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ABSTRACT: Furnace brazing was carried out to produce joints between two different
materials, Oxygen Free High Conductivity Copper [OFHC] type ISO C10300 and silicon
steel (electric steel) type ASTM 36F145 by using two groups of filler metals were selected
in this research, silver group type DIN L-Ag20Cd and copper group type AWS BCuP-1 with
using flux type AWS FB3-A to remove oxide and protect the welding joint.

The brazing temperature for both filler was 790°C and 940°C respectively above liquidus
temperature of them, then soaking at different time (10, 20,30,40,50, and 60min.) for each
filler metal. The microstructures of cross section area of joints were revealed in optical
microscope shows presence of different reaction in the brazed area.

The maximum double shear strength of dissimilar brazed joints was 47MPa by using
filler metal AWS BCuP-1 at 30min. soaking time, while using filler metal DIN L-Ag20Cd
give rice in double shear strength to 98MPa at 30min. soaking time due to better coalescence
of the mating surfaces .The occurrence of solid solution and different types of intermetallic
compounds such as CusSi, FesZnio, FeZnio, CusZns, CuZn, CdCuz, CdsCds, CdsCu, CuzP,and
a-Fe that is responsible for joint strength has been detected by X-ray diffraction inspection.

Keywords: Furnace brazing, OFHC, Silicon steel, Shear strength, Intermetallic compounds.

1- INTRODUCTION

In recent years, interest has grown in the joining of dissimilar metal combinations in the
automotive and aerospace industries. Brazing is important industrial methods of bonding
ferrous metals to non-ferrous metals, and for bonding metals having very different melting
temperatures and it is especially widely used in connection with mass production. They have
their given applications in connection with particular materials and components, for which
welding are unsuitable due to the considerably higher temperatures and limited abilities to

bond different metals. 2
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The coalescence is produced by using a ferrous or nonferrous filler metal that must

have a liquidus temperature above 450°C and below the solidus temperature of the base
metal. The filler material is necessarily of a different composition than the base materials and
it is distributed between close-fitting surfaces of the joint typically (0.025-0.25mm) by
capillary action which plays a major role in filler flow through the joint, while surface
wetting plays a major role in the filler’s spreading. Chemical bonds were formed between the
filler material and the base materials, substantial diffusion of elements in the filler into the
base material, and vice versa, almost occur. 134

A sound brazed joint generally results when an appropriate filler alloy is selected,
surface cleanliness, metal and flux inclusions, different melting temperatures of the
components, cooling rate of the joint, excessive alloying of the brazing metal, improper joint
design, and tolerances. [°!

Furnace brazing is joining process use in the aerospace and other industries to produce
strong permanent and hermetic structural joints. It is used exclusively where the parts to be
brazed can be assembled with the filler material in the form of wire, foil, filings, slugs, shims,
powder, paste, and tape preplaced in or near the joints. Fluxing is used except when an
atmosphere is specifically introduced into the furnace to perform the same shielding gas.
Furnaces are either batch or continuous types with possibly atmosphere controls, and should
have automatic time and temperature. [ ©

Special combinations of copper and its alloys allow wide range of diverse applications
in various fields such as architecture, aerospace, electrical engineering, communications,
automotive, and solar energy systems because of its favorable properties which include high
electrical and thermal conductivity, high resistance to corrosion, and easy processing.
Oxygen-free coppers C10100 and C10200 are particularly suitable for applications requiring
high electrical conductivity coupled with exceptional ductility, low gas permeability, freedom
from hydrogen embrittlement. Although conventional fusion welding methods can be used
for joining of copper and its alloys but it is usually difficult due to their high thermal
conductivity. [ 7.8

The copper phosphor family BCuP and silver alloy family especially BAg-1 filler
metals of brazing are widely recommended for joining copper and high-copper alloys.
The BAg-1 filler is generally recognized as being the lowest-melting-point silver brazing
alloy. 1310

Steel and its alloys represent the most important and widely used materials in industrial
applications. Gradually, composite structures of dissimilar metals were accepted in national

defense and civil industrial fields, such as aeronautics and astronautics, and electric power
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industries. Filler metals type BAg, BCu series, and RBCuZn are the most common filler

metals used for the brazing of carbon steels. 1112

2- EXPERIMENTAL PROCEDURE

The base metals used in this work were plate of oxygen free high conductivity copper
ISO C10300 used in busbhars and sheet of silicon steel ASTM 36F145 having 10 mm and
Imm in thickness respectively. The chemical compositions of the base metals are presented
in (Table-1) and (Table-2) © 3. The copper was cut into 20x18x10 mm and steel sheet
specimens were cut into 20x18x1mm for double shear strength and microstructure testing.
The copper oxide film is removed by grinding the surfaces using emery papers
ASTM grit 800 then immersion the specimens in a solution consist of 5% dichromate
alpotassium, 10%sulpheric acid, and 85% water for 15min. to precipitate layer on the surface
to protect it from oxidization during brazing process and finely wash it with water then
alcohol and dry it. While the oxide film and contaminations on steel specimens were removed
by immersion in hydrochloric acid (HCI) for 10 min.

The filler metals were used for brazing DIN L-Ag20Cd and AWS BCuP-1 both of them
in form of wire which were cool rolled to a foil of 150 +5um in thickness. The chemical
compositions for both filler metals are given in (Table-3) ' 1. Flux type AWS FB3-A
dissolved in distilled water was used. Brazing was done with electrical muffle furnace and the
specimen temperature was measured by K-type thermocouple having + 1°C installed to touch
the sample as close as possible to the joining interfaces.

The brazing procedure used in this work done by fluxing the specimens firstly and
sandwiched filler foil between steel and copper specimens (Figure-1)and fixing it by use
fixtures made from steel 100x100x10 mm with four M16 stainless steel bolts , torque spin
used to apply uniform compression force on these bolt then put the assembly in furnace and
heats it to brazing temperature of filler metals 940°C and 790°C for AWS BCuP-1 and
DIN L-Ag20Cd respectively then soaking at these temperature for different time (10, 20, 30,
40, 50, and 60 min.) later leave specimens in furnace to slow cooling .

The metallographic specimens (one sample for each condition) were prepared by
grinding with emery paper ASTM grit 240, 400, 600, 800, 1000, 1200, and 2000 then
polished by use cloth and alumina having size 0.05 pm then examined under optical
microscope.

Double shear tested done to the brazed joints (three samples for each condition) for
obtaining the shear force then the shear strength is determined by dividing this force on the

actual brazed areas (two area) as shown in (equation 1) for obtaining the best conditions
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which will give the maximum shear strength. The die shown in (Figure-2) was used to hold

the specimen between the jaws then force was applied using load rate 10N/min. by universal
tensile test machine type (ZWIK) having 1000KN maximum capacity.

The phase identification of the resulted joint interface that gives the maximum shear
strength (one sample for each fillers) was examined by X-Ray diffraction using XRD6000
Shimadzu, philips-PW1840 difractometer machine. The samples used in this test should
having 5mm maximum thickness therefore the original samples after fractured machined to
reach desired thickness then examine the interface and make evaluation of results.

Shear force

Sh t th= ———— i e 1
ear streng N

Where:
A= parallel surface area to shear force

3- RESULTS AND DISCUSSION
3-1 Effect of soaking time on filler metal type AWS BCuP-1.
3-1-1 Double shear strength of brazed joint.

The effect of soaking time on shear strength when using filler metal BCuP-1 was
shown in (Figure-3). The occurrence of failure happened at interface region for all sample
due to formation of excessive intermetallic compound or oxide film. First brazing joint gives
shear strength 31MPa at soaking time 10min. this short time lead to insufficient diffuse of
filler metal into the joint area, next when increasing this time to 20min. that is give increase
in shear strength to 45MPa because of increase in wetting and spreading which lead to full
penetration of filler metal in the joining area .When the holding time increase to 30min. the
shear strength rise to 47MPa due to more interalloying (dissolution) of filler metal element
with base metal and formation ductile solid solution and chemical compound (intermetallic
compounds) types CusP,Fe2P,CusSi,AlCus CuO,FeO and a-Fe on both surface of joint
detected by X-Ray diffraction (Figure-4,5) that is responsible for joint strength. The up going
in soaking time to 40min. lead to growth inermetallic compound and convert to brittle that
caused declaim in shear strength to 39MPa. The phenomenon of continuous growth in these
compound by absorbing each other and excessive dissolve of base metal into filler metal
leads to decline in shear strength to 38MPa and 28MPa with soaking time 50min. and 60min.
respectively.

3-1-2 Microstructure of brazed joint.
The microstructure of cross section area of brazed joint assemblies when using BCuP-1

filler metal at brazing temperature 940°C shown good wetting and spreading of this filler on
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both surface of steel and copper due to chemical effinity between them especially from

copper side. The microstructures of joints at 10min. and 20min. soaking time (Figures-6, 7)
respectively are shown clearly oxide film on interface between filler and base metals because
of insufficient time of flux to remove this film and flow of filler metal .The increase of
soaking time to 30min. (Figure-8) gives smooth joint and less oxide film with formation of
intermetallic compound types (CusP and CuQ) on copper interface and (AlCus, CusSi, a-
Fe,FeO, and Fe2P) on steel interface that is detected by X-Ray diffraction (Figure-4, 5)
respectively therefore the shear strength reached to beak value. The growth of this compound
when brazing time rise to 40 min. and 50 min. shown in (Figure -9, 10) lead to make it brittle
therefore the shear strength reduced. The long period at high temperature 60min. (Figure-11)
will make the base metal dissolve into the filler metal excessively and changed to brittle
columnar intermetallic compound that is lead to drop in shear strength.

3-2 Effect of soaking time on filler metal type DIN L-Ag20Cd.
3-2-1 Double shear strength of brazed joint.

The relationship between shear strength of joint and soaking time when using filler
metal L-Ag20Cd shown in (Figure-12).From this curve we can notice that an increase in
shear strength approximately doubled comparing with the filler metal BCuP-1. The soaking
time at 10min. gives shear strength 71MPa and when rice the soaking time to 20min. these
value up going to 88MPa and continues with soaking time 30min. and gives 98MPa because
of formation solid solution and intermetallic compounds types CusSi, FesZnio, FeZnio,
CusZng, CuZzn, CdCu,, CdsCus, CdsCu, CuzP, CuO, FeO, and a-Fe reserved from X-Ray
diffraction (Figure-13, 14) on both side of joint that is responsible on joint strength. Where
the soaking time increase to 40min. leads to decline in shear strength to 67MPa, the down
going continues to 60MPa and 56MPa when the time increased to 50min, and 60min.
respectively because of the excessive growth in the intermetallic compounds that is lead to
make brittle joint.

3-2-2 Microstructure of brazed joint.

Use of L-Ag20Cd as filler metal at 790°C brazing temperature shown excellent
chemical effinity with both base metals lead to increase wetting and spreading process when
it is compared with BCuP-1 filler metal. The high content of Cu, Zn, Ag, and Cd in this filler
leads to formation of a solid solution and multiple types of intermetallic compound which
strengthening the joint. This can be seen clearly from the cross section area of brazed joint for
all soaking time. (Figure-15, 16) shown the microstructure at soaking time 10min. and 20min.
respectively at these time there is a little amount of oxide with dissolution of base metals into

filler, then when time 30min. (Figure-17) the growth of compound types CusZns , CuZn,
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CdCu,, Cd3Cus, CdzCu, CuO, and CusP on copper interface and CusSi, FesZnio, FeZnio ,FeO,

and o-Fe on steel interface that is detected by X-Ray diffraction (Figure-13, 14) respectively,

and the grain take equiaxis shape. The increase of soaking time to 40min. and 50min leads to
increase in intermetallic compound growth (Figure-18,19) respectively and this growth
continuous when time reach to 60min.(Figure-20) and the grain change to brittle dentartic

shape.

CONCLUSIONS:

1. Furnace brazing can be used to join dissimilar metals, copper type 1ISO C10300 to
silicon steel type ASTM 36F145 by using filler metals DIN L-Ag 20 Cd and AWS
BCuP-1

2. Maximum double shear strength was obtained with filler metal type DIN LAg20Cd
reached to 98 MPa.

3. Maximum double shear strength was 47MPa obtained when using filler metal type
AWSBCuP-1

4. The best soaking time at brazing temperature was 30min. for both fillers.
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Table (1): Chemical composition of copper I,

Chemical Composition of Copper ISO C10300 %Cu %P
Nominal 99.95 0.003
Actual 99.98 0.002
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Table (2): Chemical composition of silicon steel [*31,

Chemical Composition Of ]
» %C %Si %Mn %Al %Fe
Silicon Steel ASTM 36F145
Nominal 0.12-0.17 | 1.5-2.25 | 0.19-0.8 0.4 Balance
Actual 0.15 1.8 0.21 0.3 Balance
Table (3): Chemical composition of filler metals [ 21,
Chemical Composition of filler metal % Cu %Ag | %Zn | %Cd | %P
DIN L-Ag20Cd 41 17 26 16 -
AWS BCuP-1 95 - - - 5.0
Cu Cu St Cu
Filler metal

Fig. (1): Assembly of brazing sample.

Supnpo

Fig. (2): Double shear die.
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Fig. (3): Effect of soaking time on shear strength of joint using filler AWS BCuP-1.
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Fig. (4): X—Ray diffraction for Cu side brazed by BCuP-1 filler metal at soaking time30 min.
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Fig. (5): X-Ray diffraction for st. side brazed by BCuP-1 filler metal at soaking time 30 min.

Diyala Journal of Engineering Sciences, Vol. 07, No. 02, June 2014
138



FURNACE BRAZING OF OXYGEN FREE HIGH CONDUCTIVITY COPPER TO SILICON STEEL

Cu

Dissolution

St.

Intermetalic
Compound

Cu

Fig. (8): Microstructure of joint using filler AWS BCuP-1 and soaking time 30 min.
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Fig. (11): Microstructure of joint using filler AWS BCuP-1 and soaking time 60 min.

Diyala Journal of Engineering Sciences, Vol. 07, No. 02, June 2014
140



FURNACE BRAZING OF OXYGEN FREE HIGH CONDUCTIVITY COPPER TO SILICON STEEL

Shear strength (MPa)

120

DIN L-Ag 20 Cd

100
80
60
40
20

98
88

67

60 56

10

20 30 40

Soaking Time (min.)

50 60 70

Fig. (12): Effect of soaking time on shear strength of joint using filler DIN L-Ag20Cd.
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Fig. (13): X-Ray diffraction for Cu side brazed by L-Ag20Cd filler metal at soaking time30 min.
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Fig. (14): X-Ray diffraction for st. side brazed by L-Ag20Cd filler metal at soaking time 30 min.
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Fig. (15): Microstructure of joint using filler DIN L-Ag20Cd and soaking time 10 min.
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Fig. (16): Microstructure of joint using filler DIN L-Ag20Cd and soaking time 20 min.
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Fig. (17): Microstructure of joint using filler DIN L-Ag20Cd at soaking time 30 min.
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Fig. (18): Microstructure of joint using filler DIN L-Ag20Cd and soaking time 40 min.

Fig. (19): Microstructure of joint using filler DIN L-Ag20Cd and soaking time 50 min.
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Fig. (20): Microstructure of joint using filler DIN L-Ag20Cd and soaking time 60 min.
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