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Effect of Si on structure and mechanical properties of
Fe;Al—graphite solid self-lubricating material

WANG Cai-liang, ZHU Ding-yi, LU Ling

(School of Materials Science and Engineering, Fuzhou University, Fuzhou 350002, China)

Abstract: Fe;Al—graphite solid self-lubricating materials were prepared by melting method. The effects of Si content on
the microscopic structure, mechanical and dry friction properties were investigated. The results show that Si element has
an effect on facilitating carbon atoms to solute in Fe-Al-C liquid alloy and to graphitize in the process of solidification,
which can solution strengthen the alloy matrix. With increasing Si content, the hardness decreases and the bend strength
increases because the the strengthening effect of graphitization. When Si content exceeds 3.5%(mass fraction), the bend
strength deduces dramatically because the solution of Si element in Fe;Al matrix is too much. The results also show that
FesAl—graphite alloy has good wear-resisting and lubricating properties. The coefficient of dry friction decreases with
increasing area density of graphite, and the wear rate reduces with increasing Si content. Fe;Al—graphite solid
self-lubricating material with 3.5% Si after annealing at 900 ‘C for 15 h has good mechanical properties, and the wear
rate is just as 1/20 as that the of spheroidal graphite iron.

Key words: Fe;Al—graphite alloy; solid self-lubricating material; melting; graphitization; friction and wear

SR A FesAl P fiii. BEBL 0 AT PORTUte, ROt B T 1 ST LA T
SRR A ST E MDY, RS KRS,
Cr. Ni S5 8 G0 K, 264 R IAAL A4 h A B Fes Al 15— R BS (M RPEHIOTT S0 o T4
REFITRTSE A0 RS, KBk, S Fe; AL IORFSCE it s 00 1M 7 BRSSPl [l P e Yo 030 o
TP A I T L ORI RN TRERE S T, NE Ni-AL LA e, 046 H BT e L 15

BEEWH: EXARFAIE SR B H (50471007); R4 A RRERE 4% BIIH H (E0710006)
Ueks BHA: 2006-12-04; 1&iTHHEA: 2007-04-29
BIRES: dE—, HFE; Hih: 0591-83768831; E-mail: zdy7081@163.com



1314 PR R AR

2007 4 8 A

Niz Al B~ 88 [ 08 R A RE, ASCY RS AL TS
(At b, RIS R AT Sl ] A T 0 e e MR
AZ| Fe;Al H:r, s Bl RE AN FesAl
B~y SR R T AR SR BRI IR ST R, 4
Fe-Al-C &P AN EIeERN, FeEAZSME
Wk, — s miAERER Ny, S NS e R
I BB RE R, AEF BT N ™A™ AR AR 2R,
e P A SRR D Sy, AFRAE S e
(¥ C I 75 Feu Al JERRALY), I BAF AR MG
Yo BRSO R, 76 N AL -4 5
IR IG ALESRE C B R AR C
J 7 HELLAE Ni-Al RBATH KA . Rk
Si &Ml e R S L R, ASCEHEBIIUINA
Si XEAE FesAl KA sl 4K FHR T AR KA
BEMIFEH], [RIINAE G St Lok Ce Xy a8t
17 T BRI AR

1.1 EE[EH

KT A2(1.2%Si, 4.1%C, 434 Fe, JFiisy
B N FEARERL, BN 99%1 TALgish. & Si A
5% (R A Fe)s 2R 99.5%M) 47 sk 4l
Hho98% I & J8 Ce, %R H 4 (%) BL
Fe;Al-4.0%C-x%Si-0.5%Ce &4, b Si & & x &
Sk 150 2,57 3.5 F1 4.5, WK SR8 b2k U
5o QT-500 MERSEFEER,  FHAE DK EE AR Bt v R )
X HLEE

1.2 whRl & Rt ae i

ey Ly S enla N el .9y 28 9 Ny Wl <5 N Gl A
54 SP-30B, THHR Ky 30 kW, JNHa I i i 4l 4y
HIH o SEBE IO I A SRR « R o M 48 1) G
AR T, RIAVEE TSR R 1
700 CoRiE 8 min /iy, &5, FFIA 0.5%
M4x)E Ce, KV 1 min Acfy, JEHE, RJEHeERIfA 5
e, 858 ST 120 mm X 60 mm X 20 mm. K7
IEEEEA B S IR T B AR NS, e ieis B
F] 750 CLATHE, FHEEERNE] 900 C HIAH ik
ITIBKALEE 150, RIGAHEEE. &Vt
FE, K H A 22 D/max—I11C X SHEATHHO & 4241
LU TYIMIbRE, ] XTL-03 A S Ass 20 #r He 1
L, AR 4%IHIRIR R i /F XQF—4A
TG HTA B ANTE] ST 5 H (1K) A G TR A 58 T 2

HEAT 2 B %E s R HR-150A 798 B 5 o A
HX—1000 2 &b Sl Al FEEASC G ot 00 5 5 < PO FSEAEL, Xo il
RAH 700 5 A IBCFAME 7 MM—200 24 3h—
PR R A IO AT B PE BRI A S0, SR
RSP 10 mmX 10 mm X 10 mm, X HFR N GCr15 i
AMNHRC62), ) d50mmXd16 mmXd 10 mm,
FAHNH A 400 r/min, VLA 49 No = f 25 ik
FER LR AR HERAE, 28 60 mmX 10 mmX6
mm, P AAIRE Y 40 mm, RFRPE A4S 3
ANRFE, BCFIME.

2 ZFERE5iHe

2.1 RAFSEHZR

K 1a)~(d) FT 7~ 5 ) o Fe;Al-4.0%C-1.5%Si-
0.5%Ce. Fe;Al-4.0%C-2.5%8i-0.5%Ce. Fe;Al-4.0%C-
3.5%8Si-0.5%Ce. Fe;Al-4.0%C-4.5%8Si-0.5%Ce PUFi&
47E 900 CiE/K 15h JFIAZ. K 2(a)s (b))
M FesAl-4.0%C-1.5%Si-0.5%Ce. Fe;Al-4.0%C-2.5%Si-
0.5%Ce WFH&44E 900 ‘CIE-K 15 h Ji5 (1) X S fr it

i,

SRR, RIMANAAICE Si ), 7E Fe-Al-C
BEEMEEIIFE T, A BSREH RSN R
10, E S RS P AR T B2 IMANA 4T
# SiJa, XFILEAALINER, &) Si rmA R &
FHK C L TAE Fe-Al-C A GE TN R . MK
1 R T o R KA AT LUE H, B Si (N
N, HBBEFECE, W T LI MEgAA B, {2 Si
BN AR, 5B KSHLUFAEE —ENZE R
ME 1@ T EUE 2, 4 Si &k 1.5%I0, A a5 5
b, B KR B A B AN, AR T R AN
RS AR I AR T 1 R B A
(I REFEAE Ok 738 HV, J& TRl BEAR i db ), it
— G X PRI W A FesAlC s ALY (K 2(a)).
XRIIIIANL Si /DI, Fe-Al-C WA A 4 il
) C J - AEBE ML RE AN RE 78 7041 524k, 4 C I T
5 Fe it Al JiF4ia B T ws. B3 Finh
A Si B FesAl B8 540 A 8% . M
B3 ATLUEH, 4 Si Erm A 1.5%38 5 2.5%0, Fe;Al
B B A BT B N Y ST Ak
BERIE, A4 s i 2 BE I AR 2%, Si ik 3.5%
WA B, A SN 14.9%; 4 Si & 4k
KA 45%0), GElAS%EEN 14.6%, 5 Si &
N 3.5% I G 4 IR A B FE LA ], R BH N 3.5%



517 5 8 AR, 55 SiHT Y FesAl Je— 47 855 G4SN ) 22 RE I R 1315

) Si BEW 78 7Bt Fes Al Jk — A7 s & AR L A



1316 A 0 4 A 2R 2007 £ 8
o '.].
A Siaa TR

1 ANE Si &8 Fe;Al - B E542 900 C. 15 h B KALPR)E I B

Fig.1 Microstructures of alloys with different Si contents after annealing at 900 ‘C for 15 h: (a) Fe3Al-1.5%Si-0.5%Ce-4.0%C; (b)
Fe3Al-2.5%Si- 0.5%Ce-4.0%C; (c) Fe;Al-3.5%8Si-0.5%Ce-4.0%C; (d) Fe;Al-4.5%Si-0.5%Ce-4.0%C
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Fig.2 XRD patterns of alloys with different Si contents after annealing at 900 “C for 15 h: (a) Fe;Al-1.5%8Si-0.5%Ce-4.0%C; (b)

Fe;Al-2.5%85i-0.5%Ce- 4.0%C
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Fig.3 Relationship between Si content and area density of
graphite
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Fig.4 Relationship between Si content and hardness

T

850

750 -

650

Bend strength/MPa

wn

h

=
T

450

1 1 1 L 1 L

1.5 20 25 30 35 40 45
w(S1)/%

E5 SigESAEMEmENRA
Fig.5 Relationship between Si content and bend strength
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