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ABSTRACT: Electroless deposition of Ni-Cu-P alloy on mild steel specimens was carried out. The effects of compo-
sition of bath and operating condition on the deposition rate and microhardness of Ni-Cu-P deposits were studied.
The optimal process conditions were identified as follows: 30g/L NiSQO, « 6H.Q, 15¢/L NaH, PO, * H;O, 3. 5g/L
CuSO, * 5H,0, pH=9, 95C, loadfactor of 0. 48dm?/L, 20g/L CH,COONa, 60g/L Cs HsO;Na, « H, O, plating
time 2h. The electroless Ni-Cu-P deposits were characterized by XRD and SEM. The results show that the electro-
less Ni-Cu-P deposits have amorphous structure. After heat treatment at 400°C, the electroless Ni-Cu-P deposits
were crystallized, The deposition rate and microhardness first increased and then decreased with increasing the con-
centration of CuSQ, and NaH; PO, and pH of bath, while increased with increasing temperature.

KEY WORDS: electroless deposition; Ni-Cu-P; deposition rate; microhardness

1 3 BFARMILERY, BELNAENY
XXM NiPHEEHNBRRESHEL XEHGERYE

B 1946 FRLEEH T EERBIN-PEE MR LEEBEHZIANNER . HTHE
BEUXD HFHEEEESS AARENRE FERSLEE R, Ni-Co-P.Ni-Cu-P.Ni-W-P
YR OhE, AR — SRR A BT BN ShEESTALSIRTIENELY . hEHE=

[l

ESTH-EXARBSES GBS 20571022) A EF B L EE S GiLES.2006035901) , ML R FTEABFRA
(2006 KJ044A),
f'ﬁ%ﬁa‘f B EFR1982), & L, TENELKINEEHM BB, E-mail:xiangfen_21@126. com
EREE:RER, B, 19602 44 . B+, 48TV ASFRERERK,. AR, BLERW, Zﬂﬁfn gk EEHIE, Tel:
0551—2905085(0), 2905150(L), E-mail: yewu@hfut. edu. cn



®em

RERS A¥ARNCP=RELRENHERRRE 25

RALREFRE-TREREMESIIARAHFHEBER
AR CuMoW.Cr.Zn %), LIk Bl k 245 B
MUK B R et ERREENE
e, ETHERAFE NiCePALSEERE—®
NiPE2 REBFHSBEMREAFREELE,
BRMREEHRTEE T EEF S ERAR B
AREMHAMNR. NiCeP AL REFTERATH
EMEEE, U TR B RSB RS
FRGHNE, A, B TFHEGES AR
MESEZETUAEREHL. Ni-CuP 44%
BEALBHESAAEEE BEHTUAIER
HEER. LERAL2EENRY AAEH AT
R AEERRS RURAGEH Y,

EXERBEARAUEARRAR=ZTELEN
Fet, 4 TSR Ni-Cu-P AL BEAREH,
R T ARMGTBRA RMBERGETR
EEMEMEENEE,

2 % 1%

2.1 XTRE%

CKCI11R02 HER KBS ; TG328B BB F4
W X¥; B D/max-yB ® X § &5 5 {LF X—650
BR#aTFRME.
2.2 R#HE

FEME 5540 (15 X 40 X 2mm) F T L2 9T B Ni-
CuoP=n44BE RIZHABMAE1fx.

[BRBETHE [of 20t o] Rri (k) [of ket o) kit |
'
e e—— v

1 {HERRANCeP =R E&RES
Fig.1 Flow process diagram of electroless

Kk e (HOU5%-20% i )

Ni-Cu-P ternary alloy
3 &R5iiE

3.1 {EAMN-Ce-P =44 HTRESE
3.1.1 HMESEXMTIHEERNEH
RAMFEBREAANERTFEY, BLHRAN
MALERERHIRER, A TFTHEMALKEL
RBE NTEARSBFLMENR L, NB2T
UEH BENRELMMMEASBOME MM
G, RREAMERMAGARAENERT HE
PR A o0, R S R B LR R 3, 8K

—
S
1

S
h

—\

[ ]
= — T T v
0.5 20 3.5 540 0.5

CusO, ¥ /gL

B2 HHRARENIREZNORM
Fig. 2 Influence of cupric sulfate

DUBUE & /mg . (cm® h)!
o =

(=2
1

FS

concentration on deposition rate

TN
.

a1 ./

DIBLE K /mg.(cm?. h)!
=)

15 20 25 0 35
NaH,PO,-H,0 KK /g-L"!
3 RURBRREXNTREZNRER
Fig.3 Influence of hypophosphite

concentration on deposition rate

VIFEREK. EYHETFHEEREN 3.58/L
B IEHAETRE, XRATERAMNKHERREF
REGRZHEAEE, TR PR SN EE N,
BUHREHATREESEEM IREMTERE
T 3L TS YE TR 4 A EL B, BE 9 R T R B EL BB
BEANKHERRE TR, EBIRERTE.
3.1.3 REMSEMNILBERNEM
KUBHBRARBAN RN SRR, 2
HEAEULRERMAES . NE 3 JLUES,
B 325 K T e e B o 4, LA R K, X A
FHRRTHRERE FREQMMN K TRREEL
B {0 15 2 3R 7, DT 5 4 4500 I B T 3ot 8 A S e i
HEINER, HERMAHEREERR HEETR
UL EFEN AMIEEREX, HE, X
KUB B ERT 25g/L J5 RBRERFHR
AN X R E N SR ER#HATE RS
FHERESERTET 8 KERERR, 7 #&
ROBERTHBRAEEOEN, R ERRRE TS
EEMR, SRR, BERUBBEFHR.EE



26 SRR

2008 4

CFRERE ATEREETERERERZTH
WEEMRAZ HREE TR RO RO, 8]
EETREBEEAMHEMERES KT BMREMLBA
346 fn 38 B M 4B, B B AL R AL 2 L,
TMHARRIRER , EX T HRRAREFED S
BB AL B ALK R, AT BT R M
3.1.4 pHXMUHERMER

15

—
'
n

DIBUER /mg (cm?-h)™
5385
/‘

-~ (-] L]
n n

8 9 10 1
pH

H4 pHEMARERNEM
Fig. 4 Influence of pH on deposition rate

16

\

'i

DUBLER /mg.- (cm®- h)?
S 15

|

Bs5 EENARERNER
Fig. 5 Influence of temperature on deposition rate

B 4 TLUE S, VIR E R PH /938 15t
B, B TERERBS,HPO; BEARNECH
RERBELTON:

H,PO; +30H™ =HPO;™ +2H,0+2e¢”
pH &, BRI HRHE RN ER, EFAR
AR MR, A A T I RE R ETLRL, N
MR T RSN, E AETFHEFRER, 4
pH E#:d 9 /5, VIBE B pH £ 7 & K, X
RETFYpHHEARH, EALR R ABTARE
SERBEREE RN, RELRB L EEHE
R RGO , T PR UL E &

3.1.5 BEMIREENER

HES ALEHEEREAOAR, LERERM

ROERYBES RN EAEKROERRESR

PEENHAERAR, ZVEREATARE. B
BESREAREAIRE, BHE BRULAHS,
HAEBEAELR.
3.2 US¥ABNCoP=RE22ENEE

B 6 43 B R RS BBk 1k &4 3 Ni-Cu-P =
TAANBPEEHEENEHE, Haxy, ME
BRTHREANE N IRENEREEEHNE
B/, XEETREEESHBREKREBDHERX,
FARBUE, —REE&ERALGERNIER, BINE
EBEWAWMER . HERIBRESRER-HFHNT
RPEAE Nis P, A RVIERAUIER, HIEE
WREEREEN REAASEHEM NiCuP A48
BErEETmE NP, %, 2EEERS. BR,
HTFAMBREARARMELT R, SHBRENK
Bt 3. 5g/L B LR e, LR ENRE
VBRMEE,ABEES Ni/Cu LR, FEFARR
EIRERR,.XETIANEREER FLEME
ERE. BbEH . REEEFHEBEARMES.
—FTHBREARAMNTHEFHER, A —FEHE
BTHEREMNEE FER=EBEHER ERETF
WERRE, REALUBANESKITER RIT
FHBEERA#ERARILENEE, ERRETHR,
BRYBRSETRASH ATHENFREEERS. —&
Fi, YEBERELRG, FRERSFMER, TR
EERREANEE . HHE RBEAERHN.F
BRAFM S Mse, B BERNES R, NEHE
90~95CEANE. WERRRMZE BN LER T
BHEEAN AE cTUEH REREEMK TRR
Bk, BUYRTHRARERRH,
BEFEETR, X£d FdBAOKTHRAM IR
B MATEATIE R, RREHEE, A
BMAdaAUEH, % pH EA &N  HRERERR.
ER‘BEFEAER” B p)HEAATHRERE

RS E. AR, pHEAREHEBREMAEN

I, AR FINRERMGITIEEHETRETER.
% pH EMM 9B, BREREE, ~E2B, T
NHENEESRI TR,
3.3 {¥RABNICr-P=RA¢EELEH

B 7 43512 Ni-Cu-P =t 4 &7 400°C s 8
FiEH XRDE., YRA X HEAGHIRERH R
BgEmet N T RETTE B — R 655 %, Tx F
FRABBHETNEE, NE 72 TUEFL 5
TR IR TR I A48 ko, X A7 5T o8 13 3 Q0 22
HEHT RAURRUEGKEE AL, R



Hoy

BERY . LEABNCPSRLSRENHERAART ' 27

EHRAERTHN TS, EHELEIBEIEF
FRMELRERBRELENTE. 2 00CEEX
BHRFSFPHALE 1h F.NiCuP ZTESHRE
B X 4t E A NisP.Ni; P, # Cu, P #i% i 3, JF
KEREMBLEHK, RRWELYEH Ni,P M
Ni; P, #,iX 2 T2 400°CHLE 1b 57,0182

P
L

a
. /
5004 ]
>
E2
#4504 / . [ ]
<
-
a0 .
350 r r T
05 20 35 5.0 6.5
550 Cu,S0, - 5H,0 iR/¥ /g L
s0{
530 i |
5204 \

RO%EEEE /Y
$ g
-

15 20 25 30 35
NaH,PO,- 2H,0 iR f¥ /g-L*

FHREMASHRNERE ZBYRE Ni;PNi;P,
# Cus P, I HUIER TR E BB 4R & B A3, Ni-
CoP=R4LWHBESTCu,PHL, HE T TLUEF
HULRR P ERRE T RN, XRD # Cu,P
BIAT 5T RRER

560
5504
5404
530 _—"

> 5204

£ 510

B 500 4

g 4-9()j

= 480
4704
460
4504 %

/-

460 T T T T T T
80 85 9.0 9.5 100 105 110

pH

E E
PSR S S—

RANAERE HY
3

£

He RAAARRRERGINNEETERR
2) CuSO, XM BMER W BEMNBEEY E;c) NaH PO, IEMEEEW; ) pHEMEEE W
Fig. 6 KEffects of bath composition and operating condition on the microhardness

HUE / cps

201°)

R/ cps

35 % 45 50 55 60
20/%)

M7 Ni-Ce-P=RE&&TAE XRDH
2) & 75;b) 400C At B)F
Fig. 7 XRD patterns of Ni-Cu-P deposits



28 SRDEHN

2008 4

B8 Ni-CuP =E SEMEH
Fig.8 SEM photo of Ni-Cu-P deposits

BHETLHH &K Ni-Cu-P ZTALEEEE
EHmE s fin. NEFTURL EEEZERLU
BRAFRE, A FHNFEALERE, GRER
mig, MRTUFHERE LTS AR, E
TR EEMFHERT L, B FXRELPL

R FRE, BHEMER KA NBAL.

4 & it

WBERERLREHAEAE Ni-Cu-P =T
ASMBETE N FME 30g/L, HMH 3. 5¢/L,
KB 15g/L,pH=9,RE 95TC.

(2)2 XRD 447, AL BT E B IER
A, 400CHRAEFTBE &k, B Ni; P N, P, fl
Cu,P R4,

2B Ni-CuP =XA42RENAR
REMNEHEEEERMA KERRA. R pHE
fI N R, R E A T,

$EIM:

I REE. S LEENPALSEENBHBERRI] WRESR
#AR,2001,(3):6.

(203t 5. BRELEE Ni-CuP 2 &[] 28 5% 1H5,2005,24
(6).8.

[3]Chang Ying-Chan, et al. Fabrication and crystallization behav-
jors of sputtered Ni-Cu-P films on tool steel[J]. Surface and
Coating Technology, 2001,139; 233.

[4] B. % LEENPERHEAZER(]] ARRY TR,
2006, 2006 £ . 135.

[5]F ®|.% 4¥ENPLSLWBEERLHOFERTEI] RE
#R,2006,35(4) 9.

(61 M.% h¥ENPALERFILIFHUALL EESM
¥ ,2006,28(1) ;30.

[7ImE%, & LB NCPLETEHA] WA S,
2000,21(3):126.

[8)F&4 5. NiChPA 2L ¥ REHE REREHBFAL]
THRE M 5 88 (4 %1, 2001,7(2) . 192,

[o7% %.%. k%% NCoPARARFAI). #ERETE,
2004,17(6) : 36. :

[10]Liu Y, et al. Study of electroless Ni-Cu-P coatings and their an-
ti-corrosion properties[J]. Applied Surface Science, 2004, 228
57.

[11]Ashassi-Sorkhabi H, Dolati H, et al. [J]. Applied Surface Sci-
ence,2002,185:155.

[12)4%K . 5. LEENiCP AT RERTRD). REH
R 12004,33(1) 45,

[13]Mallory G O, et al. Electroless Plating Fundermentals and Ap-
plications [M]. Orlando, FL: AESF Press,1990,

[14] Awrilov G G. Chemical (Electroless) Nickel-Plating [M1].
Great Britain: Portcullis Press Ltd,1979.

[15]% ¥, 8. Ni-PA¥BEEXXRBH REHERIHRT]. &
& 5% 1,2005,24(11).15.

W7 5 2007 —05—21

o

(EEZE 1970

[5] Yanfeng Han, et al. [J]. Composites Part A: A;;plied Science
and Manufacturing, 2002,33(3) s 439.

[6] Lim C S, et aL [J]. Journal of Materials Processing Technolo-
gy».? 1997, 67(1—3),:13.

[7]) frE#,%.0]. PEHESREHR, 2007,17(9); 1516,

[8] Nakornriab Nicom, et al. [J]. Materials Science and Engineer-
ing A,2006,441(1—2),97.

(9] Johnson R N. ElectroSpark Deposition: Principles and Applica-
tions[ A]. 2002 Society of Vacuum Coaters Technical Conference
Proceedings[C]. Lack Buena Viista, FL, 200287 —92.

[10] XIE Yu-jiang, et al. [J]. Surface and Coatings Technology.
2006,201(3-4):691.

[11] LIU Dongyen, et aL [J]. Materials Letters, 2007,61(1):165.

[12] Frangini S, et al. [J]. Surface and Coatings Technology, 2004,

184(1):31.

[13] Wang R ], et al [J]. Applied Surface Science, 2004,228(1—

) 4) 1405.

{14] Frangini S, etal. [J]. Surface and Coatings Technology, 2002,
149(2—3).278.

[15] Hyoung Seop Kim[J]. Materials Science and Engineering A,
1998,251(1~2) ;100.

[16] Lavernia E J, et al. {J]. International Materials Reviews.
1992,37(1) 1. .

[17] Swartzendruber L J, et al, Binary Alloy Phase Diagrams[ M.
ASM, New York, 19590, 165.

(18] sheeek. %(1). MELMHNETE,1994,23(3): 17.

5Bk B 949 . 2007—12—21



