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Effect of Brazing Atmosphere and Heating Rate on Brazeability
for Flux Brazing*

Taichi Suzuki ** and Tomoki Yamayoshi ***

During brazing of aluminum heat exchangers, flux is used to remove oxide film from filler surface, and
to promote molten filler to wet and flow. Composition of brazing flux is eutectic mixture of KAIF, and
K;AlIF,. Flux starts to melt at 562 C during brazing, and the oxide film is removed mainly based on
electro-chemical reaction between molten flux and substrate of filler beneath the oxide film. Flux also
reacts with oxygen and water vapor in brazing atmosphere, and effectiveness in brazing is reduced.
However, reaction between flux and water vapor during brazing is not clear, and there are almost no
data on quantitative limit of dew point in brazing atmosphere under various heating rates. Here, we show
detailed mechanism how the effectiveness of flux is reduced by reaction with water vapor. We found that
KAIF, reacts with H,O and becomes K;AlF; under high dew point atmosphere, and eutectic temperature
increased above brazing temperature resulting low or no effectiveness in brazing. Furthermore, we found
that H,O concentration which brazing becomes impossible is approximately one-tenth compared to that of
O,. Our results can be used to estimate condition of dew point and heating rate which the effectiveness of
brazing could be reduced.
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Table 1 Chemical composition of specimens (mass%).

Alloy Si Fe Cu Mn Ti Al

Layer

Core | 3003 | 030 | 064 | 016 | 126 | 001 | Bal
Filler | 4047 | 124 | 012 | <001 | <001 | <001 | Bal
3003

Brazing sheet
30mm X 20mm

\

Contact point

15mm X 25mm

»1.6
SUS-rod

(Filler side)

Fig. 1 Schematic image of gap filling test specimen.
Flux is applied only on filler side of brazing
sheet.
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Fig. 2 Actual heat pattern during brazing.
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Fig. 3 In-situ observation during brazing, just after fillet formation. Arrows show areas in which oxide film remains

without being broken.
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Fig. 4 Appearance of gap filling test specimen after brazing, and measured filling length.
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Fig. 6 Appearance of 3003 after brazing with 5 g/m2 of flux applied before brazing.
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Fig. 7 SEM observation result, flux residue on 3003.
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Fig. 8 XRD profiles of flux residue on 3003, brazed under high H,O atmosphere.
() 100 C -min™", (b) 50 C -min", (c) 20 C -min™".
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Table 2 XRD result of flux residue on 3003, brazed
under high H,O atmosphere.
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Fig. 9 Melting phase diagram for the potassium fluoride
(KF) - aluminium fluoride (AlF5) system”.
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Fig. 10 Flux components - phase transformation during
brazings.
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Fig. 11 Appearance of 3003 after brazing and SEM observation result of flux residue on 3003.
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Fig. 12 XRD profiles of flux residue on 3003, brazed under high O, atmosphere.
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Table 3 XRD result of flux residue on 3003, brazed
under high O, atmosphere.

0. 40 ppm 0, 100 ppm

=

& KAIF, KAIF,

|©) (and amorphous) (and amorphous)
g
'

= KAIF, KAIF,

o (and amorphous) K,AIF;5 - H,O
=

[Te)

=

g KAIF, KAIF,

&) (and amorphous) KyAlF; - H,O
[}

N

43 A5EOFRRE L A S 4

HBEEB I UCEREREFHZOVTICBEVTD,
6] U5 PHAIREE Tl 5 ) IO ARASENIZ &5 9 4
HPE TSR TH o720 NI, 600CETOH
WBAEL, TbbARCrIIEHBEL B L
THALMZMA L AN 7 5 v 7 2 & OB
ML, 0% OKAIFILEWOMBEZIL L 7272
HrEZONT, BHEOERITH B, FHKE
KAIF L& o#fkaiiz, X Q) 0 L9125 ) o
AR 2 BE TR L7l & R AR L o T
PTErLEZLND,

Ne=Cy JJ £ (t) dF* (3)

Ne @ 3EfAREL,  Cat FRPHAGREE, () @ ARERE
BR (3) TlRRAREE I C2mES AR E L
THRILZD, IO — h3y — 2 &Y
TR LTOHUEE/EI SO N, /2, X Q)
BV THFHAMOTGEECBEIEE I ERE L Tk,
FRORFEAEL W ETHIE, F—0FHAME TR
2 )W RE & 7 B FflHS S O BRAR L A B R 5
PARECL ST —ETH Y, FHRM R I
B OMEL R AL EZEZONE, 22T, 3204
REBIO#MEOHEY ofREK (3) 1ITH T TEE
T2, HOBIUO,FMATTAINATREE 25
B OB IE TR R %,

H,O0 %A : 1.5-20%10°(C - min * ppm)

:1.8-23%10" (C * min - ppm)
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4 7997 AWM RIET A S NP OFNIREK & AR A O

.
W

FHRGTTAHIMBATREE %2 5 I IZIE—E
ThY, F7-H0EMADBMEIXO, 572 DBEDFK
105D1ITHolee 2O ENS, FHNOBE LM
HKEAINHT Sy 7 ZAL OEMBERIZEY 75 v 2
ADHALDBHEATL, AIMUEPKRTTLEVIEZT
F—EORYUEFTHEEZOND, DF ), Fh
ZFROFHATICBWT, LitofEzlBrrvwi )i
GHRREB LS ) AREEZ EDL LT, 5
IR RE R S HI AR ETED L EZON D, 1272
L, X3 BXUOHEMBEOBMIIARERD FEMB X
PRIV THE SN 2D O TH S, FEHWICIE,
BOZIRA B O 5 9 fHTE RS I TITbh b 2 035
<, BRI X BFNNOFHMERHAAR, B o0
HABH, FNFEHROSIREOR T % ZEEhid %
B\, K (3) B & UHEMGREL D BIE O % 24 1 S0 kG B
IZDOWTIE, 5OV LETH L.

5. #

il

FIRE A ORSIREB X R REEICNT L7 5 >
I AHINOUNA MNE, BLXOKGHET Ty 7 AD
BB RIZTHEEZWS2PICTHIL2HBE L
T, BHEBIOAMHAELZZE L7259 Nk % F i
L, UTomizE7,

(1) B EIzE, FRFRANBECIZES)I O

75w 7 AFREIEARE 2L, AT L7z,

(2) BFE BT TOAIMNRIAE Lo,
Y75y 7 25X, 10 pm A2 FE O M 2 Bk
295 RO K,AIF(H,0) R K;AIF Th o720 &
BHEHRT TR 7T v 7 ADFE S THHKAIF,
B3BBG KAIFACEILL, 79927 AD
WA BRI BE DS B L CTHAR 7 7 v 7 2D A &
WAL EZON, A MEMMOMAL RO H
BHARYH5ER )BT L7,

(3) MEERFHAT TD S )M EIHE Uz Ao
W7 7 v 7 ZFEHE1E10 npm BLF OB 2 Bk o
K,AlF;-H,0 TH Y, K;AlF 378 5N e o7,

(4) BmHBEMFHRT T, BEFHATLD 1104
DY FIRGBRE TH ) FAATREIC R 5 &
25N, Thix, HLODKEH0, L0 b A9
TR 77 v 7 ZoGMEE 2SS, F7
KAIF{bEW otz fEL, WH77 v 7 A0
ERBERD LIz E 2 b,
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