115 4
Vol. 11 No. 4

hESEEEFIR
The Chinese Journal of Nonferrous Metals Aug. 2001

2001 4= 8 H

[ STEHE] 1004- 0609(2001) 04— 0621- 05

Ni-P-UFD E &R R

w2 oy, RER?
(1 IR BHRERY 5 TRR, K95 410083; 2. REMA HURER, HH 350002)

[ ] RABBESNA(UFD) MAENE AR T, H&T NeP-UFD 4482, IR T 2482l fm
QLR G EEAE , FEI L AT LU S T NrP 482 5 NeP-UFD 5 A 452 100 S A0 6L RE B S AL MO A . 45 R 3%
W1, JEGA NeP-UFD &4 82 S B & 2 ik, 5 28 0 B8 Ak NigP I N, 5 A ek ol 2 g W0 A A
NisPy, W RGAR 55 4 2 A% e AR . 76 A IR R I BB R, NrP-UFD 52 4 45 2 5 1 1062 46 U B8 2596 T NP 4%
2, HIEMHEEES NrP 22, NrP-UFD R A EN RO EIER &S T NeP 42, UH UFD It A5 3E a5 2

(R sE PRGN, AL B AT
[ RHEEIR] HAmWE: Mk 44 Gk
[FEIDZES] 0794

[ XEkFRIRAG] A

W2 NP A& E FEH T 2R A
MR B 7, AR AEAE Dy i B A A0 R i, A | i
PEIEAT P Rk, FLosil s FORE R e B ek — 22
Bell 2l AEAESR, fE NrP A28 RSERt Bk Rt ok
) NeP A 5 G0, ARSI N & Ff s il B2 1) 1
PERL T, BOKMEE HiGe & T NP 8% 2 6l 52 N i
BEVE, A2 3] T ok o6 NeP 8
SHEEEASNZ 2R, B BRI, A
FLOERE M B — M . AR RASAEA — M AR
A, GG YWy SRR, Bk
A, AR AR PR B L e LRGSR
J)EEVERE A R W] B2 R, Ry ) 2 di Ak e A JE A
JE L EERE— D, SRR AR 2 O AR S
S0 Y AL B, DRI N A ) B R A5
AEE O — R T NeP B2
Are) T ST AT A A A A B 5 R AR
b, BERZE TR AR EIS HIA 30%, B
BT A AERT B 2 1 A AT B 7 A — T S,
XA A —AME AR I ), 1F 3 R 8 A
40 4 W47 ( Ultra fine Diamond, f&jF% UFD) /E A& &
i, BFCT dnAb R A U AR, AR A
I 7 HEFSY T NP & NeP-UFD 8% 2 1 &
A5 FE B R

© [EE&WHE] AR dH BH 700 g H ¥ B 50 H (K96008)
[TEEE N W (1972 ), L&, dHl, WLEHRAE.

1 3£

1.1 NiP-UFD 4 FESEERNERREELZ

ASLHG K B UFD ks (1 A6 50 BE Tk 22 3%
ft, RHEAB BRI HTIEGR, BEET p> 20
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UFD 1h22 52 59595 W M 4 Rl RO B 1T 2 44 T

MR 25g/L WL 20g/L
T TR 14 ¢/ L 28 F5 iy
FER  dEs UFD 8g/L
P (86 £1) 'C pH 1 4.4~ 4.6

UFD FURL AN B 75 22 5 A A0 BE, R I 0 45
AT A

1.2 SBUESEYESHR

FH0. 5 mm (1) 80 6 76 9 250, 8% 5 ik A 78
Feal HL B b 2 I 4E 200, 300, 400, 500 CiEAT H
AEE, LR 1 h . R RS RS RER, B2
SV IR )G B FEARZ 1 mm X 1 mm FI
e, HHAP= Rigaku D/ max-3C T X S 2 AT S S
TERFEI DA ALK, L 40 kV, H¥E 15 mA, Co
B, Fe 38U . 75— FEH P FLAR PH B d3 mm [
[, 75 GL6900 %Y & ek i A b og i, H H A ™

[ W5 B 8] 2000- 09- 27; [#&iT HHA] 2001- 02— 09



. 622 - P E AT 4 8

2001 4 8 H

JEM-2000EX Y375 5 v 1 2 45 00 85 JE 4 .

1.3 BUERERHBIEENE

RFER A TE /E A B, RE ML BE, M
PRV AR, FFR 1 mm x 1 mm FREERL, B
2510 mg, HZE[E PE-PYRIS B 7R % 31 5 3k
AT, 0 #GE & 4r 504 5, 10, 20, 40 K 80 C/
min, JI#GEEN 50~ 600 C,

2 XEHER5ITIE

2.1 @RUSREMALNET

K1 8/R"T NrP-UFD & &8 2 1 BB,
A C LR RI RS et R . W] WL, B2
& WA 3 AR A B A, RN AZE L Bm #)JL

Deposited

Um Z 8], $EUI<ENIAC YRR .

B 1 NrP-UFD #E B
Fig. 1 Micrograph of NrP-UFD coating
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Fig. 2 XRD patterns of NrP-UFD prepared

with various temperatures
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Fig. 3 TED patterns of NrP-UFD
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Fig. 4 DSC curves of two coatings

under 10 ‘C/ min
(a) =Nt P coating; (b) —NrP-UFD coating
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Table 1 Characteristic temperatures of two

coatings under different heating rates

Heating rate NiP NiP-UFD

[(Comin™ )y C gl C Pl C Egeud €
5 325. 1 329.6 320.6  329.8
10 333.6 338.0 329.2  336.8
20 341.4  345.7 338.3  346.0
40 351. 1 355.5 345.9  354.1
80 359. 5 364.5 353.4 3617

X R WA T PR A LR R JE T BEAS 2 IR R
K, UFD BIfAAE ] REFE R R E =21 P & &, HAE
MG SR MATEZE RS, o 90/N UFD i
BT BERCA fb A AR Y 50 TE A% B A% (0o DTS 21 (12 13E o
WTF4E « FEAR AR PR

HIE, 0 bl i o B 2 0 A 0 i 3 2 mT AL,
UFD (A7 7E B8R v DL RRAIG d A B2 af i B2, (R LT
ANBEAR A A AR B2, 7EAH R AR 2T, 3L
NrP-UFD %% 2 b it e e NeP 852K . it
Al%N, UFD B BR8] LUt s A T 4R, (B
XFan AL E AT BE S AR BHASVE L, AT AL 4548 )2 e AL I
I . JEM A S 2 — DNEEAK KT
MR, MARERUE, 8 AN YT R B TR
1, UFD 15 —Fr b1, 7EmtbEn, DR
JUST 9 2 R (R 7 AT RE R A A%, S B0 HE S ik
THoR, Al AR P L 8 PR IOk £ A%
KK, AT REPHAT T dt A0 X (0 AH B 42, DT 4
T A AR, A A TR A
2.2.2 @IS RE

ARG R A ) AR A AR T S R, LA
AR R T2 G BON RS R T, X — WS AE A A
R RE, REWARA SR E R — A& . T EAE
M e A AL BTSRRI VAR 2, W0 Ozawa V2 .
Arrhenius ¥ . Kissinger VR, Kissinger [ A et
WHERK R, & FH . R Kissinger 34
IR A A B R R A 5 R AR

In(T%/ ® = AE/RT,+ C
L AE A FE0E B (kJ/ mol), @ 4 il
M ( C/min), T, NEWEFIERE, R NAMAH
. C EALARRL %

In(T5/ ® —1/T, NAh—HLE, HpERN
AE/ R, LT A0S RE . OB AS [R] i T R
FHIRIAETE T e RV E T pea M In( T3/ D)
—/ T, B, &HLBGE S5 HELR RSN
PYE 2 K & A 95 B8 AE= 239.0kJ/ mol, NiP-



- 624 - A R AR R 2001 47 8
113
(@ ()
10.8
10.3
2 98
[
£ 93
3.8
8.3 : ; : : .
1.56 1.58 1.6 1.62 1.64 166 156 158 1.6 1.62 164 1.66 1.68
IO’T,;’ /K?
5 WMBEEN (T O~ 1/T, K

Fig. 5 Relationship between In( T%,,/ D and 1/ T, of two coatings
(a) —NrP coating; (b) —NrP-UFD coating
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Crystallization of Ni-P-ultrafine diamond( UFD) composite coating

XIE Hua" 2, CHEN Wemrzhe', QIAN Kuang-wu' *
(1. Department of Metarials Science and Engineering, Central South U niversity,
Changsha 410083, P.R. China;
2. Department of Mechanics, Fuzhou University, Fuzhou 350002, P.R. China)

[ Abstract] Electroless NP composite coating was deposited using Ultrafine Diamond( UFD). T he effects of UFD on crystallization
temperature and the activation energy of crystallization of the coating were investigated. The results show that the amorphous Nt P-
UFD composite coating crystallizes during heat treatment, the stable phase resulted from crystallization are NizP and Ni, and a
metastable phase, NisP,, may appear during crystallization, while it transforms to stable phase by heat treatment. Under the same
heating rate, the crystallization temperature of NrP-UFD composite coating is low er than that of NrP coating, while the peak tem-
perature of the two electroless coating are welFmatched. The crystallization activation energy of NrP-UFD is higher than that of Nr
P coating, which means the composite coating is stabler than NrP coating and the NrP-UFD coating is more difficult to crystallize

than Nt P.

[Key words] composite coating; crystallization; microstructure; activation energy
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