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BER . R, T RRK B BN S 5 R i Ak ]
MHREREPEZ . BRBIREIG, N HRE AT AL
62 I | I VA R (B ol = v Rl R | B o Y D T
HBEL R Al G R T R 4 B 1) S A AR R
TGRS R AR AP . A TR AN
-t R OO0, M A e PR e ) R e v

AT P LR L5 5 0 400 -3 S5
BT A I SR AR AT R T SRR B, R
AEEH SR AR, WA SR AR L4
ZUERE, VTR R S PRI A SR AT B B A
IR A -

1 £ W

LG FTHEFRA SAC105 (Sn1.0Ag0.5Cu) & 48
K, RiEL 50 pm, 29K ZrO, kifk 110~120 nm. X5
T R R DU K A BEER R (Ni(CH3COO), 4H,0) %
BB . 7 B CX600 AKBEETHI .

REEP RS FE B 1 R . Ni & 90K Zr0,
(i & F EAFE AR, AL . RAAT R R
L (YXQM-2L) , FALESERCHEREE A i 7E 400 r/min T
Xt gy oKk zZro, Wt B, fE 80 CH I KW K M
Ni(CH3COO), 4H,0 %l H I ZrO,, 4 +: 2 T4
RENTALE R NI/ZrO, B A R, K E T U

BN SR A A1E 500 CRe4h 2 h, Bl A #1431 Ni/zrO,
HE5EAH .

AR VA S & e gL 7r0,-Sn1.0Ag0.5Cu A4
Ko # Sn1.0Ag0.5Cu £FH5 AN 7] i £ 43 %5 (0.0%. 0.3%.
0.7%F1 1.0%) ¥ Ni/ZrO, TE& fE=NEREEHLLL 100 r/min
HIEJRA 10 h, FiEJE /7 140 MPa. &R 220 C
TEIREZE 2 h FF b5 R E A2 9 10 mm 40k . % Bid
Hl % MR E AP RELHI R 10 mm><10 mm>0.1 mm )
ERRNE BT Ja 24T a5 .

I R BT (JSM-5610LV SEM) . &4t
L7 2% (JEM-2100 TEM) f X SR AT (XRD)
X Ni/ZrOyy EAAEFRE B AT I 2 Sk M A 2k AT W52 53
Mro RHIME#E Sigma2008B1 %7 T A& & A 4T
B S, % GB/T11364-2008 L4 & i AR 4F i
PR R bRE, FREL 0.2 g B A EFRNE TS0 g, i
1~2 R 78 a5 TRk, ZEAE U o Al i 5 S A
e, B Image J WA IFE A RIE R AR H
UTM2503 H /3 A3 LA 1 mm/min (%4 e 220
BE AR R, S EKE RN 16 mm, %R
3 mm. JEREH 2 mm AR R RIS AE S AT T R
I LK 2. B 3) o N T I sLIEdE TS,
ANPEREIEL 5 YR 4 B P S4B R a5 4 S
1H.
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Fig.1 Schematic diagram of composite solder preparation process
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O

4 >~ Ni(CH;COO0), 4H,0 4 i1 5 i) XRD
i, Hrb 20 4 445< 51.82 76.8FIRBIATHIE, 1R
AT R 7 AR T 5T A3 AT S 0623 Sl R . N 55
) (111) . (200) A1 (220) Fhifn. HI50@RTE R
XRD EHEXTERT 1, #rff )G XRD EIE IR A H
MU AR B, FRBA AR JG AR R R A, R 420
I3RS Ni B
2.2 Ni ZrO, LR %

THALHE . AS[FBREEN ) ZrO, R340 & XRD &
WKl 5 7. & 5a~5c AN [FBREE IS [E] ZrO, (1) TEM B
W RRiAR GBI L, SR REREE ZrO, KT RN
ER Ik 2 H &, ) 40~180 nm. “F-¥JR~) 110 nm,
EHES (B 5 , AFTF Ni kg, MR
[N 1 h i, ZrO, IS A ek (& 5b) 5 4k
BRI [E]2A 2 h, ZrOp RAR B I8/, TRATS 3K T 21
ZImA, R~ 20~160 nm. PR 90 nm (B 5¢) .

2
5
2
£
5

IX BB BRI (B A, TN ZrOg RS Jik
/b 7r0, K% . B 5d. 5e ABREETFE ZrO, ) XRD
PRl S o v A G it 28, BEBREEI (B 18K, ZrO,
TEVEAIT 56 Ff R R R AR A AR LR PR e v 4 K, AR IS
Scherrer J5 2R 41, 2 T8 SR TRAR UK HEOR R,
ghf XRD B[ 13 ZrO, 44 KL 1 1 ok R ST Bl 2K 5
N [] ) ZE K BN 3, X 5 ] 5a~5¢ H ZrO, Fifs
FEAR S — S . BRES SRR AR 7E BE ER (0 ooty A
JEVEAE FH R 2 (875 RS ek /N A [ B % 1 7 26 K
shia, Rk, SRAESERERE L, AIEABIR Zro,
EREERTIRN, AR ILFIRIR, NG R R
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Fig.4 XRD patterns of Ni(CH3COO), 4H,O before and after

decomposition
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Statistics of ZrO; size distribution (a-c); XRD patterns (d) and FWHM (e) of ZrO, with different ball milling time: (a) 0 h, (b) 1 h,
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B LAY R NI KRR TAZ B A

)i -10 SR £ NiKE B ZrO,: AT P 5
ZrO, ] HRTEM BNl 6a s, A b xs R PRk
H HL A (FFTO B 1A 6a 7T WL, #R4E FFT &, (001)
[AIA]EE Y 0.508 nm, (111) THI[AIFE A 0.284 nm, XK H
ZrO, B BRI, WA R P BT HRAE
6b M ERT IS Y NilZrO, XRD Blit, 78 AR &S AEH
T, EEERRERSEA AN NI BF, HAeKk Zro, ki v Itk
RAR FABAE )AL

7a N HLAY[R) NI/ZrO, FH1H Y TEM 5. AT 8231
BIRiAeoy 9.57 nm f# Ni ki5-PA 8~11 nm (1R #1545
T4k 2rO, Fif ; € 7b N Ni/ZrO, #41H [X 15, B ] HRTEM
%, HTNANEXT FFT B, "B N ZrO, 1 Ni 1)
(111). (200)A1(311)1H, ZrO,(102) [al#H >y 0.2489 nm.
Ni(111) SHlalFEAy 0.203 nm. 442K Ni kL5 T8 ik
ZrO, b, MRARHICE A 3 e=(d,—dy)/d, THEAFE] Ni/ZrO,
FHIHI & 24 0.18<<0.25, J& T P3uAk Fiii, X3R4 Ni f1
ZrO, A AT . 454 6b [ XRD 455, X FWHH
PO A3 JEE T BRI 2% NI/ZrO, MORHE B8 A .
2.3 Ni/ZrO,-Sn1.0Ag0.5Cu £ &4TRHALR 545

ANEPEER ZrO, TS INE T Ni/ZrO,-Sn1.0Ag0.5Cu £ &

d=0.508 nm

Intensity/a.u.

ERRIAZUNE 8 fin. M 8 L, BEHER ZrO, WNinE
¥4hm, Ni/ZrO,-Sn1.0Ag0.5Cu E A%l p-Sn ki R
SN R ALLEIIE N MR ZrO, Vs i 4 A
9 0.7%00, HEGEA 2R T EPRLG Sk KR T, bediid
R T B 4 B 0, B-Sn dhRLAE KA I
SZHIBREIED, p-Sn @RUR I/ I SRS E A5
LI IE KT 0.7%I, LR HIFREUKI ZrO, 9K K F-[A]
(A FLAE RS Ni/ZrO, #a T R ISR, FRARILAE AR ET
BRI 5)1, 0F deokr AR F kS o

K] 9 4y 220 Chesh 2 h i Ni/ZrO, s i A 0.7%]H
HEERHE SR IE O E SN . B 9a iT L, AgsSn
S ACIRAIRIIR, CueSng LLERIRTE XAFAE: HIE 9b
(1 e s BRS04 Rl HUROREIR (1) 511 46 J&8 18146 54 CugSns
WP T I ECR B9 AgsSn AR K s By K 16 4l & 10
Ni/ZrO,-Sn1.0Ag0.5Cu & & 4FEHAZ H JeHT -Sn AL
AR, FERBALFE f-Sn+HE4R CugSns. S-Sn+3 3
AR AgsSN —ITHE L K f-Sn+CugSns+AgsSn = It L
AL, )4 p-Sn ARRIIL LR “Ug-1 7 R A
XSGR ET R 4 14 G AR R,

ANFHEAR ZrO, N INE T Ni/ZrO,-Sn1.0Ag0.5Cu &
FREMERE QIR 10 Fras. & 10a AL, EEPEER ZrO,

¢ 210, &Ni b
4 Ni(CH,C00),4H,0

i After pyrolysis

. Before pyrolysis
10 20 30 40 50 60 70 80
20(9

6 IREE 2h Jg ZrO, 1 HRTEM {441 FFT K Ni/ZrO, ¥ ik JR BT J5 ) XRD &3
Fig.6 HRTEM image and FFT of region A in Fig.5¢ of ZrO, after ball milling for 2 h (a); XRD patterns of Ni/ZrO, before and after pyrolysis reduction (b)

&/R

£
0.2489 nm 44+

Zr0, e

K7 NilzrO, /3 fifa it TEM A% X B (1) HRTEM 1% & SA-FFT
Fig.7 TEM image of Ni/ZrO, (a); HRTEM image of microregion B and SA-FFT of Ni/ZrO, decomposition (b)
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Bl 8 R ZrO; HINE: Ni/ZrO,-Sn1.0Ag0.5Cu 5 & 4Tk &4 408
Fig.8 Microstructures of Ni/ZrO,-Sn1.0Ag0.5Cu composite filler alloys with different ZrO, contents: (a) 0.0%, (b) 0.3%, (c) 0.7%, and (d) 1.0%

P9 0.7%Ni/ZrO,-Sn1.0Ag0.5Cu & A4F R & IR & e 30
Fig.9 Morphologies of 0.7%Ni/ZrO,-Sn1.0Ag0.5Cu composite filler alloy after deep etch

XEEFRIREAR, BMEERAKR, H—ERE b
WRE T EAEHREEE. LS 20, RINEE
0.3%~0.7%IH , Ni/ZrO,-Sn1.0Ag0.5Cu & & 5Tk} Hi FHL R mg
BF . X2 THER ZrO, NS H 7 58 A2 5,
It HANA 15t 2> Bfsl v BHL A 18 n , B LS & L Aot &2
HEPRL L Z R R, AR IF O FIER R .
HERR ZrO, IS INEH 0.7%H), Ni/ZrO,-Sn1.0Ag0.5Cu & &
ETRHE B AU BIEE, X OAEREE AR, B8
B ZrO, MR/ TR E A4 EHCU S 1R sk
71, GRS IR iR s M4k S KR

IR, BUSBASFFRIREEE R, R i AR I,

H& 10b AT, BEYER ZrO, ININETHE, NIifZrO,-
Sn1.0Ag0.5Cu 5 & 5T R i B i 7t i, X AR T4
B ZrO, BRI AT AL AR . TEHEER ZrO, MM INEN
0.7% f =i 4 43 MPa, SFEREFEL (2930 MPa) AL
P21 43.3%; Ni/ZrO,-Sn1.0Ag0.5Cu & A4 RHH KR b
£l AR, TE ZrOy NN 0.3% M K R i
N 11%; PEER ZrO, 58 FH % 1.0%, Ni/ZrO,-Sn1.0Ag0.5Cu
HBEERPRSRE FHE 40 MPa, Xt {#HKFF
Z 5.6%. X5 XuMSIEHE ) Ag/IGNSs ¥ b & Xt
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B 10 A Zro, #inE: Ni/ZrO,-Snl1.0Ag0.5Cu B A 4Tk
Fig.10 Properties of Ni/ZrO,-Sn1.0Ag0.5Cu composite filler with different ZrO, addition: (a) resistivity, microhardness and spreading area;

(b) mechanical properties

Ag/GNSs-Sn3.0Ag0.5Cu 5 & 4L ) VR RESZ i AH — 3o

Ni/ZrO,-Sn1.0Ag0.5Cu & & &F ki f by 11 55
11 Fron. & 11a () Sn1.0Ag0.5Cu 4TR &4 1 2145
N B, XRSIREFRIG SR RS b s Bl TR 4
it BHPEER ZrO, NINEN 0.7%KY, Wil 1lc, PEEE
ZrO, YAKRLT I R R AE FH BUE SRS 6 W7 D)5
Wb, EER L, JFEHI R SR, fLUIR, i
FLAIRIVE RN RGO G T R . FLIRY e AR TE
WrZd, Ni/ZrO,-Sn1.0Ag0.5Cu H &5 RME KR FEIG. i
PSR TR (HAPEER ZrO TN &t i/ (1.0%) , ]
11d, 44K ZrO, [RIJEAEAE Jy T Ni K15 ZrO, [A] Bt

FEIHREBSBIE, B9 TR Zro, R A A
55 AR R R FE R AIC

0.7%Ni-ZrO, 3% Sn1.0Ag0.5Cu & & 5T Bl {1
J I EDS feiti A&l 12 fron. I 12 ira, A4
RHEBT 1 2y BB FF S5 R ) 53 T30, RHUX BB 43 B T AR
TE X AL ) JURLIR )57 9 Ni-ZrOz. Ni-ZrO, 1E A2
THRL T BENLE oA T E A ER R, BB 12 fIX ) EDS
SHTATEL, #E ORI T Ni-ZrO, 5 Ak, T
P FE e, 5 AR B A AT ) S T g S TT T
FRINE VR, BEE RN IR, e R B 1 AR TR
FERCR MMM s BB 4 58 AR T AE SR I W) 5 o0

Kl 11 KA ZrO, T ing: NifZrO,-Sn1.0Ag0.5Cu 5 44T R i R 35
Tensile fracture morphologies of Ni/ZrO,-Sn1.0Ag0.5Cu composite filler metal with different ZrO, addition: (a) 0.0%, (b) 0.3%,
(c) 0.7%, and (d) 1.0%

Fig.11
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K12 0.7%Ni/ZrO; & EPRHE SRl I T35
Fig.12 Tensile fracture morphology of 0.7%Ni/ZrO, composite
filler alloy

IRLARSAL, kTR B-Sn H LA AR AL -
PLEBFFURI, Ni-ZrO, KK 152 & F R IR ]
X, M2 HCRE, ARTEERIER .

SEME PR E L B EeT . IR &
XPEPRHI 2V Re AR U . —J7 1 NilZrO, 3458 AH TR
B A TR REE A T SRS A s 3h = AR sk, (A =3
Z IR K Z ) 22 57 3 SO0 AR B A A A, Bl
L3 BE T NI P2 A 3861 53— 7T, Nifzro, 55
R TR 0 5 11 5 S AT BRI 52 3800 56 4% S s ALk L7
GC U AUNE EEEEUY S TR/ sUE AL PR /LY S DRl U]
e RN ASAG FLAEF TR & SR E N BRIE A7 AE, fEHL
W B ARETRL S 1 122 P R

2.4 Ni/ZrO,-Sn1.0Ag0.5Cu B &$FHI/Cu $FIEIEL

13 4 Ni-ZrO, 58 Sn1.0Ag0.5Cu & &4FkHCu 4
JRFESL B DI DS, BBl 13a AT, Snl1.0Ag0.5Cu
FARETRHCU BT IR Sk 2 7 SO W 2o 3 Pk
W 2N RIR AW, WAL K2 AR IMC 2
CueSns FAAID BT 4% H (1) p-Sn M, IX W T JEARAT R
SKWTEY = ZR S IMC 2 B R BRI, i AEAE ST IMC
2, EPRHEELBUBT ISR EE S 20 MPa. B Ni-ZrO, 49K
KFRMERIEZ, YEBERNE . FEZIHE
W, kR S 2, BT O E D
W%, 1 Ni-ZrOp YRR TN I & IA 0.3% N, I 11 2H 21
F I NET S Sn, MR B A SR IR B L H BT 1)
Wi B R AERE S, MATE IMC Z A48/ A HE IMC
YR X5l BY I O B 2R B ) & R %
R THIAA R, AP 13b FIT7R o Ni-ZrO, 44 Kb F s & iA
F| 0.7% B $1 59 V) 5k fE L B WE{H 29 MPa, 8 H
(20 MPa) figim | 45%, JHIrESianE 13c, SHlY
SJHE IO TLY) 5, Wi N E I D s A E W
PITEWT R, R T E AR RIS o U X ) i
X I e 4R 3, SRR BT U] 1 MAE A T DA
I RFE, 5 NIi-ZrO, IRINEIAH] 0.7% 23k 58 % = T
SRR 4 S o BE 1) 225 SRAH 0T R

25 LRI, Ni-ZrO, 40K 7 I I X & &5 RHEAT
PR R BOE MEIER, SO T Sk r Wiy R
S, $&s 7 EEMRTREELIN B R, RASH
A A T R SRRk

{7

B 13 AN ZrO, ¥ g NilZrO,-Sn1.0Ag0.5Cu & & 51 KHCu ST &k 37 U1 F B3R
Fig.13 Shear fracture morphologies of Ni/ZrO,-Sn1.0Ag0.5Cu composite solder/Cu brazing joint with different ZrO, addition: (a) 0.0%,

(b) 0.3%, (c) 0.7%, and (d) 1.0%
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1) SHUMTRALFE 9K ZrO, BEARER BE AL BRIN R A%
/N 20 nm i A7, 2GR T 90K Zro, KR R BLA .

2) IS IR SR R ) % T AR ZrO, 1Y
SEAH, Ni#T LA 8~11 nm A FEY 2135 T ZrO, K1,
ZrO,( 102 )1 Ni(111 ) Frifi 5% & A ks S, 4510 N
0.18, Wi# o2 RIFMAMLS .

3) ANINIEEAEE ZrO, X Ni/ZrO,-Sn1.0Ag0.5Cu &
BRI SRR, S TR R S
9RO, EPEE ZrO, MG SR AH W N E N 0.7% I
Ni/ZrO,-Sn1.0Ag0.5Cu E-A M RMTRI R . FFR LT
BI)BRE HIIA R K 43 MPa. 29 MPa, SRR EHEE
T 43.3%. 45%.

4) B Ni-ZrO, B4 58 AH KA I, Ni-ZrO, 1§ 7%
Sn1.0Ag0.5Cu & & FF BLEF 15 42 3k 1 I & 47 B iy 57 1
IMC JZ 113 X (I ST S0 # 3, W2 HL ] e - Ha VR &
W 2L e ) O B TR
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Preparation and Brazing of Nickel-plated ZrO, Reinforced Low Silver SnAgCu
Composite Filler Metal by Pyrolysis Reduction Method

Wu Yongjin', Zhang Keke'?, Wu Wan', Wang Bingying', Gao Yijie', Liu Peng*
(1. School of Material Science & Engineering, Henan University of Science and Technology, Luoyang 471023, China)
(2. Provincial and Ministerial Co-construction of Collaborative Innovation Center for Non-ferrous Metal New Materials and Advanced Processing

Technology, Luoyang 471023, China)

Abstract: Ni-plated ZrO, reinforced alloy was prepared by thermal decomposition and reduction method, and Ni-plated ZrO, reinforced
Sn1.0Ag0.5Cu composite filler metal was prepared by powder metallurgy method. The surface metallization of ZrO, nanoparticles and its effect
on the microstructure, properties and brazing joints of Sn1.0Ag0.5Cu composite filler metal were studied. The results show that the particle size
and agglomeration of ZrO, decrease after mechanical pretreatment. The Ni-plated ZrO, enhanced phase is successfully prepared by thermal
decomposition and reduction method. The Ni particles are uniformly attached to the surface of ZrO, with a spacing of 8-11 nm, and the interface
between Zr0,(102) and Ni(111) shows a semi-coherent relationship. Resistivity of Ni/ZrO,-Sn1.0Ag0.5Cu composites is not significantly
affected by adding a proper amount of nickel-plated ZrO,, but the wettability and tensile strength are improved. The tensile strength and shear
strength of brazed joint of Ni/ZrO,-Sn1.0Ag0.5Cu composite filler metal reach the peak when the adding amount of ZrO, reinforcing phase is
0.7wt%, which are increased by 43.3% and 45%, respectively, compared with those of the matrix material. With the addition of Ni/ZrO,
reinforcing phase, the fracture position of the brazing joint of the composite filler metal moves from the interfacial IMC layer to the side near the
brazing seam in the transition zone, and the fracture mechanism gradually changes from the mixed tough-brittle fracture to the ductile fracture
dominated by dimple.

Key words: nickel plating ZrO,; Sn1.0Ag0.5Cu; composite solder; mechanical properties; brazing joints
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