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A Study on the Strength of Brazed Joint for Automotive
EGR Cooler by Heat Treatment Conditions
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Abstract Stainless steel EGR cooler of diesel engine is widely used to prevent the corrosion due to the content
of sulfur in diesel fuel. The strength of brazed joint between stainless steel materials is very important. It is essen-
tial to observe the spreading ratio of the filler metals under the condition of deoxidation or vacuum during heating
process. In this experiment, spreading ratio was tested to find the optimum brazing condition for stainless steel
using brazing filler metals of FP-613, BNi-2 and BNi-5 on sus304 and sus410. Anti-corrosion tests were also per-
formed on the above filler metals with solution of 5% H,SO,, 65% HNO, and 5% NH,OH. Consequently FP-613
has good ability for anti-corrosion with 30% of chromium content compared with other filler metals. The optimum
brazing conditions are occurred at 960°C for 90 min. and at 1090°C for 50 min. at the same degree of vacuum,
2~3x 107 Torr.
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Table 1. Chemical contents and fusing points of various pastes

Filler metal JiS ASTM Hardness (Hv) |Yield strength (kgf/mm?)| Thermal coefficient x 10°/°C
FP-601 BNi-1 BNi-1 750 63 14.0
FP-602 BNi-2 BNi-2 650 100 13.7
FP-603 BNi-3 BNi-3 670 178 146
FP-604 BNi-4 BNi-4 310 122 146
FP-605 BNi-b BNi-5 530 117 145
FP-606 BNi-6 BNi-6 510 50 14.6
FP-613 470 100 14.6

Table 2. Chemical contents and fusing points of various pastes
. Chemical contents (wt%) Fusing points (°C)
Filler metal - - - T
Ni Cr Si Fe P Solidus Liquidus
FP-613 bal 29 4 - 6 980 1030
BNi-2 bal 7 45 3 - 970 1010
BNi-5 bal 19 10 - - 1080 1140
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Table 3. Condition of brazing

Filler metal BNi-2, BNi-5, FP-613

Degree of Vac. Vacuum (5% 107 torr)
Temperature 1080°C
Time 1.8ks
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Table 4. Condition of brazing optimization

B4

Condition 1 Condition 2
Temp. Time Vacuum Temp. Time Vacuum
500°C 50 min 3~6xE-3 Torr 500°C 50 min 2~3%xE-3 Torr
950°C 60 min 3~6xE-3 Torr 960°C 90 min 2~3x%E-3 Torr
1080°C 40 min 3~6%E-3 Torr 1090°C 50 min 2~3%xE-3 Torr

Fig. 1. EGR cooler for passenger car.
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Table 5. Measured results of spreading ratio

Paste | SUS304 | SUS316 | SUS410 | SUS444
FP-613 23 17 15 10
BNi-2 5 4 3 5
BNi-3 4

BNi-5 7 6 8
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Fig. 2. Photos of spreading ratio by filler metals vs temperature.
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Fig. 3. Corrosion test results by H,SO,, HNO, and
NH,OH.
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Fig. 4. Specimen for tensile strength test at 25°C.
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Fig. 5. Tensile strength of brazed joints.
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Fig. 6. Specimen for tensile strength test at 25°C,
600°C and 900°C.
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Fig. 7. Tenstle strength of brazed joints.

A}, BNi-5E 900°Col|lA] 55 MPag &
3] A3tdrt. ol Uigt <AE Fig. 89 &%
ALZlof| A AR A}

BNi-5& Cr& B°] 3is FeelAT 34553
NiT8A| A4 NiZ BA)2} Nishe-e] Egh
o= Aguo] th. Cre 2% Nivg&Ae] 44
o stz 8= 7] whiel] 12o) HH Ni
TEAZRE] Cro] A& Ao SVt met
A LAkl wel v}t AstEtar AlsE. g
#H, FP-613% BNi-2%= Cr2 g3l A9+ BNi-
29] Cr $hke Athzoe® 2l FP613S I
Cr 313E7d5 g3l 9euz NintgAld 1§
k= Crige BNi-5 Hrth FHoh. mEbx FP-613%
BNi-2& 600°C H3<A Cr 4&o] TE=o] ¢
ot 57} ASST Cr %] douir] gom=z
=7} AR ekt

flo

oz

O

BNi2

BNiS

Fig. 8. Optical micrographs of the brazed joint specimens.
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Fig. 9. Analysis results of optical micrographs of the brazed joint specimens by condition 1.
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Fig. 10. Analysis results of optical micrographs of the brazed joint specimens by condition 2.
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