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Table 1 Physical and chemical indexes of raw sand for casting
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Table 2 Distribution of raw sand particle size composition for casting

L E ZH B %
Ji
305 40% 505 705 1005 1405 2005
FEWP50/100 0~10 10~25 40~55 15~25 5~10 0~2
Wz mb 450" 0~10 25~45 25~45 10~25 0~5
W 550" 5~10 25~40 25~45 15~25 0~5
W) % 110650 10~25 20~40 20~40 15~25 5~8
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Table 3 Physical and chemical indexes of the binder and curing agents
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Fig. 1 Process flow chart of the sand sample preparation
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Table 4 Influence of different specifications of raw sand on
the strength of the samples

Jiaib 1h 24 h 98%RH 800 “CHk4
Hirk SREE/MPa BEFE/MPa HEJE/MPa SiRE/MPa
fik#550/100 0.34 0.18 0.21 0.04
Ve b 450" 0.36 0.91 0.65 2.09
W e b 5507 0.38 1.08 0.83 2.16
W b650" 0.46 1.03 0.68 1.71

RZEATMA, EREEDINENL haaEXE
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Fig. 2 Temperature-residual strength curve of sand sample
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W SR R EH020%, IR IAESEREE (15+3) C Table 6 Influence of different amounts of curing agent on
P ’ ! B ’ the strength of the sample
=WIEE45% + 5%RH.
WSS, BEELSERIII NSRRI, BpNEAE Wikl L1hiRfEE/  AhGREE. 24 h#mEE/ 800 CHER
F91 h3BREFN24 SREHDE EFHEE . MHEEHIIINS A% MPa MPa MPa  J/MPa
ML5%IZEZE2.0%0T, SHEAIL h3BEEFN24 h3BEEIZT 15 041 0.60 103 2.95
WAEE, 1h&EMN0.24 MPai2=2%0.38 MPa, 24 hig 20 0.38 1.04 0.80 2.16
EM0.60 MPai2=%0.80 MPa, haEXIIIANESI2.0% 25 0.37 0.68 0.75 249
B, REEEHIRIR AT B S AW B R E, 30 047 053 0.74 2.48
LFMERE, MhENERE. 3 0.39 0.83 058 193
RS AEHEFIIMNE LR E RN £7 ARMEEE . SRENLAREN SN
Table 5 Inﬂuence Of dlfferent amounts Of the blnder on the Table 7 |nﬂuence Of different amb|ent temperature and
strength of the samples humidity on the strength of the sample
Kighm  LhaEE/ AhsREZ/ 24 hiREZ/ 800 “CHLH . FREE AENF 1 hSRBEE/ 24 haRE/ 800 CHE
JA &% MPa MPa MPa 5 /MPa L SHEEIC W% MPa MPa 5 EZ/MPa
15 0.24 0.82 0.60 1.40 1 15 45 038 080 2.16
2.0 0.38 1.04 0.80 2.16 2 25 79 058 0.76 1.48
25 0.43 1.02 0.80 2.90 3 27 82 070 074 1.30
3.0 0.43 0.96 0.86 3.84 4 22 76 0.60 0.65 1.04
35 0.56 0.86 0.85 212 5 21 55 0.67 1.08 159
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Table 8 Influence of different powder additives on the
strength of sample

AR BEFIFNSE 1 hiEE/MPa 24 hifi/MPa 800 C4k B4 4% F/MPa

RN 0.58 0.76 1.62
T b AR A 0.91 1.06 1.51
TAERY 0.89 0.77 0.98
SR Ky 0.64 0.58 0.60
AR 0.50 0.52 0.45
ALK 0.62 0.67 0.39
AfbEE 0.62 0.62 0.39
Ak 0.60 0.78 0.25
RALRE 0.52 0.58 0.37
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Table 9 Design of factors and levels for the orthogonal test

W%

A T (A o6 TR (B) % RHLHE (C) % JRLHE (D) %
1 1.8 0.2 0.1 0.1
2 2.0 0.3 0.2 0.15
3 2.2 0.4 0.3 0.2
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Table 10 Orthogonal test table

P
HZER] (A) 1% 5] (B) 1% 4fkdt (C) 1% Zfkik (D) /%
1 A, B, o D,
2 A B, C, D,
3 A, B, C, D,
4 A, B, C, D,
5 A, B, C, D,
6 A, B, o D,
7 A, B, C, D,
8 A, B, (o D,
9 A, B, C, D,

F11 EXRWER
Table 11 Results of the orthogonal test

IS 1 hilEE/MPa 24 hiiJiE/MPa 800 °CF% B4 3 EF/MPa

1 0.63 0.65 0.20
2 0.77 0.48 0.17
3 0.64 0.84 0.27
4 0.88 1.05 0.24
5 0.74 0.88 0.83
6 0.70 1.08 1.12
7 0.90 0.99 0.55
8 0.92 1.05 0.62
9 111 1.02 0.53
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82.2%, BIEXIMAS0.4%, SHEINE0.2%, &
EENANE0.1%, it ZiiFERY24 haREH1.59 MPa,
800 “CHLERIRE 10.62 MPa, EEEIMHRBIMEFIAIRLA
HX, JLUAEMERRNENBIaEnEaLE
FEfhE. EhSEARTE, SMAEfa3amidiFal24 h
SRE1.41 MPa, 800 CH&E352/Z/90.86 MPa.
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Fig. 4 The surface morphology of sand samples curing for 24 h
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Fig. 5 The surface morphology of sand samples heated at 800°C. for 30 min and cooled
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Research on Properties of New Silicate No-Bake Binder Sand

ZHANG Shun-liang', YIN Ya-jun', WAN Peng®, XIAO Hui-kang', LI Yuan-cai*, ZHOU Jian-xin', CHENG
Nan®, MA Xin-biao®

(1. State Key Laboratory of Materials Processing and Die & Mould Technology, Huazhong University of Science and Technology, Wuhan
430074, Hubei, China; 2. School of Mechanical and Electrical Engineering, Wuhan Institute of Technology, Wuhan 430205, Hubei, China; 3.
Jinnaiyuan (Henan) Industrial Technology Co., Ltd., Zhengzhou 450001, Henan, China)

Abstract:

Ordinary ester cured sodium silicate sand has the advantage of good production environment and less harmful
gas generation, and is currently widely used in the production of steel castings. However, the ester cured
sodium silicate sand with foundry silica sand as the base sand is used to produce iron castings with complex
structure and high quality requirements, and compared with the resin sand process, there are still problems
such as slow hardening speed, low core sand strength, and sensitivity to environmental humidity in the use of
performance. To address this issue, this study focused on a new silicate binder, employed spherical ceramic
sand, and added hardening agents and various powder additives based on curing agent no-bake process, the
change law of room temperature strength and high temperature residual strength was studied emphatically.
The optimized formula of composite powder modifier obtained by orthogonal experiment was ceramic
sand : hardening agent: zirconia: silicon nitride=1000:4:2: 1, binder addition amount was 2.2%, curing agent
accounted for 20% of the binder, the strength of the sample was 0.98 MPa for 1 h, the strength was 1.59 MPa
for 24 h, and the residual strength at 800 °C was 0.62 MPa, and its room temperature strength had reached the
performance index of self-hardening resin sand.

Key words:
silicate binder; spherical ceramic sand; powder additive; normal temperature strength; high temperature
residual strength
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