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Properties of metal fibersreinforced friction materialsand grey
cast iron friction couple

SU Di, HUANG Bai-yun

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The wear debris of three semi-metallic friction materials reinforced by low carbon steel fiber, brass fiber and
pure copper fiber respectively, and grey cast iron couple woren at different temperatures were studied by XRD and
EDAX. Wear properties were analyzed together with the surface images got by scanning electron microscope(SEM). The
results of X-ray diffraction analysis indicate that the main constitution phases of the wear debris for that reinforced by
steel fibers are a-Fe, BaSO,, FeCr,04(also maybe Fe;O4 or Fe,03), and that for those reinforced by brass and pure copper
fibers, there is Cu in addition. EDAX result shows that the most element of the wear debris for the material reinforced by
steel fibers is Fe whose atomic concentration adds up to 50%—60%, and the atomic concentrations of other elements, such
as Cu, Ba, Cr, Al, are 6%—10% respectively. Comparing the atomic concentration of the wear debris for material
reinforced by brass fiber with that by pure copper fiber, Fe concentrations are both relatively high and most of the
elements except Fe in the latter is lower than that in the former. The wear for material reinforced by pure copper is lower
than that by brass material, while the former tends to hurt the opponent more.
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Fig.1 Atomic concentration of Fe, Cu and Cr in wear debris
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Fig.2 SEM images of No.2 and 3 samples friction at 350 C
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Fig.3 Atomic concentration of Ca, Ba and Al in wear debris

PEEEAEL A G TE BT ARG LRI VE T, i X S5 k0]
)38 J PRI R T LK o
23 BEBXPRLR S BIEEIE ST

K SEM X EE S RS M2 v LUR I, {EAN A
FER, #A R A X SERR &, A
pre o L SR B N 255 o Y T O S R NP U s 2
ST R AN, SR EDX X KBORiEAT 7
g BT . RURE EDX 40 HT 45 B2 2 Fios.



54 I S S SRETYUR R EE RS IR B Sl B e 587

%2 B KA EDX oAres R
Table2 EDX analysis of wear big grain x/%

BefhS L& 80 °C 150 'C 250 C 350 C
Fe  60~70  50~60  45~60  45~70
Ca 7~13 2~12 2~13 8~11
15 S 7~15 3~20 0~20 5~15
Ba 8~12 8~12 7~13 7~12
Cr 1~5 0~4 0~4 1~6
Cu 1825 18~25 18~30  30~40

Fe 10~20 15~20 15~25 5~15
Ca 10~15 7~12 8~15 6~16

2% S 11~20 10~20 20~30 15~25

Ba  8~I2 8~15 8~12 10~18
Al 4~8 4~8 3~8 4~8
Cr 0~4 1~5 0~4 0~4
Cu  18~30  30~45  20~30  20~35
Fe  30~45  20~30  25-55  35-52

Ca 7~10 7~10 5~10 5~10

35 S 7~15 8~15 7~16 6~10
Ba  7~12 6~12 6~12 6~12
Al 3~8 3~12 3~12 1~10
Cr 1~4 1~4 1~4 1~4

M 2 WTLLUE Y, RBUREREA | 2 i o) 1RO 58
SEM, B e ARl A N ) B S AR B 5 T S B 2R
&, BRTIRYE, BER. BB 1 ke
PR o KRR, % R B L P AR AT A 2
AL 2 SAFEBE I Cu 5 B I 1 oy 1
I, Fe & BRI SR hnni g, S A Ba Ji 1%y
HAE 350 CIFIEATHER, U W B B 2T 2k A v Tk B 45 8
R, 2] T3 AR R 3 5 ulhe
PE S A Cu AT W R A2k, {5 Fe &5 U)W i bt
il S (T I O, FC A 1) 5 e B U (1 4
T Ay b BRAR AN R, 3K [ B b HH S 2T 4
RO AEAT R4 P, B L R 88 T ™

3 &

a X UL AT AT 1025 S ), ST S 3
HOREEERARL, BT P 1L S RATE oFe, BaSOL,

FeCr,04, Fe;04 1 Fe,O5; B4 G M 4T 1S s AR
BEE, BT _EdRyHAr, iEf Cu.

b. X HERe /M4 LR, 1 S E
FEICE R Fe, 2 58 3 SRR M LL Cu Al
Fe J ¥, HIKJE Ba, Ca, Cr, AlZ50E, XUTH
1) S o3 B S B B TR AR G R ik T B it &R
(R0 JOCRE A B TS o 1) e B HC Bt FEE AR A R 155 0+

c. B Fe JUHEAL, EKML4Esbont bl g, H
TG EE R JR T E o B A b L B A A 1 s b R
JEH AR . S AT A RIS AT AR AL EE R, Fe
JRFEO B S, Cr JR PR BT i Fe %
SR EUNERATEHE S 401, SR 2 YR B oA R B i
Fe R 405325000 B 0 LU v 4 £ Ak G 5 1 v 0 B 58 40
RIS LTy R SR Ny S T O S O P K
A3 LU AR 1)K

d. M4 EDX 43#7, B b ORI 25 b 4
/NS TS A PEE S SR A I L IS TE ), Hopisy
RIS S5 700 AR 5 Al /N B S a3 3 A A AR )

e MEREVERE LA, THA4E /T EEEMRL, B
REAT AU PRAC EE AR B, SREDRIE R EE 40 A 1)
W0, ORI 2T Y B AL o

S 30k

(11 XPEZ, 3=, B 3, 55 VORI IRIE AR k%
[]. g T R2E 244k ASREIER, 1999, 30(3): 283-287.
LIU Zhen-yun, HUANG Bai-yun, SU Di, et al. Optimization of
resin matrix in automotive friction materials[J]. Journal of
Central South University of Technology: Natural Science, 1999,
30(3): 283-287.

21 % A % R, BUEGE, S5 SR VR R R R
FEBE BB R RS (], bR KA H AR BE AR,
1999, 30(3): 288—291.
LUO Chen, SU Di, HE Feng-jia, et al. Influence of oxide film on
the friction and wear properties of semimetallic automotive
material[J]. Journal of Central South University of Technology:
Natural Science, 1999, 30(3): 288—291.

Bl XEZ, Wiz, 3, 55 BRI YES S BRI
PERERISEMAL]. PEEEZ2AAI, 1999, 19(4): 322-326.
LIU Zhen-yun, HUANG Bai-yun, SU Di, et al. Relationship
between fiber content and properties of automotive friction
materials[J]. Tribology, 1999, 19(4): 322—-326.

[41 9 7, 5k b, d@ARE. VOEEBEREEADRL TSR 2T 4 T 5L
PR 5 S SB[ Tt TR RS540 HARBAMR, 2006,
24(5): 19-21.



588 H R AR (L RRE AR 5 38 4
ZHANG Yang, ZHANG Li, MENG Chun-ling. Development of AT T[], HAMEIEER, 1995, 12(2): 37-41.
reinforcing fiber used in automotive friction material[J]. Journal JIA Xian, CHEN Yong-tan, LING Xiao-mei, et al. Study on
of Beijing Technology and Business University: Natural Science, friction and wear behavior of copper fibers in semi-metallic
2006, 24(5): 19-21. friction materials[J]. Acta Materiae Compositae Sinica, 1995,

[5] Rhee S K, Jacko M G, Tsang P H S. The role of friction film in 12(2): 37-41.
friction, wear and noise of automotive brakes[J]. Wear, 1991, [11] Scieszka S F. A study of tribological phenomena in friction
146(1): 89-97. couple: brake composite material-steel[J]. ASLE Trans, 1982,

[6] Gudmand-Hoyer L, Bach A, Nielsen G T, et al. Tribological 25(3): 337-345.
properties of automotive disc brakes with solid lubricants[J]. [(12] 9% 32, WislH. s BEEORRII BE SR S A0k e I I T2
Wear, 1999, 232(2): 168—175. O] hE Tk KF =R AR, 2002,  33(2):

(71 BBt AR, BRAGH, A FRJE M RS K Bl 170-172.

PERE LT R M T I (0], BEHE S 23R, 1995, 15(2): SU Di, PAN Yun-juan. Frictional and wear characteristics of
171-176. three types of semi-metallic friction materials[J]. Journal of
JIA Xian, ZHOU Ben-lian, CHEN Yong-tan, et al. Study on Central South University of Technology: Natural Science, 2002,
worn surface layers of the friction pair consisting of 33(2): 170-172.

semi-metallic friction materials and grey cast iron[J]. Tribology, [13] Scieszka S F. Tribological phenomena in steel-composite brake
1995, 15(2): 171-176. material friction pair[J]. Wear, 1980, 64(2): 367-378.

(8]  HB#rE, mhHfE, VF/NER, 45 RS ERIM]. st BRT [14] 7% B, B, OB, 5 ORFERREL T P8 BRE AL
b A, 1992: 185—-195. JEE P s 45 1 REAIF (D). @#ﬁ 22247, 2000, 20(5): 383-385.
SHAO He-sheng, QU Jin-xin, XU Xiao-ti, et al. Friction and SU Di, LI Du-cheng, WANG Lin, et al. Friction and wear
wear[M]. Beijing: Coal and Charcoal Industry Press, 1992: behavior of two semi-metallic friction materials[J]. Tribology,
185-195. 2000, 20(5): 383—-385.

[9] W, BEEFRFM] dERT: WK R AL, 1990: [15] © Mg, 88 M, A=, & HIZEEE C/C-SiC B4k
408-416. BB PE RN REMI[T]. EHR 7], 2006, 26(1): 12-17.
WEN  Shi-zhu. Tribology theory[M]. Beijing: Tsinghua XIAO Peng, XIONG Xiang, HUANG Bai-yun, et al. Effect of

[10]

University Press, 1990: 408—416.

BB, WROKE, S, 1) BERLAD )P A 4T 2k PR

braking speed on friction properties of C/C-SiC composites[J].
Tribology, 2006, 26(1): 12—17.



