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Study of Aluminium Binder Shell Materials and Preparation Technology
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Abstract: In superalloy investment casting, the choice of binder is the most critical core technology. The commonly used
traditional binder is a siliceous adhesive. However, this binder chemically decomposes at high temperatures, causing
strength loss, thus limiting its development. The aluminium binder has the characteristics of a high melting point and stable
structure. By comparing the process parameters of aluminium binder shell materials under different conditions, the technical
indicators of aluminium sol in precision casting applications as well as the matching of various technical indicators have
been preliminarily determined. By adding a 0.4 wt. % Cr'(IIl) ion solution to an aluminium sol coating, the problem of the

reversible water solubility of the aluminium sol is initially solved. Finally, an aluminium sol-silica sol composite shell with

a high-temperature bending strength of 8.4 MPa at 1 500 C was studied.

Key words: aluminium sol; silica sol; composite binder; preparation of shell material

T S [73) 5 [ FI1ERL iy ARG 8 B 3 b, M B L e
FORIE— IR BRI IR A A R 1 5E 1 55 [ 5
e, AN(E 2R B e 80 7 A K I T) g i R AR g A
A i B ik 2R R 78 A I BA AR e i Ao
TP TR i N 5 B m A Rl A T RO R AL
RN B B A 4 MR T R [ BRI K
J X RIGE B S T E S AR, TR RS B
PR B 8558 P, B4 R R L SR E A ZOR Y
F A il £ i AR RS B B 5T AR PR IEZY e SR
SR AR A T L3R PRI LR B IS 7 ) o A
i A B m A AR E I R E s i B A R
U TR RERY,

e il B A RRORS 4 B i P AR SRR SR A

%5 B #5:2021-11-16
TEEEN:H

SRR oE, XU, 7T, X RO, LR, BRIEZL. 4R R4

REV I ABERR W, HAFBER =9 ¥ S0,
AT ARV I R BR A5 o0 I A T kR R
FEIMA Al-Si-Ca R L 5 (1 B & AL 7, HA 5o
(52 PR . B I R A A R SR B R A A
1 550~1 600 ‘C F T.4F 1~2 h, RISk B2 18] 78 5 iR
T A R A BT A % 2H 4 DA T ST R R Y R R
SEEE , {HL[E] s A A AR T M R A 4 5 R SE R R
(A2 RO, 3k Ak 2 I 7 22 0L 32 B0 2 4 1
AP B, X F B S R U B S R M
BRI Y S B e SN R P T R
Sy o | R4 5 DRI S0 RS B A I TR 1 T
R — T R

MIBSCHETE AR, N T SRl L shil

TE, 1962 AR A A @ AR, RO S B, L& Sh AL A D7 A9 T /E. Email: 2386452158@qq.com
R R SE A RS A TSRS [T, # R, 2024, 45(7): 705-709.

=T

XIAOK,LIULT,LU YP,LIUCG, CAOLS, CHEN X H. Study of aluminium binder shell materials and preparation technology[J].

Foundry Technology, 2024, 45(7): 705-709.



< 706 -

FOUNDRY TECHNOLOGY

Vol.45 No.07
Jul.2024

W R ol R R e o R ) R R TR R O
5 1 R L A, T R S A T B AE (1 700 °C)
FAE(200~250 Clem) B # RS T OB . EIXHE &
TG BE R Rk S 8 45 00 B AR AE Ak 24 o i 5 i Y
SRBE SR [r) R AR T AR 0T R 45 R B 3 A 2
ALO;, HE Sk 2 050 C g5 fae , A BIre
o il AR AR 1, DRI P 8 VS IS A Sk N 5 s i B e 7
FERY R, S e I 4R i AL AT Y TR P
JEUHS MR SE R e MR R R AR AS  ER T
TE B ALO; & AH LU i ¥ B BL Y Si0, &b A A7 3
GF AR e T

g5 ik, AR i B 5T 5 R 0 2 R B FR 41k
SRR E M H A A v T A A 1) R I e e R
B I AR TR 45 7 AL MR S & T2
WE5E, %t A2 H g BORE R BT L B 285 A i i
S ] 458 [ H AR () e A — i AR B dE S

%X[1620]O
1 ZW#mPBERAE

W2 W DL ARG AR R B IR S, S
H5 W R T ) B v ek, 6 R R A R A Sk 8 5 R 11
Al fE eI R B P AAT LN £ 34 PR IR K JE 4R
VSR, 43 ) Ok AR P BEPE BE A0 VS AR
Sk e 45 00 RIT R A O R T ) R O SR R
R 1= 1 RS i = 5 W 7 2854 |
o T T A TR R AR OB TP A A O
0.4%~0.5%F%) Cr (1) & F I, WEIR JZ 0 T 5
[l 5 0k 0, 9 DA b 3ROk ) & R D3k e
5

K 5 B T W B (JEOL 24w, JEM-3010 %Y
HRTEM) T A 23 8 4 B4 35000 T 55 F0 P 358 45 44
DU 75 FH 2 oy WA R | 3 3 R YA T A f bl
b CEET R SR TR, R 30 A SR 43 A
I(TA 2> %), Q800 % DMA)Z A 44 Y H IR 470 25 38
JE R v R T R

W A BRI RO ORHME M2, A AL-Si-Ca
AR 04 R 3 IS SRR S o 1 J2 ) &2 5 R SE ik
I3 281 900 ‘C(2 h) & 1550 “C(2 hyk B2 sk H:

RS SR 1 400 °C i IR PS5
2 ZRAERSIE

2.1 SRARERMER
211 R R TS bR

MR B Y s bR, JFEAT & TR R FR A
M VCECHERFSE . 26 1 R LR BRI IS ) AR b
212 FRIEIHOA A

I 25 G e 7 S BB T 9 T R I A RO0R 241
21, KI5 RV R SO AL A0 2 Hh 3R 1
ALO; BT 3151 53 1T 7K TR i e R 5 W, Hok F
B RSE A T HILE LT 9K Z 8] v B A m i ek
S B RS A SR A BR 4> A AT 1 TR R AR A
R 2% DA FRAS B AT 341 5 43 A T4 80 K b
22 SBERRFHLEFILE
2.2.1 pHHZHR 2 WK IR I

AT LA A S R R I AR B pH E 2K 2
(K FEER IR I, R B R AR N B 1.28 g/em’,
ALO; & & 15%(Ji &t 5340, N R 24, S8k 3% W]
T, FZ RS W20 HLJE NI R 2R
HEATIRE & PR TR MR RRAR 22 ., 7E 23 CHIRIR
BER L LL S m/s KU IR KT 4 4 b R B R IR A 7
23 C(IBEIR ) IR E 60%15 0L T, A 48 T 1 A4
AU L R REA, R R0 250 8w IR
AIEGAE R RS,
2.2.2 pHEHN 4 H/KILERIE I

pH {4 4 7K SLAR VI, A0 A 2 378 B L AR
P EZY AR AR % 1.34 glem’, ALO; %
20%Z5 47, G T IE ST A WA Z I, b ALO,
BT R4 R 45 nm A4, KA E IR S
W20 L W R # BC R 3 ORE2E 1T R R G 7E
23 COHRBEIREE) T, LA 5 m/s KUE MR X T4 4 h, i
R 5 T ARG T — 20, C & TR ERE
ISR, RUIRZ LA T MR 325
WO R IR B | R IR R 8 R [R] S AT SR S R A
[ RAS S o
223 GBI R TR bR DT ECE

WEoE & AR IS B K SR vk, B — 8 R

F 1L HERKNYIEBIER

Tab.1 Several physicalindicators of aluminium sol

Sample Producing area ALO; content/%  SiO,content/%  Density/(g-cm™) pH  Viscosity/(m*:s™) (25 C)
Zhuozhou 15~20 1.28 2.0 9.28x10°*
Aluminium sol Yueyang 20~22 1.34 33
Beijing University of Technology 1.35x10°
Silica sol Zhuozhou 24~26 1.153 9.0 2.74x10°
High purity sol Zhuozhou 24~26 1.153 3.0 5.54x10°
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Fig.1 TEM images of different aluminium sols: (a) aluminium sol colloidal particles produced in Yueyang; (b) aluminium sol colloidal
particles produced in Zhuozhou; (c) high-purity glue colloidal particles produced in Zhuozhou
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Tab.2 Physical properties of aluminium sol suitable for
processing

Sample w(ALO;)/% pH Density/(g-cm®) Colloidal particle size

Indicator <20 >4.0 <1.30 <100
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Tab.3 Process parameters of the coating for the
aluminium sol test

Viscosity/(m?-s™) Grit of Blow drying
Layer
2570) hanging sand time/h
1 27 80 3
2 - 80 3
3 - 46 2
4~5 - 46 2

Fz4 1400 CHEARRRBER
Tab.4 Test results of aluminium sol at 1 400 °C

Aluminium sol,

Baking 900 C,2h 1550 C,2h

1550°C,2h
0.41 0.85
Bending
0.32 0.67
strength/MPa
0.54 0.74
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Tab.7 High—temperature bending strengths of the
composite shell samples

High temperature Baking temperature/C

. N . . N bending strength/MPa 900 1200 1550
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Tab.5 Process parameters of the coatingfor the aluminium 1500 C - 1.6 438
sol test - 1.2 8.4
Grit of Blow drying Natural drying ~ Ammonia
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Tab.6 High—temperature bending strength of the
aluminium sol shell sample at 1 550 °C

Baking temperature 900 'C
0.1
Bending strength/MPa 02
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