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Effects of stuccoing layer nylon-alumina hybrid fibers mass ratios on the properties for
silica sol ceramic shell

CHENYisi, LU Gang* , LIAOYi, MAO Pu, CHEN Xiao , HUANG Jiajun, YAN Qingsong
(National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong
University, Nanchang 330063, China)

Abstract: In order to optimize the properties of ceramic shell for superalloy investment casting, the 0.75wt% hy-
brid fibers were uniformly mixed in to the corundum sands via solvent method. Then, the short nylon fiber (Nsf)
and short alumina fiber (Asf) modified silica sol shell were prepared with different fiber mass ratios. The microstruc-
ture of ceramic fracture was observed based on SEM, and the distribution patterns and crack growth characteristics
of fibers were analyzed, which revealed the sintering behavior of fibers and matrix and further indicated the rein-
forcement mechanism. The results present that the properties of ceramic shell are significantly improved by a high-
er volume proportion of fibers in shell due to the stuccoing layer fiber addition. The flexible Nsf is wound on the sur-
face of corundum sands, which dissipates the load energy by friction during the fiber pull-out process. Meanwhile,
the Nsf is burned out and then form the in-situ holes in the matrix, which is beneficial to enhancing the permea-
bility of shell. And the Nsf : Asf=4 : 1 sample shows the highest green strength, permeability and open porosity at

5.08 MPa, 4.4, 20.82%, systematically. In addition, the microcracks are easy to formed in the sintered ceramic shell
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because of the dehydration and drying However, the crack will be bifurcated, proliferated and deflected when it ex-

tends to the surface of Asf. The phenomena indicates that the interlock Asf network can effectively decrease the

formation of continuous cracks, and further inhibits the ceramic particles striping and the intergranular fracture

tendency for shell. Therefore, the Asf can effectively compensate the strength weaken caused by burned out Nsf. At

last, the highest sintering strength of 10.51 MPa is obtained in the Nsf : Asf=4 : 1 sample, simultaneously, the high

temperature self-loaded deformation rate of ceramic shell is only 0.82%.

Keywords: hybrid fiber; ceramic shell; investment casting; fiber reinforcement; superalloy
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Fig.1 Real images of corundum sands with hort nylon fiber (Nsf)- short

alumina fiber (Asf) hybrid fibers in different fiber mass ratios
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Table1 Preparation details of hybrid fibers modified corundum sands

Stuccoing layers Corundum size/pm Mass ratios (Nsf : Asf) Hybrid fiber content String time/h
Primary layer 180 6
Translation layer 300 4:1,3:2,1:1,2:3,1:4 0.75wt% of sands 9
Back layer 700 12
x2 BESELEFARBETERFESH
Table 2 Preparation details of slurry for modified silica sol ceramic shell
Smearing - . Filler : binder/ - Hybrid fiber .
layers Filler/pm Binder (gmL™) Fiber type content Additive
Primary layer Zirconium (45) 3.03:1 None fiber None fiber
Translation 4 Nefand JFC wetting agent (0.2wt%-
layer C dum (50) Silica sol 15:1 Anfmtl stan 0.6wt% of 0.3wt%) and antifoaming
Back layer orunduim stata mass fillers agent (0.3wt%-0.5wt%)
ratioof3 : 2
Seal layer 226:1
Note: JEC—{fatty alcohol-polyoxyethylene ether.
M3 - M,
L3 5 = ———x100% 1)
M3 — M,

it ZTY 2 g AV B (o8 KRB
AR F), MBS, {8 R
A H A% @50 mmx5 mm, P B 3 oK flE HE K k]
A IF AL, HEAKXWIT .
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Fig.2 Preparation details of solvent method for Nsf-Asf hybrid fibers corundum sands and the modified silica sol ceramic shell
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Fig.3 Sintering temperature system of stuccoing layer Nsf-Asf hybrid

fibers modified silica sol ceramic shell

R 12k 40 mmx20 mmx6 mm, JFEAAT

_ 3P )
2bW2

Hr: o WA PUE R E (MPa); PR & KN S
(N); L. bFIWZ4r 5 5 B . A 5 98 B RN B
(mm). 5% B ECHR 5 ARFE S ME, FErT bR e
2. il H EARE R A S B AR 100 mm, JE
BE S 20 mm 19 B HOR AL 7, CE ] 1350°C B
NI 0.5, AR 300°C B ECH I A H R S
HEAKXWT .

b= 22E x100% ®)

Horre o il A AL R (%); AL B2
FORTJE AR B B AR (mm). R 3E [ FEIZS A fY

of

Quanta200 7! 5 1 i B8 WL 28 A = S S i 0 5
Wr FJE A, s L 20 kv,
2 BRESW

2.1 BEMOFEREEETIFE
] 4 5 Nsf-Asf 1 4% 2F 2 ol Pk 0 5% A 26 W 1

P_

SEM K&, FIUL, BUSEWTH M A, SR 2
iR NP (AN CE R 5% v 2 8l SR T L6157 R
Sk R R REVS R 25, BV TRb R R . B A
Nsf (5 F i) R R, #9035 9 ] 5 2 450i 328 v o
s a(a). &l 4(b) Frzn, o £F 4 2 BT W 2y
S0 Aa, e a(d) B, SR4ER AR . RARET
AE R W AP 1] e B k), BRAIR T 2R 4k R RS
Praefib e A, [RIEE, AHES T AR & 2T e 4R
BB

Kl 5 B AL STl B3 . anl&l 5(a). 5] 5(b)
JEoR, BORL Nst 58 4458 T8 il 5t o7 4 fL T 48 48 7Y
Asf 8 3 (R B TE R e LAk . I bead B, R 25 7
K FER R A HL AR BR , R R W T
(PR NEE T RN RSP TR TR S 29 I S
JIAS 2 B 3RO} % 2 DX AR M o (] 5(c)). B &
AR B 2 AR R ABURT L 3R 1T AR AR A IR BB A
R BE S S FE P REEE TR, REVE R
SiO, JiT s Pt 76 52 AAE FDOS B A9 BT, L
7 AR B T R 3% S A B R UK . BE ML T W
TP RZ Y = R REA A, An A& N HE R
JEmERZiEE, EBREIEBARK, &AL
AN I, T SE SR R ph R/ 0k 8 UL / Ast
FUAE S )E TR, SR E 4(c) FroR, R R
T i W7 2L HEAE . B T RS 2 e i B (L 950°C
FKRSF R ks B 5% B Asf 34K & AR AR I (1 5(c)
Kl 5(d)), R ARIE T AL5E ROTFRRE .

R R, Nst5 Asf K # 5 4mm,
RN 0.627, HARHY 1.776, RISET & Asf
TERL D | 2902 Nt (Y W5 o 24 Nsf (5 ook 2b, Ast
TR, BRI ER Y S PR I, £ 4 8 SE
RN, Beal, xFHE 5(d) £ 2 s v g — 2
UESZ & a(d) AR £F 4 o BN R 2 3, R,
XF B B 5(a) H i 22 Nt e fL, &l 5(d) H g R
SHFLBR I R T 38 41 Nt



R 3,56 D)2 ) - B T Ak T 4 SO Ak LT T 9 M R 5 1 B Y 5% T

i

K4 AFBTE LEHDZE Nsf-Asf {RAZFAESPETE A LRI SEM EIR: (@)4: 15 (b)3:2;5 (¢)2:3; (d)1:4

Fig.4 SEM images of green body for stuccoing layer Nsf-Asf hybrid fibers modified silica sol ceramic shell with different fiber mass ratios:
(@4:1;(0)3:2;(c)2:3;(d)1:4
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Fig.5 SEM images of sintering body for stuccoing layer Nsf-Asf hybrid fibers modified ceramic shell with different fiber mass ratios: (a) 4 : 1; (b) 3 : 2;
(©)2:3(d)1:4
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Fig. 6 Effects of fiber mass ratios on the permeability and open porosity

for stuccoing layer Nsf-Asf hybrid fibers modified ceramic shell
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Fig. 7 Effects of fiber mass ratios on the high temperature self-loaded
deflection rate for stuccoing layer Nsf-Asf hybrid fibers modified

ceramic shell
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Fig. 10 Real fracture images of green body for stuccoing layer Nsf-Asf hybrid fibers modified ceramic shell with different fiber mass ratios after three-
point bending test: (a)4 : 1;(b)3 : 2;(c)1: 1;(d)2:3;(e)1: 4
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