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Microstructure at Interface of Steel/Aluminum Bonding Sheet
and Formation of Intermetallic Compound

Hatsuhiko Owawa, Tohru Sarron, Takashi Yosuimura and Tadao Kiriyama

Synopsis : This paper deals with the relation between the microstructure and the formation of intermetallic compound (IMC) at
the interfaces of the bonding sheets. The bonding sheets, steel/aluminum alloy (CS/A5) and stainless steel/pure
aluminum (SS/A1), were produced by hot rolling. From the results of TEM observation, it was found that aluminum
or chromium oxide films were existed and the IMC were formed locally at the interfaces of the bonding sheets. Two
or three types of the IMC composed of columnar structure were formed at the interfaces of the bonding sheets after
heating. The oxide films remained at the IMC/aluminum interfaces of the CS/A5 bonding sheets. The specific
crystallographic orientation relationship was recognized at the SS/IMC interfaces of the SS/A1 bonding sheets. It was
considered that the formation of the IMC were greatly effected by the oxide films existed at the interfaces of the
bonding sheets.

Key words : cold rolled steel sheet ; stainless steel sheet ; aluminum sheet ; rolling ; bonding condition ; interface ; microstructure ;
bonding strength.
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Table 1. Chemical composition of steel and alumi-
O EES5E num sheets used in roll bonding. (mass%)
Steel c Si | Mn P s Al N Ti
2-1 AR/ 7 I I ARESEOIER €S (EDDQ) [0.0039| 0.015 | 0.14 | 0.013 | 0.017 | 0.057 |0.0022 | 0.051
ﬁ%%fi?l%‘ LT, WHEESR(CS), 27 v 2R (SS), ¥ Steel c Si | Mn | P s Ni | C .

QHMEFHOT Vv IMAL AS)ZH I, {BEHEKE SS (SUS304) | 0.067 | 0.47 | 0.89 | 0,027 | 0.008 | 8.73 | 18.14
Table 1 {Z/R T, HAFE XA L FERT, CSEASL DA
WBNELOD BRI EREEEE T, 70, SSEA 1 DFEAIZKR Aluminum | Si Fe Cu Mn | Mg Cr Zn Ti
S TOBMMIEETIT- 12, FEEMEM, (BB L I2HEAK A1(A1050-0) | 0.07 | 0.34 | <0.01 | <0.01 | <0.01 - <0.01 | 0.03
OB, MRS % Table 2 (23T, BB L 284K A5 (A5052-0)| 0.09 | 0.27 | 0.03 | 0.04 | 248 | 0.19 | 0.01 | 0.0
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Table 2. Types of bonding sheets and roll bonding

conditions.

Mark | Thickness | Reduction | Heating Heating | Bonding | Atmosphere

[Sheet {mm) (%) method | condition | method

type] | [Al ratio]

CS/AS 0.90 9.5(CS) Direct 1158K

[CS/A5] | [0.60] | 10.2(A5) |resistance| (CS) Nitrogen-gas
heating Rolling

SS/A1 0.93 5.2(SS) Furnace | 723K, 1.8ks Air

[SS/A1] [0.59] 30.8(A1) (SS, A1)

()

Fig. 1. TEM micrographs at interfaces of bonding
sheets before heating.
(a)CS/A5 (b)SS/Al
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Fig. 2. TEM micrographs at interfaces of bonding

sheets before heating.
(a)CS/A5 (b)CS/A5 (c)SS/Al
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Fig. 3. TEM micrographs and electoron diffraction
patterns of intermetallic compound(IMC)
formed at interfaces of bonding sheets.
(a),(h) CS/A5 (c),(d) SS/A1
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Fig. 4. TEM micrographs at aluminum/IMC inter-
faces of bonding sheets.
(a)CS/A5 (b)SS/Al

Table 3. Results of EDX point analysis at interface
of CS/A5 bonding sheet. (mol%)

Element, IMC |[IMC/A5| A5
Fe 34.00 0 0
Al 65.21 | 87.74 | 94.97
Mg 0.79 12.26 5.03
Al/Fe 1.92 . -
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Fig. 5. TEM micrographs at steel/IMC interfaces

of bonding sheets.
(a)CS/A5 (b)SS/A1

A

Fig. 6. TEM micrograph of chromium oxide layer
around intermetallic compound(IMC) at
interface of SS/A1 bonding sheet.

REPBELIERTH S, CS/AS TIHCS EIMCH HHE
THHEHELTHF Y, IMC/AS REDHA LIZEL > TAID
LI L Tu e o 02, 212, CSEIMCORBITI,
B e O BMRIEED oo tz, —F, SS/A1THSS
PIMCORETIEIERE LT b, INBAFNIZSS/A 1 RAEF
15 U 12CrigfLIE R AIRB LI O TEE IR GE D S e > 12, SS
LIMC L DFIBHR DU TIN5 &, Fe(111) XL TH
BP0 . 2InmDIMCDAE AT LRI > TH b, Fed
I LT F oy rREL TV, DK,
FeAl,FeAl, 3 7213Fe,AlsD b DTH 5 L #H 2 L s »%, B
FELMRmIEEON T,

Fig. 6 1%, SS/A 1 RE AR S U FHRIMCOSET,
CrigfbhiE2 LI HREEPBELLERTH 5, IMCRRSRHE




DCrEELIED KA TSSHI D 6 A 1Rz b - THER SN
THH, ALMTIRIMCH CrEgfLIED H % #4012 b 1] b A
ATHEL TV 5%, Fig.6 DHRRERIZH 2 5 Db CrEgfbiE
(Crs0.) TH 55, IMCHEBOCIHEELIEDZ 312, B R E
CAET 2CRLIEC RT3 ELEL T b,
¥, BEAMPA TEICH O AATHKELIIMCTS Y,
FEDSSITH 5, IMCOMEE 2 BEST 5 L, Hich

S IMCORE - THEBDCrEg LI » 4 L#E» & h, Cr
BALBEDE I Y B, kot DL 3R 5, 22Tk,
CS/A5 ESS/A1 RE 3 BIMCOER A H =K 212D
CTHET 3,

Fig. 7%, CS/A5,SS/A 1 DORWHERE L m#uz L 2IMC
DEBBREFPERARTRLIZLDTH 5, IMEBIDCS/AS5
DRMEIZAIDIE G EBEILIEDAAE L, IMCHREIIZAE
MEINTU3(A), IMCHAERINTV AN, Fig 20
(@), ) 2R AR Y TIXAIBLEFD L 5 Th 2,KI2CS/
ASZM#T 5 L, Mg?RE b - THiE L AIRLED
—EBIXMgREILIR - Zfb T 5, —J, Fet ALUXAIBE{LIED
LOEGLRFHTHIRL, hLPEAL TRENCRETT
TROIMCHEK S NS (B), O, REIIAELTOR
AL, IMCORE L £ CIMC/A S RECH LIS
N, ZOESIREBT 5, —F, MBEEMORA L L b
AL X MR (LI (MgO) (= 2 b, Z DZRE b RRIZE
fEL T LY, ZD#R, RETDFe b AIDWEDAG s
h, IMCOER -BKEIZHE SN T, IMC/A 5 RE TR

CS A5 SS Al
Chromium —»
~<€— Aluminum  oxide
3 oxide
e D <€ Aluminum
oxide
A A
cS A5 SS At
Fe o> - Al Fee —> ey
<o Mg
Fee-3> [B) < eal Fe e —> 1) «—eAl
e Mg IMC
Fe o> <o pl Fe o —> “<—ep|
B B
CS _ A 8§ Al
Fee > D «ep| Fee > <oyl
Magnesium
IMc p< oxide IMC >
Feoe —>» ) <o A| Fe e —>» <o Al
)
Fee —» D €Al Fee > <A
c c
(a) CS/A5 (b) SS/A1

Fig. 7. Reaction model at interfaces of bonding

sheets.
(a)CS/A5 (b)SS/A1
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Table 4. Comparison of crystal system and linear
expansion coefficient.

Compound Crystal system and Linear expansion
crystal parameter coefficient (K-1)
FeAl3 Orthorhombic
a=47.43, b=15.45, ¢=8.07
FesAls Orthorhombic 15.0X10-6
a=7.675, b=6.403, ¢=4.203
FeAl Triclinic
a=7.609, b=16.916, c=4.869 17.9X10-6
a=89.49, §=122.65, 7r=90.54
FeAl Cubic a=2.895 18.9X10-6
Al Cubic a=4.049 23.9X10-6
a-Fe Cubic a=2.866 11.7X10-6
7-Fe Cubic a=3.60 18.2X10-6
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