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Abstract: The composition, particle size, and sphericity of ceramic sand were tested, and the performance of sand
mold process based on ceramic sand and silicate inorganic adhesive were analyzed combined with single factor variable
and orthogonal experiment. The results indicate that the optimal particle size in the single factor variable process perfor-
mance test is 650 mesh, meanwhile the tensile strength is increased continuously with the addition of heating tempera-
ture, and the heating time shows a faint influence. With the increasing content of JINY-WS81 inorganic adhesive, the
tensile strength is increased continuously, which shows a trend of first rising and then falling with the growing content
of INY-A hardening accelerator. According to the orthogonal experiment and main factor analysis test results, the influ-
ence weights of each factor are determined as ceramic sand particle size, contents of INY-W81 inorganic adhesive,
heating time and heating temperature. The peak values of tensile strength at 10 min and 24 h are 3.528 MPa and 2.632
MPa, respectively, and compressive strength at 10 min is 11.659 MPa.
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Tab.l Process advantages of ceramic sand for casting mold

R o7 JH A 4 T

Fee R B 3 A 7 Tl TP B RS BB ML 9 A RO B

Bl 3 T ALY B 0 A s S AR BT U 2% O LAY
WHE(50E0.1) g, S8 I 4 B0 AR 480 A I 2 S04 b, IF H
AN BRI B R R B A O Ik e R
FARFLV RUED AR 55 B 2, SR 05 K A I A 3k 152 4% 1

785 EiR| e > - . .
fi4 — R W S RE R O A Y R [0S S N e G R 7 N = VA S L B W 3 21 I R
kA FEVRTET T 22 MR 5 % T U Fe B, 2 A VAR T o A
TR RS R N D -] - . % pt s N o
I e s | Mo IE GD BRI LA L SR A TR
, ~ A N e = = N 24 % S N
P AL I 2 FHOD TSR, 5 YK, 25 1405 KB S/ M T 345 3 8000 4 - 2431
o N SRIE I G KA R SURHE I 7, T R ORL D O SE B e R TS, . T A
) - A O v Ay ==X N = IS
B H [ 2 1 E/[ E/I ,'E‘,l\ p 4 )
) B Bt UK FCELE B BR 5 177 ﬁﬁ%mm%%ﬁﬁ/fﬁiﬁ P }ﬁ,imﬁiﬁf&
RS it s TEIRLIE LR TRUR A L 3, 0B 5 M R
i v AU Bt FPE o, " ’ .
ik IS LR AR Sro
F2 FBETRREIE S 0H S 3R H M E E
Tab.2 Fineness factor corresponding to each sieve number of ceramic sand
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Tab.3 Specific surface area coefficient corresponding to each sieve number of ceramic sand cm’/g
fifi 5 6 12 20 30 40 70 100 140 200 270 i 4
L 2% 1 B R R — 6.79 13.45 23.65 33.45 47.29 66.97 94.72 133.93 189.42 267.85 469.67
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Fig.1 Schematic diagram of ceramic sand with different specifications
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Tab.4 Chemical composition of ceramic sand with different

specification %
Wy
Ht ALO, SiO, TiO, Fe,0, HoAl
350% 70.26 19.05 4.58 3.15 2.96
4505 70.39 21.30 3.95 2.86 1.90
550 % 70.89 21.55 3.95 2.98 0.63
650 % 70.80 22.16 3.38 2.54 1.02
750 % 70.84 22.26 3.22 2.32 1.46

Fe,O, 7 & 1% 22 F B, TiO, % 1 H 4.58% % £ 3.22% ,
Fe,O, & i 1 3.15% M & 2.32% . 2 5 M A [a] B k% Bl
R UORL D B ST R0 AR R AR R B ZE A . AT LA
i, 350,450,550 650 Fl 750 5 B 8 JURL b 4 SF- 24k 4%
235149 0.61.0.51.,0.29.,0.27 #10.27 mm.
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Tab.5 Average particle size and angular shape factor of ceramic

sand with different specification

HLAS P # AR /mm LRk
3504 0.61 1.06
450 %% 0.51 1.04
550+ 0.29 1.05
650+ 0.27 1.02
7505 0.20 1.02
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Tab.6 Physical and chemical properties of JNY-W81 silicate
inorganic adhesive (25 C)
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i
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ik
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Tab.7 Physical and chemical properties of JNY-A hardening

accelerator (25 C )
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Fig.2 Entities of INY-W81 silicate inorganic adhesive and JNY -

A hardening accelerator
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Fig.3 Results of single-factor variable process performance between ceramic sand and silicate inorganic adhesive

22 EXRETZHEESHT

T LR B MR BUORLAD MRS | BAOES AL T A
IR B R B ] TNY - W8T BR 45 57 R i

R INY - A TR fi B8 50 A e X P e U A A R
TC AL 45 550 5 74 3 3 T 7 58 S5 R B e L ) R 3
BT T 5 R 4K IE AR, I X A ] ] 2K T
AT ZVERESEAT T BT, 5 R IR 8

*8 SEFAXKFEXKBETRMEFUEZBRENRER

Tab.8 5 factor and 4 level orthogonal experimental design table and room temperature strength test results of sand mold

o Mg moke PURERE PURERE INY-WSIAELKELE  INY-A EMERIH] 10 min B IRPiH 24 hEIRPIHIR 10 min iR

WA/ B R/ C Pt E] /s R 1/ % W&/ % 5 /MPa Ji /MPa JE i /MPa
1 450 180 300 2.00 45 3.245 2.479 8.144
2 450 190 240 2.25 55 3.528 2.577 8.263
3 450 170 330 1.50 50 2.985 2.073 8.769
4 450 200 270 1.50 40 2.281 1.127 4.956
5 550 200 240 1.75 45 3.023 2.632 8.366
6 550 170 300 1.50 55 2.308 2.197 9.038
7 550 180 330 2.25 40 2.646 1.770 7.213
8 550 190 270 2.00 50 2.789 2.022 8.856
9 650 200 300 2.25 50 3.485 2.315 11.659
10 650 170 240 2.00 40 2.099 1.906 7.359
11 650 190 330 1.50 45 1.901 1.682 8.097
12 650 180 270 1.75 55 2.046 2.517 9.713
13 750 180 240 1.50 50 1.170 0.709 3.694
14 750 190 300 1.75 40 1.397 1.394 6.598
15 750 170 270 2.25 45 1.587 1.135 6.041
16 750 200 330 2.00 55 0.999 1.463 7.984

K SPSS $ i 48 i 3R A — M 2k 1k 45 A v i B
A0 BT 6T B UL A 5 Rk TC MUK 25 7 o R = T R
JEMR S AT T BV AR . R E] INY -A B f
F) T AR SR S0 INY -W 81 B Kk 4% 71 1) 32 Bk il 1k %
S, DA G A A T 500 A 56 B S R ORISR I INY - A

AU A S TS i HEAT A0 AT . R 9 N AL 10 min = R BT
P I O A B % L ] 4 R %5 AL 10 min E R TR 50
I 225 5 RO 6] DR 3R A B30 3 B B (E S B 1 . el 3
9 AT, P UKL AD B AR X 55 5L 10 min & R BU A 5R B A7
TEU] B2, R 0.039C<<0.05) ; # s & B H in #4
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Tab.9 Main effect test table of tensile strength of mold in 10 min

at room temperature (R*=0.938)

b WRFm BN P mwe
15 IE A5 Y 9.083" 12 0.757  3.774 0.151
<
FiE 87.839 1 87.839 438.030 o
W) ¥ TURL B LA 6.720 3 2.240 11.171 0.039
R AL i AR 0.114 3 0.038  0.190 0.897
O A BT NS [A] 0.621 3 0.207  1.033  0.490
J‘\IY’V\??;EE;E%%U 1.627 3 0.542  2.704 0.218
W% 0.602 3 0.201
St 97.523 16
BIER ST 9.684 15

TREE FRGES AR L] [R] A INY -W 81 AUKE 245 71 s i

D BREYEAC R . 2 10 a] 0, B i R A0 FLAS | 34
O BRI ARG B L PAGES A EE n #R E] L INY -W 81
TG 25 F U8 A0 X 45 2 24 h 3 IR BRI EE 24K 7 4R B
B, B KT 0.05; %5 8 24 b IR T 0 4%
PRI 3R 52 Wil A YR Oy W s URL D AL A L TNY -W 81 ALKl
S5 A0S 0 g | BROES AR LI A i TR] R AR S S BT L A
L RE o FR L5 AT AE 3 B s R D 5 R Rk T LR
g5 5 AT Tl A ARt i 55 A 7 B (B5 R3S T 24 h s
AT LGS T 2 5 R NIE B R D | B & R
B RIS B 358 £ o8 5507, $OES B AR HL IR B 3k £5o8 190 °C,
P B AR EL TS R 26 % R 300 s, INY -W 81 ALK 45 7
WMEEEEN 1.75% .
F10 324 hFBRAGEE FREKLK T (R=0.824)

Tab.10 Main effect test table of tensile strength of mold in 24 h

at room temperature( R’=0.824)

IR M) HH e
. VE e o N i ) e
£t 00 #5780 10 min 5 IR BT 50 BE R R/ L LY AL SR i g WA P B
WUk Ry INY -W 81 Ak 25 F s i i . $GH &5 Hom st T A 4.218 12 0352 1172 0.509
N " . . . 56.24
(B R HAGES S A EL ARG R . ph PR 4 R R A B P e 56.243 K L 187.54 <0.001
*ﬁ@%ﬁi@ﬁﬁjﬁ*ﬂ*ﬁ%ﬁui&ﬁ?Iﬂ’f'ﬁﬁkﬁﬁégéﬁﬂﬁi Vi) 2 Ry A kS 2.267 3 0.876 2.920 0.201
FEIE C4E R 3 A S 7E 10 min N SE U T, 3 Tt E Ak PO g MR E  0.017 3 0.006  0.019  0.996
N Y RN N e Nl X ) . .
VE SR PR R A A AR TE D | B U D AR I B POl e A 0410 3 0137 0455  0.733
. e . . » INY -W 81 % £ 31
S 450 B, B S ELE R 200 °C, Bl i B i Bt i e 1.164 3 0.388  1.294  0.419
[} 300 s, INY-WS81 AL 5 FI S I & & 2.25% . wm 0.900 3 0.300
F10 M85 24 hs IR TR0 BE EROV K IR 3, 1K 5 B 61.360 16

. et e - _ % 1F 5 2 .
S 65 00 24 b3 IR B B I G 4% 5L AR [ DR 2 LEGE) o181

s ; o 5 0 ‘ 0 TEHE95%CT

st 5 TORBRRRIE ST - BOARANMEISE T - e AN mNS e

812 P @y e =

il &y & N

H 9 i3 B3 i3

= 6 =P 2 32

i = & o

£3 a1 1 &

= ol— ! : ol— : i ' ol— : ] ' - : : :

=0 123456 78910111213141516 450 550 650 750 170 180 190 200 240 270 300 330 1.50 1.75 2.00 225

A 5 TR F HRUIARR /O BRLIARE s W%
(a) #5784 10 min = IRHTH A IR 45 (b) P2 TR b LA £t 5 BN B 5T (d) FAUs B E N [ ik 5 (e) INY-WB I LR 175 i & 4 A 5
bR T T (4 TP bR TP WERT e

B4 4710 min BRI IREMN KL R foRE B £ o945 R34 m% 5 R

Fig.4 Tensile strength of mold in 10 min at room temperature and estimated marginal mean average diagrams of different factors
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Fig.5 Tensile strength of mold in 24 h at room temperature and estimated marginal mean average diagrams of different factors
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Tab.11 Main effect test table of compressive strength of mold in

10 min at room temperature (R*=0.794)
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Fig.6 Compressive strength of mold in 24 h at room temperature and estimated marginal mean average diagrams of different factors
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