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Reaction mode and criterion of nanocomposite WC-MgO powders
prepared by high-energy ball milling
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Abstract: The synthesis of nanocomposite WC-MgO powders was investigated by high-energy ball milling of the
mixture powders WOs;, graphite and Mg at the mole ratio of 1:1:3. The energy region of diffusion and self-propagation
reaction (SHS) was defined using a refined model based on Magini model and YANG Jun-you model. The effects of
milling parameters conditions (including milling speed, ball to powder mass ratio and milling time) on the reaction mode
were illuminated by the obtained milling energy map. The results show that the formation mechanism of WC-MgO is
SHS when the effective extensive factor is above 38.24 kJ/(g's), and it can be diffusion providing that effective extensive
factor is 22.12—38.24 kJ/(g's). As the energy map demonstration, the total energy for fabricating WC-MgO required for
SHS is 21.51 X 10°—61.82 X 10° J/g, while more than 112.83 X 10° J/g is necessary for diffusion mode.

Key words: WC-MgO; nanocomposite powders; high-energy ball milling; reaction mode

BB A S (MA) 7V BT ARG, T2 &
B, RROR I S RO A AR AR 1 — o R
#7798, EL-ESKANDARAY! ¥ 5 5% % % AR
WOs;. Mg Fl C Ky ARKIEATERES, R ERES 516 S 4tk
RIS, E=il T ARk WC-Mg0 B4
A, IEXTSRAF IR AR I 55 B IS A R 4515 Bl H A

HEEWHE: REHYCRRHYE L D4 7% )T H (050m05031)
ks BHA: 2008-05-26; 1&iTHHEA: 2008-10-10

FOBE WIEER I, dioRidil /s KAz ) A 34 23 1) WC-MgO
MR pes /A CRAT R L, R iEH %R
GFRITE . SRR T RAT PSR PR RE . TR AE K
B 3 AR A 1) 28 A, ) BUS 3 D0 T A
P TR DU B 2 A%, bl L TN N2 it
INEIR S SREpZE S

BITEE: KU, #9%; Wik 021-67792006; E-mail: sgzhu@dhu.edu.cn



412 PR R AR

2009 43 A

M, U b REBR S 7 VI S Mg
WA, BRI RS N B S SR
HE N SEIL A AR B O S N BR B R A
SRR, FoA KEFNEs &S, B A
ZREERORL, ARELEREE, BEAEBIEARTE . HEk
PP AL TS, FEUSREE— 241k, 4o
(B R A WS U N, 3K — AN VR,
IRV o 1T 8 2R s Wik B v, 3K s e ) R 24
AR JRp B T, A T RE AR N, N — BTG
FE ST KB AR, IX B PR Ioe P S0 213 X 33
R AT BB SO, A s A AR e 4D B T) P 56 s
TR 1 R R o 2 RIS . mrhe sk
P S SR MR A A T I e TR 2 R 35, W s
By R MR 2 BE . R HURE ) 3L T 2R R RS,
Hrh  F B R BRI . BRI, Bk AR
SO R S R FR h B BRI S R M R 1 L 2340
SURYANARAYANA"HA S, i by A 3k A5 1 g 45
R CAY S LB AT A A B N, A, SR fg
R L A &G AL T A S RV

FIAEEREE AR WC-MgO 4K 5 4503 A% 14 Jse SR
NG ERE PR B A K. R SL i 74
SO0 ERpE A B T IR S T2 BRI RE IR O%
FAMER IS fig 5 I B AU TA) () 0% R e A 712
—. BURGIO 25" 1 4l ] — 41 5 1 2% 5 FEAl 5 5 K
il ok P rp B ER A B R (A i . MAGINT 25104
WCHER bR AT RIS, R ORI e R 78 R 3
ANTEREER, JEN T Pd-Si. Fe-Zr Ml Ti-Al &40
EREERLFE S HT. MURTY ZE07TRI ROJAC 2518140 43 5]
YT REREIE, 1 W TisoNiso F1 NaNbOs #4144 1) 5 B 2K
B o AR, BREE 6 AR o R ER B ] 4 WC-MgO
YRE AR AP NP3 . (AR, %
W S EREE T 24 i WC-MgO 1) ) WiAsE 3 2 1]
2%, Ff454 Magini-Tasonna Az J Ak RO S
FHS N T R SN P B S AL () i e X I, A
TR0 e B A B T O 4 R A e e R
WC-MgO 4PKE A M AR IMEREE R, 4 T2 F i
il B A A B AR

1 XIe

AT R WO(ZE 99.9% “T#kite 1.3
um), 1820 99.9%. ~FIRIAE 1 pm) M Mg(4E A
99.5%- “PIIRiAE 50 pm) A JEATRL, I A
el A= QM-1SP4 BT R A EREENL, & R

FHEATERES o ERESWEREERRAM FUN B A A, BEERE
224 10 mm, RENMEERGUEN 6.67 g, FREFHLEREE L
B (I %ET A 1004 150 AT 200 t/min. £ERFMEETE T #S
HEAT TERELLE R 5:1. 1001 15:1 A1 20:1 (3R EERE .
H T HHER AR RN DL, BRI I v R) i I
ey, R X S EAT U (RIGAKU, D/Max—
2550PC, Japan). 14 ¥ 24l BE(JEOL, JSM—5600LYV,
Japan) FLE & HL ¥ WAL (JEM—2010, Japan)X) iy A it
FTRAER T o B AR B SRR ST AR B XRD 75 K

H Scherrer A XAl 5
kA
L = 1
LhkT) B cosO, &

A B NG AR TE R I R AT S W I
(FWHM, PASREETI5); 4 oA X SR K(0.154 20 nm);
k >k Scherrer %, H{ 0.89.

2 HER5SH

Kl 1(a) BT~ A ERBETEE 200 r/min, BREHE 15:1 4%
PR EREEA RN A SR AR XRD . AMEIWTEH,
BREE 4 h, HAERIEA WOs. Mg fl C [ORT5TIE,
AREEEKEE 0.5 h 5, A ARSI RNV AER WC I
MgO. XGRSt FEAIT S L e N, B WC-MgO
FERS I R IR IF) A A e A, Bt R B 1) ) K
FTSP BT EAL, DL EREE M A S RL A4 . 18] 2(b)
Fiom I ERBSEFE 100 r/min, BREHE 15:1 44 NEREEAR
[ IR]f5 1R XRD . 7EEREEWI, B HH WOs. Mg
I C TS0, BREE 40 h Ji5, LT > WC Al MgO
FHIRTE I 2 A, BRI T REK, B ARk AR IRIAT
ST H R R, G WC-MgO &
Ko XPpE USRS —F Y B N, B F i B
TF1) (4] J52 7 T 45 B, W C-MgO o 71 HL e TR 5% ok F55 R B )
LEACE R ERBEAS [ I R) S A3 30 XRD 1%, nf BAAS
FIRLT B L)) mgs R, AR TEA R BREE 5%
PEF &R WC-MgO il BT IR . 5346, 7Epkis
TRE A 100 r/min, EOBFLE O 1001 B4 FEREE 100 h,
ToiEE L WC-MgO BE KA, W 1(c)fir. XAl HE
ST TAEER B S BB AR MRS L, M A SRAG R e K
%, AL R B R AES B Y . HIE 1(d)rT I,
HHC WC-MgO 5455 A 5 (1) IR [R] —FEC AL Fiti 45 1R %
TR FE AR} L PR 384 0 v 4 A (R XRD 1), i B 7E—
SE TVERBESH S, ] DUAE K I (7] (0 o 25 dod ot v i ok
P U N A WC-MgO. HRYEATS W w58, T
Scherrer A VTS 2 SR 3 RSFZ100 25 nm.



9519 &4 30 R, S rReEkE

4 98K WC-MgO By AR K R MR A 413

*—C +— MgO
®) 1 '—WC0—W§)3

el

s Am s e a = WO 0y

80h
30h \
| l i a .+ * a* b 50h
N | \ hoapdon I ’ "'!'Oh
* * M L] * +* * ™ 4h x * pq. " - * * L] 30h
_U\J__)‘L;_I,\__Mﬂ____r,__,\_.(]h ,U\I_J'LL_IA_._NJ)\_,M_I_.“__.I__,_IOh
20 30 40 50 60 70 80 0 30 40 50 60 70 80
20/(°) 20/(%)
[rp— - — W
© — Mg @ o

l I IOOrImm 15:1,80h

;1 100 r/min, 20:1, 60 h
1 70l * ﬂ 150 r/min, IOI 45h
| 1 150 r/min, 15:1, 10.4h
A 50 | B\ 150 r/min, 20:1, 5.2 h
I \ 200 /min, 5:1, 33 h
A A
. | | 200 /min, 15:1,4.5h
+* o At
AL I SR - S 0h ] _200¢/min, 20:1,2.5h
20 30 40 50 60 70 80 20 40 60 80 100
20/(°) 20/(°)

B 1 EREEAFI A A KK XRD i

Fig. 1 XRD patterns of powders as function of milling time under 200 r/min, 15:1(a), 100 r/min, 15:1(b), 100 r/min, 10:1(c) and

different milling conditions(d)
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Fig.2 Relationship of milling parameters during synthesis of

WC-MgO powders by high-energy ball milling
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Fig.3 SEM micrographs of as-milled powders at milling
speed of 100 r/min and mass ratio of ball to power of 15:1 after
different time of milling: (a) 0 h; (b) 50 h; (c) 80 h
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Fig.4 BFI(a) and corresponding SADP(b) of as-milled
powders at milling speed of 100 r/min and mass ratio of ball to

power of 15:1 after milling 80 h
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Table 1 Parameters under different milling conditions
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