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Influence of the Si content on the Bonding Ability and the Deformation
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Resistance during Brazing in Al-Si Alloy Single Layer Materials™

Tomohito Kurosaki**, Takashi Murase ***, Kazuko Terayama****, Masakazu Seki* ****

Yoichiro Betsuki **, Junji Ninomiya™***** and Akio Niikura™™*****

In the conventional brazing method, a filler material is required. The filler material melts at the brazing
temperature and bonds the members. This study demonstrates a new brazing method where the
aluminum members are bonded without a filler material by using the liquid phase provided from the
Al-Si alloy single-layer material. In the new method, the Al-Si alloy single layer material partially melts
and provides the liquid phase during brazing. Generally, the amount of liquid phase is influenced by the
Si content. Therefore, we investigated the influence of Si content on the bonding ability and deformation
resistance in a single-layer material. The bonding ability was evaluated by using a test piece made of fin
and base materials, and the deformation resistance was evaluated by a sagging test. The bonding ability
increased with Si content, but the deformation resistance decreased. We clarified that the trade-off between
these properties can be avoided by using Al-25mass%Si alloy at 600C brazing. We also investigated the
influence of Si content on the metal structure and changes in the metal structure during brazing.
Accordingly, we clarified that a spherical liquid phase formed from the Si phase and a laminar liquid
phase formed through the grain boundaries.

Keywords: AI-SI alloy; brazing; semi-solid;

T I HEBIRICED Abers 7 v FHOD %

1. ¥ §
" BEXA)REMEHINTVS, L2LY Ty MR
HEJ B, AL A e — by oD BIET 57201213, WM & D 9B % § ke R B H] T
) XEROBAEREERESTARETIE, 7TV 3 W27 7y FIHLEDPHY, HEMZRETLH LD
=7 AWM E 0L I AHFHENTHDE VY, 59 FH L CHEEEPEKL, a2 PFEwEW) EYND -

Fhk

sk

kA

sk

AR EEIRE, BEE, 68(2018), 125-13212381%,

The main part of this paper has been published in the Journal of Japan Institute of Light Metals, 68 (2018) , 125-132.

XS UAC] R&D ¥ ¥ — W5

Research Department I, Research & Development Division, UAC] Corporation

FLIRH G UACT K A BT

Ruyuan Dongyangguang UAC] Fine Aluminum Foil co., Itd.

RS UAC]  BCHEARTB RGBS S PR

Quality Assurance Department, Fukaya Works, Flat Rolled Products Division, UAC] Corporation

WS UAC]  BUFSEARIB R s AT By

Production Department, Fukaya Works, Flat Rolled Products Division, UAC]J Corporation

MR EHUAC] R&D ¥ & — WM

Research Planning & General Service Department, Research & Development Division, UAC] Corporation
* RS UAC] R&D v ¥ ¥ — 7 - B, Wl (14)

Develop Department I and I, Research & Development Division, UAC] Corporation, Ph. D. (Eng)

UACJ Technical Reports, Vol.5(1) (2018)

45



46

ALSTREEHEM 2 725 9 O a1 R OB I § SikomE

720 F 72, WEAT005 mm % T3 X 5 % kR
75y RRMEOHETIZ, 5 ) MIEE L ERITIBK
FTHIEDPTETREPNETH o720 —T1, EHEH
IVERMBHTEHE, oL LORELLBEBEAIES
TR EMCE DY TRETILENH -7z &
NoOFEOMEIIE, EkDT Ty FHIZBW T
Mo Twictig 2 trokEl &, A M- T
TR EAGT A2 RE e EEOMETHbESL Z LA
VETHL, Thbb, HIMNKFICKRELLEREET
BEERbOD, 29 fHRFICHAR L 2o THRAEMEZ T
WLUEGHME L2 eREST 2KETHL, €2 T
LA, HREM Z W TA 9 ARHINEE I 1 AT
% AR R AR 20 T 2 IR O R RS L 72,
HIFHIZB W THA A2 R S THRET 5
ke LT, PARIREBOMBHIEAE M 2 2= LIAA
THAT2HMY %, LHEBMRECRAECENZMA
BEOLHEAT AHEMIPMEF SN TS, LrLIh
DI, CPAR L 2B ICETR &) MR REE D T
W EN 2T 2B HEGT 5000, ZROESE
HERRCHES L OiER2 ®ET 225 ) IR &
THotlo —H, HINCHETIHBEDY v FHD
HRO2 S, AIMOTr A HEERRT 5 EHET S
AR T 5 LIS, BATHEMEDIZ LD
BHMBEBRBETS, 591D AT 2B R0 HERE
ENTWwiz,
KARIZOBRIZERHL, ST 4 FRPLEEM
EHlEs 52 LT, ke LToORKREHERELD
O, AL EREME MR TE @M B TE
LOTRBEPEEZT LPLTAFZmeKildT 5
A EAWA L, BAWEERT 200 WEICR S
Bandbosco Tz, PUHEBUIRE CIZHBAAHE ORI
LD AMIIHEOBEMET T2 2 & @mEshTw
W e, FAZREDVELT E D LWERME % M
TELRVWEBEDNH o7 LBOBIM2S, AWTIEH
JBHIZE 25 )NOEBODIZ, AlLSiRAEEHEH
BT HHENEWEREAND T 4 HEOBEZI S
MY Bo
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WA AERET o7 Ty 7 2L RKeERI LIZdw
720, MHFMELTHEHRLZ BWEO02 mmd 5 9
RIS EZE LT SN TWE 27 5y FHFORE
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Table 1 Chemical composition of the alloys.

Composition (mass%)
Alloys ; "
Si Fe Cu Mn Mg Cr Zn Ti Al

Al-2.0mass%Si 1.94 0.03 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-3.0mass%Si 292 0.04 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-4.0mass%Si 394 0.05 0.01 <001 | <001 | <001 0.01 0.01 Bal.
Al-25mass%Si 252 0.04 0.01 <001 | <001 | <001 0.01 0.01 Bal.
3003+2.5Zn 0.51 0.17 0.16 1.06 <001 | <001 2.39 0.01 Bal.
4343 7.60 0.20 <001 | <001 | <001 | <001 0.01 0.01 Bal.
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(b) Clad material

Fig. 1 Difference in the cross-sectional microstructures
between the single-layer material and the clad
material before brazing.
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Fig. 2 Schematic of the test piece.
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Fig. 3 Examples of the measurement.
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Al-3.0mass%Si

%Si

Al-4.0mass%Si
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I

(c) Al-4.0mass%Si

Fig. 4 Cross-sectional optical micrographs of brazed test pieces made of Al-Si alloys with a thickness of 0.2 mm.
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Fig. 5 Relationship between the Si content and the
bonding length.
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Fig. 6 Relationship between the Si content and the
deformation amount.
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Fig. 7 Cross-sectional optical micrographs of brazed test
pieces made of brazing materials with a thickness

of 0.07 mm.
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Fig. 8 Sag amount of the brazing materials with 0.07 mm
in each thickness.
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Fig. 9 Relationship between the Si content and the liquid
phase fraction.
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Fig. 10 High magnification cross-sectional optical micrographs of each Al-Si alloy base materials with the thicknesses of 0.2

mm after brazing.

Fig. 11 Magnified image of the laminar and the spherical eutectic structures of Al-4.0mass%Si
after brazing.
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Fig. 12 Cross-sectional EPMA mapping image of
Al-2.0mass%Si after brazing.

5
— Average
4 L| < Experimental
value

€ 5|
=}
.8
=t
3
& 2 [
<
(5}
=

1E O

0 1 1 1

1.0 20 30 4.0 5.0

Si content (mass%)

(a) Area fraction

R OMBER o 38 ALK O B MG I, il o IR X 2
LROIZT A TR EFEMROMREENIT TV 5,

42 A5thOE&ERBZEI

41 TIET A FEAEINT 513 L600CICBIT 54K
HOWARRDEM L, SR D WA OB 3
BICREIC o TWwize L L, BRI OERIR A
TERGBEIIAHTH 720 2T, Al-25mass%Si % fili
ML 29 i o SEAR2 L 2 A L7z,

Fig. 1412 Al-25mass%Si D 5 9 1 Hif% DR KM GF
SRS BISHE 2R o BT I TG 23R 729
WEMMOBEE 21T o720 5 ) fFHi (Fig. 14 (a) 37 1
FHPGHELT5H, A H4# (Fig. 14 (b)) 3EIR
L OERIR D 3L AR 2 BI%E S M 7zo AL-ST 270R PR
RBIX2 5 5 )M EIHAAET 5 7 A FAE I S %
RAAIMECMBEND L, TIVI =y A E S LI
MHEERT 2 LHESNL, TOZEFEE E DY
2L VAL 7. Fig. 1512 Al-25mass%Si O Jn# i
D EMAEZAL 2 WG T T OB BIgE L7/
%R o Al-25mass%SiHF O 2 % W #iLs & FAkD
FHETHER T v F ¥ 72 7ok BRI ok
A7 = (MS-TPS) \[Z#E L, oMz v Tl
B MBAT—=YNIET VI HFRESAE Lz N
B PE1E520C £ T180 s TAEMITME L, i
BED520C 2> 5600C £ TIX017C /sOMETHIEL
720 Fig. 15 (a) IR EN 2 L HIT550CHREE Tldr A
FAPGEL Twieo Lo LILShIREE % # 2 72585C
(Fig. 15 (b)) T TS 2 &, 7 4 FMERMICERIK
AT S N2 AR5 HERR S M 720 F 7RISR

5

4
g &
~
o 3
8
()
g
<
S22k
()
&0
g — Average
j: L <>Experimental

value
O 1 1 1
1.0 2.0 3.0 4.0 5.0

Si content (mass%)

(b) Average diameter

Fig. 13 Relationship between the Si content and (a) area fraction, (b) average diameter of the spherical eutectic structures.
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Fig. 14 Optical micrographs of the Al-2.5mass%Si before

(a) Before brazing

(b) After brazing

and after brazing in L-LT section.
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Fig. 15 In situ observation images of the microstructure of Al-2.5mass%Si during brazing.
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Fig. 16 Grain structure of Al-2.5mass%Si after brazing.

Grain boundary

<

Si phase

"aay
............
LT

EAMMSE2 I EHRAENPRYL - 72208, T LA
ZOORBEOVTNOWHEDIMT 57:0LE2 5
s,

L2 LR I IIREIR IS X » TR oGRS R R S
WREVEA D O, EORMBEHLIAITZE L T 5001
SHOMERETH %, Bl IE=2HORKIZONWT
E, A FAMBIZIEET & S B DL B I3
BHLAVWETTHE LI HIRLD D, KEBRD S
INENTHH600C, 180 si2BWT, R1TEFHS
NB2RILT VF L7+ —27 OBl KD D &
0024 mmEEHENS, 22 Tx IBHEH (mm),
DIXIEEARE (mm?/s), tIZKER (s) & L7z BHE %
HAZ T 57290 5 ) AR O A K OB FHR 2 5
BA L 720 2Dk 26RKD 7z, ZoRK20RIZ
SARER (J/mol/K), Tk (K) &L, DoK' QX
SCHRE Y A L7z CORMEMRS S, AEBROS
I IR AR A S 0,024 mm LL_E#ER 724 P O A
FEATBICHR SN ARES VW EEZ BND,

B, WThoRB TGS NIHAETOES
m%éntﬁﬁihﬂmtfﬂﬂwﬁﬁiﬁé&$ﬁ
ENb, REFTIEGHICME SN DB EID %
W2 D S 2 AR IR IS Tn i ws, BE
IS DWW ZWRT B X 9 % — A TR
CHEEDPLETH S,

—7Ji, A OEREIC O W TR EIRTOETE
BE)TH D72 DRF TR 23 FEA USR8 < %
B LRMOENTNE Y, RERTIE, 71 %R
2N S 513 SRR S 12 A A HE
L7272 0K R TR BEZICH Y, AT L

(:) (:) 141(1111(1 <:>

Fig. 17 Schematic liquid flow of Al-Si alloy during brazing.
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