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W l o d z i m i e r z  Kar l i r i sk i  S U M M A R Y

The ar t ic le  advances the hypothesis that  in the case of bonding

a diffusion metal and alloys having a high aff ini ty  to oxygen , a joint is

formed as the result of the chemical reaction of oxides which are found

on the surface of the bonded metals  or thro ugh the format ion  of solid oxide

solutions. Tests were  conducted to support the hypothesis , as well  as a

thermodynamic  anal ysis of interoxide reactions which could take place

dur ing  the bonding of acid-resist ing steels and a heat- res is t ing alloy.

1. INTRODUCTION

In publications devoted to diffusion bonding the view is often

expressed that the fundamental  condit ion in achieving a joint is to have a

• metallicly pure surface of the joined elements. On account of the con-

siderable affinity of many metals to oxygen , the vacuum used dur ing  bond-

ing is often inadequate for  the complete removal  of oxides fro m the

surface of the metals.  For example , dissociation of nickel , chromium ,

and aluminum oxides at 1273 °K occurs  respectively under pressures  of

io~~ , icr 18 and i0 3’ T r ( 1) .  In the opinion of many authors the impossi-

bility of obtaining joints dur ing diffusion bonding of aus ten t it i c  steels and

heat - resisting alloys should be explained. The bonding of these materials

requi res the use of in te rmedia te  layers made of another metal , for

example , nickel (2-3) ,  Ni -Be  alloy (4), and eventuall y cobalt or cobalt

alloys (5).

FTD-ID (RS) 1-1754 -76 1.
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However , as a result of the low pressure of oxide pairs and the

• great speed of oxidation, the meta l  of the in te r layer  also probabl y oxidizes

under these conditions. Thus , according to research data (6), at room

tempera ture  a monomolecular  layer of oxides and adso rbed oxygen forms

on steel within 2. 4 - 10 9s under atmospheric pressure or within 0. 18s

under io -~ Tr , and so is lower than in the maj 3r i ty  of cases of diffusion

• bonding. Bartle (20) admits  that the format ion  mechanism of an inter-

metallic bond in a case when a vacuum which is used or protective atmos-

phere  are not sufficient in dissociating oxides , is not clear . A test to

explai n this problem is undertaken in the present research.

2. TESTS

• In order to test the formation mechanism of a diffusion joint tests

were conducted in bonding rust-proof martensi t ic  steel of the 2H 13 type ,

rust-proof austentit ic steel of the typ e 1H18N9T , the alloy E 1437B and

Armco iron. The joints were  executed on a SD-i type device manufac tured

by the Aeronautics Inst i tute at temperatures  of 1l73- 1423 °K within 10

minut es. The following bonding variants were used :

a) without an interlayer , the specimens were etched and after washing

were im m ediatel y placed in a vacuu m cham ber ,

b) withou t an interlayer , the specimens were degreased after  which they

were sto red in the air for 1-4 weeks and then placed in the chamber;

FTD-ID (RS) 1-1754-76 2.



c) with an inter layer  of nicke l in the form of a galvani c laye r or of foi l ,

the specimens were etched and after  washing were  immedia t e ly  placed

in the chamber ;

d) with an interlayer of nickel , the specimens were degreased after  which

they were stored in the air for 1-4 weeks and then placed in a chamber .

• The results obtained are presented in Tables 1 and 2 . From the

comparison if follows that good join ts were obtained for all the mater ials

Table I

Results  of Diffusion Bon f Oxi~~~ed_Sp e n .en~~
A~’mco Galvanic

Material 1H 18N9T 2}413 E14375 . Nickel orIron

IH 18N ~ T — + +
k 2HI3 + — — +

— 
E1437B + — — 0 +

Galvanic nie-1
kel or foil + + 0 —

-L + + 0 0Armco lron l I

+ good joint
— no jointo bonding not tried 

_______ _______ -

Table 2
Results of Diffusion Bonding of Oxidized Specimens

• 
_ _ _ _  

wi~~~~~~~~~~~ p~ c~~~~~~~~~~ _ 

Oxidized MaterialEtched -. .

Material  2H 13 E1437C Galvanic ~~c-
_____ 

!ke l  or Foil

~HI8N9T — ± ~
-

2H13 + — —

E1437B -4- — — —

Galvanic n ic4
kel or foil + + + —

FTD- ID (I(S) 1-1754-76 3.
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Fig. 1. Joint 1H 18N9T - Fig. 2. Joint 1H 18N9T -

2H 13 with galvanic nickel 2H 1~ without in te r layer ;
in te r layer ;  diffusion bonding bonding parameters  as in
parameters :  temp. l223 °K , Fig. 1 (x 500)
pressure 1. 0 k G/ m m 2 , bond-
ing t ime 10 mm . (x 500)

• 

~~ S . %
‘S

~~~J ! ~~~~~~ ~~~~ ~

iii !!7~Fig. 3. Joint E 1437B - Fig. 4 . Joint E 1437B -

1H 18N9T with galvanic nic- 1H18N9T wi thout  i n t e r l aye r ;
kel inte r layer ;  diffusion diffusion bonding parameters
bonding paramete rs : temp.  as in Fig. 3 (x 500)
1323°K, pressure 1 . 2~ kG/
m m 2 , bonding time 10 m i

(x 500)
4.
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tested when interlayers were used (in the  Tables this  is t r e a t e d  as the

joining of nickel with several a l loys) ,  while  w i t h o u t  an interlaye r— —fo r

specimens f rom var ious  ma te r i a l s  wi th  the  exception of the pai r 2Hl3-

E1437B. The joint was rated on the basis of the  resu l t  of a tension te s l .

r y ~~ T~~~ 7t143t9 - , 1 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
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Fi g. 5 . Join t E 1437B - Fi g. 6 . A rm c o  iron - 2Hl3
EI4ô7B with galvanic nickel joint  wi thou t  in t er l a y e r ;  diffu-
inter layer .  Diffusion bond- sion bonding p a r a m e t e r s :
ing parameters  as in Fig. . temp.  1123° K , p ressure  1. ~

(x 500) k G/ m m 2 , bonding t ime 10 mm .
(x 500)

Joints were considered to be good if the specimens broke up beyond the

plane of the joint.  In the case of joining identical metals  or the 2H13 -

E 1437B pai r the specimens separated when hit by a h a m m e r . (Resul t s  of

the endurance  tests  will be published at a later  t ime) .  It is w o r t h w h i l e  t~

note tha t  the m i c r o s t r u c t u r e  and mechanica l  propert ies  of the joints

executed on etched o r  oxidized specimens  were  iden t i ca l .

5.
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Examp les of good joints are shown in photomicrographs (Fi gs. 1-6).

3. DISCUSSION OF THE RESULTS

The results  obtained confi rm the supposition that dur ing diffusion

bonding of oxidized metals the process of joint  fo rmat ion  occurs  (or does

not occur)  in oxidized layers and not at the dis tr ibut ion limit of the metals .

The bonding mechanism of oxides can be twofo ld , ei ther chemical reactions

between the oxides occur , or as the result of dissolution of the oxides ,

solid oxide solutions fo rm . A third eventual i ty,  namel y, the sintering of

the oxides was excluded as a result  of the following experiment .  De -

greased specimens of 20 steel befo re bonding were kept in the air for  10

minutes for the purpose of fo rming oxides on the surface of the layer. As

known (7)  at room tempera tu re  a Fe203 type oxide fo rms  on common steel.

The specimens were bonded at a t empera tu re  of 1173°K under  2 . 5 k G/m m 2

pressure.  The specimens did not join , because the t empera tu re  at the be-

ginning of the s intering of this oxide totals l l l 3 °K (8) (the t empera tu re

regarded as the tempera ture  for the beg inning of s inter ing is that  at which

spontaneous smntering of the particles begins without external  p ressure) .  1.

1. To be sure , the author of the s tudy (9) obtained diffusion joints  in com-
mon steels dur ing  bonding in air , but he used 10 k G/ m m 2 pressure , under

which the oxide layers crumbled and at the contact points of the specimens

a metall ic bond was fo rmed.

6 .
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Let us examine the the rmod ynamic  possibi l i ty  of a reaction between

oxides of the alloying components under  d i f fus ion  bonding conditions.  Oxide

fo rma t ion  and in teroxide  reactions of a given alloying component  will be

analized during discussion of the ind iv idua l  alloys. In the instance of the

appearance of those same oxides in other  alloys examined in f u r t h e r  con-

s idera t ions  onl y the reactions reckoned to be the most likely will be taken

under consideration.

3. 1 Oxide Formation on the E1437 13 A lloy

The alloy E 1437B contains 19-22% Cr , 2 . 4 -2 . 8% Ti , 0. 6-1 . 0% Al ,

and nickel  comprises the rest.  According  to data  of s tudy ( 10) with respect

to oxidation this alloy can be considered a double Ni -Cr  80-20 type alloy,

since t i tan ium and a luminum in given quantit ies do not take part in the fo r—

mation of oxides. The au tho r s  of th is  s tud y confi rmed that  the following

oxides a re f o r m e d  ~ n an 80-20 alloy oxidized in air: below 673 0 K - - N iO,

in the range 773-873 ’~K — ‘
~~ --Cr ~ o~~, hi gher  than 973°K -- the m i x t u r e

~~ —Cr2O3 -* N i C r 2O4 whi  1 ~-ignifie s that a selective chromium oxidation

occurs. Using this data it is possible to describe the processes occurring

on the surfaces of the  E 14 3 7H spec imens  d u r i n g  bonding.  Before the spe-

cimens a re placed in the chamber device their oxidation occurs , which ,

after the required vac uum has been obtained , becomes par ti all y restrained.

The density of the NiO layer on the surface of the specimens will increase

7.
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during heating up to the moment that 773°K is attained , higher than which

the process of selective chromium oxidation and reduct ion of the nickel

oxide NiO begins according to the reaction

3NiO+2Cr = Cr203+Nj (1)

or rather  with respect to the small oxide content in the vacuum chamber

NiO+2Cr+02 =Cr2O3÷Nj (2)

or

2NiO+2Cr+0,502 Cr203+2Ni (3)

When examining the probability of the occurrence of the reaction we

m ust take into account the possibility of the format ion  of a complex spinel

type of oxide

NiO+Cr20,= NjCr2O4 (4)

Reaction (1) can be presented as the d i f fe rence  of the auxiliary reactions

in the fo rm ation of individual  oxides f rom the e lements  (11):

2Cr+1,502 =Cra03 
(i)

3N1+l,502 = 3NiO (k )

3NiO+2Cr = Cr 203 +3N1 ( 1)

The thermodynamic potential of reaction (1) L~G~j yields

~~~ =~~G°+3~ G° +21~Gcf — 3~ GNt (A)

Since the bonding was carried out in a vacuum of 2. l0~~ Tr , the oxygen

pressure equals P°2= 8- i0~~ atm , which is taken into account in the

fo rm u la

- - 
j



Table  3. Thermodynami c Potentials of i-~~actIons able to Ucc~ 1’
uu ~~it ig  D i f f uo i on  L3 or iu i ng .

React ion . - 
Ther m od ynam ic POtent i a l uf Reac t ions

~ ymnbo 1s React ion  p ressure  I It m vacuum 2-10 - ’  Ti

- ~G caI/mot 
- 

source  .~~G, cal/mol

2Cr ~~ 1 ,50, Cr, 03 —267750 +62 , IT II —267750 + 146,fl Wa 2)413 * 
*—267750-~- r47 ,91 dli IHI$N9T

k - Ni-,- 0.50, = NiO —58450+23 .55T II —58450 ,-37.21
I Ni f2Cr +20,  NiCr,0, —342000 4 83 .41 13 —342000±219.81
I 3NiO I- 2Cr Cr ,0, F 3Ni —92400+23 ,9T
2 NIOf2Cr4-O, = Cr,0, Ni i —209300+lI1.OT
3 2N10-4 2Cr+0 ,30, Cr,0, F 2Ni —150850+65,41
4 Ni0+Cr, 03 NiCr,0, —12930 , I.9IT 13 -— 12930 + 38.91- 

Ni0-t- 2Cr+ 1 .50, = NICr,0, —281000 , 183 61
6 4NiOi-2Cr = NiCr, 04+3Ni —105700 + 84,81
7 FeO + Cr,0, FeCr,0, — 13750 4 3,931 14 — 13750+4 1.01
8 3FeO -i- 2Cr = Cr, 0, 4- 3Fe - —8 1600 4- 56.9T
9 2FeO + 2Cr - t-0 .50, Cr,0, 2Fe —143650+90,4T

10 - FeO+2Cr+0 , Cr, 0,-f Fe —205700 4 l23 ,9T
II Fc+0 ,50, = FeO —62050 - l4 .95T II —62050+32.2T
12 2Fe . 1.501 = Fe,0, — 1995804157 .21
13 3Fe+20, = Fe, 0, —265660-4 76,8lT 14 —26566O -,-224 ,OI 

*14 Fe-f - 2Cr-4 20, — FeCr,0, . - —333550 4 2 1  I ,8T dli 2)413
—333550 + 190.41 dli IHI8N9T +

IS Fe + Cr , 0,40.50, -
~ FeCr,0, 

- 
— 65800 , 12. 1 T I I  ---6~800 f42 ,5T

16 Ni -, Cr, 0, 0.50, NIC r,0, . —68 500 -4 22,01 13 —68500 4 74 , 11
17 2FeO . NiO 1 ,50, N~Cr,0, —47000 ’ l OT  14 —47000 .93 ,51
18 Ni -4 2Fe ‘- 20, ~- . NuFe ,0, —259500 ’ 86 .01 I I — 259500 , 2~0.0T
19 Ni 2FeO 0, . . NuFe ,0. -- 105450 151 , 7T

- -  - — - 
* dla~~~ for
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~ G1~~~ G + 4 ,575T~~n Ig pO2 ( 1~ )

wher e  ~~ n is the a lgebra i c to ta l  of the n u mb e r of moles  of the agents  in

the reaction , whe reb y for  the s t a r t i n g  mate rials ‘ n~ has the sign - , while

for  the products  of the react ions , a + -

Assuming  that  the E 1437B alloy is a t r u e  solut ion , or fu l f i l l s

Raoul t ’ s Law , we can wr i te

= 4,575 ig C~r

= 4,575 1gC~( 
(C)

where  GCr and GNj  are the molar  concent ra t ions  of ch romium and n ickel

in the alloy.

And so , the f inal  fo rmula  for  the t h e r m o d y n am i c  potent ia l  of

reaction (1) will take the fo rm

G~ 3z~G +2~~0~r 3~ G~1 +4 ,575T~ n ig P°2 (D)

and a f te r  subst i tu tion of the value L~ G~ and £~~ f r o m  Table 2 and the

value ~ Gç~1. and ~ G~~ we get

= —92400+23 .9 T cal/mol (E)

The t h e r m o d y n a m i c  potent ia ls  of the remain ing  reactions were  cal-

culated analogously. The s tar t ing  and calculated data is set fo r th  in Table

3. The values obtained of the t he rmod ynamic  potent ials  of react ions ( 1) t o

10.



(4) are also presented graphically in Fig. 7 .

In comparing the thermodynamic potentials of the reactions it can be

concluded that at temperatures higher than 973°K , and thus in the range of

bonding t empera tu res , reaction (2 ) is the most probable , as a result  of

which a layer of Cr2 03 oxide is fo rmed  on the surface of the alloy. This

is in agreement  wi th  the exper imenta l  data cited in stud y (10) ,  where , in

the N i - C r  alloy of the type 90-10 , oxidized with a l imited access to the air,

the appearance of exact ly this oxide was stated.

3. 2 Bonding the EI437B Alloy with Nickel

Dur ing  d i f fus ion  bonding of the E 1437B alloy with nickel on the

contac t ing  surfaces Cr 203 is found on E 1437B and NiO on the nickel. A f t e r

app lying pressure strict adherence of the joined surfaces is found , wh ich

brings about an ir t t e r fup t ion  in the flow of oxygen to the surfaces  of the spe-

cimens.  With regard to the tcndency of the s t ruc tu re  to attai n a state of

t he rmod ynamic  equi l ibr ium , there  occurs a leveling out of oxygen content

in the surface layers of the meta l  and in the oxides as the result  of the dif-

fusion of cations. At 1073-1373 °K the diffusion speed of ch romium ions in

Cr203 is two times greater than the diffusion speed of nickel ions in NiO

(the energy of the activation of Ni d i f fus ion  in NiO equals 44 000 c a l / m o l

(15) ,  while for  the Cr di f fus ion  in o( — Cr 203 this quan t i t y  equals 22 300

11 . 
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Fig. 7 . Thermod ynamic potentials of reactions able to take place du r ing
d i f fus ion  bonding of the E1437 13 alloy and 2H 13 steel with nickel and Ar m co
iron;  the broken line indicates di f fus ion bonding t empera tu re .
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( ‘al/mo! (10) and consequent ly , wi th  an equal densi t)  of oxide layer s , the

Cr 203 reduct ion  wil l  run t w i c e  as fas t .  In the case discussed most  likel y

the NiO laye r will  be th i cke r  than  the Cr 203 layer , since the energies  of

the activation of the oxi dat ion of nicke l and the EI437B alloy at 1273- 1373°

equal 72 800 ca l /mo l  for the alloy (10) and 38 400 c a l / m o l  for nicke l ( 16) .

A f t e r  a certain amount  of t ime , when the d if fus ion  process leads to the

reduct ion of the Cr 203 oxide , NiO contact on the n ickel  with the ch romium

occurs in the E 1437B alloy. In like manner  the conditions necessa ry  to be-

gin the chemical reaction between the ch romium and the nickel oxide are

fulfil led. This can be one of the reactions already discussed ( 1) - (3)  or

the reaction of the spinel NiCr 2O4 format ion

NiO+2Cr -i- 1,502 = NiCr2O4 ( 5 )

4NiO+2Cr = NiCr2 O4 -i- 3Ni (6)

The the rmodynamic  potentials of reactions (5) and (6) ,  calculated in

the same way as for reactions ( 1) - (4) , are presented in Table 3. In the

calculat ions the the rmodynamic  potentials of the previously presented re-

action (II) and the reaction of the NiC r 2O4 format ion  were used

Ni÷2Cr+20 2 = NiCr 2 O4 (1)

At 1323 °K reaction (2) is the most probable , since its thermod yn a-

mic potential is the mos t negative.

13.
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U. V. Ignatov and R . 1). Samgunova ( 10) conf i rmed  exper imenta l ly ,

that in the arrangement of NiO — (‘ 1 203 equilibrium only one NiCr2O4

compound appears , which is formed at t empe ra tu r e s  of 993-1373°K , while

at a t e m p e r a t u r e  h igher  than that , it disintegrates.  Since diffusion bonding

take ’s place in a vacuum the disintegration process of the NiCr 2O4 spinel

shi f ted  toward  the side of the lower tempera tures .

A the rmod ynamic  anal ysis of the di f fus ion  bonding of the E 1437B

allo ’, wi th  n ickel  showed then , that diffusion joints occur as the result of

i f ’ a ( - t  ton s of the reduct ion  of the oxide of nickel by the chromium contained

ii i  t h e  E1437 II  a l loy .  Warming  the specimens af ter  jo int formation causes

d i f fu s ion  of ch romium to the oxide so that after a lapse of a certain amount

of t ime  a comp lete reduction of the oxide in the joint occurs , while the

developing ( -h rom ium oxide dissolves in the alloy forming a solid solution .

3. 3 Bonding of the E 1437B A lloy with Armco  Iron

Three kinds of oxides FeO , Fe3O4 and Fe 203 can be formed on

Armco  iron and common steels , depending on the tempera ture .  At low

tempera tures  as the result of oxidation Fe 2O3 is produced , at t empera tures

higher  than 500°K Fe 304 is formed s imultaneousl y with Fe 2O3. 4~u st i te

(FeO) appears in a wide range of temperatures  higher than 843°K (8).

14.
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Diffusion bonding of the E 14 37H alloy with  A r m c o  iron was carried

out  when wu~3 L ~~t eappeared , and consequent ly  the following reactions can

take place:

FeO+Cr 2 03 = FeCr 2 O4 (7)
FeO+ 2Cr = Cr 203 +2Fe (8)

2FeO+2Cr+O,502 Cr203+2Fe
FeO+2Cr+0 2 = Cr 203 +Fe

(10)

From the presentat ion of t he rmodyn amic  potentials of reactions

(Table 3 and Fig. 7) it i_ s disclosed that reaction (10) will most probably

occur.  The reduction mechanism of Cr 203 on the surface of the E 1437B

alloy to pure chromium will be analogous with the exp lanation in point 3. 2

in that , instead of NiO in contact with ch romium oxide FeO is found . The

act ivat ion e~~ergy of the iron oxidation within  the range 773- 1373°K equals

33 000 ca l / rnol  (16)  while the activation energy of Fe diffusion in FeO is

30 000 ca l/mol  ( 15).

3. 4 Oxide Formation on 21113 Steel

The equilibri um ar rangement  Fe-Cr-O discloses that  a negli gible

addition of ch romium prevents FeO format ion.  According to F. F. Chimu-

sina (8) Cr 2O3 oxide or FeCr 2O4 spinel is f i rs t  form ed on steel containing

13% ch romium , depending on oxidation conditions.

15.
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Let us examine the reactions which can take place in the oxidation

process of 2H 13 steel in a 2- io~~ v a c u u m.  These reactions will be simi-

lar to those discussed par t icular ly for the E 1437B alloy

2Cr+1 ,502 =Cr203 ( 1)Fe+0,502 = FeO
(1 1)

2Fe+1 ,502 =Fe 203 ( 12)
3Fe+202 =Fe 304 ( 13)
Fe+2Cr+20 2 , FeCr2 O4 ( 14)
Fe + Cr2 03 +O,502 FeCr2 O4 ( 15)

In reaction (11) instead of FeO , Fe0 950 (1 1) , (14), should be

wri t ten , but on account of the estimative charac ter  of the calculations for

reasons of simplification the w u s ti te  fo rmula  can be taken to be FeO.

A s in the case of E 1437B we can assume that 2H 13 steel is a t rue

solution and fulfil ls  Raoult ’s Law. The calculated values of t h e r m o dy n a m i c

potentials of the above named reactions are assembled in Table ‘ and

graphically presented in Fig. 8. Comparing this data it can be concluded

that  at t empera tures  lowe r than 1164 °K spinel FeCr 2O4 is formed on

2H 13 steel , while at highe r tempe ratures Cr 203 oxide is produced . And

so , the mechanism of the formation of diffusion joints  of 21113 steel with

other  metals will be analogous with the diffusion bonding of the E 1437B

alloy. The appearance of identical oxides on 2AH1 3 steel and E 1437B ex-

~
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plains the reason fo r’ the  negative result of the bonding tests of those

materials  without  an inter layer  (Tables I and 2).

4 

-

- ~~— -— --— ----—--—--  

-
• ‘~ - -

Fig. 8. Thermod ynamic Fig. 9. T h e r m o d yn a m i c
potentials of reactions potentials of reactions which
which can take place during can take place during oxida-
bonding of 2H 13 steel; the tion and diffusion bonding of
broken line indicates the 1H 18N9T steel; the broken
diffusion bonding tempera-  line indicates diffusion bond-
ture .  ing tempera ture.
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3. 5 Oxide Formation on 1H 1BN9T Steel

During oxidation of IH 18N9T steel in a 2- 1O~~ vacuum oxidation

processes of individual steel components can occur according to reactions

(i) ,  (k ),  (1), (5), (6) and (14) already discussed. Moreover , .~pinel forma-

tion reactions can take place

Ni+Cr 203+O ,502 = NiCr2 O4 
(16 )

2FeO+NiO+O,502 = NiFe2 O4 (17)

Ni+2Fe+202 = NIFe2 O4 ( 18)
Ni -i-2FeO+02 = NiFe2 O4 (19)

Reactions (4), (7) ,  (12) , (13) are not examined since they have

positive values of thermodynamic potential , and thus cannot take place.

The calculated thermodynamic potentials are assembled in Fi g. 9

and given in Table 3. Certainly in this case as well it is pre sum ed that  we

have to deal with a t rue solution. Moreover , the possibility of the develop-

ment  of oxides of components appearing in small amounts such as carbon ,

t i tanium , manganese and silicon was omitted . The laye r of oxides on steel

will be composed of FeCr 2O4 and , eventually,  of the mixture  FeCr 2O4

with Cr 203. This is in acco rdance with the data cited by 0. Kubaschevski

and B. E. Hop kins (16) , who say that on the surface of 18-8 type steel the

spinel FeO - Cr 2O3 is formed.  On the other hand , other authors (12 , 17)

18.
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note that  a laye r of oxides contains  nicke l ions as well , and consequen t l y,

the sp inel fo r m u l a  is wr i t t en  (Fe , Ni )  0 - (Fe , Cr)
2 03. This is only an

apparent  con t rad ic t ion , s ince the FeO wj ~;t i t e i n  iron alloys containing

nicke l is in ac tua l i ty  the solid solut ion NiO and Fe203 in FeO (1 8) ,  in

which the concent ra t ion  of Ni () in the solut ion depends on the nickel con-

cent rat ion in the alloy and at 1273°K can total from 0 to 1.3%.

3. 6 Bonding of 1H 18N9T s teel  wi th  2H 13 Steel , the E 1437B
Alloy or Arm co Iron

With regard to the lac k of t he rmod ynamic  data on Fe-Ni -Cr -O

alloys making  an anal ysis of reactions occur r ing  du r ing  the diffusion bond-

ing of those alloys is impossib le.  it can only be assumed that joints are

produced as the result  of disintegration of FeO , which is found on the sur-

face of Armco  iron or Cr 203 on chromium steel and the E 1437B alloy in the

spinel layer on 1H 18N9T steel. As the studies of V. F. Balakireva (19)

showed , the spinel FeCr2O4 is in actual i ty  a solid solution of the FeO ,

Fe203 and Cr 203 oxides, which (solution) can be presented as FeC r 2_ ~

FexO4, where 0~~ x~~~2. Consequently, dur ing bonding of the oxidized spe-

cimens of the above named materials , there will take place an enr ichment

or reduction of the FeCr 2_ x FexO4 spinel into chron.  im , and thus a change

in the value of ‘ x” takes place. N i c k e iw ust i t e  (Fe , N i )O , en ter ing  into

the composition of the oxide layer on 1H 18N9T steel , probabl y does not take

FTD-ID (RS) 1-1754-76 19.
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part  in j o int  fo rma t ion , since in con tr as t  to FeO it does  not f a i r i l solid

solutions with FeC r204 ( 18) .

4. CONCLUSIONS

The tests conducted on the diffusion bonding of IH I8N 9T and 21113

steels , alloy E 1437B and Armco iron in an oxidized state , as well as the

thermod ynamic  analysis of the interoxide reactions taking place showed

tha t  a diffusion joint fo rms  ei ther  as the result of the chemical  reactions

between oxides , or’ on account of ihe mutua l  d is integrat ion of the oxides

and the production of solid oxidizing solutions in the zone of joining.

The proposed h ypothesis explains why a joint cannot be obtained

dur ing  di f fus ion bonding of austenti t ic  steels and nimonic  type of alloys

without  an inte rlaye r , exp lains the mechanism of joint development b y

using an inte rlayer of material  having a great aff ini ty  to oxygen , for ex-

ample nickel or cobalt , and gives a new cr i te r ium for selecting meta l  for

the inter layer .

In li ght of this h ypothesis it appears that the use of a hi gh vacuum

in bonding oxidizing alloys is pointless , since a vacuum or protect ive

atmosphere  can onl y prevent f u r t h e r  oxidation of the dis t r ibut ion surface

FTD-ID (ItS) 1-1754-76 20.
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of bonded metals at the t ime  of the i r  jo in ing,  so that  interoxide react ions

could take p lace. This a f fords  the possibili ty of simplif ying the technology

in the major i ty  of the uses of diffusion bonding with the exception of

v a c u u m - t ight joints  or the joining of oxygen- f ree  meta ls  since this intro-

duct ion of oxides or a solid solut ion of oxygen into a joint is inadmissable .

In these cases bonded surfaces  should be metallicly pure.
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W. Kar(inaki

presumable Meehanisn i of Formation of a Joint in DIffusion Bonded Metak of High Affini ty to
Oxygen

S u m m a r y

In order to anal yse the mechanism of formation of a diffus ion-bonded joint in alloys of high
affinity to oxygen bonding tests have been carried out for the 2 l - l l 3  (420) and 1H 18N9T ( 18 -8)
i~pe steels, the E1 437 B (Nimo nic 80A) type alloy and the Ain ico iron. Some of the specimens
~ere first subjected to oxidation and the remainder to etching in order to remove the oxides.
A number of spee~mcns were bonded wi th  an intermediat e lay er of nickel . All the samples with
th~ intermediat e layer and the El 437H — I H 1SN 9T and 2 H l 3  — IHI 8N9T specimens failed
in parent metal.

On the basis of the results obtained it is supposed that the specimens undergo oxidation before
th ey are placed into the vacuum chamber and in the course of the heating process before bonding,
bc~ause the vacuum does not seem to be sufficient for dissodating the oxides. In view of this
fact the di f fusion joint is not produced as a result of formation of a metallic link but a reaction
het~ een oxides or . if such a reaction is impossible , by the formation of a solid oxide solution ,
as is th e case, for Lastance, of welding Armco iron with IHISN 9T type steel. The impossibility
~if diffus ion weld ing 2 1-113 type steel w i th  the E1437B alloy can be explained by the presence of
the same oxide (Cr 2 03) on both surfaces.
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