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Effect of two-step hot-pressing sintering technique on
microstructure and mechanical properties of
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Abstract: Two-step hot-pressing sintering (TSS) was applied to consolidate nanocomposite tungsten carbide-magnesia
powders which were synthesized by high-energy planetary ball milling. A detailed investigation was carried out into the
influence of TSS on the microstructure and mechanical properties of the WC-MgO bulk composites. Besides, the
technique parameters of two-step hot-pressing sintering method, such as the initial highest sintering temperature (%),
second-step isothermal sintering temperature (#,) and holding time (0) were studied in detail. The results show that, the
sintering temperature plays an important role in densification and grain growth of WC-MgO composite. The optimum
TSS regime consisted of heating at 1 750 C (Ist step) and 1 550 ‘C (2nd step), resulting in the formation of nearly full
dense microstructure (99%, theory density) with suppressed grain growth (2.59 pm). As a result, the hardness, fracture
toughness and flexural strength are improved to (18.4+0.5) GPa, (12.95+0.5) MPa-m"? and (1283.7+126.6) MPa,
respectively.
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Fig.1  Sintering cycle curves of two-step hot-pressing

sintering process
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Fig.2 Change of relative density and grain size of WC-MgO

composites by conventional hot-pressing sintering
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Table 1 Conditions for two-step hot-pressing sintering

Sample t/°C t,/C Holding time at #,/h
TSS1 1750 1450 2,4,8
TSS2 1750 1550 2,4,8
TSS3 1750 1 650 2,4,8

2.2 ZMERIREEAVERTEUR E R K/ BT R0

3 Jfizn TSS1(t=1 750 ‘C, t,=1 450 C).
TSS2(t,=1 750 ‘C, £,=1 550 “C)F TSS3(z,=1 750 C,
6=1 650 C)ZAT T RAFIIAH R B0 AR AR
1o MK 3@) Mg R T LUE 24 6 BARK(TSS1),
FEK 6 PRI I TR S, B0 AU S T 1%
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WC-MgO composites under with various holding times
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Table 2 Mechanical properties of WC-MgO composite sintered under TSS1, TSS2 and TSS3

o Relative theoretical
Sintering method

Vickers hardness,

Fracture toughness, Flexural strength,

density/% Hv/GPa Kic/(MPa-m"?) o/MPa
TSS1 93.21 - - -
TSS2 98.5 18.4+0.5 12.95+0.5 1 283.7+126.6
TSS3 99.3 16.7£0.6 10.2+0.9 976.6+85.9
Cs* 98.05 18.02 12.38 12659

CS*: Conventional hot-pressing sintering with lanthanum oxide (La,0O;) addition.
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and TSS3(c)

M5 AR A P ARE £ A (1 A8 S AT IR R 0k 25
REM T2 A o (HAE TSS2 4 fF FA3ENAFE, dikian
s HSRIRRI 2 0 A (LK 4(b)). IXS1E] 3 8K
W2l R N, R LA AT 2 1 e 4 I R 142
s REMGAEYR A LRI RIS BRI AoRE RO

3 i

1) AN TAEGe R Ress, — I BT e s g g il
A BB G5 IR BE AR AL, AE AL PUA I R OR
UE SR B S Rl 78 23 4 SR KIS

2) MR I Bebe gt I, HAL SR e gl 4 A
SE 1750 'CA 6 MEARRIE: fEI%HE 6 I, KT 1450
‘C. 1550 CHI1650 CRARFE TP, 455
T 7E 6=1450 CF, R AE-K PRI R IE7 58
B AE =1 650 CHRIPREIBL ok 2 BT
KRS 2 n=1 550 CI, Begiulhe nl DAL EL
AL FIE SRR o

3) 1k TSS2 A1 M43 WC-MgO E4 kLA
AR RIS 2 ERE . 4ECHERE Y 18.4 GPa, Wit
N 12.95 MPa-m'?, HUESE M (1 283.7+126.6) MPa.
T L i B AR 458 45 (TSS2) e A 24 5 35 14 ) 5
MgO [ AIRAS, S mril A s RO «

REFERENCES

[1] SUNJ F, ZHANG F, SHEN J. Characterizations of ball-milled
nanocrystalline WC-Co composite powders and subsequently
rapid hot pressing sintered cermets[J]. Materials Letter, 2003, 57:
3140-3148.

[2] FANG Z, MAHESHWARI P, WANG X, SOHO H'Y, GRIFFO A,
RILEY R. An experimental study of the sintering of
nano-crystalline WC-Co powders[J]. International Journal of
Refractory Metals & Hard Materials, 2005, 23(4/6):249—-257.

[B] REE, KM, D R, kM. & 6E kRS % 90K

WC-MgO A S A A [T, T E AT (i w244k, 2009,
193): 411-417.
WU Cai-xia, Zhu Shi-gen, Ma Jun, ZHANG Mei-lin. Reaction
mode and its criterion in synthesis of nanocomposite WC-MgO
powders by high-energy ball milling[J]. The Chinese Journal of
Nonferrous Metals, 2009, 19(3): 411-417.

[4] EL-ESKANDARANY M S. Synthesis of nanocomposite
WC-MgO powders by mechanical solid-state reduction and
subsequent plasma-activated sintering[J]. Metallurgical and
Materials Transactions A, 2001, 32: 157—-164.

[S] ZHANG M L, ZHU S G, MA J, WU C X. Preparation of



5522 5 12

PRBHE3E, 4%

T BOAE RS L2 WC-MgO H A MBS = MERE K 0

3401

[10]

[11]

[12]

WC/MgO composite nanopowders by high-energy reactive ball

milling and their Powder
Metallurgy and Metal Ceramics, 2008, 47: 525-530.

koAh DR, K P, SRR La05 0 WC-MgO H &4
BHAL SR Iy 2 M Re i S e (7], b A 6 8 s 4 AR, 2010,
20(10): 1982—1988.

ZHANG Yi, MA Jun, DI Ping, ZHU Shi-gen. Effect of La,0O5

plasma-activated sintering[J].

microstructure and mechanical properties of hot-pressing
sintered WC-MgO composite material[J]. The Chinese Journal
of Nonferrous Metals, 2010, 20(10): 1982—1988.

WANG X H, CHEN P L, CHEN I. Two-step sintering of
ceramics with constant grain size, [: Y,O;[J]. Journal of the
American Ceramic Society, 2006, 89: 431-437.

WANG X H, DENG X Y,BAIHL, ZHOUH, QUWG,LILT,
CHEN I W. Two-step sintering of ceramics with constant
grain-size, Il: BaTiO; and Ni-Cu-Zn ferrite[J]. Journal of the
American Ceramic Society, 2006, 89: 438—443.

PR, B AR SR EIM]. b ah B b A, 1997.
HUANG Pei-yun. Principle of powder metallurgy[M]. Beijing:
Metallurgical Industry Press, 1997.

POLOTAI A, BREECE K, DICKEY E, RANDALL. A novel

approach to sintering nanocrystalline barium titanate ceramics[J].

Journal of the American Ceramic Society, 2005, 88: 3008—3012.
&R, ARRIR, FEmeA, skOr, JERE. PEERI% Y.05
B ZnO FBUET]. #EHFR, 2010, 24(3): 78-85.

XU Dong, WU Xin-xin, CHENG Xiao-nong, ZHANG Jian-ping,
SHI Li-yi. Y,0s-doped ZnO-based varistors ceramics by
two-step sintering method[J]. Materials Review, 2010, 24(3):
78-85.

MAZAHERI M, ZAHEDI A M, SADRNEZHAAD S K.

[13]

[14]

[17]

[18]

[19]

Two-step sintering of nanocrystalline ZnO compacts: Effect of
temperature on densification and grain growth[J]. Journal of the
American Ceramic Society, 2008, 91: 56—63.

MAZAHERI M, VALEFEI M, RAZAVI HESABI,
SADRNEZHAAD S K. Two-step sintering of nanocrystalline
8Y,0; stabilized ZrO, synthesized by glycine nitrate process[J].
Ceramics International, 2009, 35: 13-20.

AR, Bk E, R, TER. ZRE4H %
W-15wt%Cu S A BT MR- BEER, 2009, 38(10):
111-113.

YANG Li-rong, WEI Cheng-fu, LUAN Dao-cheng, WANG
Zheng-yun. Fabrication of W-15wt%Cu composite materials
with two step sintering[J]. Materials & Heat Treatment, 2009,
38(10): 111-113.

WANG C J, HUANG C Y, WU Y C. Two step sintering of fine
alumina-zirconia ceramics[J]. Ceramics International, 2009, 35:
1467-1472.

CHEN I W, WANG X H. Sintering dense nanocrystalline oxide
with-out final 2000, 404:

168—-171.

stage grain growth[J]. Nature,
KANG S J L. Sintering densification, grain growth and
microstructure[M]. Oxford: Elsevier, 2005.

SHETTY D K, WRIGHT I G, MINCER P N, CLAUER A H.
Indentation fracture of WC-Co cermets[J]. Journal of Materials
Science, 1985, 20: 1873—1882.

MUKHOPADHYAY A, BASU B. Consolidation microstructure
property relationships in bulk nanoceramics and ceramic
nanocomposites: A review[J]. International Materials Reviews,
2007, 52(5): 257-288.

(4mig  FTHBLD)



