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Material Selection Design for High Temperature
Ceramic Filter Insulation Layer Based on
Fuzzy Multi-Attribute Decision Making
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Abstract: The purpose of the present study is to realize rationalization selection of
high-temperature ceramic filter heat-insulating layer. Different materials suitable for this purpose
were considered. The material properties and design requirements were studied and calculated by the
hierarchical quality roof method, and the comprehensive weight value of the material property with
respect to the overall customer satisfaction is obtained, which is used as the basis for the next step of
material selection. The bonding degree of the candidate alternative materials and the optimal one was
calculated by using the fuzzy multi-attribute decision-making method. By combining the material
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property comprehensive weight value with respect to the overall customer satisfaction, the material
combination satisfaction ranking was established, so as to determine the optimal material suitable for
the thermal insulation layer of the high-temperature ceramic filter, and provide reference for the
material selection and design of the ceramic membrane component.

Keywords: Ceramic filter; Material selection; Hierarchical quality house; Fuzzy multi-attribute
decision making
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Figure 1 Illustration of QFD expanded structure
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Table 1 Saaty’s 9-unit scale

Values of scale Meaning
1 Equally important
3 A little important
5 Obviously important
7 Very important
9 Extremely important
2, 4, 6, 8 The compromise between the two scale
Multiplicative inverse a;=1/a;
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Table 2 Design requirements judgment matrix
TCS DRy DR, DR; DR, DRs DRg DR;
DR,y 1 1/6 1/5 1/5 1 17 1/5
DR, 6 1 2 172 6 1/2
DR; 5 1/2 1 1 5 1/2 1
DR, 5 1/2 1 1 5 1/3 1
DRs 1 1/6 1/5 1/5 1 17 1/5
DRg 7 2 2 3 7 1 2
DR, 5 172 1 1 5 1/2 1
%3 AREHERRE
Table 3 Weight required for material design
Design Surface Cost Unpolluting  Durability ~ Size  Reliability ~ Recycling
requirements
Weight 0.032856 0.197172 0.144612 0.136979  0.032856  0.310913  0.144612
7 4 ULANUL A A U 69 A7 44 8 1 4 B e
Table 4 Material attribute judgment matrix based on appearance
Bulk Compressio Thermal . Processing  Fire proof
TCS density n strength conductivity Price Safety difficulty properties
Bulk density 1 2 1/3 5 1/2 1 1/2
Compression ——— , 1 112 4 113 112 13
strength
Thermal 3 2 1 8 3 4 3
conductivity
Price 1/5 1/4 1/8 1 17 1/6 1/6
Safety 2 3 1/3 7 1 2 1
Processing
difficulty 1 2 1/4 6 172 1 1/2
Fire proof 2 3 1/3 6 1 2 1
properties
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Table 5 Average random consistency index R/

matrix order 1 2 3 4 5 6 7

RI 0.00 0.00 052 08 112 126 136
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Table 6 Weight values of each material attribute corresponding to design requirements

Customer Design requirements
requirements Bulk Compressio Thermal . Processing  Fire proof
& weight density  nstrength  conductivity Price Safety difficulty  properties
Surface 0.1076 0.0798 0.3320 0.0248 0.1762 0.1073 0.1716
Cost 0.0587 0.0413 0.17423 0.4771 0.0957 0.0589 0.0940
Unpolluting 0.0810 0.0586 0.1935 0.0231 0.4407 0.0853 0.1179
Durability 0.0685 0.2811 0.1941 0.0224 0.1007 0.0717 0.2615
Size 0.2529 0.1298 0.1580 0.0175 0.0766 0.2170 0.1482
Reliability 0.0624 0.2987 0.1843 0.0216 0.2684 0.0674 0.0972
Recycling 0.0911 0.0710 0.2363 0.0237 0.3400 0.0994 0.1386

KT ETEREFPHRMAHBERE

Table 7 Material attribute weights based on overall customer satisfaction

Bulk Compressi Thermal Price Safet Processing  Fire proof
density onstrength  conductivity y difficulty  properties

Weight 0.0030 0.0238 0.0757 0.0106 0.0934 0.0920 0.1322

Material
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Table 9 Precision attributes of the test materials

Precision attributes

Material Bulk density ~ Compression ~ Thermal conductivity Price Processing  Fire proof
/ kg-cm™ strength / MPa I W-(m-K)™ / Yuan-m™  difficulty  properties
Polystyrene 32 0.60 0.041 16 3 1
board
Polyurethane 35 0.27 0.024 30 4 5
Rock wool 120 0.04 0.040 15 5 8
Glass wool 20 0.06 0.045 7 5 8

KO MABHEREHUAELR

Table 9 The results of material attributes in the same trends

Material Bulk density Compression ~ Thermal conductivity Price Processing  Fire proof
/ kg-cm™ strength / MPa [ W-(m-K)™ / Yuan-m™ difficulty  properties
Polystyrene 0.3125 0.60 24.39 0.0625 2 0.33
board
Polyurethane 0.0286 0.27 41.67 0.0333 2 0.25
Rock wool 0.0083 0.04 25 0.0667 2 0.2
Glass wool 0.05 0.06 22.22 0.1429 5 0.2

XERTRES T 1 Rl AL AL B R (0 45 SR EBEAT VA — AL A B B8 — ALAE RS F

0.4731 0.9065 0.4153 0.3616 0.3288 0.6619 0.0806
Fo 0.4326 0.4079 0.7094 0.1929 0.3288 0.4964 0.4029 13
101262 0.0604 0.4256 0.3857 0.3288 0.3971 0.6447 (13)

0.7570 0.0906 0.3783 0.8266 0.8220 0.3971 0.6447

XERPBHE PR A —ALAERE F AT INBURE, MR G MBUE wy, B

1111111
1111111

"iTli 111111 (14)
1111111

BETAG 2R RUE MERINBUERE Z (Z = Fwy):

0.4731 0.9065 0.4153 0.3616 0.3288 0.6619 0.0806

7 0.4326 0.4079 0.7094 0.1929 0.3288 0.4964 0.4029 1
101262 0.0604 0.4256 0.3857 0.3288 0.3971 0.6447 (15)

0.7570 0.0906 0.3783 0.8266 0.8220 0.3971 0.6447
R (8) Ak (9) RAGIE S ERAR A

£=(0.757, 0.9665, 0.7094, 0.8266, 0.822, 0.4964, 0.6447) (16)
£=(0.1262, 0.0604, 0.3783, 0.1929, 0.3288, 0.3971, 0.8058) (17)
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WHER 10) M (11) BRI EE MEE S FARE 2 M BRICEE RS S.'= 0.972, S,'= 1.0414,
S5 =1.3046, S, =0.9194, $,=0.9676, S$,=0.6618, S3=0.598, S,=1.167. fxj&, WL (12) HH %
AFERLE RIS RS C€1=0.4989, C,=0.3886, C3=0.3143, C4=0.5593.
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