
A Technique for Brazing Graphite/Graphite 
and Stainless Steel/High-Carbon Steel Joints 

Sound brazed joints of graphite/graphite and stainless steel/high-C steel 
with copper filler metal were obtained by placing an 

iron foil insert between both base materials 

BY H. OHMURA, T. YOSHIDA, K. KAWASHIRI, AND O. YOSHIMOTO 

ABSTRACT. A new brazing technique for 
joining graphite to itself or to metals such 
as Mo, W, or Cu, with conventional braz
ing filler metals has been developed. 

Essentially, it is impossible to braze 
graphite with Cu filler metal (AWS BCu-
1) because no wetting occurs. However, 
when a graphite base material is com
bined with an Fe base metal in Cu braz
ing, the Fe base metal dissolves in molten 
Cu. Simultaneously, the dissolved Fe 
grows as part of a columnar Fe-9~6Cu-
1,6C alloy phase at the graphite interface 
at a constant brazing temperature, that 
is, the dissolution and deposit of base 
metal takes place. 

By placing an Fe foil insert between 
both graphite base materials, therefore, 
the columnar phase is formed at both 
graphite faces and grows toward the Fe 
foil during heating. As a result, both 
graphite base materials are united by the 
columnar phase through the Fe foil. In 
the same way, a graphite/Mo o r / W joint 
can be produced. Moreover, when using 
BAu-1, which has a lower melting point 
than that of BCu-1, it is also possible to 
braze graphite to Cu. 

The shear strength of a graphite/ 
graphite joint with a 0.1 2-mm (0.0047-
in.) thick Fe foil at room temperature was 
about 32 MPa (4.6 ksi). Further, the bend
ing strength of the graphite/graphite and 
/Cu joints at 873 K (1112°F), as measured 
using the four-point bending test, was 35 
and 11 MPa (5.1 and 1.6 ksi), respectively. 
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In addition, the technique can be ap
plied to the brazing of AISI 304 stainless 
steel to high-C steel with BCu-1 where, 
normally, Cr23C6 and Cr7C3 layers are 
formed at the high-C steel braze inter
face; these carbide layers result in the 
loss of mechanical properties of the joint. 
When inserting a 0.3-mm (0.01 2-in.) 
thick Fe foil between AISI 304 and 1.04C 
steel in order to prevent the formation of 
Cr carbides, the dissolution and deposit 
of base metal takes place on either side 
of the foil. On the 1,04C-steel side, the 
1.04C steel and the Fe foil are united with 
a columnar Fe-9~7Cu-0.8C alloy phase 
which comes from the 1.04C steel, and 
on the AISI 304 side, the AISI 304 and the 
Fe foil are also united with a columnar 
Fe-1 3-1 2Cr-9~6Cu-5~4Ni-0.2C alloy 
phase coming from the Fe foi l . Conse
quently, both base metals are united by 
each columnar phase through the foil, so 
the Charpy U-notch impact toughness of 
the joint increased markedly from 1.0 to 
9.0 J (0.7 to 6.6 ft-lb) at room tempera
ture. Further, this unit ing wi th each 
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columnar phase exhibited a remarkable 
effect on the impact toughness of the 
joint in the range between room temper
ature and 973 K(1292°F). 

Introduction 

In recent years, the requirements of 
joining graphite to itself or to refractory 
metals have significantly increased in the 
aerospace, nuclear, electronics and 
chemical industries because of the ex
cellent properties (e.g., resistance to ther
mal shock, corrosion resistance, electri
cal or thermal conductivity). 

Although the various methods for 
joining graphites such as mechanical fas
tening, arc welding (Ref. 1), or diffusion 
bonding (Refs. 1, 2), have been exam
ined, it was shown that it is difficult to 
produce a sound joint without leakage. 
Therefore, a number of brazing filler met
als; 48Ti-48Zr-4Be and 35Au-35Ni-
30Mo (Ref. 3), 49T-49 Cu-2Be (Ref. 4), 
and a Ti-clad Ag-Cu eutectic alloy, have 
been developed for brazing graphite. 
Those filler metals contain one or more 
of the strong carbide-forming elments 
such as Ti, Zr, Cr, Mo or V. 

The authors clarified the solid-liquid 
interface phenomenon named as "disso
lution and deposit of base metal" (Ref. 5) 
that took place in the brazing of various 
dissimilar materials, and investigated 
how to increase the joint strength by the 
phenomenon (Refs. 5-9 ). The aim of the 
research described here was to develop 
a new brazing technique for graphite 
with a conventional Cu or Au-Cu alloy 
filler metal by utilizing the dissolution 
and deposit of base metal instead of the 
properties of the above carbide-forming 
elements. It also examined the shear and 
high-temperature bending strengths of 
the graphite brazements. 
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Fig. 1 — Assembly of shear test specimen in the brazing fixture. 

Base material 

Fig. 2 — Schematic assembly of the bending specimen in the brazing 
fixture. 

Moreover , the techn ique was app l ied 
for imp rov ing the toughness o f the stain
less steel/high-C steel j o in t brazed w i t h 
Cu f i l ler meta l , since there are many de
mands for j o i n i n g h igh-C steels to stain
less steels in h igh - tempera tu re serv ice 
because of the higher tensi le strength of 
the h igh-C steel than that o f the l o w - C 
steel up to approx imate ly 673 K (752°F) 
(Ref. 10). 

E x p e r i m e n t a l P r o c e d u r e s 

Mechan ica l strength test ing was c o n 
d u c t e d on bo th s im i la r and d iss im i la r 
j o in ts w h i c h we re c o m p r i s e d o f p o l y 
crysta l l ine graphi te , Fe (99.9Fe), 0.11C 
steel, 1.04C steel, AISI 304 stainless steel, 
copper (99.9Cu), m o l y b d e n u m (99.9Mo) 
and tungsten (99.9W). The f i l ler metals 
used w e r e 0 . 0 5 - m m (0 .002 - in . ) t h i c k 
A W S BCu-1 (99 .99Cu) and 0 . 1 - m m 

(0.004- in.) th i ck BAu-1 (38Au-62Cu) . A l l 
base mater ials and f i l ler metals were p o l 
ished (No . 1000) and then c leaned w i t h 
acetone (except graphi te, w h i c h was cut 
by a band saw and ground w i t h a m i l l i ng 
m a c h i n e ; these are as-received c o n d i 
t ion) . The graphi te was on ly subjected to 
c lean ing w i t h acetone. 

An assembly for braz ing the shear test 
samples o f graphi te is shown in Fig. 1 (j ig 
and bolts are made of m i l d steel), whe re 
an i ron fo i l insert, 0.12 m m (0.0047 in.) 
t h i ck , is p rep laced together w i t h f i l le r 
metals. In the case of 0.11C steel/graphite 
jo in t , the i ron fo i l insert was not used, 
i.e., o n l y f i l ler meta l . Further, in the case 
of g raph i t e /mo lybdenum, / tungsten and 
/copper jo in ts for the meta l lograph ic ex
am ina t i on , graphi te j i g and graphi te bolts 
in Fig. 1 were used. A lso, a braze speci 
men assembly bu i l t of 6 x 6 x 2 2 . 5 - m m 
(0.24 x 0.24 x 0.9-in.) square rods for the 

bend ing tests is shown schemat ica l ly in 
Fig. 2 (j ig is m i l d steel, bolts are graphite). 

A braze spec imen assembly for the 
impac t tests is s imi lar to that o f the bend 
ing test: j i g is graphi te ; bolts are m i l d steel 
(Fig. 2). In this case, the base metals are 
10 x 10 x 2 7 . 5 - m m (0.4 x 0.4 x 1.1 -in.) 
square rods, hav ing one chamfered side 
of a butt j o in t (Refs. 7, 8), of 304 stainless 
steel and 1.04C steel. The thickness of 
the Fe fo i l is 0.3 m m (0.012 in.). 

The assembl ies we re put in a s i l ica 
tube, w h i c h was sealed on one e n d ; then 
the tube was evacuated at 0.13 Pa (10~3 

torr) and inserted into a furnace (Ref. 5). 
Both bend ing and impact test assemblies 
were p laced on a graphi te plate, w h i c h 
had U-shaped grooves (Ref. 8). 

A f te r b r a z i n g , the surfaces of bo th 
b e n d i n g and i m p a c t spec imens w e r e 
smoothed . For the impact specimens, a 
U-notch was mach ined using a U-notch 

k-10-H 

Bend tool 

Ceramic ball ( lofy 

Ball stand 

Soaking sleeve 

Ceramic bar(5^) 
Specimen(6x6x45) 

Pedestal & anvil guide 

Fig. 3 — Illustration of four-point bending test apparatus. 

0.11%Cst. i j f iY. 

Fig. 4 — Microstructure of the 0.11 %C steel/graphite joint for shear test, 
brazed with BCu-1 at 1398 K (2057°F) for 120 s. 
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Fig. 5 — Effect of holding time on shear strength of the 0.11 %C Fig. 6— Microstructure of the graphite/graphite joint with 0.12-mm-thick 
steel/graphite joint brazed with BCu-1 at 1398 K (2057 °F). Fe foil insert, brazed with BCu-1 at 1398K (2057"F) for 120 s. 

cutter made of M2 tool steel. Prior to ma
chining, all joints were annealed at 1093 
K (1 508°F) for 2.4 ks in an Ar atmosphere 
to reduce the hardness of the 1.04C-steel 
base metal (Refs. 8, 9). But, in order to 
clarify the influence of the anneal treat
ment on the impact toughness, some of 
the joints were machined to introduce 
the U-notch without annealing by using 
a new cutter made of boron-nitride. 

To measure the mechanical properties 
of the brazed joints, shear tests were car
ried out at room temperature after filing 
away the fillet of the specimen (Ref. 5). 
Addit ionally, four-point bending tests 
shown in Fig. 3 using an INSTRON 11 75 
testing machine were conducted at tem
peratures ranging from 298 to 1273 K 
(77° to 1832°F) in a vacuum of 0.01 Pa 
(10~4 torr) and with a cross-head speed of 
0.008-mm (0.0003-in.)/s. Impact tests 
were done over a temperature range of 
193 to 973 K (-112° to 1292°F) with a 
294 J (217 ft-lb) Charpy impact tester per 
JIS (Japanese Industrial Standards). 

For metallographic examination, 
some of the specimens were sectioned 
perpendicular to the brazed surface and 
then polished. The etchants used were 
2% nital and 35% H 2 0 2 . Also, EPMA 
analysis of the cross-section in the pol
ished condition was performed under the 
fol lowing condit ions: voltage, 20 kV; 
current, 1.9 nA (Ref. 9). 

Results and Discussion 

Graphite/0.11C Steel Joint 

Naturally, it is impossible to braze 
graphite with BCu-1. But, when the 
graphite is combined with the Fe or the 
carbon steel, the dissolved iron in molten 

Cu is deposited as a columnar phase at 
the graphite boundary resulting in im
proving the wettability (Refs. 7, 8) —that 
is to say, a "dissolution and deposit of 
base metal" takes place. 

Figure 4 shows the cross-section mi
crostructure of the shear test specimen of 
0.11 C steel/graphite joint, brazed with 
BCu-1 at 1 398 K (2057°F) for 1 20 s. Be
cause both base materials are united by 
the columnar Fe-9~6Cu-1,6C alloy 
phase growing from the graphite bound
ary, the 0.11C steel is carburized by the 
diffusion of the C from the graphite 
through the phase. 

Figure 5 shows the effect of holding 
time on the shear strength of the 0.11C 
steel/graphite joint. The shear strength of 
the joint increased to 34 MPa (4.9 ksi) by 
holding for a minimum time. But, since 
the fracture of the joints in shear tests oc
curred either in the graphite or at the 
graphite/braze boundary, its shear 
strength did not exceed 34 MPa (4.9 ksi). 

Graphite/Graphite loint 

In the case of no wetting between the 
base materials and the filler metals, it be
comes possible to braze the base materi
als with the filler metals when placing a 
foil insert which can be wet by the filler 
metals. 

Figure 6 shows the microstructure of 
the graphite/graphite joint with 0.12-mm 
(0.0047-in.) thick Fe foil insert for the 
shear test, brazed with BCu-1 at 1 398 K 
(2057°F) for 120 s. Since the dissolution 
and deposit of base metal takes place be
tween the graphites and both sides of the 
Fe foil, the columnar phase grows from 
both graphite base materials to the Fe 
foi l ; as a result, both graphite base mate

rials are united by the columnar phase 
through the foil. From the results of shear 
tests presented in Fig. 7, the shear 
strength of the graphite/graphite joint at
tained a value of 32 MPa (4.6 ksi), which 
was nearly equal to that of the 0.11C 
steel/graphite joint in Fig. 5. This is be
cause the graphite brazements failed 
through the graphite base material or the 
graphite boundary in the shear test at 
room temperature, i.e., not at the brazed 
joint — Fig. 8. 

In addition, the graphite/graphite joint 
in Fig. 6 has a characteristic microstruc
ture in which both base materials are 
united by the columns of Fe-base alloy 
phase in ductile Cu through the Fe foil. 
Therefore, the joint may be expected to 
have a superior toughness compared to 
the joints that are produced using con
ventional brazing filler metals containing 
carbide-forming elements, which makes 
the brazed joint brittle by the formation 
of carbides. 

The mechanical strength of graphite 
itself increases substantially with in
creasing temperature. Figure 9 shows the 
results of four-point bending tests on the 
graphite/graphite joints over the test 
range employed (298-1273 K/77°-
1 832°F). For comparison, the data of the 
graphite base material (as received) were 
also revealed. 

As shown in Fig. 9, when the test tem
perature was below 873 K (111 2°F), most 
joints failed in the graphite base material 
and its bending strength was 35-40 MPa 
5.1-5.8 ksi). With increasing tempera
ture above 1073 K (1472°F), the fracture 
of the joints occurred in the mixed mode, 
i.e., through both the graphite base ma
terial and its boundary and, finally at 
1 273 K (1 832°F), occurred mostly across 
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the graphi te boundary. A lso, the bend ing 
strength o f the jo in ts decreased to 2 MPa 
(0.3 ksi) at 1 273 K (1 832°F). Typical frac
tures are shown in Fig. 1 0. 

From Fig. 9, however , it is obv ious 
that the bend ing strength of the graphi te / 
g raph i te j o i n t is c lose to tha t of t he 
graph i te base mater ia l at temperatures 
f rom 298 to 873 K (77° to 111 2°F). Thus, 
it can be conc luded that the strength of 
the brazed part in the graphi te jo in t is 
greater than that o f the graphi te base ma
ter ial be l ow 873 K (111 2°F), and is a lmost 
equal at 1073 K(1472°F) . 

Graphite/Molybdenum, Tungsten 
and Copper Joints 

Figure 11 shows the microstructures 
of the f i l le t of the g raph i te /Mo and / W 
joints w i t h 0.1 2 -mm (0.0047- in.) th ick Fe 
fo i l insert, brazed w i t h BCu-1 at 1398 K 
(2057°F) for 240 s. In the g raph i t e /Mo 
jo in t , even though the Fe fo i l comple te ly 
dissolved possibly due to the Fe-Mo-Cu-
C eutect ic react ion, a sound jo in t cou ld 
be p r o d u c e d . In con t ras t , in the 
graphi teAV jo in t , the deposi t of the plate
l ike Fe -Cu-W a l loy phase f r o m the W 
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Fig. 9 — Comparison of high-temperature bending strength between the graphite base material 
(as-received) and the graphite/graphite joint with 0.12-mm-thick Fe foil insert, brazed with BCu-
1 at 1398 K (2057 °F) for 120 s. 

boundary (Ref. 6) improved the we t t i ng 
b e t w e e n t h e W base meta l a n d the 
mo l ten C u . However , the in termeta l l i c 
c o m p o u n d , Fe 7 W 6 is also fo rmed at the 
W interface, resul t ing in a s igni f icant loss 
of mechan ica l propert ies of the jo in t (Ref. 
6). Therefore, it is desirable to use a C u -
8 N i a l loy as f i l ler meta l , because the ad 
d i t ion of N i to Cu prevents the g rowth of 
the in termeta l l ic c o m p o u n d (Ref. 6). The 
graphi te cou ld be brazed to Fe w i t h the 
C u - 8 N i a l loy f i l le r meta l , a l though the 
g rowth of the co lumnar phase was fa i r ly 
restricted (Refs. 9, 11). 

Figure 12 shows the m ic ros t ruc tu re 
and EPMA line analysis of the Fe/graphite 
j o i n t w i t h a j o in t c lea rance of 50 p m 
(0.002 in.), brazed w i t h BAu-1 at 1323 K 
(1922°F) for 60 s. In the Au (BAu-1) braz
ing of the graphite to the Fe, the co lumnar 
phase also grows f rom the graphite though 
its c o m p o s i t i o n changes to Fe -6~5Cu-
2 - 1 A u - 1 , 5 C as il lustrated in Fig. 12. W i t h 
increasing Au /Cu ratio in the brazing f i l ler 
metals, the dissolut ion and deposit of Fe is 
gradual ly restricted and the Au content in 
the phase increases wh i l e the Cu content 
decreases (Refs. 9, 11). 

Because the Fe can be brazed to the 
Cu w i t h the A u f i l ler meta l , it is apparent 
that the braz ing of graphi te to Cu w i t h 
BAu-1 can be accompl i shed by p lac ing 
the i ron fo i l insert be tween both base ma
terials. Figure 13 shows the microst ruc
ture of the graphi te/Cu jo in t w i t h 0 .12-
m m (0 .0047 - i n . ) Fe f o i l , b razed w i t h 
BAu-1 at 1 323 K (1 922°F) for 240 s. From 
the four -po in t bend ing tests, the bend ing 
s t rength o f the g r a p h i t e / C u j o i n t was 
about 16 M P a (2.3 ksi) b e l o w 673 K (752 
°F) and its f rac tu re o c c u r r e d in the 
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graphite base material. Above 873 l< 
(1112°F), the bending strength de
creased; this was associated with the 
change in the fracture mode from the 
mixture of the graphite base material and 
its boundary to the graphite boundary. 

In the case of graphite base material 
rupture, however, the bending strength of 
the graphite/Cu joint was considerably 
lower than that of the graphite/graphite 
joint in Fig. 9. This is probably due to a 
high residual stress in the graphite base 
material caused by the difference in co
efficients of thermal expansion between 
graphite and Cu. In practice, cracking in 
the graphite was often observed for the 
graphite/Cu joints having a relatively 
large brazed area. 

To prevent the cracking, the Mo or W 
intermediate layer placed between the 
Cu-base metal and the Fe foil insert was 
effective. For example, Fig. 14 shows the 
microstructure of the fillet when using a 
0.1-mm (0.004-in.) thick W sheet. With 
respect to reducing the residual stress in 

the graphite base material, however, 
about a 1.0-mm (0.04-in.) thick sheet of 
either Mo or W was suitable. 

AISI 304 Stainless Steel/1.04C Steel loint 

Moreover, the technique of placing an 
Fe foil insert between both base materi
als can also be applied for joining of 
stainless steel to either high-C steel or 
graphite, because the insert prevents the 
formation of brittle chromium carbides at 
the high-C steel (Ref. 7) or graphite 
boundary. 

By inserting a 0.3-mm (0.01 2-in.) 
thick Fe foil between the AISI 304 and 
1.04C steel base metals in the Cu braz
ing (BCu-1), the dissolution and deposit 
takes place on both sides of the foil — 
Fig. 15. On the 1.04C steel side, the Fe 
foil dissolves in molten Cu and a colum
nar Fe-9~7Cu-0.8C alloy phase, which 
comes from the 1.04C steel, unites the 
1.04C steel and the Fe foil within 60 s. 
On the AISI 304 side, when the holding 

time is less than 60 s, the 304 stainless 
steel braze interface lacks both Cr and 
Ni, and a plate-like phase is deposited 
from the Fe base metal (Ref. 7), so the 
composition of the base metals at each 
braze interface becomes Fe-9Cu-9Cr-
3Ni from EPMA analysis. As the holding 
time increased, the Fe foil in Fig. 1 5 was 
converted into a low-C steel because of 
the diffusion of the C from the 1.04C steel 
through the columnar phase. Therefore, 
the dissolution and deposit configuration 
changed to the type similar to the AISI 
304/0.11C steel joint (Ref. 7), where the 
AISI 304 dissolves in molten Cu and a 
columnar Fe-1 3-1 2Cr-9~6Cu- 5~4Ni-
0.2C alloy phase grows gradually from 
the 0.11C steel. Since the joint clearance 
between the Fe foil and the AISI 304 in 
Fig. 1 5 is very narrow, the base metals are 
united rapidly by the columnar phase. 
Thus, as a result, both the AISI 304 and 
the high-C steel base metals are united by 
each columnar phase through the Fe foil. 
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Fig. 12 — Microstructure and EPMA line analysis of the Fe/graphite joint with a joint 
clearance of 50 pm, brazed with BAu-1 at 1323 K (1922°F) for 60 s. 

To prevent the formation of the brittle 
carbides at the high-C steel interface, the 
application of the other metal foils such 
as Ni, Co, Mo and W instead of Fe is suf
ficient. But, the effect of uniting both base 
metals by each columnar phase through 
the foil as described above cannot be ob
tained. 

Figure 1 6 shows the effect of the Fe 
foil insert on Charpy U-notch impact 
toughness at room temperature (293 K, 
68°F) for the above-mentioned AISI 
304/1.04C steel joints. The impact 
toughness of the brazed joints with no Fe 
foil insert was extremely low (approxi
mately 1.0 J, 0.7 ft-lb) regardless of the 
holding time. All joints failed through the 
Cr carbide layers (Fig. 1 7A), so the ap
pearance of the fracture surfaces exhib
ited silver color. 

On the other hand, the impact 
strength of the joints with Fe foil insert 
was 5.8 J (4.3 ft-lb) even for a 60 s hold
ing time, and increased to 9.0 J (6.6 ft-lb) 
wi th increased holding time. This in
crease in toughness could be attributed 
to the uniting of the Fe foil and the AISI 

304 wi th the columnar phase, stated 
above. However, the fracture of the 
joints, which occurred mainly in the Fe 
foil and both brazed areas (Fig. 1 7B), did 
not vary with the holding time. The de
cline in toughness for the 960 s holding 
time might be due to the fact that the joint 
clearance of both sides of the Fe foil 
widens as the dissolution and deposit 
proceeds. Furthermore, the Fe foil is con
verted to a medium-C steel by the diffu
sion of C from the 1.04C steel. This ad
dit ion of C to the very-low-C Fe foi l 
causes the toughness to decrease. 

Comparing Figs. 15 and 17B, the 
pearlite structure of the carburized zone 
of the Fe foil changed by the annealing. 
But, this microstructural change did not 
affect significantly the impact toughness 
and the fracture pattern of the joints. 

Figure 1 8 shows the influence of the 
test temperature on the impact toughness 
for the same brazed joints as in Fig. 10. 
The holding time of these samples was 
540 s. In the case of no Fe foil insert, the 
impact toughness of the joints was only 
1.0 J (0.7 ft-lb) as the mean value. Most 

of the joints failed through the Cr carbide 
layers, formed at the 1.04C steel inter
face, regardless of test temperature. 

Inserting the Fe foi l , on the other 
hand, the impact toughness of the joints 
depends strongly on the test temperature. 
At 193 K (-112°F), the impact toughness 
of the joints decreased to 2.0 J (1.5 ft-lb) 
and its fracture occurred chiefly in the 
1.04C steel base metal. Whereas, above 
room temperature, the impact strength of 
the joints increased remarkably to ap
proximately 15.3 J (11.3 ft-lb) between 
473 and 873 K (392° and 1112 °F) , and 
to 13.3 J (9.8 ft-lb) even at 973 K 
(1292°F). With increasing the test tem
perature, the braze failure mainly oc
curred instead of the Fe foil failure. 

From the above results, it became 
clear that inserting an Fe foil between the 
stainless steel and high-C steel base met
als in the Cu brazing could effectively im
prove the notch toughness of the brazed 
joints over a wide range of temperatures. 

Fig. 13 — Microstructure of the Cu/graphite 
joint with 0.12-mm-thick Fe foil insert, brazed 
with BAu-1 at 1323 H (1922 °F) for 240 s. 

Fig. 14 — Microstructure of the Cu/graphite 
joint with 0.12-mm-thick Fe foil insert and 
0.1-mm-thick W sheet, brazed at 1323 K 
(1922°F) for 240 s. 

Fig. 15 — Microstructures of the AISI 
304/104C steel joints with 0.3-mm-thick Fe 
foil insert, brazed with BCu-l at 1398 K 
(2057°F) for 60, 240 and 540 s. 
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Fig. 16 — Effect of 0.3-mm-thick Fe foil insert on Charpy U-notch im
pact toughness at room temperature (293 K, 68°F) for AISI 304/1.04C-
steel joints, brazed with BCu-1 at 1398 K (2057°F). 

Fig. 17 — Cross-sections of impact-ruptured AISI 304/1.04C steel 
joint (tested at 293 K, 68°F) brazed with BCu-1 at 1398 K (2057°F) 
for 540 s. A — No insert; B — 0.3-mm-thick Fe foil insert. 

Conclusions 

1) In brazing graphite to Fe with AWS 
BCu-1, the dissolution and deposit of the 
Fe base metal takes place. As a result, 
both base materials are united with the 
columnar Fe-9~6Cu-1.6C alloy phase 
grown at the graphite interface. The shear 
strength of the 0.11C steel/graphite joint 
attained a value of 34 MPa (4.9 ksi). 

2) By placing an Fefoil insert between 
both graphite base materials, the brazing 
of graphite to itself with BCu-1 can be ac
complished because the graphite base 
materials are united by the columnar 
phase through the foi l . The shear and 
four-point bending strengths of the 
graphite/graphite joint wi th 0.1 2-mm 
(0.0047-in.) thick Fe foi l insert were 
about 32 MPa (4.6 ksi) at 298 K (77°F) 
and 35-40 MPa (5.1-5.8 ksi) over the 
temperature range of 298 to 873 K (77° 
to 111 2°F), respectively. 

3) When using BAu-1 instead of BCu-
1, the graphite base material and the Fe 
foil are also united by a columnar Fe-
6~5Cu-2~1 Au-1.5C alloy phase growing 
at the graphite base material. The bend
ing strength of the graphite/Cu joint was 

about 16 MPa (2.3 ksi) from 298 to 673 
K (77° to 752°F). In the case of large 
brazed areas, either Mo or W intermedi
ate layer between the Cu base metal and 
the Fe foil insert is effective to prevent 
cracking in the graphite base material 

due to the residual stress caused by the 
large mismatch of thermal expansion be
tween graphite and Cu. 

4) In addition, the technique can be 
applied for the Cu brazing of AISI 304 
stainless steel and high-C steel (1.04C). 

I.067.Cst.-BCu4-AISI304 

200 600 
Test temperature, K 

800 1000 

Fig. 18 — Relation between test temperature and impact toughness of AISI 304/1.04C steel 
joints with and without 0.3-mm-thick Fe foil insert, brazed with BCu-1 at 1398 K (2057°F) 
for 540 s. 
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By p lac ing a 0 .3 -mm (0.012- in.) th ick Fe 
fo i l insert be tween both base metals in 
order to prevent the fo rmat ion of Cr car
bides (Cr 2 3 C 6 and Cr7C3 ) at the 1.04C-
steel braze interface, the 1.04C steel and 
the Fe fo i l are uni ted by a co lumnar Fe-
9~7Cu-0 .8C a l loy phase w h i c h comes 
f rom the 1.04C steel; the stainless steel 
and the Fe fo i l are also un i ted by another 
c o l u m n a r Fe-1 3 - 1 2 C r - 9 ~ 6 C u - 5 ~ 4 N i -
0.2C a l loy phase c o m i n g f rom the Fe fo i l . 

5) As a result, both the AISI 304 and 
the 1.04C steel base metals are uni ted by 
each co lumnar phase th rough the fo i l so 
that Charpy U-notch impact toughness of 
the jo in t increased marked ly f rom 1.0 to 
9.0 J (0.7 to 6.6 ft-lb) at room tempera
tu re . Further, the u n i t i n g w i t h each 
co lumnar phase revealed a remarkable 
ef fect on the i m p a c t toughness of the 
jo in t in the range between 293 and 973 
K (68° and 1292°F). 
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Welding Procedures Committee of WRC 
Needs Industry and Government Agency PQRs 

Twenty-six Standard Welding Procedure Specifications (Standard WPSs) have been produced through 
a joint effort of the AWS B2 Committee on Welding Qualification and the Welding Procedures Commit
tee of the Welding Research Council (WRC). These ANSI-approved standards are available from the 
American Welding Society, 550 N.W. LeJeune Rd., Miami, FL 33126. 

The Welding Research Council maintains a bank of Procedure Qualification Records (PQRs) which sup
port the Standard WPSs. Additional PQRs are needed by the Welding Procedures Committee for the de
velopment of future Standard WPSs. The WRC bank of PQRs now contains a large number of PQRs for 
plain carbon steels (P1 materials). Additional PQRs are needed for all thicknesses and all welding 
processes for low-alloy steels (P3, P4 and P5 materials) and stainless steels (P8 materials); and for com
monly welded aluminum, copper and nickel alloys. These PQRs will be retained at WRC Headquarters 
for use by the Welding Procedures Committee and will not be reproduced. The names of companies that 
submit PQRs will not be disclosed to the public. 

This is an opportunity for both Government Agencies and Industry to assist WRC and AWS in the devel
opment and approval of Standard WPSs. 

Please send your PQRs to: 

Dr. Martin Prager 
Executive Director 
Welding Research Council 
345 East 47 Street 
New York, NY 10017 
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