3% #B2W w5 M i Vol.23. No.2
2003 4 3 A EXPLOSION AND SHOCK WAVES Mar.. 2003

W EGE . 1001-1455(2003)02-0116-06

L PR N %% WC-Co TH 5 & & 2 M Se I i 7T

XoRE, b B, Bt M8, VM
Gedbl i kE T TR A&, db 102206)

TE, R TRIBIESR AT, R BATHE R LRI EREE, R RS RR S VAT T &
iR WC-Co i & & IR B SL58, 5 8] T WHCK B4 SR 2, BN R &L H,=2190, A JE LG kL
WEREM 1.4 5 FERE S B AG SR KI T AR T 12 A5k H U 2 xR 2 1 R & A
GRS i B AT T R AN 2347

RBE . JBNE S5 AR B IR NEWHR ; WC-Cos PROE M BE; W2

HE S, 0389 Ebr RS . 130°3599 kARG, A

1 5 5

WC-Co il J5i & HA 8 E =y PUR A M SR AL, 2 — P PEREIL R I B iR /= . WC-Co Bl
B Z A SRR 2, B A AR R I 7 vk nT DA L A e B R . R B MR R IR
CO, OGN WC-Co IRZHATEIAABE, {F WC SR T RAT 40465 0.5 ~1 #m. HT 4046 T &KL,
HIEJG WC-Co &4 1) BB AIRIEF B 1.34 ~1.37 f5. BEOCEE SRS 2R EAEH
SRR T KA IR, I E RS RS Van der Walls J13&E#:, E1ESNIER T 5 &
AR, T UM BB VR 2 BRIV, A5 UR 2 B AT B 45 T B

UEAE SR, AT IEFE SR 2R 4648 M0 45 T BB 3 2 B T8 48, M. Umakoshi 2512 318 T FI i 4 48
Vi) £ B AL SR B AR T O ST R . H. Tamura 250 1 VRIRGE 1 F) L2 5 M HEAT — 48 5 1) 155 3% (40 00
WA HT 45 5L, R R TRA LSS T TaC 2 HBMEISRE . SLI0 R, AR AE L) 250 Bs, 7EA
A N BE R, 3% — 4R FE I T4k, T Al 5 R R O v o 30 1T R IO TR BEAE 3.5 ~ 5.4 km /s, WA ()
1 & B ZEVR AR T R S D BEE ATk 3 ~4.5 km/s. VEFHZEO 5 1995 423k, 50 EH T
PR TG A K52 1% R R AL U A RN R EAE, THRE T &8 e 3 M 8 Im R R 95, BL
BT ek,

2 seiadhid

LR e B b S = HAT WM, E R AR BRI AR AR =R R KSR
AT FE R AR = 2, TAE R AR U 0 N AT R S . SRR L A SRS 70 A ISR 2]

Pt R A R R — € RT BR L BT R E = A, BRAELL S RLC FUBRAHA G, A 48 IR
I, AT [ o 7 A R A 20T 215 e o K IR, < 2246 5508 TORD N A B AL B AR . e
T SRS RIS, A4 22 (R PR R VA S5 R AR JUANB B4 70 QOB i B B ORI B B
GOSN B @OVALIZIKEN B (5) Ly 2 By Be R I AR IR L /2 6 v

BB AL AERNE R, 75 B A e AR i B R T A I S A R T R TG . AR SCRR( 2] 1
I3 M FEXT 2 22 (0 PRI AR T, B 22 P RR (88 23 M4 RE 1 S 0N #8210 R BRI, A FL R

* IR H . 2002-02-16; &8 H#. 2002-06-21
HEETH. EZRHENAFEKEHTUE (SP11-2001-02-01)
EF A, XS24 (1963 — ), 5B, i1, #i%,



52 KSR, ARIEIRT] & WC-Co B3 & & 2 1 SL IR B 7 117

A6 ST RN B AR SR GRS, W 28I, PR AR i s, IR AR T R s s, &R AR A&
EHBGR TR E. SCIA R, AR AN &8 22 A B P S P R R R, M T @ 42 R i
B30 VMR . R RN G RN BT R I BN RE R TR A R X 1 R O
1, KB AT AA) M 5 T s et e AR RORE 7 H 1 IS AR S AL — 4R R € )3 3l R M5 s D9 I 7N T A
TEARES).

Head block

Substrate

Spraying

Explosion wire chamber

Bed plate : s i :
0 100 200 300 400 500
t/us
1 2 1 HF W = 1] A B2 2.4 kV HI46 BTSSR FELIR T
Fig.1 Diagram of electric explosion chamber Fig.2 The current curve at the initial voltage of 4.5 kV

B2 A SRR Y 4.5 KV IR, S A 3 918 r s . | 2 WIS — i N FIR I
N 70.5 kA, 55 I FLIEAE D 45 KA, TE 430 ts P A S8 SO R NE T BRI AR . SRR 2
S, AT Y E LR AN 0.5 mm® I, AR IRE AT IA 141 KA/ mm?.

3 WEIRSEIR S R AN

3.1 SIS IR S WAL AT

LI T WC-Co B & & AF NBEL, IR MBS FIAE 0.4 ~ 1 mm? WARAL. WA R
F S s L I T AR S 5, B VRHIA T AR FTZE 500 ~ 800 mm? I ASAK. Wik Al 7 4 B0 b4 6 TH 1 840 2 22
B, FEAREEA L 45 S8R 1Cr18Ni9Ti AEEN, FHJLFAIR SN 100 mm X 40 mm X 15 mm. 435l 7E K
B RKAAEE T AT TR . ST I, MBI EL R T — e i), rA G AT R R R IR E T E
MEERE. fERIE, R T AR E SN — B, AR RIRE . R MRe =g ng)
F—YE R R GRI A — M E, WA R AR BRI ET R R e A BISHIRE. YfeEg
SN BN FE— VO FEIR, PR R Z A X R DUE 2 10 ~30 #m 2SR E IR IR E .

S F A — RSF BARAE, 78 LSR5 REiRnT, FER AN EA AR EEBNGRE. K1 AE
R R A TR R E LR AT T RE R L, R oy HIAMEIS AR EFT R R, e NIRE
100 %% H IR SR 2 A Rl B 2 BT T e

G R LAE % PR BRI AR S F AR 55
Z, H TSGR R 1), Ty = VA Table 1 The experimental results of in vacuum and in air
Y e T o o SIS 1 B A AT 5y er/ (I/g) ex/ (KI/g)
IR . ARYE SCHR[ 3] » WORENE S % — A —12~13.5 —24.5725.6
Wk BB IAL . IR Rankine-Hugoniot 35 JEE(SXI0MPD)  >19-23.5 AR KBS =

F 30, TS B A I o ol J5 T R AN A S
R R AR 3 25N

Us = ci J(V+1)p2/27p1 ()

Ug = ci1 Jpz/“/(“/+1)p1 D)
K we co p Y RN PRSP R R A EE A w, RORIEASAEEE; Ths 112 5351



118 1% 1 5 H o W23 %

R R R S5 PRI

m (O @), ATE 4
ug = 2uy/ (Y+ 1) (3

A2 (3D, B o R T w s JURT Al S5 HY IR B

FERARE T I IS 4 AR w X TRARE TR

SeHS, WTHC v=1.403, ] u,=0.832u,.
H T bt B A P AT R A SR T 7 A W T

ik s 3, — B 73 B8 B e A O VR T A R4 3R T2 R,

73 4B JE AL, M AR A e R TR R A A1 e 5

i, R A1 AR T B PO,
HAEWET R I BN S (R B S 2y 0 i Yo

RSEYG R, 4E 3 ~5 mPa TH AT, SARBOERT S 200

7 R BB AR . 2 A 5 i, B N e S 22 S e :

I Re B b, (548 22 X LUR AR R IE. A, S 3 WC-Co & 4 JE 5 40 401

6 v ik B 4 Je B S AR SR T A R JoR e R S E A Fig.3 Microstructure of the untreated WC-Co alloy

LR, XU ISR 7 e, A2 S AR SR T Y 1 R #, #

srREN AR, B TERRTET, &RL 5,

AMELLR AR NE, MORREREAT<<1 mPa LLF [ H 25 0%

PRS0, TS I 0SB A LB A £ T — 25 M

FRit

3.2 WRERMAL T

202,
WC-Co &4 Co &8 weo=8%, FLEHL
HANZ AL WC Bk Al C W [l 45 T Co HIRL”

iR By WC BIRL RS 0 HUREBOR, K 1 ~5 #m, I 4 FUEBHRIY WC-Co I R4S
K 3. KB4 FfE 555 8EBESKSIAE FBE Fig.4 Microstructure of the WC-Co coating

Bt WC-Co WEMI B LR 3.1 4 A by vacuum spraying
5 T LR, WHRJE WC-Co 42 19 S AL 4090 .40 g -
fl. Frp R AR B R ARG 4L SV A, o
5 KB, HBETT I3 H B & RLRUST L 80 ~ 300mm ., g
6 R 32 SRR R AT R 2 S kg B | A

AL I ALY P 6 () TR L, TE 32 5 5 1k S %«

AT — JE 203 1t (018 bt 2 i JE R < b X 1
‘. AT

FE P 6 (b TR, E3R 2 A 2 AL I — 1 (R ’ x
SERLIER . E TR R bt R T Tk [ R g
WA AR, 6 KRR T Oty B A

e, BRJE SR S A . IR 1R P e N I CL S
Fri 2 S LR LM B 1 — 8, " RTE AR 4
R S AL

B 7 92 I X SR T 40T 4 R 0T
O, R B T ORI B A, ST T R R

5 KAREE R BHR K WC-Co #R/E S
Fig.5 Microstructure of WC-Co coating
by air-spraying



52 R SRABEE, LRIBIEH] % WC-Co BE T & 4 1R 2 (1 SEEG AT 5T 119

WoC HH. XU BHAEmERE AR, KA T W RN
2WC = 205+ Q + WoC +CO

X Q NAE.
WoC AHH BB

(a) AZWHR (b)) RAmR
(a) Spraying in vacuum (b) Spraying in air
6 WC-Co ¥R 5 HARL & 4L BAMH N

Fig.6 Microstructure of WC-Co coating and the conjoint area of base metal

1000F A
Y WC-Co coating
800} /‘I/
2 600} A i >
E X
8 400} i
A
200} : ' U J : Base metal

200 29.5 39.0 48.5 58.0 67.5 77.0 865 96.5 105.5115.0 |
20/(°)

T ERIE I X ST 2 A 45 2R 8 . fulr ol FRE A M o7 B s
Fig.7 X-ray diffraction spectra of Fig.8 The position for measuring
the WC-Co coating micro-hardness of the sample

3.3 REBWEEES G EmE T
R FE) S G820 ke 0 Sl AR . U S R R A T e n 1 8 TR, oy ARARELN IEFROR
WREXIRARE L, v N R FEAR X REE . RIS RILER 2,58 3, R H, NYE IR A

2 WC-Co 1 JZ 1) B A 2 * 3 WC-Co I JZ 1) B U AE 2
R NAFEMN, HAEBHR) RS9 745 B, KAUBEE 2 0
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An experimental study on preparation of WC-Co coatings
with the explodings wires technique

LIU Zong-des, YANG Kun, DUAN Peng, PU Ze-lin
(Department of Power Engineering, North China Electric Power University,
Beijing 102206, China)

Abstract: After the principle of exploding wires was studied, the experiments to prepare coatings of ultra-
fine crystaline WC-Co horniness alloys have been carried out with an authors made exploding wires device in
vacuum or ambient environment. The maximum micro hardness of the WC-Co coatings is up to H,=2190,
i.e. 1.4 times of the samples without coatings. A transition layer between the coating and the substrate sur-
face has been found, which has a microstructure different from both of the coating and the substrate. The
micro hardness, microstructure, its composition and bound strength of the coatings are analyzed in detail.

Key words: mechanics of explosion; coatings of ultra-fine crystal; exploding wire spraying; rapid melting and

solidification; WC-Co alloy; transition layer



