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& E: KA TU-1900 AU —n] WAoot TR s GRAH (LS AUIE T T 62448 Ni-P-C-O LR P i & 15 1,4-
T EE(BOZ)KRE AL, 153 T L2E4E Ni-P—C-0 &4 122 BAG®, AH, AS F R N 5h J12 i, i T4
BT 5 BOZ VSIS AR M LB, 459K, H5 P BOZ IRFEIMIARb R — g B, 8 Pk EAR k5 BOZ
WIWREG Y, BE2HRN, HRNEZETFEAN dC/dt=—8.585x104+1.188x1074-4.62x107%?+5.8x1078-2.3x107 "}, &
MK R TS R B, BETELE TR, B BOZ W) AE 1k : 4 BOZ ¥ 1E 64~123 mg/L I, E, Zethik>;
1E 123~240 mg/L I E, SR 180 ASy BEME 1T Enmi B i, 43 A 2 80 'CHFASy IR, RGHIER K MiE/EE
i 80°C, BOZ & KT 160 mg/L B, ASt FIMEIZE Bk, o )W id 5 BRI

KEIA): AP SRR s A BRI B i

FEHES: TB33L SCERFRIRTE: A XEHS: 1009-606X(2007)01-0054-05
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WAEPER AL B E AR AT AL, (Ha gl
(1) Ni—P & g ML SRR AL T 2B TR I3
PERRERL . TR e, AR, SRS TT
TR, [ A AR 273 R TR RN GO A R I 5T
7 ARSI S A R A IR IN 22 SR [ %,
RN T, R AR . B BT - i e 4
P T AR R S R ARESY, PR B 2 4 2
RV, DL RON b B LT B I B g 2%
I BRI RO A IR, AR R A AR T
IR FEAR AR WARTE. AW T T 228 Ni-P-C-O [
FEATF RO, SR Ah— 1T L3 6 B U A 1
T3 AR B R IR S 14T P R AR
e, & B PE Ni-P-C-O R R I ) % K5l )%
SRR, DI BRIC T R Tk AR B e Kot
AP AELL 73T 757

2.1 (NE5H
KYKY-1000B #4#H ¥ 2%, NORAN System
SIX X Bk fie i AL (3E ) , TU-1900 A28 4h—n] WL 43566
B (A 7)), Shimadzu s OB AR (15 A (H 4%),
CS-501 HUBLRIH I #%; pHS-25 HUKSHMRE T, FC204
HL R (RS 1 0.1 mg), WMZK-01 i g s hi.
Al 1,4- TR ZRECRIGHIZI 8T ) s BRI
BRERAR . BEERYE . AR =40 (B 4 Ak 25 70 A P

gt HEA: 2006-01-17, f&[E HEA: 2006-05-08

AT A (KD 2 2R il T A FRA R K 55
Mréal. 4 VAR R, RSl 48—4 3.5 emx1.4 cmx
0.1cm.
2.2 SR---RIEERE &
221 T 2Hk

BEHT BE I R o PR B [(0/L): NaOH 12,
Na,CO5; 50, Na,SiO; 5, NagPO, 50]7 80~90 CHEAT s
BRah, SRJE HZ&TR/KVEE: . LM 150 g/l (NH,),SO4
TR IR VERR S, T Z8IBKIEE s i 2 5 H 5%~
10%h1RIE AL 40~60 s, R BT /KIEVE: TRUEEEE S
BEATA S, WA e UG 5 BT Z81K0E, A #uK
b, BFERWEERT, RRIENEE.
2.2.2 HEWIERNIC 7 S AR S A

BE W ZH B M (g/L) . NiSO,-6H,0 34, NH,Ac 33,
NazCsHs07-2H,0 21, NaF 6.3, NaH,PO,-H,0 38, BOZ( ]
J —1)0.14; pH=7.5, WEHESE 76 °C, JEfE A 1 L/L.
2.3 ERIMARERN E

DU R $5 GB/T13913-92 H 1) 24 28 u=(w;—wg)/(At)
[mg/(cm®h) T4, wo, wy 23 B IRFEERERT . )5 5,
AR IIRTIRL, O TR, SEIG R 2 I p
I 7.8 g/em?®.
2.4 BOZ 5RE FIKE B9

K H Shimadzu SRR A, L EE—7K (95:5, @)
HPEA, ZEVE 1.0 mL/min, 3EAER 10 pL. A 45
C. Rl 265 nm 441 ~, 1fH 200 mg/L BOZ-
I — KR S AR I, AR AR G ERER A T AN [F]
BAESAT T BOZ 8 HI TU-1900 Y4540

EEWH: SNEHET ARREEERIIIH (G5 2004222); HLE 2B b B RIREI(% 5 : 2005037)
fEZ RN XDk (1970-), B, WimAM O, Wit YHil, WHERAEIT R 5N, Tel: 0855-8509239, E-mail: Isy651204@163.com.



%1

R R AR A A R I 2 5 B 02 55

AL REVHIE SRR 20 °C IR R R i, DA
WRMAZ IR 1Ky 389 nm A FRYWBE D 5 P8 SR Af 3 B 15 POk
J&.
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3.1 REIRRBIANFRAE

A AA B2 (R T AR S R B KV VB PP RO B Y A <
JEAR I REARAL, PR 8o WL A < e 2R i B
(¥ 35 A 39 1 ER iEAGY )y A

AG®=—RTIn{55.46[6+n(1-&)]" Y/[CAn"(1-6)"]}, )

ARG S BRI 2 L U Ca R AT AL
YA [RBEJRIR I » 03 WL A AE 4 2T _ LB i =,
n oA 1 mol A3 LA B AE 4 L HE R 4R B 4 11
I BE R B, TAE 244 Ni—P-C—0 i 52 1 AL A4k
R, R RO e 2 S A A R £ L BOZ FlE i
FIRBERRNAT R, KL Ca AW 2 5 E I R Y
F TR R R 2 A, B

Ca=Cniso, 61,0t CnNaH,p0, H,0TCBoz
=34/263+38/106+0.14/86=0.4894 (mol/L). 2
PSR FERIEBOE DY, 28 v 411 S RE T DN s 1
Ni 75.3%, P 11.32%, C 9.04%, O 4.35%. Kt Hfi B2 1)
U 23 LU ST AS B9 2R A5 0 i M=1/(0.753/59+
0.1132/31+0.0904/12+0.0435/16)=37.5, M|

n=37.5/(7.8x18)=0.267. 3)

AR 7 AR EE R 1, A 2 A AR B 1)
BEWR, DARARRE, 1920 5 FRARX R B M, HaB% 1 h,
A —n] WA a6 ETHIIE 389 nm AbER &5 1ROk
FERAR G, SEIE 1 MRS LL B e, #32AH Y )
BB TIREE. S0 45 RN, DURE A REOR 5 1) A8
HAFAE—MHRAE 110.7 mg/(cm?h), PRI ) SR 434S [+
ZAE R IOA IR & 0:

=TT R A BRI R . (4)
ZERLLZR 1. KRR E A 1IN, Bl CA=0.4894 mol/L, 7F
Wk 357~341 K Yu I % 1 h, ¥ n=0.267 fX X\ ik
D7 FE 3 FIAGY:

AGT*=—RTIn{161.085¢[6+0.267(1-&)] *™**/(1-9*%*"}.  (5)
FH T X AH FIAS 5EmA /N, il AR AN AR,
WAL T A AT A AN B I 8 1 AR e 5, iy
Gibbs—Helmholtz 3Ll 7 4

AH=AG*+TAS, (6)
ASr=—dAGH/dT, (7

WAz, 2a(5), (B) VA B 45 (K 2).
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Fig.1 UV—Vis absorption spectra of plating solution at
different Ni?* concentrations

F 1 FEIRE THIRRERE SHEM AR E
Table 1 Deposition rate and relative deposition mass at
different concentrations

Relative concentration, Deposition rate,

Relative deposition mass, &

Ca (mol/L) u [mg/(cm?h)]
05 38.79 0.3504
0.75 43.70 0.3948
1.0 106.25 0.9598
15 83.56 0.7548
2.0 91.31 0.8248

% 2 FRIRE THEIRRER., EMIRESHRANFRY
Table 2 Deposition rate, relative deposition mass and thermodynamic functions at different temperatures

Deposition rate, u Relative deposition

Temperature, T (K)

Gibbs free energy, AG

Mean entropy, AS Mean enthalpy, AH

[mg/(cm*h)] mass, ¢ (kJ/moL) [J/(mol-K)] (kJ/moL)
357 14.02 0.9879 -18.56
353 13.62 0.9597 -17.37
349 10.07 0.7096 -15.22 302 90.18
345 7.73 0.5447 -14.29
341 6.54 0.4609 -13.72

MR T2 3 AR B T A, 1% R N AR R I
AGT*<0, FEBHIE T s, B & R N2 5 s AH>0,
PIIAA Z W R B s 7F 349~353 K [ SaE 4, AS

(17.37-15.22)x10%(353-349)=537.5 J/(mol-K) 4 #% K A{f.
VEWZ S N A N BT 2 AR ELEE K, o0 IR AEH
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SEREFE T BEVE SO, DB )2 TR R e, 425
JI2FICGIOUE, I N 353 K I, Ni-P-C-O &4
IR u=13.62 mg/(cm*h), HTF & 0=0.9597; ¥iJ¥
It 353 K, A NHs, £ 4 T4 NH,"
Wb, BT RNARR TSP RAIMAHEAER OCR, B
SRARDURR B 0BG, (A3 3 1% 2 2R B -0 s
A4, MiAE Ni-P-C-0 &4, MM ASssy k (H S M98 /D
3.2 REIKRZBIBN N FRE
3.2.1 {h2HE Ni-P-C—O YA s W R MG Ak BE E, 193052
I E AU N Ni-P—C-0 A4 IyiAuE % u, ¥
T2 3, IRTEIE lgu-T KK 2), 554 H k.
Igu=8.946-2774.59T , (8)
LR PO R 5L r=0.984. [Kt, A1k 2%%%E Ni-P-C-O
DR N R ATE L fE E;=53.1 kJ/mol.

3 FEIRE TNi-P-C-05 & BIMARERE
Table 3 Deposition rate of Ni-P—C—O alloy at different temperatures

T(K) u [mg/(cm*h)] Igu
357 14.02 1.147
353 13.62 1.134
349 10.07 1.003
345 7.73 0.888
341 6.54 0.816
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Fig.3 UV—Vis absorption spectra of plating solution at
different Ni?* concentrations

3.2.2 WA Ni-P-C-O 1A R B & 11 S N Bl g 27 7 1
I 100 mL A&, b BOZ 24 12.3 mg, T=80
C, AFHESE 20 min BUFE 2 mL, INZEMEK 4 mL Rk,
B AN=] W Ot THAE 389 nm ALk, 1543 %& H
(IR EAE. AR BT B H e A m] N B8 1 0SBV 1)k
BE, K Pris g 4o UL 3, 19 2R R B I B K
WRE C(& 3), 1F C-t EI( 4), xFith&kiifT 2 mifl5,
73
C=0.1295-8.585x10 *t+5.94x10 3>~
1.54x107%+1.45x107%*~4.61x107t%, 9)

MR FRECH r=0.998, nJ WALHRAR L. X=X (9) a5
) t 5y, fESRILL dC/dt 271 S s K L5 g W B[]
(P W
dC/dt=—8.585x107"+1.188x10*—
4.62x107%%+5.8x10783-2.3x 107114, (10)

3.2.3 BOZ Fifif ¥ ) . B S S AL RE B,
it 2.4 T T75, T RSO e e R ) BOZ

BERE 20 min KU 1 7%, £33 BOZ 2 58Ik J5U R NVl
W) 4 A, BT AEHE Ni-P-C-O R R E—A
S IR, B R IZ) 2% 8, n] e
Bee e N, ) BOZ 4 iRsh fi2¢ i ik

—dCB/dtszB, (ll)
PIARY, 14

InCg=—kt+c, (12)
A Cg hy t i % BOZ 3k 5% (mol/L), k 24 BOZ 43l )%
PO, R E AL BN ZIRiEXS InCe~t FEZR NN
75 5 N H Bk (min ™), JLEMEMISC R B KT 0.97.
ULl BOZ fEZRMNAR Rl . 4, 1M FAE
— N BB IR H BT S8 2 R 28 5
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Fig.4 Ni*" concentration vs. reaction time
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Ink=—E/(RT)+InA, (13) A4k, BOZ $IA R IHFE, 7EFEAARZR W FH4R 2 111 L&

X A SRR T 0 RV 45 AR Ink-T 7! 3¢
Rihgk, 93K 5. 4R, ERBAMETN, S
BOZ ()& 64~123 mg/L INF, S5 3 25 5 k Bl
(T ey T 0, A R PR A v k) - e I P P 5
H TN, FMIECAE E, M 68.55 kd/mol Jik/) 2] 53.94
kd/mol(5 ik i3 2 WiE AL RE Ex=53.1 kd/mol J A1)
) BEWCH BOZ &k 123~240 mg/L I, W R
H K B R R v I N0, A PR o ek
%, BOZ WEMmN T 3R %, RUIHHEE E, 35N
F| 74.87 kJ/mol, Jx MV T1E L.
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Fig.5 Ink vs. T~ at different BOZ concentrations
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3.3 RERZRMIEBRIT

BN ) BT LU, N BOZ J, IR
ARG (B ) i e S e, 5 2 g g s
AFE. —J7MH, BOZ & —Fh & 2 NI 1 NS HE
SN R VS R, AT S A, AOE A
HUE 14 R SR B, S B R A A UE I NP
NH, 7= A BH B -0, AR T8 3 7 A 5 A =
[, k> T A AL AL ARBE Ty, BRAR T 3R 1SR T RE,
HENF RN s 55— 71, BOZ 55— b a4
sl RIEHRIAN, EHFEARTSE T RN
(WL 8), Mk ZRAF BOZ 43 Tfigt Ni* Tl i) 2%
G, HTHRRAERPAR, EHR B 700 S R 1 m] R
BEAG, BRI T4 R FL AR JR i odi e, DRI 9 2 Jn 4 A
YEfr e AR SREA T, TR, BB T AP RAR S &
TERAC A, 5 BRI IE S = e B NiHPO,. T
TE R X B S5 oy - (AR AN ], TEAS R 4040 N kA
KA B R 2 R AN, DT B 8 T PRI JEAE R 25 AN
P RS NI ZIR AR, i LR R b T—F - A
BE “HR2” POIRASHS, B RIIRIAST SRR, ROV Ig
FEfK. BEE AR & BRI, ATRAER )k

18/b, 5 BOZ 43 145 G AR B 1 I st b. s A Rl
YR 2, A 5138 5 1) A% ST RH ) AR 3G K
I HAFRL 2 S R, P HLRE 32 B, ST
PRI H FHIERE R AT REPEWUD, AST Bk, 2 T
SRR T2 BR ARG, A S N R AR, () I A B
Ni-P-C-O Jii, BOZ 4> ¥k /KIEM(—OH) 5 &5 d
ZXTE I NP TR B, B K 3 A1 (e— 22 ) “ HR R
TEAN, WD TR B A 2 (A R AR T J 1) v] e
BHAS T dki Kok, (H BOZ Bk BIR140, 30 T BH &
T L, AR ARG, ROV R 2
R R PR IS5 R, 28U 24 Ni-P-C-O fA &1
B [ B ) SRR R
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Fig.6 EDX spectrum of the plating layer

4 B %

(1) H2#8E Ni-P-C-0 & &My BUE R 5k R T
BOZ MR B TR JEAH 5%, BOZ W JEAAL vk —2] [ N 5
BRI B AR AL 2 I N, N A T R
dC/dt=—8.585x10"+1.188x10*t-4.62x10°t*+5.8x 10 °t*~
2.3x107M. AR R AL BE EL B IELE AT R im0
bE BOZ ¥k AR A AR 4. >4 BOZ ¥k 27T 64~123 mg/L
I, E.Zetthoksl: BOZ WIEAE 123~240 mg/L I, E, 4k
PESE .

(2) RMNARZRFAS F{EAE BOZ [1iKk)% 123 mg/L
Ik, ok 537.5 J/(K-mol), I Ni—-P-C—O %% 2 it
BUR SRR, RV RE B, K.

(3) W Ni-P-C-O R RMEE Tk, BOZ
WL 2 Z R R 255, AR EAE R i 2 2
B [ AR ZR B0 ) 2% T R 5 RO 2 AU AR Ak
BOZ iK% {E 64~123 mg/L JulHlN, L% Ni-P-C-O
ARREIEE = S/E/H, BOZ ikJEAE 123~240 mg/L Y[
W, BOZ MRV 3 SRR, i s M (R
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Thermodynamics and Kinetics of Ni-P—C—O System for Electroless Plating

LIU Shao-you, WEN Zheng-kang, JIANG Tian-zhi, YANG Hong-yun

(Institute of Applied Chemistry, Kaili College, Kaili, Guizhou 556000, China)

Abstract: Changes of nickel ion and butynediols (BOZ) concentration in electroless plating Ni-P—C—O solution were determined by
UV-Vis spectrophotometry with high performance liquid chromatography. Thermodynamic functions, such as AGt?, AH and AS, and
kinetic parameters of the Ni-P—C-O alloy chemical plating process were obtained. The reaction mechanism between nickel ion and
butynediols in the electroless plating process was analyzed. The results show that the change of BOZ concentration is a quasi first-order
reaction, the change of the nickel ion concentration is related to the BOZ density, and this change belongs to a higher order reaction. The
reaction rate equation was determined as dC/dt=—8.585x107*+1.188x10*t—4.62x10~%t%+5.8x10~8*-2.3x107!t*. The activation energy of
this process decreases as temperature increases, and it decreases with the BOZ concentration as 64~123 mg/L, it increases with the BOZ
concentration as 123~240 mg/L. The ASy value is positively correlated to temperature, when the temperature is 80 ‘C, the reaction rate
and ASt value are the largest; while when the temperature is above 80 °C and BOZ concentration is over 160 mg/L, ASy value and the
reaction rate decrease gradually.

Key words: electroless plating Ni-P—C-0O; high performance liquid chromatography; UV-Vis spectrophotometry; thermodynamics;

kinetics



