade, the foregoing difficulties have been
reduced in frequency of occurrence and in severity ~~~~~ Today , the

C..D degree of bonding of fused porcelains to improved gold—containing

~~~~ (precious) alloys appears to be adequate. However, the mechanisms by
• which bonding occurs are not understood completely. Several explana-
tions of the so—called porcelain—to—metal bond have been advanced .
Van der Waal’s forces ~~~~~~~~~~, and the beneficial effects of compression
forces resulting from small differences in thermal expansion of two
dissimilar phases may contribute to bond formation .

In recent years, costs incu.red in the la o atory fabrica-
tion of porcelain—fused—to—metal fixed prosthetic d vi s (crowns and
bridges) have increased markedly. Increased production osts have
been , for the most part , reflections of the advancing 1nt’~rnational
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IWG ET , DE SiMO N

m ar k e t  Va lueS o g o l d  i ts I  et h er  p r t ’ t ’ ions  inet :i I s .  ‘ . i r ~~~~cs for less
e x tens  I y e  veflet ’ r ab I e’ met ,iIl Ic subs t r at  t’ f rem wh I cli fu u t ’ t lena I is w e l l
as ~s t he t Ic re ~ t or .  t I ‘us rn I gli  t h,’ f a b r  i c i t e d  h av e  led to  I n t e r e s t  in
th e ’ t i s t ’ of m a t e r  I i  I s  a I I ov~~l f rem base m e t a l s  i -at her  t h a n  f rom p r o —
c b u s  i e ;t  I t  u. ’ t i t  s. N i c k e l  (— i t O  to  St . ) p er c e nt ) an d t h r e m i t u n  (-. I ~ t o
.~t ) pe’ r cen t  ) a r e ma j or  c om p on en t  s of t h e  ma t ’  r i t  v of  iva I I aM t ’  subst  I
t i t L e ’S OF h i g h — l u s t  f l t~ gt ’ t t t  ) .151 ’d d en t a l  c a s t  log . iI  t o y s .  Al t h o u g h  t lie
p h v s  I cal  and moch a n i  C a I p rop er  t i t ’s of I lie n i c k e l — c  br ent  I urn a 11ev s a r t ’
s t i f f !  c i  en t f o r  fu n c  t l o i t i I t n t  r i o  ri! Llsac t ’ d i f f i c u l t  I es have been t ’ x—

p er t  enced In oh t . u i n  in  r ’  I I ;ib Ic  po r et ’ l a i n — t o — m e t  a I b o n d i n g  (6)

It woo l  d •Ippe ~I r , I rem I abe r a t e  rv and c I In! t a 1 o hse rva t t on s
t h a t  a Ft I i i i  V t I v t I i i ~ k sc:u I , ’ wh I c  Ii ace  r i l e s  a t  t lie subs t r a t  e s t ir  f ac e
dur  tug  t tic a pp l  I cat  ion 01 t h e  e t h e  t Ic cc ran Ic ~eiice F i s  no t  co nd t i c  i ye
to  the  f o r m at  ion 01 c o l o r — s t  t ib i t ’ and t r o n t ~ po r et ’ T a  i i i —  t o — m e t a I bond s .
l’r et  F e a t  mont  o I met i l l  I c  s u b st  ru t  t t ir e s  liv t h e  app ! I c i t  i on  of  eel  l e  i~I .i I
go ld or h~ m e t i l — c e a lc m i x t u r e s  pr  i or t 0 t l i t ’ app I t e a t  ion of  ~~ t ’ Ft 0—
l a i n  p re sen t s  an t n t  r I go ing !v e x p e d I en t  nit ’ u t i s  f o r  a c h i e v i n g  improv ed
bond ing  of  fused dent  a I po rt e I a in t o  n onpr ec  Lotu s  ( n i c k e l — e l i  rem [u r n )
ca s t  I ng a l l  ov s . However , t l i t ’ e’ xcess I vi? expense  of  c o i l  o Ida I go Id
p repar at  ions and t he h i g h !  v cr  I t  ( c a t  p a r a m e t e r s  o I t e c l i u i  I quuc  demanded
f o r  t he  e f f e c t  Eve use of pr opr  I et ;irv met  i l — c e r a m i c  nil xt t i res ha ~‘e i i  m l  —

t ed  t he scope of at t e p t  ance  of adl ies  f t ’u — i i r o r n o  l u g  coa t l u g  ag en t s  f o r
base metal s .

Tasks dl  roe ’ ted t oward  h t i e v i ’ I opment  of I n ex p en s i v e  coat  lug
agents and the  r e f i n e m en t  of t e c h n i q ue s  for t he p r o m o t i o n  of n o n p r e —
c tons met a l — t o — p o r c e l a i n  b o n d I n g  are be In g & ‘on ti iu c t ed  at  t he  Un I t  ~‘d
Stat es A rniv I n s t  i t  ut e of D e n t a l  R e s e a r c h .  I’li is rep ort prov I des an
u p — t o — d a t e  summary of our  p rog re s s

M A ’I ’ER TAL S ANI 1 ME’l’llOl ) S

A s i m p le  t e s t  f o r  rap t ii measurement  of he aI p ;i r en t  bond
s t r e n g t h  of m e t a l — p o r c e l a i n  coup ! os was deve loped  w i t h i n  t h i s  I aM ra-
t e  rv . The me t a l l  I c  corn l )oiuent  s of t he t e s t  p 1 ‘c i’S were  I / 4 N 1 / 16 — i n c  Ii
d i s c s . The d i s c s  were  c a s t  f r o m  six p r o p r i e t a ry  base m e t a l  ;i l  l ovs *
in a c cor d a n c e  w i t h  the l a b o r a t o ry  pr ot’edures recommended liv t h e  i- c—
spe ct ly e  m a n u fa c t u r e r s  of the  m a t e r i a l s .  Two se r i e s  of cas t  logs  f o r
each o t the  a I iovs were used In spec (men pr op a  r a t i on  • Test sur f a c e s
of the  member cast  Ings of one s e r i e s  wer e hand gr ound  on 2u iO — g r  I t
met a l  1 ogr ap h Ic p~ipe rs . Then the d i s c s  were  s u b j e c t  i’d t o  a — m i n u t e

* N cvtI i urn , J . N . Ney Co. , Hart  ford , CN 061 (11 ; G e m I n i  i i  , K e rr  Svbren
C o r p . ,  R om u lu s , MI 481 74 ;  NP — 2 , Ho wme d ica , I n c . ,  l’) e n t a l  l)lvision , Chi-
cago , IL  606 32;  t ) n ) e a a—VK , Pro — Mt ’ t • Inc . , Oak Rr eok , TI  6t) 5 .~ 1 ;  V l c o i i
Ticon (urn  Co. , I n c .  • Al hanv • NY 1 22 0 7 ;  (~o raiua 1 1ev , Johnson  ~. Johnson
Dental  Prod u cts  l ) lv i s  ion , Ea st W i n d so r , N I  OSY(l
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HUCE T , DE SIMON

hea t t r e a t m en t  at  1 , 950 ° F . ,  cooled to room temperature in open air
and acyi in  g round  l i gh t  Iv  on 2 4 0 — g r i t  abras  lye p a p er .  C a s t i n g s  i n c l u —
cled in •t s u b s e q u e n t  se r i es  were  a l s o  s u r f a c e — f i n i s h e d  w i t h  2 4 0 — g r i t
papers .  Test sti r laces  of t I l esi ’ d 1 S t  s w ere  cove red w i t h  a t l t  in coa t  lug
pr oduced I rem a s l u r ry  of et hvl  a I colio 1 and a m e t a l  — c e r a m i c  powder .
Composi t ion  of t l i e~ powde r component  of the  c 0;! t f o g  mat t ’r i a 1 was f I tic ’
a lu m in u m  ( 1 part by w e i g h t )  and opaque dental porcelain (5 p a r t s  b y
w e i g h t )  . The coated ~I i scs were t i e ’a t e d  to 1,900° F.  and c o o l e d  to room
t e m p er a t u r e .  Sin tered  r e m n a n t s  of t he  m e t a l — c e r a m i c  co a t i n g  were
scra ped f r o m  the  discs to c rea te  r e l a t i v e ly  f l a t  s u r f a c e s  on which
p o r c e l a i n  could be condensed.

Se;~m en t s  of 1/ 8— i n c h  ln~~ltit ’ d i a m e t e r  p o l y e t h y l e n e  tubing ap-
p r o x i m a t e l Y  3/16 of an inch in leng th  were a t t a c h e d  to the  c a s t i n g s
w i t h  the USC of rubber  c e m e n t .  This  a r r a n g e m e n t  p rov ided  a d e q u a t e  ma—
tr ic i e s  i n t o  wh ich  aqueous  s l u r r i e s  of the opaque powder component  of
a d e n t a l  po rcc l ain + could be p l a c e d .  A f t e r  thorough  condens a t  ion of
the  p o r ce l a i n , the spec linens were set aside and a l lowed  to dry in room
a i r  fo r  20 m i n u t e s .  Then the assembl ies  were p l aced  fri an open muffl e
f o r ignit ion and therma l d e s t r u c t i o n  of the  t u b i n g .

The specimens were p laced Inside the  m u f f l e  a f t e r  tempera-
t u r e  s t a b i l i zat i o n  at  1, 200° F . was achieved . The f u r n a c e  tempera-
t u r e  was increased at a rate of 80° F. per minute until the p o r c e l a i n —
fusion temperature of 1 ,825 ° F. was reach ed. The muffle vacuum was
br oken and the specimens were held at 1 ,825° F. for two minute s . The
fused components were removed from the  muffle and cooled to room tem-
per ature in open air . The fused alloy—porcelain pieces were p la ced in
9/16—in ch cubic silicone rubber molds. Cy lindrical receptacles at the
bases o f the molds insu red the des i red orient a tion o f the a l l e v — c e r a m —
ic specimens. The mold cavities were filled with a commerci al dental
tray acryli c. ~ A schematic representation of the  fused and mounted
specimen—components is shown in FI gure  1.

PLASTIC CUBE
-- • I’ -— ~ PORCELAIN CYLINDER

I’ - • META L DISC

CROSS SECTION ~~ 
- 

~~ ~~

‘ 
~~
“ FRONT ~~EW

__________ __________ -

Figure  1. Specimen Des ign  F
t.

-f B. F. Vac uum Porcel a in (Paint—O—Pake) , Ceramco , Inc ., New York ,
NY 11101.
II Fastray , harry J. Bosworth Co., Chica go , il 60605.
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HUGE T , DE S IMON

Each cube  was f a s ten e d  in a smal l  v ise  fo r  added s u p p o r t .
The assembly  was o r i e n te d  on a tes t .  log  machine 1 to a l l o w  l o a d i n g  of
the c a s t  d i s c  In a diamet ral direct Ion .  Crosshead speed of t he
tes t  ing m a ch i n  was 0. t )2 i n c h  per m i n u t e .  Bond strength was calcu—
la t e d  on the  has i s  of  oh i n iat e  load at  shear f a i l  ure  per u n i t  ar ea  of
a p par e n t  p o r c e l a i n — t o — m e t a l  i Oil t ; l ct .

RESU LTS

Load t r a c i n g s  ( F i g u r e  2) obtaIned on i rac  t or e  sep ar at i o n  of
the  m e t a l — p o r c e l a i n  c o u p l e s  d i d  not show d e f or m a t i o n  p r i o r  to bond
f a i  l u r e .

I-

LOADING RAT E

Figure 2. Typi cal load tracing.

§ Ins t ron U n i v e r s a l  T e n s i l e ’ T e s t i n g  M a ch ine , I n st r o n  C o r p . ,  Canton ,
MA 02021.
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A p r o m i n e n t  f e a t u r e  of he p a t t e r n  of breakage disp l ayed liv
spec I mens mail e I rein noncoa ted d iscs is  shown In  F I gui re 3 . A b lack
s e t l e  remained  a t t  ;uche’d to t h e  c o n t a c t  s u u u ~ f ;l ce of t h e  p o r e d  1 a i n  cv 1 i n —
der .  I t  appear ed  t h a t  b r e ak a g a  oc cu r r e d  be tween  the  met a I subst  i-a t i
and an cix  ide  I ;lVe r on I t s  sti r t j t & ’  . A I 1 spec i r i t ’uis ~~~~~~~~~ I rein non—
co;( ted d i s c s  of  I k ’  s i x  t c ’ s t  i i  l ov s  Ia I I cc! In  t I i l s m a n n e r  when sub—
l t ’ c t c ’il to  shear  l o a d i ng .

F a i l  t i re  o f  spec lmen s~~n ucIt ’ f r o m  a I umi n u m — c e r a u n i c  c-e ; 1 t ed  i - a s —

a t in g s  o c c u r r e d  In t h e  v i e  in i t  v o f  t he’ ~-oa I in g— poree l a i n  p hase b o u n d a ry
( F i g u r e  ;+ ) . R e m n an t s  of p orc e~ I a in  of v a ry  L o g  t t i l e  k i i e~~-i remained at-
tached to the  c o a t e d  s u r f a ce s  of t h e  r i e t  a I d i  sc ’s .

Bond st r engt  ii d a t a  for sp~’c Linens  f ah r  i c a t a ’d  f r o m  nonco:i t c d
and t -o ; i tcc l  east  d i s c s  a re  p r a st u i t  ‘d I i i  T a b l e s  I ,incl I I , r e sp ect  i v t l v .
A l l  ~ 0~~ I) r t  ed Va I ih ’S  ar e  h i  s a d  en u m l i i i mum 0 €  h) ot ’sa ’ i- v a t  l o u i s

Spec linens m;idc ‘~ i t  li t h~’ uSe’ 0 t iiouieo ;1 ted  c- t s  t ings cxli  l b  i t  Oct
r e l a t i v e l y  poor p or e- e I a i n — t o — m e ’t ~u I  b o n d i n g .  The’ s i x  n i c k e l — c h r o m i u m
based a l l oy s  gave bond st re u ig t  It s  t h a t  r an g ed I rem 2 70( 1 to  6 , 50( 1 ps i
I’ r cc - is ion of  t lie bond st r engt  ii mt ’asurt ’me’n t s was low . Coo f f 1  c I c U t  S 0

var  E a t  ion ranged f r o m  2 C) to  42 pa ’ r c cot

A m a r k e d  I n c  re;use In measurement prod - is ion w as  oht ;i  t r i ed  upon
c O l t  i no of  t I l t  c - i s  t logs  p r i o r  to the  app I i cat  ion  of p o r c e l a i n .  Cot
f 1 -  ion t s of v a r  ia t ion d e c  1 m e d  to a na r row  range of 11 to  1 7 pore  cu l t
A l so , spec I moos t a h r  lea ted f r o m  c o at e d  c a s t  logs  gave s i g n i f i ca n t l v

h i g h e r  bond s t r e n g t h  va lues  than  spec imens made f r o m  noncoated cas-
i ngs .  I n c r e a se s  in the  a p p a r e n t  s t r e n g t h s  of the  m e t a l — p o r e’e la  in

svs t ems s t u di e d  ranged f r o m  10 pe rcen t  to 66 p e r c en t  f o r  Ce’m in i I I —
p o r c e l a i n  and N evd i um—p orc e  lain c o m b i n a t i o n s , respec t  i ye I V .

DISCUSSION

The a p p I i ~- a t i on  of p o r c e l ain  to base m e t a l  a l l o y s  is tech-
ni que sens i t lye . F a t !  tire of t h e  po rcc ’ I ;u i n—met ; !  I bond of ten occur s
d u r i n g  the  f a b r i c -a t  Ion of a d e n t a l  r e s t o r a t i o n .  Such a f a l  l u r e  is
d e p i c t e d  in F [gu t  re 5. Separat ion  of the p0 rce Ia!  n f rem the  under-
l y ing  ~‘as t suhst rue tore  Is ev idenced  by the  c-rev  It ’ & ’ at  the  eec - lu sa  1
j u n c t u r e  of t he  m e t a l  and the  ceramic  veneer. The crev ice developed
w h i l e  the  r e s t  ci r~~ I out  was b~ 1 og cooled to room t empera t ore f o i l  o~ j i g

F fusion of the porcelain.

P o r c e l a i n — f u s e d — t o — m e t a l  r e s t o r a t i o n s  made w i t h  the  use of
the  a l u m i n u m — c e r a m i c  coa t i ng  s e l dom  e x h i b i t  sep ;lra t  ion d e f e c t s
( F i g u r e  6 ) .

The c-o a t  ing  has been employed success  f uu l l v  in  t he  f u s i o n  o f
p orce’ I a in to a wide variet y of base’ metal den t i  I t rt’a tment alev I ces
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At 1 00115 sI u rn a ’s c i t d a ti t I i  ~0 r c a _ I  a iii p owders  can bi’ app  I lou t o  ct,;u t a’d
c ; i ; t  i u igs  v i  t It t i l e ’ cisc ’ of e’a’rnmon c t i i l c lc ’n s ;it  t out  t~’chui  i q i t e s  . Fits i o u  o f
opaque , l iocIv  , Inc  is .t l autel g it i g  I v u  I p o rc e l a  h i s  as w e l l  as the  f i n a  I
0 I ,u e c i i i  be ace -omp 1 i she’d wit bout cle ’y l i t  ion f rom t he’ I i m e— t empe’ rat  t i F t ’
sod ! t ien c  e p rest r I he’l liv t h e  m a nn  t a c t  a t r er  of t h e  st l i t ’ t eel ce rant Ic ma—
t or i .t i s

Imp r ove~l pore- c’ I a hii ~~t o Iia’ t a I bone! ! ug that c lii  he u t t u i  ned
t h r ough  t i i ~ use 01 an a 1 una i ncI rn—e ’e ram ! c cc i i t I rig broad e ns t lii ’ r ita ~ a ’ C ’

app I ( c i t  i on  o I ne x p en s  L y e  i i i  eke i — c h r o m i u m  - i l l  ‘v~ In ml  I i t  ;u r y  et a ’ui t a I
p r a ~- t  i c e ’

St’>IMARY AN D C O N C L U S I O N S

.\ c o t  t lug t or enli;in c’onit’nt 0 t .1 1 t o ’,- -- p0 Fe e’ I a in bond s t r,’uig t Ii
has b~’e’ut d cvi ’! opec! ,unci its I e;ls ibil it v cienionst rut c’d . ‘l i l t ’ dove 1 opmc ’n t
pro~ LI es .i compos i ion  of mat ter conip r is! i ig  subs t in t  l u l l  V one p.irt liv
wet g u t  I li i i ’ io~’cle re’ai .11 oil I Olin , subs t int La I I v  ~a parts liv we! g u t  opaque
clout il port e Ia in , and s c uff I t~ I a ’ l t l  water to form a useil i Ic ’ aqueous slur—
t~v . The c t ’ m j i li s i t  t o n  max ’ li l t ’ I ti de ’ e t liv I a I cobo l and any o the ’ r I I q u i d
w h I c h  w [ I  I p rome t a  w et  t i ng  c’ f t Ito subs t i i t  a ’ so t’ f,it ’c ’ liv the  i l  tim I own —
ea ’F . I i i i  I c  , i c l m i  xt t i l t ’ .

Imp r~’ va ’cl h.i s~’ met  a I t O  pored’ I a I u-i bone! I ng t h a t  can be at  —

t . u  ln e~i t liroug li t i l e ’ use of t ile’ a I urn I i t t u r n — c e  ran t i c  c’ t i;t t i n c  mat  c r 1 a 1 b roa d  —

ens ti le ’ r ange  of  app l j c it  Ion of i n e x pen s iv e  n i c k e l — c h r o m i u m  a l  l c ’vs in
m i i i  t a t - v tlc ’fl :u l  p r i ~- t i c e  . The a d v a n ta ge s  of  t Ii is  c c a  t I og compos I t I ciii
ove r prior art jirodua ’t s .u r e  i t s  low cost , e’,iSO o f  l irep ;i r ;it  ion and ma—
iii pu l i t  L o u , and of  f e e ’ I I v o u t e ss  i n  pr omo t lout of met a l — p o r e - e l i  In b o n d i n g .

REI - !- :Ri- :N c v s

1. l lowt ’l 1 • R. A . :  C~i 1 c I — P o r c e l a  in B r i d g e — W o r k .  B r i t .  0. ,l . i i (~ :50 ,
I t )~~~~~

-
‘ . Mc ’ C~ i i t n u 1 - k  , I .  : l’o ret ’ ! a in  Bonded to Pret’ I otis Me’ t a I (‘as t I ngs .

Br it . 0. 1 . 1 1 6 : 2 1  1, I d)~~i4  .

I.  0’ Ri - i t ’ll , W .  ~1 . , anal Rvgo , C .  : Cent .uc ’ t Ang l a ’s c i t  l)rops of Ename l
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HUGET , DE SIMON

TABLE I

APPARENT ALLOY— P ORCE LAI N BOND STRENGTH
NONCOATED CASTINGS

A l l oy Mean Bond Strength (PSI) C . V . ~~

Neydium 2 ,701) 34

Gemini I I  6 , 500 29

NP —2 5 , 600 22

Ome ga— VK 5 , 500 33

Ticon , 3 ,200 - 42

C e ra m a l lo v  4 , 800 30

TABLE II

APPARENT ALLOY—PORCELAIN BOND STRENGTH
COATED CASTINGS

Alloy Mean Bond S t r eng th  ( P S I )  C . V .  ~

Neydium 7 ,800 12
Gemini II 7 ,200 17
NP—2 7 , 700 14

Omega—VK 7 , 100 11

Ticon 7 ,700 16

-: Ceramalloy 8 ,400 11
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