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Study on the Influencing Factors of the Properties of Precision Casting
Powder Materials for 3D Printing

YAN Shenghui, LI Tiancai, ZHANG Lu, YANG Yang
(National Intelligent Foundry Innovation Center Co., Ltd., Yinchuan 750021, China)

Abstract: The influences of refractory powder types, mesh number of powders, flux types and calcination temperature on
the high temperature compressive strength, high temperature tensile strength, size shrinkage and surface roughness of
precision casting powder for 3D printing were studied by orthogonal experiment. The results show that the final materials
of 3D-printing precision casting powder is 325-mesh zirconia powder with copper oxide and roasted at 1 400 C to obtain a
high-performance shell with compressive strength of 45.42 MPa, tensile strength of 6.78 MPa, dimensional shrinkage rate
of 6% and surface roughness Ra of 3.45.
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Tab.1 The table of factors and levels of orthogonal

experiment
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Tab.2 Project of orthogonal experiment
TRE BAME BREE BHEAME KEERE
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
2 HR5iHR

IERLREERNE 3, ERXLREIEREST
Wk 4,
RIETXWRHLER
Tab.3 Results of orthogonal experiment
HRHUER MBHRR R-FlgE®E RmEMEE
B /MPa A /MPa (%) Ra
20.23 3.08 3.98 6.45
28.94 432 5.84 424
3245 4.96 5.16 4.85
23.57 3.86 5.26 6.23
14.86 2.18 3.24 8.34
18.52 2.86 4.12 7.32
12.85 1.93 290 923
16.56 2:57 3.62 6.12
15.45 243 3.14 7.43
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Tab.4 The range analysis of orthogonal experiment data

— BAFE  BAREHE  BERR RERE

@A) (B) %(© D)
Tl 27.21 18.88 18.44 16.85
BEE T2 18.98 20.12 22.65 20.10
PREE /MPa T3 14.95 22.14 20.05 24.19
R 12.25 3.26 4.22 735
Tl 4.120 2,957 2.837 2.563
WA T2 2.967 3.023 3.537 3.037
A /MPa T3 2.310 3417 3.023 3.197
R 1.810 0.460 0.700 1.233
T1 0.049 93 0.04047  0.03907  0.03453
R-tiegs T2 0.04207 0.04233  0.04747  0.04287
(%) T3  0.03220 0.04140 003767  0.046 80
R 0.017 73 0.00187  0.00980  0.01227
Tl 5.180 7.303 6.630 7.407
REHRE T2 7.297 6.233 5.967 6.930
¥ Ra T3 7.593 6.533 7.473 5.733
R 2413 1.070 1.507 1.673

W BB R RS RRIR X R RS R EE W
BR, B30 5 5 i R be IR BE B 5 AR K A B 7 A
WERPERE, BREFEE=MOBRE, XA
Minitab #4247 8088 3 3800 2 B 43, RESE E i
BB 45 R & X 3D FT ED G 25 % 1 0 R I IR B
SREMEmES, LA 1,

B R SS UH) K H M| B | K % iR S

N
=
W

N
=
T

//\‘/
T

4 1 F5 385 39 /M Pa
s B o
(= W

._.
>
W

—
W
(=

) & % @ «» &
%&l@g@ ,{ﬁ’ w@w@,@ @

iR O P 9 S R R 4

B 12 B E R o o o AU 7 R IR L R OR BE A R TR
Fig.1 Influence of various factors on high temperature
compressive strength of precision cast shell
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Fig.2 Influence of various factors on high temperature tensile
strength of precision cast shell
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Fig.3 Influence of various factors on size shrinkage rate of
precision casting shell
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Fig.4 Influence of each factor on the surface roughness of
precision cast shell

RT3 THHDRS BE BU(E 1 K/ B 7T DL R
WEE R, BB, RALE BRI XA EK
200,325,400 B H $r 8 K I8 B 2 mOHLDRE BE
25 IDITENABEHENAMBRESERERE

Y% bR B4R 22 40 A& B E X 3D 4T BN
R MR W 45 SR B B R AR R
b BB RS BRIEE AR BB A b2,

SHEHENREKFSLRIERA R, LRIBIRUK
HFiFHE, BAE T1.T2.T3 F & KEINKF; R
Z RE AR LN R E B R T1.T2. T3 &/
HIARA K. 7E 3D 4T EQ FNE % 56 0 R ¢4 M BB
FWEEN 4 EER RS, BIRVPGEE &R
s 5 B SR R K, 3 T RS B 2SR B/, ROH Wi 4 R
BNy MR EE T1.T2.T3 & iR 5T 5% BE B KR
A1B3C2D3; WM ¥E T1.T2.T3 & R i H ok Bk
Sk AIB3C2D3; i T1.T2.T3 A % i HLkE B K S
i AIB2C2D3; i T1.T2.T3 1 R ~F e 48 KK
A3BIC3D1, B8R 45 5t RE R AER) 3D TEVRE®
HEMARMEERRE M FERNERBERETZ, I
BIEER LR RSN, #7E —RilK, )
x5,

REE_BRIWHER
Tab.5 The The second experimental result

BRVLER BRGHE RTKE REHEE
e Nman B /MPa SR /MPa (%) B Ra
10 AIB3C2D3 4323 6.45 6.2 3.76
11 A1B3C2D3 43.23 6.45 6.2 3.76
12 A3BIC3DI 17.56 2.82 29 10.14
13 A1B2C2D3 45.42 6.78 6.0 3.45
S A4 10,11 AR ERHUE S
5 B R EOR A 11 4 R T i R R ER BB
PLIRBE | PUHESR B R R MDHLRE B A R B R 8
10, 11,13 20 5256 f) 2 1 RS B 06 2 BEoR 9 B340
PR EE PUESRE W R ER, LA A LT, AT B
SESE 13 RISy B 7 R L BT B R R R R i 4R
1L 4 B 325 B #5321t 3D FTEP AL B ST 4k, ik
A 1400 CHFREE Hbadh il b & R se i F T3

3 %KiE

(1)@ 3 1E 32 5C 50 F AR 22 20 A7 , 19 3 7 44 B B
5 OB K B 80 B AR RR S % B8 IR B X 3D T B A
5 5 1 0 AR PR R IR R 5 BE | R IR T T 5 B
R 8 3 TR RE BE A B2 R B

(2)3@ i B, B %E T 3D ITEN M % e i
AR B B 2D R AHRE E B, B8 5 B9 B8 0
KA KR T ZREE N R R AL )T E T £k
Jila

S 30Hk:
[1] ASFfE, 2R B HEGDITE)HEAR LRI IIREES
H3h1k,2013,42(4): 1-4.
[2] ZEWRA, SFE T, REBIE KA R & R AR ™ &[]
iz i 15 £ R ,2004(5): 48-49.
(FHE 532 )



«532.

FOUNDRY TECHNOLOGY

Vol.41 No.06
Jun. 2020

AT, BRZEm F ISR E 2017 1 2018 F45 55
B4r54 18374121 669 t, H{E K 19772 t,
RIERS THNEERBETAMA 133 T
W SRR 4 EILERHW 2017 1 2018 FAE
BIYME 19772 t(BRrt ), AT 54 26.3 J1oT / 4E,
RIEFR 6 THNEERBETHMA 125 T
N S5ER 4 RILEHEW 2017 F1 2018 F 455k
BEE 19772 t(BrM R ), AT 1549 24.7 i o6 / 5,

4 WHELHR
SRR A B SR R, X e A
BREHAT T RARR 5 LK.

(S5FAEREMHL NEREAHERE
RIE AT E R T 57 3h 58 B B9 A,

(2)%8 %€ LF EIE RS M 1.9 £i5;Al Filk
AW E R 0.74 A5, iF B A A B E R
B,

GV FEEHEBEFHMITE L, BENAN
HATE 24.7~26.3 Fi TG,

SGEFIE, EHAFRGTRANGER SR
DA 5 36 e 0 B S8 FT AT LT

5 SRiE

B LB R ER AR E M B ; @ik
Koo, BE G X R EEOR A R ) B 3 0 A A B
FRCR R A A AR K B P s 7E 56 18 b A i A
BT EL T, AT LA Al — %8 72 B 0 R A A 5 B T
o b T (] 3 A OB 38

% 30k

[1] EK#%,ZFNDE @A WEAEESPHERPROMAD). &
74 & ,2011(2): 53-55.

[2]1 EREA, R, REH, % B8 Al ZEE A AR B SRR
[7]. TR ¥4 ,2015,37(5): 568-572.

[3] ZEXUIL,Z5FH 228, 55, 0 R 00 E050) A0 o B X 7 FH BIOR (0], ST
1b1A 4 ,2014(10): 45-48.

[4] MRA ,ZBEA KEE IRBPRBERNERERMXTZ
Bk [J]. Wi TLR 4, 2004(4): 10-12.

[5] Rt M 500 WM. dbat: & B R, 1992.

(8% 528 1)

[3] Bahnini I, Rivette M, Rechia A, et al. Additive manufacturing
tech-nology: the status, applications, and prospects [J]. Internation-
alJournal of Advanced Manufacturing Technology, 2018,(2): 1-15.

[4] L Guo, J Qiu. Combination of cloud manufacturing and 3D
print-ing: research progress and prospect [J]. International Journal
of Ad-vanced Manufacturing Technology, 2018, 1-14.

[5] KangJ W, Ma Q X. The role and impact of 3D printing techno-
lo-gies in casting[J]. china foundry, 2017, 14(3):157-168.

[6] EEN. REBEEEFENHLEBS XRREE [1). #Fi,
2012,61(4):347-356.

[7] e REFERRKBIRS K RI]. HFiti A ,2009,30(2):

292-294.

[8] ZE#k,JRBETR , # Pk 3C. 3D 4T BN B AR 78 8 3 6 14 BF & o 1) 1387 1o
AP Tk AREIH, 2017(4): 67-70.

[9]1 M43, EFHL,7HE,5%. 3D FTENH AR R AE & & v AR 5
RIERE[N]. h/hb B 5, 2014 (9): 299-300.

[10] Walker J, Harris E, Lynagh C, et al. 3D Printed Smart Molds for
Sand Casting [J]. International Journal of Metalcasting, 2018 (3):
1-12.

[11] #E5HE, FRFNE. 3D T BN RIS bF i i v S 280 5 0 B 7 P (R 4k
B, BRBEAE) M. Jb 3 B Bl Tolk it 2017.

(5% #1518 5 B B K B Bz B 2 65)

FAEHARBIA¥REHERE. #8E. 1. FHRAEVEHRESHRME: 2. H%
HEOHNRRITRER: 3. EUREORSE: 4. RERZARAHRERS®IT: 5. 54
BERETZ; 6. WM. BOHH%. B. FESHFHHBHBHRETEZ. 7. RIRHYE
O#4Eigit7s%: 8. HHERSHHEIZERRITHH. 283205,

HRERMWMN: 2267T.
BRI & : IR

Big/fEHE: 029-83222071

¥ ALiH: 13609155628



