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1 ZL109 54H A199.5 b2

Table 1 Chemical compositions of materials

Mass fraction/%

Alloy - -
Si Cu Ni Mg Zn

ZL109 11.6 1.1 0.9 0.9 -
Al99.5 <0.25 <0.05 - <0.05 <0.05

Mass fraction/%
Alloy

Mn Ti Fe Al

ZL109 - - 0.1 Bal.
Al99.5 <0.05 <0.05 <04 Bal.

HEEEMNEELET ZL109 64, 5482841)%|
T 15 mmX20 mmX25 mm, ZJ5&4&MHaT
BEE 1000 5, BV, BRI, BT, T HAE Cu.

1.2 E&%E

RERHENHEN TR, H6% ZL109(FE4)
BEMNEPEES BB A, RN AR F 5
E 200 C, ZJG M4t CCl R ERE A199.5 Fl
ZL109 &4 fE 720 CWRyEFIBHE A, Mieis
ZL109-A199.5 F1 ZL109-ZL109 & &#i&1t, 5 &%
AREEWE 1 AR,
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Fig.1 Schematic illustration of compound casting

WK N V(HCIO,):V(C5HgO5): V(C,HsOH)=1:1:8, H
JEN 20Vl 4, FIFE[E Zeiss Observer.Z1m 4 4H i
TR AN AT BERE A (EDS) [ JSM—7001F B4 494 By, 1 5.
BT S G TH TSR SR FE RSB ot 3 I A A 1 L

1.4 MRHEE S

A IE A () AR 2 2l it KB30S-FA 42 H 3]
AR EE VAT IR, BRI U A, 2
A 245N, HBIINE 10 s J5 i BOREE .

2 FHREDH

2.1 ZL109-A199.5 8 &5 E MR LT S D
HAE Cu EMHMIESME 2R, WE 2()
AT LUREL, HEER) Cu EMEEKZIN 20 pm. K

ZL.109

Fig. 2 Influence of electroplating Cu layer of ZL109-A199.5 joint by compound casting: (a) Microstructure of ZL109 alloy after
electroplating Cu layer; (b) Macroscopic morphology of ZL109-A199.5 joint by compound casting; (c) Microstructure of interface
after electroplating Cu; (d) Microstructure of interface by no electroplating
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2(b)AT/N A ZL109-A199.5 &&= M, wf
DIVIZER] A199.5 R% “EF” fF ZL109 54, MK
2c) T LAAEH, 1E ZL109-A199.5 & &5 1 1) A 45
A b WS B B R ) ST, X R MR R R 8
B, ARS8 R IR AL, AR SR
B2 ) AL ARG TR S 16 ST . 7 = s
R NE S & BB IR A R, IR A%
Bl SURE DAY, TR RIS N2 (BT )
FrmS R Th. thah, B 2(d)FTR A Cu 1)
ZL109 & E A& FEAHEN R mEmE, 5t
T A W 5% 38— 3 S (R 4 B, R 2(o) b2 mT LRI
b Cu 200 S R s 7 ZL109 &4 32 T B .

B 3 firn N Z1L109-A199.5 B &% & AN F T &
T, BHE 3@ UKL, ZL109-A199.5 E&

Cu

B3 ZL109-A199.5 B8 & 51 SEM %A1 76 2 T 14 &

PG FHEMT, AT GG, A199.5 Myt
R o ADEISE R, ZL109 A a(A)FEARFISE Si
HEWIER, PHERRIFENGE4 G, T Si oRTE
ZL109 Hh & i m, AEE 3(c) i A199.5 — MR IR
A SiAHAELE, HuvdnstorAn, R Si cRMT#U
WHE AT, BiE AL-Si ZJtMHE, o(Si)=
11.9%<12.6%, B Si & &2 LA ER . M
Bl 3(e)rT LLEH, Cu uswAE P2 BAA &4,

1E A199.5 IX— (N 235 5] 73 A (Fia s, X st v M, ZL109
FIAMPE Cu JZEEE] Al 4k, | Al-Cu — oM E
A5, 0(Cu)=1.1%<5.6%, Cu f&LL OALCU)MFEAE
F&4Pi. 1 Ni fil Mg TTRENAZ ZL109 Fika
oz, 7EE 3()FOFHRITE A199.5 U Y515
A . H AL-NI ZJoHH A Al-Si-Mg = JoAH Bl w]

Fig. 3 SEM images of interface region(a) and corresponding concentration maps of element Al(b), Si(c), Ni(d), Cu(e) and Mg(f)
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B, wNi)=0.9%<6.1%, Ni &Ll AALN)HFFET &
S, T Mg EEG &Nl Mg,Si AHUEE, T
Mg. Cu Fl Ni & &EEK, Mg,Siv ALCu Fl ANi AHHT
D, A ZL109 X — o E W AN . Jiid
XL 3(a)fii(c), 1EFIAAAAES — 2B By Hod
EZ, KECH 100 um, XEH T I0R BT BRE A
i
fE ERYHod R, o Ry #Ee 1A,

1E A199.5 —If A B ANAHH], & J0 3 14 B RE i mT
I 8CRE D 2R, §HURBOBR N R B # e 718

. D:Doeprg } Sorb, Dy SR REEATE XA

PHURHE: O AV BOBIERE: R NRIEERL T A4
XHRE . TR AEAR LI BEEIR T Y i R Hn sk
258, Horb Si i R EUR R, X WARLF R 1
RETE A199.5 M I Z 1 Si M. BA X ded o H
IRFERBRERIFRE, [RUONTE A199.5 IX—I], Si. Mg.

Cu FINi (& &L FNE.

2.2 ZL109-ZL109 E &SRR AR 5 o4

Kl 4 Froshy 720 C B IR S %4~ ZL109-ZL109
HEHEHNE ML EMELR o mE, T UNE
4(a) I WA HTE S HAFIE I B R &8 A 1 IEE,
i SMile View #AFZ o] A1 5 Y #UZ B EE LN

&2 ZL109 &P EIURYT BURE
Table 2 Summary of diffusions of Si, Cu, Ni and Mg in
Z1.109 alloy

Element .20/ o/ R/ D/
m*s HM (kIFmol H™! mol K™ (m*s™)

Si  1.8x10° 133.4 8.31 1.72X1071°

Cu 84X10° 136.4 8.31 5561071

Ni  29x107" 65.7 8.31 1.01X10"

Mg 63%x10° 112.1 8.31 7.95X 102

70 umo. I ZL109 8% Cu JZiX — ] tH I VF 2 W ECIR R,
HE 4b)IEE G RLH TR N Si A, R
Cu JZ ZL109 X — MR H IS IS, WifE S iy
BUZAE LR L Al SR AE, X UHY EUE R ELL
o ADHZFAE. B 4c)fi7nA Cus Ni fl Mg TG AE
P R HITBOR I, T DUVLSE S8 328 29 F T 4 00 1)
ZL109 &4 Cu. Ni fll Mg Je KA ZAE R —Ab & 45,
MAEF AL ZL109 X — (it LT Cu. Ni il Mg
FCEMHUMEWE, £ Cu. Ni Ml Mg JGELE ZL109 &
S A IR — B

PR A7 B IR R N & AN LR TE
AT E WS, M T Mg,Si. ALCu Al ALNi fH. Mg
JCEMIEMELL Cu A1 NI [R5 AT A
Mg MR THE L 2/3, Cu RTHLEEE 1/3, Ni )&

ZL109

Z1L109 (Cu layer)

A i 2

-200 -150 -100 -50 0 50
Distance/pm

4 ZL109-ZL109 Z& it S imaii K
Fig. 4 Micrographs of interface region of
ZL109-ZL109 compound casting joint:
(a) SEM micrograph; (b) Micrograph of line

scan; (c¢) Line scan of Ni, Cu and Mg elements

100 150 200
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FHOEL 174, H Mg. Cu Ml Ni 7/£& & F &5
FHIT, HI & AN 5 o1 & EUE 7T LA Mg 15
THL 2 Cu M N JEFHUN 2.5 54, 5K 4(c)
TN 1) Mg J6 R K202 Cu AT Ni AR ) 3 M

SCHR[ 1418 FE K B, Cu 7E Al-1.5%Cu-0.4%Si A4
HIYT RS SE A199.5 BB, T Cu #E
Al-1.5%Cu-12.5%Si 14 55 502 L HT w2 M4 &
4~5 £, B Si F RN Cu 579 #5255,
KRHT &S REAEREDRERCR SiAHBA Cu
JR POy B EIE, Cu JiF#ECER I SiAHER Si
5 o-Al AP ST AT IE RS, 31X R 7E S 1 Ab AR g L
FIE 3(e)f Cu R & X IR E A .

23 FRELEENIE

HEHEHRIE ST ERBGS 5T g E
PRI AR B e G R RO FE N : 1) BRI S ik
NAERR A 2) R 5 I AL B UR A IR T o[
3) BT TE A 4@ A7 10 10 RS 52 S AR A5 45 1% 1o gk 2]
JERIIEA: 4) BRI BETE IR S A SEE R B
il 5 5) MAMREFEEL, I E5PTREER
6) HMETEH E M A N R AEFRER o S S ST R
AR 1) WIER SN Bk, 2) BEVERAE
ZEENLEER; 3) BEMEZE S T RPIKER & B
HURE AT IR AT TG 4) IRAARSS & 40 DR AR el
AL, TR 5)AMZ BT B A n N T R
[ .

¥ EiR ZL109-A199.5 F1 ZL109-ZL109 2 &%
RS, KA 4nEoR 2 wnE 5 pios.
Je it TS & B BETE RS AT R Al A5 RN
PRI MR A RRPIRAS, RIS & 46 . 1E
ZL109-A199.5 & &4

(a) Cu 2V, Siamt&RBRE

(b) ZL109(Cu E)RALAHD, AL a(AD)H
Jetrih:

(c) Siv Mg. Ni Ml Cu 5oz IR EHEEE H ZL109
A aE) A199.5 U4 HOE & 7 1H 5

(d) A199.5 GETEIR H Ah e P RER o

MR RS IR, Cu JCR Y BN 7S
gy, FEFIHAL Cu TR S ER & . 1£ ZL109-ZL109 &
BEE.

(a) Cu 2V, Siamt&RBRE

(b) ZL109(Cu E)RALA D, AL a(ADH
Jetrih:

(c) Si~ Mg+ Ni Fl Cu %570 H[EAH ZL109(Cu Z)
RN A ZL109 By i, PRI A 1)

FAAE, TCRWAAAEDE S B ZL109 B a) [
AH ZL109(Cu Z) R A 14 5L

(d) ZL109 B H A1) A B .

i Si & &R, 13 Cu LRY HIF R T4,
FLHHM Cu G R E BT

(2)

ZL109 Cu coating

o

Diffusion direction
of Si, Ni, Mg and Cu
elements

Casting Al99.5
S D

O 9

(b) ranytionypne ¥
ZL109 Cu coating

Diffusion
direction of
Si, Mg, Cu and
Ni elements

<

Q/ Casting ZL109
Es5 Hugiansi

Fig. 5§ Schematic drawing of final interface structure by

compound casting: (a) ZL109-A199.5; (b) ZL109-ZL109

Diffusion direction
of Si, Mg, Cu and
Ni elements

WA A, YRS PR AR T A (R S TR0 AR X
Bk, IRERITEEREAN THELEE, TRE AL
B RIS R B R 3 RS &, AR LA (i
BIUAER T 8 G. SPAaEEHLERY, REw i
Eefpb S IR AR RIS AUV R, X ER
PRI DRI . A EIG 1 J 1 4 M A2 th X
FHLEICRE ISR, e A ERIE GG,
B AL LAY S 5 R i

24 EEBEHENEESN

B 6(a) T/ 9 i 2 11 7E ZL109-A199.5 5655
ST S A, DLE 6(a)H AL X FREd .
K 6(b) T LLE H AI99.5 ) 4E KR TS A
30~35HV, Gy BUZ M VEE Y 45~75HV,
ZL109 [AHH FETE FELA 80~85HV . ZL109 fifi B i 2 Ky
FHEL A199.5 11 5 » B8 22 BV 00 Ji - o5 408 it b ) 4] 1) BiR
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BE R a(ADFH; S EY BUZ L A199.5 1)
AL ZL109 PRI B T I T 9 BU e, A5
S Z TR EHHES . AR AR HV=30,
(oy NJEIRGRED)KE . AOELE &1 R LN E &
JeE AR SR 1) 3 A, T T AR R S A L AL99.5 )
T, Tt B T Ak 1) e PR P SR AR L ML 44 A199.5

ZL109-ZL109 5 &5 1& A S i LT i 20 A B n
K 7() M 70) AT, B 7 A9 T KO A 5 X 8,
HE 7(c)rTLARIL, ZL109 [fEEEZ) 8SHV A 47, 1M
S Y B R G Y 60~75HV, FHAEEAR
JERZAE SRR T a(ADAH, ELATH 250 FEE L a(Al)
FERAE N E . B 7(d) e sm i BIAER L, #2577
AL Al TGRS ' — BT — MEEIRE, /R HI

9ot ®

ol D\G\Q\\
| ZL109 (Cu layer)

—o— Z1.109-A199.5

-
S

Hardness, HV
o
S

Al199.5

%4
(=)

-100 =50 0 50 100
Distance from interface/um
B 6 ZL109-A199.5 554518 fF ks
Fig. 6 Microhardness of ZL109-A199.5 compound casting joint: (a) Locations of hardness test near interface; (b) Hardness across

interface

(©) ——ZL109-ZL109
Z1.109 (Cu layer)

ZL109
-150 -100 =50 0 50 100 150

Distance from interface/um

B 7 ZL109-ZL109 5 & i 1 S it
Fig. 7 Microhardness of ZL109-ZL109 compound casting joint: (a), (b) Location of hardness test near interface; (c) Hardness

across interface; (d) Line scan of hardness location
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(1) Si JGER R F B 1 FTH A 0 (0 A A A )
[PE 1 - ZL109-ZL109 & &858 4 FHH a( ADAH KA
TR AR MR B FOR Y R Rl R UL, A
(CR=2X 10*"SDAS >y KT 4 K/s '™, fefE 5 &5k
ST AR SRAF AT 1 o AL)E5 4, SDAS(second dendrite
arm spacing) & KB SR EE 2 [ TRIEE, BB 7(b)F Y
I X4 %0, SDAS Z1°4 24 um, LA EIEEL A
3.7K/s, ;e JE A T o Al i 11, BY FLRIZEHZR DA a(Al)
ERINT PSR

3 &g

1) @ITE ZL109 &4 HE% Cu 17 NsGE 1
ZL109 &4 MG S RrER, HEEEAL B
fil % BEAHRIFIG&E SR ZL109-A199.5 Al
ZL109-ZL109 & &4 5.

2) FEG G T ERIBEEANY MG A 561E
ISR, JoER Y 8O B TR B AR I 2 %
EERGIEaliAlTR

3) 720 CHEESRIN ZL109-A199.5 Fiifi 2 &4
fifi £ N A199.5 I 7] ZL109 & &% b 34, i
ZL109-ZL109 [P B2 075 0 Ak tH IR 2%, ST 4H. 41
N a(ADFEIR A -
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Interface and hardness of piston aluminum alloy prepared by
compound casting

ZHOU Xiang', CHEN Gang" % ZHAO Yu-tao"? ZHANG Zhen-ya'" % XU Jin-kang'

(1. School of Materials Science and Engineering, Jiangsu University, Zhengjiang 212013, China;
2. Jiangsu Province Key Laboratory of High-end Structure Materials, Zhengjiang 212013, China)

Abstract: A copper layer was electroplated on the surface of ZL109 alloy to improve its wettability, and ZL109-A199.5
and ZL109-ZL109 joints were successfully prepared by compound casting. The microstructure and composition of the
compound casting joints were analyzed by scanning electron microscopy (SEM) and energy dispersive spectroscopy
(EDS). The results show that ZL.109-A199.5 and ZL109-ZL109 compound casting joints have good metallurgical bonding
interface and the interface is mainly in the form of diffusion bonding, assisting with fusion bonding. The microhardness
of ZL109-A199.5 interface layer increases from Al99.5 side to ZL109 side, while there appears a microhardness trough
value at the interface of ZL109-ZL109 compound casting joint, because the interface mainly consists of a(Al) columnar
crystals.

Key words: ZL109 alloy; electroplating copper; compound casting; interface; microstructure; microhardness
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