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BRI, PSRN 96.5 nm. RAAT R ERE
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Fig.1 SEM morphologies of CuO powder (a), nano WC powder (b), CuO-WC precursor powder (c), Cu-10%WC composite powder (d),

and XRD patterns of the powders (€)
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1/5, TCoo0=44.22%; £ #HL, Cu(220) I 71k I i
FEZ)N Cu(LLL)RFAEWE R BE 1) 2 fi5, TCa00=67.30%,
MELJG Cu(R0)RILH TR m M BMAEE . X&HT
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=3, AELETR A ME R WC Bk 5K B 4> A £ Cu
Sk, BEAMEHEAEE R/DNAERFLE,
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VBN ZMIAFEAE, (6 — EFEFE L RLRS T 40 5 14 1 8 v
Wsh, FE Cu-109%WC &4 M RHFLER Lk b,
il 7R B AT . Wil 3¢ A 3d o, #AELE I
SAMELF, WC BRI 5L 77 M35 51 4 A /E Cu &
s, BE A 1) AL B R AT B o 1X 2 BT 900 C AAELE
Cu-10%WC E &M BHEXN W E REMEHT,
FUH B P A IS, T BR T be g i &R LR,
H WC Bk AR i Cu J A 1) 93 M 38 2 5 L 1) 7 [ 5 37
71 .

2.3 MELHTE Cu-10%WC E&#E TEM 24

4 7y Cu-10%WC E &M AL TEM I . K
da fiin, WC BRI 5] AR (E Cu Ffk, H we
WORLRL A4S AL 250 nm,  Cu &k R SR 0.6~1 pm.
Wi B E B 45 (K B2 f WC BRI AT Cu R El A — & 2
FERIKR . B 1 AT = HE LSS, & 4b By

. TWEF WC Bk, Cu JEAk K& — 3 FLil 45 & i X
e R XA 2 HEAT PR B AR (FFTD) AT RCER
HAG E AR e OFFT), il 4c M1 4cl fios, s #rit
HJGUESE, X3k 2 5 WC ik, B 4d £#, fEHRIE
REELFER WC 5 Cu AR, AN
4d1 F W, TE WC 350 B0k A (1) Cu 5 & o 77 75 /b
A (EY T EFRHD. KA Bramfitt — 4E45 Fl &
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Fig.2 XRD patterns of hot-pressed and hot-rolled composite

samples

Bl 3 Cu-10%WC 5 &KL 1070 C# R JKE45F1 900 C #4 4L SEM R
Fig.3 SEM images of Cu-10%WC composites after hot pressing sintering at 1070 C (a, b) and hot rolling at 900 C (c, d)
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Kl 4 Cu-10%WC =& B TEM-HRTEM [ 5
Fig4 TEM-HRTEM images of Cu-10%WC composites: (&) TEM image, (b) HRTEM image of area 1, (c) FFT of area 2, (c1) IFFT of area

2, (d) FFT of area 3, and (d1) IFFT of area 3

|dwc(001) cosé — dCu(111)| < 100% (2)
= 0

dcu()

Hr: dweoony& WC(00L) [ St THI [E]#E, 4y 0.2830 nm;
deyany& Cu(L11) T RIFE, 4 0.2078 nm; 6 /&2 WC
(001)5 Cu(111)HJ¥fh, H-T WC(001)/ Cu(111),
0N 0°. S E] WC(001) &1 5 Cu(111) & T Y
HEICE & 4 36.189%. L8 T WC(001)5 Cu(111)Z [f]
R ITNE | 9 ST Rt e S

5y Cu-10%WC E &M EHE 900 C#EL 5 1
TEM . MK Ba mf LIS R, #ELEMEEME
o, Cu dibl RSB E/, 4 200~500 nm, I HAF
TEVFZ /N PEB AL SR HIR Cu P45 it i R
XU AFLS R R A T S, B TEE KR IME
T Cu Ji 4R &R AN T 45 & dioRi i e, 5850 Cu 1 83 K
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PEIEARANAR . 1R SR B A KRB RAE, X2
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KENFAE Cu S AL FER . WX 1 247 & 7 Fr ik
HE, AT LAMEEE B WC Bk . Cu 4k K — F g & X
5, Wl 5b Fron. Bl 5c il el UESE T X3 2 Sy WC
Wiki. B 5dEY, £ WCHRA Cu B4k HA N,
ANFEEEF AR, B IR T XRD B 1) v A 1

WE 5d1 s, IFFT BEER M, MG E S EH,
WC J50HEJE (4 S A P AT (T AR %5 B KR
FEXIIN . X2 T REL T HE A MR A KB AT,
A7 Al 0 A B AR R R IR 8 B RS B, WC UKL Y A7 AE T
HAAG T ARS8, FEOLERAE WC kL i
Cu FE AR, [B B, # L5 8 WC Uk 58 HE 71 (1 RIS
YA T LA TE 2 G M B 1) 50 A IRES - R H Bramfitt
RS RE B T A ST B ST R O P (e)

oo |dWC(111) cosd — dCu(220)| «100% (3)

dcu(220

Hr, dwepuy & WC(L1L) R & i (8] EE, 4 0.1290 nm;
deu@eoy/e CU(220) ) dn I A ¥R, 9 0.1273 nm: 0 2
WC(111) A1 Cu(220) 1 & i J& /1, BT WC(111) /
Cu(220), Ktk 0 4 0° . 1 543 2| WC(111) i [l F1 Cu(220)
i T RS TC P & v 1.319%. Ut B 7 WC(111) Fl Cu(220)
Z IR G A3 S, S G R . A TSR,
WEL S Cu SRV (220) T B AE K, WA T
FLHIRT, FLHEREEMEY Cu ki WC Bk 5
Ao B T
2.4 #HE3F Cu-10%WC E S RIS RERI S0

X Cu-10%WC  #EAF b FHRELAE & 9 ol 75 2 i AN
600 C N7 HLMIREE. K 6 /& Cu-10%WC & &k
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Kl 5 Cu-10%WC E&#EH4 900 C#EL/E I TEM-HRTEM & H
Fig.5 TEM-HRTEM images of Cu-10%WC composite after hot rolling at 900 ‘C: (a) TEM image, (b) HRTEM image of area 1, (c) FFT
of area 2, (cl) IFFT of area 2, (d) FFT of area 3, and (d1) IFFT of area 3

B RN L RE S PR SR AT 600 °C L AHT R 77 VAR i 2%
W 6a R 1 fs, #ELE: B R IRGE B 260 MPa
$E T3] 420 MPa; Hihi 3 A 426 MPa $i2 71 3] 492 MPa;
FEAE R A 128 GPa i3] 145 GPa. X2 T #FL
PEAIK T Cu-10%WC A MR SR RT, 5 808 SR
B, MG T A IS S KBRS 77, R R B K
RBLAIA Be R i, FMERIA Cu-EAMER B
SRS KM T KREMAH, BT WC M
KBLAEAE LS T A4z s, SFEAHE WC i 264,
X IE Bl AN AR 3 1 BELRS B8 T 3E — 20 3, TR b 75 2 5
KR 7 A e A A 4 i B AR 3 4k S 3k 4T, 2 R DL
NEEME R RN AELFEGE S Cu dh R
(220) Sh B AL, $E T WC Bk 5 44 (1 45 & 5
B, AL A PR B i B Tt

k1R, St gL FE R IAEX% EE N 97.32%
PETFE 99.89%, IX A e UL HE . FIURL R] )4 fid T AR
(3 A S LRI B A 0% SRR (4510
90.53IACS% . 90.45 IACSY%); SHCRIEARALA (435
N 386.8. 384.5 W-(m-K)™D); fif HV,JE M 1467.1 MPa
$ETH 31 1634.6 MPa. #ELA 2 U8 T HU R AL G IR 2
R #ELN BUE FEAN Cu fR RT SR G e gi . —

i, 4)E SR SR FEEIRE A HETREE), AEL
PR T Cu @RI RSE, 34 7 A A, BT
i IR 3N, 1 —EFRRE LR T AR TR
REFIZEE, ZOURIN A0 KT f It AT 2 A
B —J7 T, PEUROCFE B s> 7 =AM R LB,
i RO TN, fE— R Rigs T4 SRR
REMIRLEE, TR I A5 G A RE IR T F Pt A0 i T
B LA PELN B Cu SRR ST, LA
BEBUEE MR 3RS HE,

U 6b iz~ 600 C & A M RHAEL T & S 58
435N 170, 213 MPa. &#L, 2 &K 600 C
FORERERE. WC BA R M e aERE, ik
B3 AT AE A e A R BR AL B 1 Bl RS d R K
DA K Cu K4 FR4h it o AAELPEAR T Cu i &k R~F BLAE
WC TERAR R AR N4 5], AR & T AR
HEERE.

2.5 FI{RETE SEM S

Bl 7 24 Cu-10%WC & &4k} 3 i SR i i 11
SEM JE%. W LAMERE], HHEBedifil&H Cu-10%WC
FAREE R AW O RICKEMEE TR, AL T Cu £
SEMEHB P AL R RRAIN, Wl 7a fos. 1Em
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Fig.6 Tensile stress-strain curve of Cu-10%WC composite hot-pressed and hot-rolled at RT (a) and 600 ‘C (b)

R1 REMBILESHR IR

Table 1 Composite properties after hot pressing and hot

rolling
Property Hot-pressed Hot-rolled

Yield strength/M Pa 260 420

Tensile strength/MPa 426 492

Elastic modulus/GPa 128 145
Relative density/% 97.32 99.89
Electrical conductivity/%IACS 90.53 90.45
Thermal conductivity/W-(m-K)™* 386.8 384.5
Hardness, HVo2/MPa 1467.1 1634.6

BH T MEX L 1, i 7b fix, MEBEDE K
BE FAPEAR AR RS, R ESAEAE L /N WC BikL. £
PRI AR o, B BT IR W T e, A ROR A
Ft e WC RBURLAL 22 A A A R HERR 3 s i v,
S BUAE SR B2 AR T X IR AL, LA T 4
ERKKERRESME KA g SR F R . B,
IR rR A7 A (¥ FL IR A T SRR 7 £ rh AR ) B 2R 2k 2K
M EEX . AELHER T ESMEI AL, W T
o A I R rRORRE PO O T U B TR R 9
M 7c F 7d WP LS B, INELAE a7 AR TSR A
Wrad, I ALK )8 o A S AR HORT BE/N IR R
ER. WYY S ERE G RE LR, B A
B RS/ TR

7 Cu-10%WC E &1kl = IR fu ff i 1 SEM 5%
Fig.7 SEM morphologies of fracture surfaces of Cu-10%WC composites at room temperature: (a, b) hot-pressed at 1070 ‘C and (c, d) hot

rolled at 900 ‘C
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PRSI A LA R3S WC 5 Cu I ZE 6588, #em
T A MBI 58 BRI
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Effects of Thermal Deformation on Microstructure and Properties of Sintered
Cu-10%WC Composites

Mao Jie!, Jiang Nan', Zhuo Haiou?, Ye Nan?, Chen Xuanle', Zhou Weiwei', Liu Wenlong®, Tang Jiancheng™?
(1. School of Physics and Materials Science, Nanchang University, Nanchang 330031, China)
(2. International Institute for Materials Innovation Nanchang University, Nanchang University, Nanchang 330031, China)

Abstract: The Cu-10wt%WC composite powder was prepared by reduction, and the Cu-10wt%WC composite material was obtained by
hot-pressing sintering followed by hot rolling. Scanning electron microscope, X-ray diffractometer, transmission electron microscope and
tensile test were used to study the effect and mechanism of hot rolling on the microstructure and properties of Cu-10wt%WC composites.
The results show that after hot rolling, the WC particle does not change in size but rearranges along the rolling direction in composites. The
grain size of Cu decreases, and when the copper matrix recrystallizes, it grows preferentially along the (220) crystal plane, which reduces
the misfit of the interface with the WC particles. After rolling, the tensile strength of the composites increases from 426 MPa to 492 MPa,
the hardness HV ., increases from 1467.1 MPato 1634.6 MPa, and the electrical and therma conductivity remain unchanged. Hot rolling
can adjust the distribution of dislocations by rearranging WC particles, improve the bonding strength of Cu grains interface with WC
particles, and strengthen the grain refinement, thus improving the comprehensive properties of composites.
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