&7 g 3

#% & $® Vol 83 (1997) NolO

SARE T IIIZI LD EMIESICRIFTRILIREOLE

Bl

WIEE* - AW e EAT mire e ok BRI

Effect of Oxide Film on Solid Phase Bonding of Aluminum Sheet to Steel Sheet
Hatsuhiko Owawa, Tohru Sarron, Takashi Yosumura and Takao Nacase

Synopsis :

In order to clarify the solid phase bonding mechanism of aluminum to steel, the bonding characteristics of steel/

aluminum(CS/A1) and stainless steel/aluminum(SS/A1l) bonding sheets were investigated. The bonding sheets were
produced by hot rolling. From the results of diffusion bonding, it was found that iron oxide film was the barrier of
aluminum sheet to steel sheet bonding, however, chromium oxide film and aluminum oxide film were not always the
barrier of aluminum sheet to stainless steel sheet bonding. The peel strength of the bonding sheets increased with the
increase of the aluminum sheet reduction and the rolling temperature. Amorphase aluminum oxide film or chromium
oxide film were observed at the interface of the CS/A1 and SS/A1 bonding sheet. Intermetallic compound were formed
in area where oxide film was not observed. Diffusion zones of iron and aluminum were not recognized at the interface

of the bonding sheets.

Key words : cold rolled steel sheet ; stainless steel sheet ; aluminum sheet ; rolling ; bonding condition ; interface ; micro-structure ;

bonding strength.
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Table 1. Chemical composition of steel and alumi-
num sheets used in roll bonding and diffu-
sion bonding. (mass%)

Steel Cc Si Mn P S Al N Ti
CS (EDDQ) [0.0038 | 0.015 | 0.14 | 0.013 | 0.017 | 0.057 |0.0022 | 0.051
Steel c Si Mn P S Ni Cr -

SS (SUS304) | 0.067 | 0.47 | 0.89 | 0.027 | 0.008 | 8.73 | 18.14 -

Aluminum Si Fe Cu Mn Mg Cr Zn Ti

A1(A1050-0) | 0.09 | 0.26 | <0.01 | <0.01 | <0.01 - <0.01 | 0.01
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Table 2. Types of bonding sheets and roll bonding

conditions.
Mark FA1 FA2-FA12 SA
Sheet type CS/A1 | CS/A1/CS | SS/A1

Thickness of |CS,SS| 0.50 0.40 0.40
specimen (mm) | At 0.80 0.50 0.80

Reduction CS,SS 5.0 2.5-4.1 5.2
(%) At 375 9.2-31.8 30.8

Thickness of 0.97 1.121.22 0.93
bonding sheet (mm)
[Aluminum ratio] [0.52] |[0.30-0.37] | [0.59]

Heating method Direct resistance | Furnace
heating

Heating temperature (K) | 1108 | 998-1092 723
(CS) (CS) (SS, A1)

Heating time (s) 90 145 1800
R.T. to Heat temp. | Holding

Bonding method Rolling

Bonding atmosphere Nitrogen-gas l Air

Specimen

& holder

Stainless steel rod

Aluminum sheet / Steel sheet

O O

/ AN Induction
Steel sheet heating ring
' Thermocouple

Fig. 1. Schematic diagram of diffusion bonding
apparatus.

Table 3. Types of bonding sheets and diffusion
bonding conditions.

Mark FAD1 | FAD2 | SAD1 |SAD2
Sheet type CS/A1/CS SS/A1/SS
Thickness of CS,SS| 0.40 | 0.40 | 0.40 | 0.40
specimen (mm) Al | 0.60 | 0.60 | 0.60 | 0.60
Reduction CS,SS| 2.5 0 0 0
(%) Al 33.3 { 43.3 | 40.0 | 50.0
Thickness of 118 | 114 | 1.16 | 1.10
bonding sheet (mm)

[Aluminum ratio] [0.34] | {0.30] | [0.31] |[0.27]
Heating method Induction heating
Bonding temperature () | 773 ] 823 ] 823 j 873

Bonding time (ks) 1.8
Bonding pressure (MPa) 45 [ 38 ’ 45 l 38
Bonding amosphere Vacuum (10-3Pa)
Pre-treatment of specimen Heating in air
(723K, 1.8ks)

26

(FA 2 ~FA12) 2{E8 L1z, o3, FA1~FA12% L FSAD:
g2 20mmT H - 12 372, FAI~FAI2/EEDERDEE
BT X, CSD AL MBS N, Z DIREI»ATOBALL FC
Koteh, Al Ab¥ TIFET 5 2 L2 L Y ELEEHKDIR
413636~705K  TACTF L 72Y,

—J, S E 7 ov IMOBEE I RIETBLEORE 2 3
RBHIZHIZ, CS, SSEIZAIDE L 6 —F#Table 3 (2
RUTEHTERILS ¥, 20 2illAadbe THEREAL
72.Fig. 1 UBEAKEOMM Y RT, BZEF v Y—NTH
AR ($12mm) DAL Z[E] CIRDCS £ 1213SSTHEA, ETF
FHab 6 $12X40mmdD A 7 > v AT —ME L ZH 5
ERETmER L, CS/A1/CS % 721XSS/A1/SSHID 3 Jg#%
AEPER L, Ao REM, (LR,
#o- St % Table 3 (273,

2-2 EBRMICEITRAE

2- ICTIRERIL A KOWE ZHEL, 2% 4 X—n
THEELICHRZ LM TS L, 272, WaT
EPMAKSHT 24T, FEFHE T O IER DILECIKRE 2 77~
12o—7, HRILHIOREBRF KM OMILIKEL L1012,
W E BHETEREBDGDS T 2T - 12, A2Sw &Y 27

A 2% A1, Ariic&® 5 150ml/min, 7/ —F#% ; 4 mm,
FEIRERE | 600VOEBTHo e ER LIS, 372, 20X300mm
DR ZHOCTE— vilBR 2TV, S OFIBEsS 1 % Al
#L72 (JIS K 6854), & 612, TEMBEI L > TRED
T ukER TR L, TEMBEHORBR I, #AKD
FOE IR T O AR 2 ) Y L, BT O 1%,
AFXvv=o2iEc k> THBALL 72, TEMBEI ik ®E
£ 5 300kVTITV, HERCREBRIL A MOMER ZIi~<5 eI
EDX 4T (¥ — & %8 5 50nm) #47- 72,

3. RBEERBIUEER

3.1 BEF@EMICHITHHER - ILHBUKRE
FA1DWrmi#lik # Fig. 2 (2”7, CS/AIF AT, RFAS
IMCOAFAE LR S 6 Y, BEE T, FEERRE S
»ThH-129, —4, Table2 TARLT:E 512, AlD+4EZE
HCSITHRTIERITE L, ZDELERDEE, FA2 ~FAL2

Fig. 2. Macro-and micro-structure of FA1 bonding
sheet.
(a) Macro-structure
(b) Micro-structure at interface
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Fig. 3. EPMA line analysis at interfaces of bonding
sheets.
(a)FA1 (b)SA

w—h

Intensity (V)

ONPBOOOONATOO OO

4 0 1 2 3 4 5
time (s)

Fig. 4. GDS depth profiles of steel and aluminum
sheets just before roll bonding.
(a)CS side (FA1) (b)Al side (FA1)
(c)SS side (SA) (d) Al side (SA)

27

R E 7 v 2 =0 AROEAEEA G RETEUEORE 63110

SADORET ORI S NLIc D, EERD BT RER
oFRmPyELI N EtEL NS, 22T, FEHEER]
DRET (CS, SS, Al #FIL, GDSTZEE DEELIKAE
PPN, HERPFig 4 2R T Fig. 4 ORfEE 2w &Y
PIWEMITH Y, R ODES B L T 3, i,
KR E > TR 2 Y VEREV R 2129, (a) ~ (d)
TESPHMICHST 22 L3 TSR, 3, FAIOHE
Bl@EOHPR2 L, CSHMTIEZLEBTDAOPKRLE
AN, FeDSREIZ A Yy X V) 2B L & b 880 B4
D TIHE L T 3, —7, AYIICIEERTEAHETOD M
M3 N 2HHRPIE L, AIDBEIARL» ML Tw
5, 2N, CSOERIZIZLEAERBLEPERSIN TV R
WA, AIORKE N IXAIDBILES AL T 5 2 L 2RL
Twad, 2HLizxf LT, SA((e) £ (D)) T, SSEITIE =K
FEKETO, Cr, NiO¥—2»D 6, 200 b NETI,
Fe, Cr, NiD#E» —HAL T L 721%, B O ThIFE L
Twb, —K4, AMIICIZ (D) & & {EICilifRE R L T 395,
R 50D L, AIDEERBOEIE L (b)
_ThFriciEev, 2, SSOEKHEIZECr, Fek ¥ D
FAVIE D ZE L T 9, AIOREIZIE (b) & b 3 ECER LK
PEREINTCEIERRLTVE, UEDZ E»6, CS
PATRERFHAP TREMBAS NIclc It R ML A
ERfban Tt 63, 72, SSEALRKRZ R TERS A
1HICERMIEILIN T3 EXbd o712,

3:2 EAMIIRIZFTEEREEHNZEE

JEAER TR S 7o il BR i KT OB LI, ALK
SLBERRIETVOEFELONS, 22T, kiz, CS/Al
B L SS/ALF T OHLHE T T LIE D B2 8 % 7z,
CSZ 12X A1D—FH AL 2 L S ¥, 823K THLRUEA L
12354 (FAD2) #Fig. 5 (27§, (a) DCSHID A ¥ EE(LS ¥
AL, BARBTIMCREBYAERI LTV oo 125,
(b) DAMBD A ZEEILS 12 A IIMCREB Y ER ST
72 TRBBKTHA LICFADIT b M UHEEMHBEB LN T3 2
Lo, CSEHDEELFEIXCS/AIRHE T DIERLSY Tk
B Ehbhotz, —h, RRRCERILEEZERS ¢, SSE
Al % 823K THHEHEA L 12354 (SADD) (2 i3, IMCIE »i4E R
BNT Lo 70h, 873K THA LIZSADZOHA I,

Fig. 5. Effect of surface oxidation on diffusion reac-
tion of steel and aluminum sheets in diffu-
sion bonding (FAD?2).

(a) Oxidation in steel side
aluminum side

(b) Oxidation in
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Fig. 6. Effects of aluminum sheet reduction and
bonding temperature on peel strength of
bonding sheets.
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Fig. 7. TEM micrographs at interfaces of bonding
sheets.
(a)FA1 (b)SA

Fig. 8. TEM micrographs of typical structures at
interface of FA1l bonding sheet.
(a) Indirect bonding section
(b) Amorphase layer at interface
(c) Direct bonding section
(d) Precipitate in aluminum side
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Fig. 9. TEM micrographs at interfaces of bonding

sheets.
(a)FA1 (b)SA
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Fig. 10. Schematic illustrations of micro-structures
at interfaces of bonding sheets.
(a) CS/Al type (b)SS/A1 type
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