%15 B 5
Vol. 15 No. 5

HEA SRR
The Chinese Journal of Nonferrous Metals

2005 5 H
May 2005

N E 45 1004 ~ 0609(2005) 05 ~ 0667 ~ 08

C/ GSiC B I3 AR R BE T IR 5 3

HoOMs, BE A, KA, wmiAm
(PR R MRBEEFRESLEE, KPP 410083)

OB IO AR B ERIBEMEL L C/C R C/C-SiC B AR R BE AR S R e, TE o/ ¢
SiC & A MRk — i B 1 2 =08 = RE BRI B 1) = PE R P B B MR . 28R T B IR B A0 L SR IBE A R
AR BVER] % C/ C-SiC EAMEBIMMR A REARLE, BT RNEHEZ LERE—MAEG NS Tl
AFERAR . NET REVHIK C/C-SiC MIEHISIA R AL G0 . JEvhRe L BRI R L ILN H, IR ¢/ G
SiC P& il B A R PE e RE RUEAT T VR .

RHHIA]: C/C-SiC; FEHERIRL PEEREESY % 7k

R E42KE: TB331; TH 117.3 SCERFR RS A

Progress and application of (/ C SiC ceramic braking materials

XIAO Peng, XIONG Xiang, ZHANG Hong-bo, HUANG Baryun
(National Key Laboratory of Powder Metallurgy, Central South University,
Changsha 410083, China)

Abstract: By comparing and analyzing the characteristics and friction properties of the compounds materials, the
powder metallurgy materials, carbon/ carbon and C/ C-SiC composites, it is concluded that C/C-SiC composites is a
high property ceramic friction materials which can meet the requirement of high speed and high energy braking. The
main advantages and shortage of liquid polymer infiltration method, chemical vapor infiltration method, and reactive
melt infiltration method for fabricating C/C-SiC braking materials are summarized, and reactive melt infiltration
method is a promising industrialization technology. The microstructure, mechanical properties, friction and wear

properties, and application of C/ C-SiC composites made in China are introduced. The property characteristic of C/ C-

SiC ceramic braking materials are reviewed.
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Table 1 Relative characteristic parameters of train braking materials

Friction Wet friction

W ear

Damnification to

M aterial factor factor loss wheel Sparkle Mass Price

Common cast iron 1 1 1. 00 0 1 1 1.0
Special cast iron 1-3 1 0.20-0.50 0 0 1 1.5°2.5

Compound materials 273 172 0.10 1.0 1 1/3 5.0

Powder metallurgy materials 23 172 0.10 0.5 0 1/2 6.0

C/ C composites 2-3 1-2 0.01 0 0 174 30.0

C/ C-SiC composites 374 374 0.01 0 0 174 8.0
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Table 2 Comparison of advantage and
shortage of fabrication methods of C/ C-SiC

Fabrication Mechanics  Porocity/
Technology  Cost
period/ h property %
CVI High 300~ 1 000 Best 10~ 15
LPI M oderate 200 Better 10715
RMI Low 20~ 30 Good 2=5

3 FHE O CSiC R B
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PR HGE, VR EEEAEL, HB 21 Ay R R
AIFGRTF e C/ C-SiC JEE A L 1 i) 46 T JBE 2 B it
PLER O BIF 5T . T T ] 5 A 24 b B oK & B A
C/ C- SiC P& | A4 1 FE AR AE B LR B L
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Bl 1 C/C-SiC Hlzht kK SEM BT
Fig.1 SEM images of C/C-SiC brake materials
(a) —Between fiber bundles; (b) —Between fiber filaments

C/ C-SiC HBh kL H g 27 P Be Bl T £F 4E T il
PREE RS OR 54 . B R R E 4% ¥ C/ C-SiC
PR 2t TR AL B RS ST 280 M Pa  [K 45
BRAE 2150 MPa, MM —(r R HiLk( 18 2) 7T 40, 5
AR TR A BRI W S A b, LS o 2 R O
“fRItE .

%3 3MEIR T 25 C/ C-SiC E&H R =k fel
Table 3 Properties of C/ C-SiC _composites made by different methods

Coefficient of

Fiber . T ensile M odulus of Flexural Compressive Shear thermal expansion/
Density/ o P
T echnology content/ L3 strength/ elasticity/ strength/ strength/ strength/ 1006 K- !
% (g* em™7) MPa GPa MPa MPa MPa
arn aL
CVI 42-47 2.1072.20 300 ~ 320 90 ~ 100 450~ 500 450~ 500 4448 3 5
LPI 42-47 1.70-1.80 240 =270 60 ~ 80 330~ 370 430~ 450 35 3 4
RMI 55-65 1.80-1.95 120~ 190 50=70 200~ 290 210~ 320 35 1-2 4-6
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Fig. 2 Stress —displacement curves of C/C-SiC composites
(a) —Flexural; (b) —Compressive
1.0 1.0
(a) (b)
08} 0.8+
g g
5] Q
& 0.6 & 06
S 04 S 04p
2 >
I, o
0.2 0.2
1 1 | 1 i L 1
0 2 4 6 8 10 0 2 4 6 8 10
Braking time/s Braking time/s
1.0 1.0
(c) (d)
0.8 0.8+
g 5
5] 5
& 0.6 & 06
£ g
5 E
2 04 2 04
3 43
0.2 0.2
| | | 1 1 | 1 | |
0 2 4 6 8 10 0 2 4 6 8 10

Braking time/s

Braking time/s

I3 C/C-SiC HlahbH kLR 2 2l it 2
Fig. 3 Braking curves of C/C-SiC composites
(a) —Fifth braking on dry condition; (b) —Tenth braking on dry condition;

(¢) —First braking on wet condition; (d) —Fifth braking on wet condition
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R RS EI 0 C/ C-SiC M4 BHE 1 3 A%, 11
NI TR R, ErE& N A TR S H
WU 32 R ZE AU R RS SRR 5 30 e R 4
BRI A SRS ER E W R s R ERE R,
oy B L 4

4 O CSiC F el st B vERERS S

SREHTE NS = B 2RI NG IR
25 5L DA ) [H AN R GE, PS4 C/ C-SiC B &l
MR e S .

1) HEMK. BE <2.0 gl em’, TR ARG 44
BB L AE 4.7~ 6.4 g/ em®, XU FFE
IR R BRI R EN, KRR Z%E
BB E R 60% it

R 4 C/C-SiC Pk} e B 1 1 B
Table 4 Frication and wear properties of C/ C-SiC materials

. .. Friction Stability s Hizkmg Braking Dimension  Pair dimension
Material ~ Condition . pow er/ energy/ .
factor coefficient 5 i time/ s loss/ Um loss/ Um
(We*cm™?) (J* em™?)
Dry condition 0.34 0. 67 189.52 1237.57 6.27 0.50 1.27
Gl
Wet condition 0.33 0. 66 188.35 1238.73 6.58 0.52 0.53
Dry condition 0.36 0.70 197.55 1248.91 6.05 2.10 1.67
G2
Wet condition 0.36 0. 67 203. 44 1241.80 5.92 0.96 0. 86

Bl 4 C/C-SiC HlZhA4 kL™ i T
Fig. 4 Braking manufacture photos of C/C-SiC composites

(a) —High speed train braking lining; (b) —Spirwing brake;
(¢) —Car brake; (d) —Tank braking lining
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