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BRAZING OF GRAPHITE/GRAFHITE USING A NEW
FILLER TECHNIQUE

Dr. ADNAN S, JABUR
Engineering. Coliege - University of Basrah

ABSTRACT

Brazing is one of the best methods of graphite to graphite or to metals joining. Bt the major
problem assorialing the graphite braring is the poor weiting by the conventional malten fillers, For
this reasen, scientisis have produced a special filler metal based on active elements which interacts
with graphite to form carbides. Also, recently another techmique 1o overcome the wetiing problem was
imrocuced by H. Ohmura and T, Yoshida . [t included inserting an intermediate layer of pure iron foil
inside the copper filler. In the present work, ancther filler combiration of Cu/ steel/Cu foils is
praposed as new (ller techoigue For graphite brazing. [t was found that, it produced a succeeded joinl
with & good preperties consisted of a columnar phase which resylted from the partiaily disselution of
iron in melten copper, Additionally, the ingreasing of brazing time caused reducing the thickness of
the steel central layer and increasing the thickness of the columnar phase layers. The x-ray diffraction
131 developed that, the joints contained two carbide types, iron and copper frec clements.
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INTRODUCTION

A prime difficulties associating the byazing
of graphite to graphitc and to conunon stroctial
motals is that the poor wettability of graphite by
conventional molien fillers such as the copper base
type. In addition 10 the geneml requirements of
pood brazing alloys such as the few differenees in
coefficiant of expansion between the graphite, the
brazing allays and the structueal melais['™ 1.

R.G. Donlly and G M. Slaughter [']
developed filler alloys ta abtain a good joiat with
accepiable properties. These alloys which contain
strong carbide forming ¢lements such as (T and
£ owere found o readily wet and flow on
sraphite, They appear w0 be wselful in fabricaiing
graphite assemblies for a wide variety of elevated

temperature spplications, werospace and nuclear
reactors.

Another brazing technique for joining graphite
to itself or to metals with conventional filler metals
has heen developed by H.Ohumura et al [, This?
technique is performed by placing pura iron foil
inside the copper filler. [uring brazing, the
colurnnar phase is formed at both graphite faces and
grows towards the iron foil. As a result, both
graphite base materials are united by (he colurmmar
phase through the iron foil.

This work aims to cvaluate a lamcllar filler of
(copper-low carbon stecl-coppery foils as a mew
technique in the efforis series to overcome the
wattitgz problem accompanied with graphitc brazing.
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EXPERIMENTAL WORK

“aetdals used in this investigation were
graohite 83 o substrate material, copper foil (50 wm
thjelmess), and low carhon steel foil (200 pm
thicknzss) as fller mewls. Table (1) shows the
chemloal analysis uf copper and stecl feils .

Theez joint types were employed to evaluate the
present filler technique. They were; single bunt joint
(figure 1a), fillet buit joint (figurc 2a), and double
butt joint (fgure 3a), The firat type wag utilized 10
study the micrestrucwure, microhardness  and L-T2y
diffracticn iest, while the other 1wo 1ypes were used
for shear testing.

The graphite was cut to the desired dimensions
sceording 1o the joint design, then the bwo joint side
aurfaces were ground with (180, 300, 800, 1000,
12007 smery papers.

All joints were fixed by a simple fixture of two
gheets of graphite to held the joint pleces in betweza
ened tilted with four stainless steel bolts (figures 1h,
b, and 34}

To kaep the brazing processes carmying out under
inent atmosphers a stainfess sweel revort (fgwe 4
was employed to hold the braming samples and
fixtures,

Afier preparation of joints matenals, they were
asgembled in the proper fixnres and inserzd in the
retori, Then it was sealed and the argon was pumped
at 150°C umil reaching the temperatare of (1125°C),
30 the joints were held for different times (2.3.3.10,
13,20,30 min), then the assemblies were lefl w cool
in the fumace, and the argon closcd at 400°C.
Figure(3) illusirates the thermal cyeles of these
brazing procesies.

Figure (6) shows the brazing jelnt semples of
fill21 and double bugt types.

Tor evaluation the present filler technigue,
geveral inspections wers performed in this work,
They inciude a tnicrostructural study with an optical
microscope, x-tay diffraction, and shear tests which
arc divided into the fallowing:

I} Fillet Butt Joints Shear Testing

They were inspecied by slngie shear westing usiug
the di¢ shown in the figure (7). The nssembly of
joints with die wes held down in the INSTROM
compression machine to obtain lead-dispiacement
output charts with erosshead speed of 0.5 mm/mmin.
11) Double - Buett Joints Shear Testing

The double brazed shear lesis were carmied out
using the die shown in figure (8). The assembly of
the graphitz joinls with die was held down it the
[NSTROW compression wachine ot  the  game
pievicus crosshead speed
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RESULTS AND DISCUSSION
) Miicrostructural Evaluation

Figurs (9) containg & mictagraph  of
graphire/gtaphite joiml brazed ot 1125°C and
holding time of 2.5 min. It hows an ideal joint
consisting, of thice zcmes; graphite subsirate,
golumnar phase, and steel ¢entes. In figurs {100
othar observations from the same joint conditions.
They develop uneven thicknesses of columnar
phase and stcel Inyes in the same micropraph and
in differont micrographs. This inhomogenity in
layer thicknesses mey be anributed 1 magy factos
such as; unequal pressure apyplicd by four bolts, the
change of pressurs at elovated temperatures due to
the lose occuming by expansion, and inheme-
geneous distribuion of temperature in the retort .

Figure{11) containg & combination micrographs
<f before bruzing assembly {Graphite-Cu-ateel-Co-
Graphiie), and after brazing the (same joint). It
shows o high reduction in the sieel layer thickness
and growih of colwnnar phase through all of the
copper, graphite and part of steel layers.

The effect of brazing time on ihe phase
thange and interfacé movement of buth filler and
base materials is shown in figore (12). The steel
layer reduced in thickness and the colurmnar phase
mitiated and expanded through the copper layers,
graphite suhstrates and cenial stesl layer with
increasing Lime, So at 2.5 min. the jarge thickness
of steed layer is slear, but at 30 min. of brazing
time it has almost reduced. A very imponant
observation is the aggression of the graphite
which, is tansfomed ino the columnar phase
tewards the iren. Thic aggression increased clearly
with increaging timne.

1) X-Ray Biffraction

X-ray difftaction tests were carried out for
five specimens in diffsrent brazing times (2.3 5,
10, 15, 30 min.) a3 showe in figure (13). The main
dedication; is that; the predominant existence of
two iron corbide phases (FesC, Fefl), which
indicztes m clear diffusion and interaction between
the praphite and the iron atoms acrosy the twe
liguid copper layers, Also, the charts assessed the
prasense of both free copper and ron in the Jjoints
at all brezing times except at 30 ;in, s0 ey
disappeared cemplietely. The poor sensitiviey of the
insirurent redused an opportunity of identification
of a columnar phase and intermetallic compounds
menks in the sharts.
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HEjShear Test Results:

a- Single Butt Fillet Shear Testing:

The wvalues of single Wutt Bllet shear
sivengths are pletied versus the braving time in
fignre(14). It shows & fluctustion in tis relation,
that cannot develops 2 clear role of brezing time 1n
maximum shear strength. Figure (13) includes
photographs of the fracturcd (afier testing)
samples. It shows that al] gix samples were
fraceared throvgh the graphite substrate which
means seme rotatdon effecr resulied frem the
moment which initisted due to unsymmetricel
sample desitn.  Many atterppts were done to avoid
this problem such as cutiing (he upper edge and
make the distance betweon the upper edge and the
Jjoint region only €3 ram) and (2 mm) but the same
results werz obiained. For this reason the usage of
double brazed shear tests (o have reifable tests and
results becorne required.

Ii- Disuble Rutt Shear Testing

Figure{16) develops sood relizbility and
the effect of time was obvious. The joint shoar
strength increaged with increasing the brazing time
from 2.3min. until |5min.This cen be due to the
imareasing of Gffuslon and inisraction processes
with titne advance. The fracturc behevior supports
lhis explanation since it occarred totally through
the joint &5 shown in figure (17). After 15 min., the
shear swength began to reduce gradually wntil 30
min., so this descent was attributed 1o the growth
of brittle carhide phases and disappearing of the
toush  ¢opper and  iron  concumently,  This
explanation i3 supported by the impsiton of the
fracture style more towards the graphite substrate.

[¥) Micrvhardness (est

The results of microhandness {esis are
shown in figure {18). Generally there are no hig
ditterence hetween the curves of different brazing
times. The maximumn hardness was obtained at the
center of the joints and it decreased graduaily
through the columnar phase until the graphite
substrates which have rhe minimom vaiues.

CONCLUSIONS
1-The present filler technigue suceeeded I
codusing an excelloat joint.

2-The liquid eopper played az a path 1o the carbo
atoms 1o meve towards the stesl cetter an
formation of iron carbides.

3-The best brazing time was (15min) at 1125%C o
brazing tempecature, which gavs s masimun
shear strength,

4-The maximum hardness was at the cenrer of th
Jaints,
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Table {1} Tho chemicel composition of coppar
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Figure {71 A die of £illet butt joint shear testing
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Frgure (G a-A ph;tlu.;grapl': of brazed fillet bu1; :ial:;i.nt samples

Figure {53 Thermal eycles of hrazing processes

Fignre (E) A diz of double bubt joint shear testing
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t at brazing conditions | 1125°C for 2.5 mit

Fipure (29 A microstructare of the join

Figury (¥0) Microctmcture of joitis of same brazing conditions; (1125°C for 2.5 min.)
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M= shear strength{MPa}

Pa’

M

riax shear strength
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