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Process and Surface Quality of Injection Molded
Boron Carbide Nozzle with Micro Multi-holes
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Abstract: Boron carbide nozzle with micro multi-holes was fabricated by powder injection molding.
The effects of injection molding, debinding, sintering on microstructure and forming quality of boron
carbide nozzle were investigated. The results show that boron carbide nozzle can be filled completely
with appropriate molding parameters in mold temperature of 60°C, injection pressure of 100 MPa and
nozzle temperature of 175°C. Cracks and warps are not found on the surface of debound product. Den-
sities and linear shrinkages of boron carbide nozzle begin to increase and then decrease with the in-
creasing of sintering temperature, however, the values of surface roughness begin to decrease and
then increase. Boron carbide nozzle achieves the best forming and mechanical performances after sinte-
ring at 1950°C of which the density, linear shrinkage, Vickers hardness and value of surface roughness
are 97.1% . 18.7% ., 3580HV and 6. 17um. respectively.
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Fig. 1 Debound micro nozzle (a)underfill; (b)crack
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Table 1 Injection molding parameter
Injection molding parameter Value
Injection pressure/MPa 100
Injection time/s 3
Closing force/kN 50
Holding time/s 5
Load material/mm 25
Nozzle temperature/C 175
Mold temperature/°C 60
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Fig. 2 Debound micro nozzle (a)macroscopically morphology; (b) microstructure (SEM)
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Fig. 3 Densities and linear shrinkage of micro nozzle

pressureless sintered at different temperatures
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Fig. 4 Sintered micro nozzle (a)macroscopical morphology; (b)microstructure(BSE)
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Fig. 6 Surface SEM topography of micro nozzles at different processing stages

(a)molded; (b)debinded; (¢)sintered at 1950°C ; (d) sintered at 2100°C



88

B TR / 2012 4F 10 #]

JIE G o A B AL B2 B I E) 3. 55pm A, ik R
PRl DAy 7l i ik R o 286 45 700 0 e 3 Ok o A B R TR [
J A 14 2 3R CU L 6 (b)) T 7R ) 3 oL i 88 1 484
AN BE A5 TR T Ao 21 (9 1 £ 2 AL RE 1 S B S ol
ZNJE S B R B b 2 Y R AR Y
FUH 2 I T S04 WO B S8 A [ MAOURL A L Can ] 6
(O FT7R) - 5 2 B b 14 2 T KRS 2 . {HLJ2: B 5 i 2 T
1o R RO R I T M AN (8 R T Cn ] 6 (dD
B o T B Ja A 2 TR RS B B 38 L % e &
J A WROAR ) 8 2 o A5 o 45 2 A ) REL R T2 {1 8 K 22
PO T A B B R . B2 R AR AR B /N AT R T
1 2 THI 5Tk By 5 791 15 i 1A AR 119 e 7 8 2 Bl e R
A4 2 T PR 0 i X 2 T O o 1) A

[k

3 R%

[

(1) R VB R T ) BUE £ AR il 15 B, C L M % ms
WE LB E T e A T G OB LR B 60°C L g R T 100
MPa . JEFHRE 175°C) ARG FIke4s (1950°C) T 234K,

(2)7E 1950°C FF47 4% 25 15 B 1 FL I8 S 1) 3502 i L £
P S 0 A R B T8 B A AL 4 i ok 97, 106,18, 7040
3580HV,

(3 7E 1950°C AT Ress IR MR A R EEA YAG,
B,YC,.SiC #1 B,C #f.

COVEGT JBERR 58 45 Ja 78 1 2 1T 10 KRS B2 R Ik 1
. TEAE e 4R B T . 1950°C Be 4 5 75 14 3¢ TH ML kS
BEd bl 6. 17pm gk 2218 ke 25 5L B i), il T Bl ke
RS B, C N A KT B 35 & BT A5 58 46 e
TR 1) 2 1T 5T A A

& & Lk

(1] RwiT . muloc, sk E e, siim S et mr )], pop TR,
1997,(2). 30—32.

[2] SURI A K.SUBRAMANIAN C,SONBER J K.et al. Synthesis
and consolidation of boron carbide: a review [ J]. International
Materials Reviews, 2010,55(1); 4—40.

[3] ZEE,£EE RN, 5. A ilBo 458 Co JE2 & MR 09 BT
FElJ]. MR T ,2001,(8):32—35.

[4] WANG C R, LU Z,ZHANG K F. Microstructure, mechanical

properties and sintering model of B;C nozzle with micro holes by
powder injection molding[ ] ]. Powder Technology.2012, 228334
—338.

(5] VLZR#. & Je £ KPR S, %, THLIE &8 R0 (1D [M.
JeC Al Tolk A, 2009, 191—194.

[6] LU K,ZHU X J. Nickel-boron nanolayer-coated boron carbide
pressureleess sintering[ J]. Journal of American ceramic society,
2009,92(7): 1500—11505.

[7] LIU C X,SUNJ L. Erosion behaviour of B; C-based ceramic com-
posites[ J]. Ceramics Internationl, 2010,36(4): 1297—1302.

[8] LEE H,SPEYER R F. Pressureless sintering of boron carbide
[J]. Journal of American ceramic society, 2003,86(9) . 1468 —
1473.

Lo  Bowffe MRk . ik 85 , 45, 4J42 Invar & &M R EH BUE T2
WrE[I]. #HR TR, 2007.(8): 37—40.

[10] GUO S B, QU X H , HE X B,et al. Powder injection molding
of Ti-6Al-4V alloy[J]. Journal of Materials Processing Technol-
ogy, 2006, 173(3):310—314.

[11] PIOTTER V, MUELLER T, PLEWA K, et al. Manufacturing
of complex-shaped ceramic components by micropowder injection
molding[ J]. International Journal of Advanced Manufacturing
Technology, 2010, 46(1—4). 131—134.

[12] MASHHADI M, TAHERI-NASSAJ E,SGLAVO V M, et al.
Effect of Al addition on pressureless sintering of B;C [J]. Ce-
ramics Internationl. 2002, 56(2): 522—532,

[13] MEDRAJ M, HAMMOND R, PARVEZ M A, et al. High tem-
perature neutron diffraction study of the Al,O3;-Y;0; system
[J]. Journal of the European Ceramic Society, 2006, 26 (16)
3515—3524.

[14] ZHANG H L, ONG N S, LAM Y C. Mold surface roughness
effects on cavity filling of polymer[]J]. International Journal of
Advanced Manufacturing Technology, 2008, 37(11—12). 1105
—1112.

E & T H: 2010 4 B & 55 % 2R al L IR G BB
(20102302120002) 5 H [ 1 4 Ji5 B % 5L 4 % Bh 0 H (20090460887)

K fH EHE:2011-09-01;&iT HH#A:2012-03-16

EEB AN TREG(1983—), 5 Wi A, 3 B0 58 J7 ]« A3 L M
TAF RS RIE S 59 & B R bk W R IE T — E Al 2 S /RE T
R 2R Bl #: 411(150001) , E-mail ; wehrui2016(@163. com
BIREE SR (1979, B By BREFSE 50 B0 b A 0, R RFSE 7 1)
I R} 4 T LA B Wi R 0 S SO F 5 R R Mk o R U T —
E i 2 50 R Tk K2R3 Bl B 411(150001) , E-mail : luzhen-hit
@163. com




