/o T A

COPPER ENGINEERING

BT R WO, il & WO, BRI

wmEL, kKFE, T B, AZE
(L. BMNERIEERABARAE, LA FM225502; 2. RXBHAF WKL SR FREAFALEHBE L ELH
=, 4 R IN430081; 3. LA R AL EEHE PN, LA BT 210042)

Total 199
No.3 2026

B 1994
2026474 3 1)

FEZE : WO, JEBHIL 5 WO, 5 WC R TR 4, REGEHFTE WO, — WO, BFIAIFAT X msk il 4 WC T2, LU A M BUW AU, S5 64
H(TG), XPIEATH (XRD), & ST WABL(FESEM) MR A H5 4505, XIReId I WO, il % WO, IR AT BT TS, a5 5E
TIRJFRE | C/WO, FE IR HURNSE I IR )Xo 1l 5 2 R AR it WA 8 IO S0 A . 2R R, 7RI 28 1200 "CRYZZIRSEER T, WO, ILEit
S WO,,,, ZJFIEEIRWO,, B Ll s W YRS SO 2 BT R RAIAT . 75 1000~1050 CIEFIN, K& C/WO, BE/R LLRISE I,
SENL I WO,, B B R, WO, S BT, IF BAE CIWO, BE/R LN 11N AT EAR WO, 7ERAS PR Fd R b, ORI WO, IS8
WSR-S RS o WA SUBEIN BT FR3E T, W B AR HEA T B A 0T R AL B AE DR WO, o0 2T, AEIR WO, FEE— 2D
EERAIIE WO, FFHRIAS L 1A Sk I WO, By A PR IR 1050 °C, C/WO, FEZREE 1.1, KRR E] ) 90 min,

KGR : WO,; WO; BRAGLI; PIHEEAS s JESHA 5 SEmbb e

doi: 10.3969/j.issn.1009-3842.2026.03.011

HESES: TF841.1 SCHEERIRAD: A XEHS: 1009-3842(2026)03-0095-09

WO, I B S REE, &7z 1T
Mo, R BB TR Ak, WO,
Bl PG T WO, il £ 20 W AT W C Ry 1) v ] 7= 47
HIPA M O e 27 S I 2R | R AR FDE AR 4 A
TR Fk, RRA . SRCR. MR WO,
(Rl £ 52 B2 e

H AT i WO, il s kA2, Ho, H i85
WO, 2" R PG WO, 5 i UL, 76 H, bR
WO, FEf, SRR KRR, NIAERE
R, WO, B B ARG A L3 & A R L 30
GO BT HL R R, B HGE IR WO, B 1R 4
WO, 7T EA IR 1) B A 2
A IKFEA, T LAk S fbsp SORE L 3 30 WO,
WURCKHLAL 3 2) BREGIHEARRHICREI: FLAS kI, A
A S AR 35 3) 120 AR £ BRI, 1l 45 I
WAL, 5 TS T AR A 7= BRPGA J
WO,, A A SCHRAGE ™, SR, WO,,— Bt
H, B JE WO, Hil15 . &R WO, 7B R JER, K 2K %
AR, AR R, B SR WO, 15 0 FH 5
Iz, R TR ESE R

BRI PGA SR WO, A WO, il & 5 T LA 15 £

s HAE: 2025-09-28; fEITHHEA: 2025-12-19

PR, AEATS A 7 B X LR o458 1l S R, 73 F
BRUEFNE, HeanimvE R . ok BALA SR X wo,
R Tl 25 A R RN B M o (R AT SR, Ry Atk
A I WO, 35 FE W T Tl i 45 WO,, AL
Sy BTl R A IR X R FAGA SR WO, — WO, Y S
T RBITIETE, BT TR R EE . /WO, EER
L RIS B ) S5 S 00T 57 7= ) 0 A R SR 5480 1)
S, PR IAS T WO, ARSI,

1.1 XWER

S BT FHAS IR A A K EER LA T AT B F
(R oA 4l = S, X SR AT ST (XRD) 3 s H:
YA F R WO, & 348+ B (FESEM)
SRR TN N I T i 527 N YA o0 I N 3 I
Kl 1(a, b) i, Bt IR R [ E 254 A A2k
KA RS T AR 72 (1 43 W 4l i Ve o, L2 T 20 43 M
P AT . SR RYI<02%, Hiik¥<0.1%,
Zn<0.05%, Fe<0.02%, B4 JH<0.005%, £k 2% i
Y1<0.8%, KIbeskiti<2%, FAfb#1<0.025%. XRD &
Tk NI P R I R S 54, FESEM &4 &

EERN: HHEE0988—), W, THRZMA, TR, FF7577 0 MR 5P, E-mail: lqqandych@126.com; MAF1EH : T8,

Fl# 4% , E-mail: wanglu@wust.edu.cn

95



Total 199

ook TR

JEE 199 11

(a) 300

33 N
(=3 [0
(=] (=]

J—
N
(=]

Intensity (a.u.)

100

50

(c) 350
300
250
200

150

Intensity (a.u.)

100

50

10 20 30 40 50 60
200(°)

70

K1 WO,(a)XRD EIHEHI(h)FESEM %5 15 1E5¢(c)XRD K5I (d)FESEM £
Fig. 1 (a)XRD pattern and (b) FESEM image of WO,; (¢ ) XRD pattern and (d) FESEM image of activated carbon

R B EIR, R, W (e, d) FiR.
1.2 LBHPR

R T E BRIGE SR WO, i £ WO, 1 5N TR
TR T A IR I S, SR E S MOk [ 16 ],
T, BRI B TR M 5 WO, 1 B R
b 30l BT I ESIRAR 750 WFE 30 min, B JS FR
B 100 mg 36 P 5 5 WO, TR & 90 B T AL R 3 IR
(07 mm x 7 mm) 1, K54 TR E T 22 055
AR 3 2 I, & B 35 L300 mL/min il Ar
HER 255 ARG, B4 LA 10 °C/min F R THE 2
1200 “CH-PIR 120 min, FFHHZEIR B 5 5 SO 45

W, OCH ArFISEER e £S, JEXT B 12 i AT b .

HRYEAR I B S 27 I 4, B0 8 e Bl G4 )i WO,
il £ WO, B9 SOV IR B, 22 ) WAl 2 e s R A =
HATHEIRICES . B, RS oI HERS WO, 3424
BAEYIFE TEMEHIR(50 mm x 19 mm x 19 mm)
o SRJE RS A OB I IR B T A e A e,
WA B 5 A A DS e s A Ol AR B
&, BN S E TR B R 1A
W, IR A TR R X, PRIR— B R 2 )G,
B OB = A SRR H I R E R . Z 5 R R
LIRIEAT N4l

External quartz tube ,7
\

Tube furnace

]

1
Ar
—_— E

[=——] Alumina crucible and sample

L

Inner quartz tube

[

K2 RSk RS A

Fig. 2 Schematic diagram of the isothermal experimental apparatus

96



WS IRPGLIE WO, il WO, RS

2026 4F45 33

1.3 #MRIE

K X GHEATEH T [ XRD, XPert PRO MPD
PANalytical, faf =5 #2/EHE: 30 kV; #4F dL
30 mA; FIHREE . 10 (°)/min | 23HrRESS A, R
Yk S T 4% (FESEM, Thermo Fisher FEI
ONE, S BAERIE: 15 kV) MERER OB .

2 BER5W®
21 REREENH

AR T S SR o, B IR T T
P, PERRTRSLEIR . Horf, B R A
SRAW, (1) AT,

m: _mO

W.=— x100% (1)

m,

K, gy FUm, 53550 AR S (849 1 S5 R 2 o — B s
[B] ¢ J5 PRI 0, mgo

] 3 M RIA JE WO, BRI TG 4k . i 1& 3 7]
M. FEE 2 584 CZ A B i o B A8 ks It
J& , FET TR, RATEER S WO, R 4G
SN FE )R 584 °Co MRLEE TR %2 825 “CHY, #
il T S T RS IR B — T, MR Rk R
B R R R 3.47%, 5 WO, LR ZE WO, S
{E.3.33% FHAF , T #EM=C(2) ik — B BOR A &
BN, A AR ST, AR BT AE 851 CZ
J& MFFURI D HEAE 942 “CIkBEE — A6, BLRTRE
AR R R 11.51%, 5 WO, R R E WO,
IS 11.47% A0 &, x(3) s, 4565 —
ASEE R LUEN, R B 2R WO,,, E WO, 1
FRE, aR(4) Fios . dREETH IR, RS R A
1016 ‘CZ J5 4k Sk /D IF7E 1163 “CiERNHE =1 F- 5,
ISP i R B IS B 450 2R 380 30.95%, 5 WO, 584
WA 4 T WA BIIE(E 31.34% FHAF , W (5) Fs .
SEAEE AT LN, BB R ERAE WO, B
W IR N, an=Xi(6) fis .

C+25/7W0,=25/7TW0,,,+CO K (2)
C+WO0,=W0,+CO HKi(3)
C+25/18W0,,,=25/18W0,+CO K (4)
3C+W0,=W+3C0O K (5)
C+1/2W0,=1/2W+CO K(6)

sk s84ec

T S L He3°C
400 500 600 700 800 900 1000 1100 1200
Temperature/°C

3 7E 10 C/min FHEEE R FARHGA R WO, NE iR =
1200 ‘CHYAZIR TG M1 2R

Fig. 3 Non-isothermal TG curve of the carbothermal reduction

of WO, from room temperature to 1200 ‘C under the

heating rate of 10 ‘C/min

& 38 C/WO, BE IR HE A 3 B 8 B BRGA JFR WO, A8
Wzl J2Eith g, mfser 2 (3) ar ., il wo,
(1) C/WO, BE IR LS AE R o0 1o BRI, i e 348 J5E 51
Y B AE C/WO, BEJR F o 1 247 B TT, B M 0.8
0.9. 1. LIF1.2, B TIHER /N T 28 5 A
SIS T FE, TH IR S T 5 WO, 1Y 52 BRI B A AR
T 2T TR N, Wt e A DR B 1 R 1000
1025 F11050 “Co Ay it — 2 b A fifk PR it ao A v iy
)y, FETE IR SR R I XA [R] B s ] Y
FEYIEAT T I, NTARAS T AN S5 R TR}
i AR AL ZE R, iE 4R, M- 4(a, b)
AXER Y, ZEAR IR 120 min T, Bl & 4 J5 U5 BE I
C/WO, BEJR L ) 2R s, JRORH B i i 2k % 22 I
TH#a%, F4h, mE4(e) RIH, 78RN AT UG B B,
B 5 S P B ] (R B4 A, T} B e i O R 5 T
HBAIEA K BRI, 2450 a5 20 min Ji5, T
R RN 58 3 HLAE 40 min DL SR A #EACF
EEG
2.2 XRD #1180

P15 kg AN [) 30 T ek B2 T 1 7 4 21 R (/W O, JEE
JREER 1.1, ROEITE] R 120 min) . &S AT, 76
1000 11025 ‘CH}, i J5i 7= 91 15 8 WO,,, M WO, 1)
RAW. XPARER TR 3RIRESE AT 6
(RIELEE (942 °C), AH F T 520 J Sl 19 R Jt i 76 A
HA 8 B P HOCH %, s IO XE LA T S s ) P 7 40k

97



Total 199 oo TR K5 199 1

(@) 12.0 = (b) 14

11.5 | ./ ]3 -

11.0F 12F
S S
& Sy

10.5F 1r

10.0 + 10F

945 1 1 1 9 1 1 1 1 1

1000 1025 1050 0.8 0.9 1.0 1.1 1.2
Temperature/°C C/WO, molar ratio
(c) 14
12F n "

8

t

W 1%

o} //
/

0 20 40

60 80 100 120

Time/min

K4 RFZEPERERHTT R A A A5 : (a) B IR 5 (b) C/WO, BE/R L () SN [i]

Fig. 4 Influences of different parameters on the mass loss of raw material during the carbothermal reduction of WO;:

(a) Reduction temperature ; (b) C/WO, molar ratio; (¢) Reaction time

2-WO,
37W02.72
5
)
é\. O,
z |1050 °C L
Q 2
E
0 , 5
'g 1025 °C '133 3 Zﬁl ]Z 2
E b
1000 °C 33 s b T

1
10 20 30 40 50 60 70
20/(°)

FE5 R EEE T = ai s (C/WO, BE/REE . 1.1, [
B [E] . 120 min)

Fig. 5 XRD patterns of reaction products obtained under

different reduction temperatures (C/WO; molar ratio:

1.1; reaction time: 120 min)

1o MIRETHRE 21050 °C, BIRTE RN BIBRGR
IHAE, (HAE R IR T HA HOHE A AR BRI T 5
W, RN RERS S AT, R Y AR WO,
Pl 5 7 7 XRD #4073 A1 45 5 5 18] 4(a) B 5 5T 45
RBPARIAY G B, BRIGE R WO, il % WO,
98

(R E IR S 1050 °Co

16 4 AN R C/W O, JBE IR EL T 11 7 ) 4 A G T
TR 1050 °C, RWIE 120 min) ., 4 C/WO, &
IR T 0.8~1 ZIAIEF, SN~ WO,,, FI WO,
R A, R iR A 2. 2 C/WO, R
LE3E 2 1LLEE, P29 AR WO,. SR, AkE 3 n
C/WO,BEIR L 2 1.20F, J=¥Sh WO, Fl W TR G,
T UL IR R i i, #B402E i) WO, gt —
HARJE, X WSEE 4(b) TPz S T BB Ak
BRMIEH . L, AR WO, il % WO, 1) et
C/WO, BRI 1.1,

P17 S AN [R) S5 g B[] 18 77 49 41 1 ( C/W O, JEE
IREER 1L, W JEIEEE 1050 °C). HE 7R, 24
SR B[] 4 2 min B, P2 ATEER S WO,, 2% BT I
ST RGBT B, IR JE N 1 AR T . SRR
4(c) T IR BT LA S R A] BRI JRURL Y 2 44
RMTERITE A B[] 2 5 min B, 774
HHWO, WO, KIEEY), RIIWO, C#ER b



WS IRPGLIE WO, il WO, RS

2026 4F45 33

v . - —
CWO-1.2 | 2WO; 3-WO,; 4-W
= L. K4 B _an 22
Z|owo,sLl [ R
S 1% M 2 22
a
2|cwo1.0 ) i
'§ ]{%j s 3 R 2
Zlcwo=09
24 JE
C/WO,~0.8 i
. L31 EREET O }ooFhn 2
10 20 30 40 50 60 70

20/(°)
K6 Al C/WO, IR T B AR GAJRE - 1050 °C;
SN EFTE] : 120 min)
Fig. 6 XRD patterns of reaction products obtained under

different C/WO, molar ratios (reduction temperature :

1050 °C; reaction time: 120 min)

2 BT R 8 min i}, WO, 58435, P4 E1A R
WO,, &8 WO,, AN WO,,, BgEsy
WD ARSI SR ], WO, ,, AT SHIGER s 55
WO, 1477 5 U 2 T 1 5, R T WO,,, 1B W I #E,
WO, Z W R 40 min B 774 F1K R WO,, SR
FETERNL D 8 WO, 5,5 ARSEIE IS0 B[R] 22 90 min
PUG, FEHIN A WO,. 45474815 TC #h 26 AT XRD
IYMrES AT, BRAGE R WO, 2 WO, B S N
WO, —WO0,,—>WO0,, Hi#AFE WO, il % WO, 1

1-WO,; 2-WO,; 3-WO,,

~ | 120 min * P 2
3
&
2 190 min XL X 2
lomn |
g . i
_E 40 min V) 2 2
2 : 5
< |20 min 133L 23 2 2
- - 3 A
o |8min B a3 3

5 min 1) 33 3 3

2min Yo U |

10 20 30 40 50 60 70
26/(°)

K7 AR S RE )R 2 (C/W O, BEZR L : 1.15
AR 1050 °C)
Fig. 7 XRD patterns of reaction products obtained under
different reaction time (C/WO, molar ratio: 1.1;

reduction temperature: 1050 °C )

FAER R4 90 min,
2.3 FESEM 5@ 2

8 Sy A [F) i 5L ik FE R 7 W 1O I B
(C/WO,FEIR N 1.1, RBEEFEISY 120 min) . ik
JEELEE SR 1000 F11025 “CHE, 77247 52 B0AEFE AR 5]
PRI, I ELA BT S0 5 B 2 18 1% 184 n i
WK, i 8(e) fiian, £ 1050 “C R L =44 h
WRIBTE SR, 454 18 5 i XRD &5 5 a1, T8 R
[BRR FURE 53318 WO, 5, FI WO,

P8 ANIAJE S BE R B = M OIE A (C/W O, BEZR HE - 1.1, SEBERHE] : 120 min)

Fig. 8 FESEM images of reaction products obtained under different reduction temperatures (C/WO,molar ratio: 1.1; reaction time:

120 min): (a) 1000 “C; (h) 1025 °C; (¢) 1050 °C

B9 AN ] C/WO, BE JR LR 19 7= 1 SOWE 5
(& JFU 3 B 1050 °C, 2 o B [E] 8 120 min) . 24
C/WO,FE/RHE R 0.8, 0.9 11, KN =4y 2 B Wi Fh
AFIIES : HIERREIEAR , WE 9(a~e) BN, 24
C/WO, BEIR A 1L LI, HEIR e, RN =) 2 B

—IMEETESE, W 9(d, e) Fias. AkEeshn c/wo,
JEIRIG R 120, PHIBR THRBDESR Z 51, i —Lk
RSTHI/NFZEERTE R, il 9(f) frR. 454Kl 6
JIi7s XRD 25 SR MRS ] 1, BRI WO, ,
T IRIR R WO, , ZEERIE KR N 428 W

99



Total 199

ook TR

JEE 199 11

19 AR /WO BEIR T 9= ) HOWIE 5 (G S = 1050 °Cs JBZARTES : 120 min)
Fig. 9 FESEM images of reaction products obtained under different C/WO, molar ratios (reduction temperature: 1050 ‘C; reaction time:
120 min): (a)0.85 (b)0.9; (¢) 15 (d, e) 1.1; () 1.2

B 10 2y AS (5] s 07 B[] R 19 7= 0 1k O 35
(C/WO,BE/R LR 1.1, IR E N 1050 C). K4
J VLB E) 2R 2 min B, B A T B AL A B B
W SN G AR T, 7 ) S B P e ) B IR
JFEAEBKEWO,HTE FHANMITZ f, W
EI10(a) Frne I N EY S min B, 724 £ 2

R WO, R AR . M) 2 8 min i, 77
YIYIAH EE N WO, F H R S R 2 2B,
B 10(c) fr R 4k 82 4 4 S g ], A 0 J90kE 4
W, W B R RO R W . 24 S
1] 4 90 min iR, il £ 1 WO, 52 B (5 mk 3 2%
BRIE .

B0 ASIF BRI )R OB (C/W O, BEZR F: 1015 3SR BE - 1050 °C)
Fig. 10 FESEM images of reaction products obtained under different reaction time (C/WO; molar ratio: 1.1; reduction temperature :

1050 °C ): (a)2 min; (b) 5 min; (¢)8 min; (d)20 min; (e)40 min; (f) 90 min

24 HESH

HE— 2 A BT GRS WO, 1 R R HLEE, =X (2,
4, 6) BbRE T A S A BE BE R AR L SE AR

100

(7~9), il 1 5% e nT 45 AN [ S L 141 73 1 5
BRI 6 R RSB (10~12), H, K'=P, "
R AR S WO, BERR AN [R]85 S AL AR E A7 AE X TR]



WS IRPGLIE WO, il WO, RS

2026 4F45 33

AT LAE A ] 11 AT

AG! =112411-177.618T A7)
AG! =154554-165.453T (8)
AG! =183980—181.425T (9)
InK] =InP,,, _ 13920 51 364 #(10)
anf =1nP(:o(4) =_@+19'9 A1)
InK?! =InP,, =—22128+21.822 2 (12)
14
WO
| 3 +CO 2)
o commioss e
10 £
E *Iwo,,, 50, - O
T 6t ¢ +2518WO0in
—aw 0 ©
4 Fwo Cxr\2WO:T
2w

0 1 1 1
900 950 1000 1050 1100 1150 1200
Temperature/°C

P11 BRFEAGE S WO, HERE PR [R] SR InK” 5 756 R 4R
Fig. 11 Relationships between InK’ and T during the

carbothermal reduction of WO,

ERES WA o1 IR £ Uy e e S E2 a5 U
PN, N ERT 518 WO, WO,,,. WO, F
WIS EAEAEIX ], il 5 2, AL WO, i 2
i, WO, 2 el JF L WO, ,,, ZJ5 WO,,, s
JRLWO,, feJg WO, 84 4w W, Rtk
W N WO,—W0,,—>W0,>W, A CHE
A3AT . XRDAG I 25 3R 5 18 11 BT 25 R DL E
HRIE B TREE L AT o (AR, ARIIA R
WO, iR, COMARTT T ke, T il ) B /2
N AR Z COM R K'=P,, T, BE e it — 2438
P 2552 R, RS SF va D 3 B A R T S ) Ak
AT, I, B ER IR R R AR W, T iR
T B AR R CO A R 4707 4. W,
B WO, 5 BEFIAR R CO 43 e g 24 1l
FEAENE . R M 245 R T 8 IR S
1000 21050 “C, ARy ik ml AR il 5 1 WO, 1

ANEFHRFEN AR W, XFF CO4pE, i 2l 5
B C/WO, BEIR L & B, 24 C/WO, EE IR [ ok 0.8 il
0.90F, HAPiikE A L LK WO, 58 4518 5 WO, ,
PR I J 7 7 9 oA K A R R B WO, TG [T 1
WO0,. M C/WO,EE/R Hoh 1R, BS bk i 2,
SRMT FH T3 P o >4 T FE e — 8 o 43 AU A T 4
g%, WO SERR R AR A R LV IR WO, Y
C/WO, BE R He B hn 22 1.1, 3% % 24 v S B 1) e
A AT DR BURL AT R 1 WO, 58 43 J5 v 15
TR WO, M JCH 4%, F HL AT DI sb s & Co
53 e W 4b 1 WO, B B € A7 A8 DX TRLZ I, T i
JEE IR HO R A bk R4 19 WO, Efg Ak i3t B AR e A7
TE. SR, ARSERHN C/WO, BE/R FE 2 1.2, B
HH RS BR ik AL T8 AR, T Y C il )
FHE R WO, i — P R iR BRI 2 W, =
FOEE R FE R P28 WO, MW RIRA Y. I, R
FHBRPGAJE WO, £ WO, i A 400 Ty« iR I
1050 °C, C/WO,EE/RH 1.1, KN [E] 90 min.

3 % b

W SCWFIT T B GA S WO, il 2 WO, (1) 52 F7
H, HEEE TR . C/WO, BEIR b I B B
() S5 S B0 SO = A RS54t 1 4
T4

1) BB WO, 2 WO, N AN, WA
FRIR PR WO,,, B9 A R, BIRR HGE WO, i £ WO,
W IR . WO,—WO0,,,—WO,,

2) B R, RIS AR WO,
B AR K SRR WO, 25 P58 R 15
JESHI WO,.

3) PGSR WO, il 8 WO, B AR iR
1050 °C, C/WO,BE/R 1.1, S WA TE] 90 min.,

SE k-

(1] &8, X%, 258, % S nfUbbkirhl & 5%
fiE [J]. GyBfeaisidt, 2009, 25(9): 1890-1894.

[2] BR&R, EER, X3P, % MRS a
AU ()], BRBUTARKR A4, 2008(1): 44-
47.

[3] ZhangH, FengPF, Wang N, et al. Deep decarburization

of molybdenum and tungsten powders by wet

101



Total 199

ook TR

JEE 199 11

(4]

(5]

(6]

(7]

(8]

(9]

[10]

102

hydrogen [ J]. Materials Chemistry and Physics, 2024,
312 128631.

RN R IR SR PR AL S T A R A [T ]
MARIGAHA, 2011, 29(1): 50-53.

Wu Y, Lv Z P, Sun H, et al. Production of different
morphologies and size of metallic W particles through
hydrogen reduction [J]. Journal of Materials Research
and Technology, 2019, 8(5): 4687-4698.

Sy, BRRE, 2R, . B G AvRAk R
BeAS L2 ke [J]. Sl T2, 2024(1): 90-99.
MR, S, IRRIE, S BRI ARG S
BELPEREREZ R [T ], SRl T/, 2025(2): 63-68.
Wang Y, Long BF, Liu CY, et al. Evolution of reduction
process from tungsten oxide to ultrafine tungsten powder
via hydrogen [J]. High Temperature Materials and
Processes, 2021, 40: 171-177.

Il . LA Bl I = AR A RIS P18 T SO gy Tk
R TR (]8G4, 1999(2): 23-29.
Rk, Z2FE, XISCR, . USSR R B )0
et [J]. A aamrlE 510, 2017, 8(5): 64-
69.

R . S B S i B AR Y ORI ST IR [ ]
WMAG SRRl TR, 2007(4): 205-210.

P, sk, REE, SR, EEIRIGA T - kb
R E RGBT (D], ARG S AR R 5 TR,
2021, 26(2): 91-98.

[13]

[14]

[17]

KRR, skEAE, JENG. BAAL B AR b
ghnd Rz L], TP, 2020, 42(7): 875-
883.

Wang K F, Zhang G H. Synthesis of high-purity ultrafine
tungsten and tungsten carbide powders [J]. Transactions
of Nonferrous Metals Society of China, 2020, 30(6):
1697-1706.

Mizukami M. Manufacturing of nano-sized WC powder
by direct carburization of WO, [J]. Journal of the Japan
Society of Powder Powder Metallurgy, 2006, 53(2): 154-
159.

LiHQ, Wang L, Liu X, et al. CaO-assisted H, reduction
of MoS, for preparing ultrafine Mo powder [J]. Powder
Metallurgy, 2025, 68(3); 171-178.

Li M C, Wang L, Xue Z L. Kinetic and mechanism study
of the reduction of WO, to W by CO or CO-CO, mixed
gas [J].JOM, 2023, 75: 3951-3961.

A, THE, L, . CO-CORAARRIE WO,
BEWO,, W RN AT RS [T]. T EA 648 W,
2022, 32(3): 866-882.

AR . b DI R S 0 K W R AL B A i
YK WC A FIEB 240 fh WC-Co B IR & 4 PRI LA [D].
FE: AR, 2016.

Deng X C, Kang X D, Cui J, et al. Reaction mechanism
and kinetics of carbothermal reduction of WO, to produce

WC [J].JOM, 2023, 75: 872-885.



WS IRPGLIE WO, il WO, RS 2026472 31

Fundamental Research on Carbothermal Reduction of WO, to Prepare WO,

Yang Chunhua', Zhang Yulong”, Wang Lu'”, Zhu Aiguo’

(1. Taizhow Wulungong Intelligent Technology Co., Lid., Taizhou 225502, China; 2. Key Laboratory for Ferrous

Metallurgy and Resources Utilization of Ministry of Education, Wuhan University of Science and Technology, Wuhan
430081, China; 3. Publicity and Education Center of Work Safety of Jiangsu Province, Nanjing 210042, China)

Abstract: WO, is the important intermediate product during the carbothermal reduction of WO, to WC, and the systematical analysis of the
reduction behavior of WO; to WO, has a significant role on the efficient preparation of WC. Reaction behavior of carbothermal reduction
of WO, to WO, was investigated with adaptation of thermogravimetric (TG), X-ray diffraction (XRD), field emission scanning electron
microscope (FESEM) and thermodynamic calculation technologies. Influences of different parameters, such as reduction temperature,
C/WO; molar ratio, and reaction time, on the phase transition and morphological evolution during the process were considered. Results of
non-isothermal reduction experiment from room temperature to 1200 ‘C showed that WO, was preferentially reduced into WO, ,, then to
WO,, and finally to metallic W. Phase transition law agreed well with thermodynamic theoretical calculation result. In the range of 1000
to 1050 °C, with the increase of C/WO, molar ratio, the relative content of WO, ,, in the reaction product gradually decreased, while that
of WO, increased. Single-phase WO, can be prepared at the C/WO; molar ratio of 1.1. However, when the C/WO; molar ratio increased to
1.2, W formed due to the excess C. During the whole carbothermal reduction process, granular WO, was first in contact with honeycomb
activated carbon. As the increase of reaction time, heat transfer process began and then chemical reaction between the two reactants
occurred to form columnar WO,,,. Subsequently, the columnar WO,;, was further reduced into elliptical WO,. Based on experimental
results, the optimal conditions for preparing well-dispersed WO, were determined as follows: reduction temperature of 1050 ‘C, C/WO,
molar ratio of 1.1, and reaction time of 90 min.
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