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Influence of Different Stress Ratios on Fatigue Behavior

of WC-Co Cemented Carbides
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(1.College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
2.State Key Laboratory of Cemented Carbide, Zhuzhou 412000, China)

Abstract; The three-point bending fatigue behaviors of WC-Co cemented carbides with different binder
phase content and composition under cyclic loading at two different stress ratios (R=0.1 and R=0.5) were
investigated. The characterization of the fracture surfaces was carried out by using a scanning electron mi-
croscope (SEM), and the fatigue mechanism was also studied. The results show that the macroscopic frac-
ture morphology exhibited brittle fracture and toughness fracture. With the increase of Co content, the fa-
tigue sensitivity decreased firstly and then increased. Cemented carbides with complex binder phase (Co +
Ni + Cr) exhibited lower fatigue sensitivity than that of pure Co cemented carbides. The fracture mecha-
nism transformed from brittle to ductile at the stress ratio changing from 0.1 to 0.5. With the increase of
the stress ratio, the fatigue sensitivity was changed.
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Tab.1 The compositions and the grain size of cemented carbides

BEHT MBLE/pm RSN Y BB R %

A 2.0~2.5 8(Co) 92(WC)
B 2.0~2.5 15(Co) 85(WC)
C 2.0~2.5 30(Co) 70(WC)
D 2.0~2.5 30(Co+Ni+Cr) 70(WC)
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Tab.2 The blend strength of cemented carbides
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Fig.1 S-N Curves of cemented carbides

with different Co binder content

Sailer™* 3 4l iy B J5i £ 42 9% 57 M g 0O WF 55 45 SR 4
— YR T R=0.5 B B A& RN, & 4
)95 55 SO DL B 9 57 i BRI AR L AR S R = 0.1
FERLEE Y R=0.5 Bf,A.B.C =& &% 55
JEPEER/NT R = 0.1 B, 1 i 46 A 5 A 4 1 9% 97
SN/ BE R TR ES & 4 Bl an > R =0.5 B
B C A4 09 55 UME R 195, R=0.1 B} /)N 45,
MARE A A &8/ 14.

RI3I FAEAHREERGENESTHRMEESTHRRE
Tab.3 The fatigue sensitivity and fatigue limit of cemented

carbides with different Co binder content
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Fig.2 The SEM of cemented carbides with different binder phase content(N==1X10°~3X10° cycles)
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Fig.3 S-N curves of cemented carbides with

different binder composition
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Tab.4 The fatigue sensitivity and fatigue limit of cemented

carbides with different binder composition

9% 55 1 IR 9% 55 R

A4 9% 57 U P97 55 FURK
K;j;‘ /MPa ﬁ}??io lﬁ /MPa &;iﬂ_io 5@—
7 R=0.1 : R=0.5 :

C 707 240 925 195
D 837 201 1009 168

4 5 DA 40 EDS fgi o . A& 4 19 EDS
5T LUE B, Cr A N J2& RURENE I A7 7E T Co
O A ST R L6 R AT S R Co AH B 5 IR 4A
AHZS , AORS S5 AR oA NI RE AT R0 /0 33k F A s 21
Kl 5(a) iy R=0.1 B D &40y & 57 SEM, 5 R
=0.1 0} CEHEEMW HIEHA K CLE 2Cc)), 7] LA
K Co H“H B W 2L LK 2 (o) D, X ik —



% 6

WRAR A6 45« N7 L X WC-Co T J5T & 43 9% 55 1 RE 1 52 1) o

B R 43 19 Ni Fi Cr 488 Co, 8 52 7] L] Co
HH fec-hep AHFE S, AT 42 i A 4 19 95 55 P g, o 2>
AR 9% 25 BURNME. Y R =0.5 BF. D 4 4 i 0 B
SR 55 C A4 (E 200) 23R K #f T

B EIW 0B 6T X R i T AR RN I B 3t Co
HASE 25 5 e A WP W 2 s fec-hep AHZRBED, (Rt
A NG A Cr X BE 5T 5 895 55 P BE S W AN K.

spc 05-Dec-2013 172831
LSecs: 14

Flement At%
CK 07.72 39.00
Crk 01.74 02.03
CoX 28.83 29.67
NiX 12.71 13.13
WL 48.99 16.16

Matrix Correction | ZAF

co
w
M

Cr

400 600 800 1000 1200 1400 1600 1800
Energy - keV

A4 DoEsWa#titR
Fig.4 SEM micrograph of grade D and results from EDS
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Fig.5 The SEM of grade D under different stress ratios loading(N=a21X10°~3X10° cycles)

4 £

1) 6 AR LA AR B06 384 4900 1) D A 384 5 A I 5 4
BT LY 1) R 7.0 9% 57 2% 407 I S0 11 5 24 e 7
Sl AR PP R S O AR R A MR T N T A A IR
BB e

2) 1E W R OR8] R 77 b 28 o B 380 & B, Bl 5
SR, A A 9% 95 BB S 18 R R N D
NI A Cr AR Co REWH D o [CIR A AR , BRI &
& 1 55 U

3) KL 7 Be I 97 28 I B S A 4 ol 45 A0 2 B

HH B 22 Y ) T SRR E L 1S RN T L B R A R %
55 FHURAE AR o i Al 4 O SR DN R JEE R T
IR G 4 &84y Ni 1 Cr A 4, FE /N ) B 2%
A5 55 UM AR T4 Co & 4 1 K 7 LU i 28 i
W 55 HURE 22 5 K

2% Uik

(1] BRfRfe, 2258 Bk S S & m 5 SR EA 6
4R, 2011.,21(10) :2394—2399.
CHEN Zhenhua,JIANG Yong,CHEN Ding set al.Fatigue and
fracture of cemented carbides[J].The Chinese Journal of Non-
ferrous Metals,2011,21(10) ;2394 —2401.(In Chinese)

[2] ABDEL-AAL H A,NOUARI M, MANSORI M E.The effect



WP R 2 2 4 CA IR B2 O

2017 4

(3]

[4]

(6]

(7]

(8]

[9]

[10]

[11]

of thermal property degradation on wear of WC-CO inserts in
dry cutting [J].Wear,2008,265 (11):1670—1679.
WRiRae , g iR , 22 55 2 A TR YG8 W 0 5 4 #4055 M he
BRI R (380 R 2 2440 - F AR BRI 2011, 38(3) 60— 64.
CHEN Zhenhua, SHI Yuanyuan,JIANG Yong.Effect of differ-
ent quenching agent on the thermal fatigue crack propagation
behavior of WC-8Co cemented carbide[ J ].Journal of Hunan U-
niversity: Natural Sciences,2011,38(3):60—64.(In Chinese)
HIROSE Y, BOO M, MATSUOKA H, et al.Influence of
stress ratio and WC grain size on fatigue crack growth charac-
teristics of WC-Co cemented carbides[ ] ].Journal of Society of
Materials Science in Japan,1997,46(12):1402—14009.
ISHIHARA S.GOSHIMA T.,YOSHIMOTO Y,et al.The in-
fluence of the stress ratio on fatigue crack growth in a cermet
[J].Journal of Materials Science,2000,35(22) :5661— 5665.
FERREIRA J AM ,AMARAL M P A,ANTUNESF V.,et al.
A study on the mechanical behavior of WC/Co hard metals[ ] ].
Journal of Refractory Metals and Hard

Materials,2009,27(1):1—8.
BROOKES K. World dictionary and handbook of hard metals

International

and hard materials{ M ].5th ed. London: International Carbide
Data,1982.

ML 3% Vb 5 T 045 4 19 96 38 R i [ M) B0 S 38 8. b st 0
Tk H A, 1990.

Jlomak M T. The strength and life of cemented carbides[ M ].

s

HUANG Hezhu translation. Beijing: Metallurgical Industry
Press,1990.(In Chinese)

SCHLEINKOFER U, SOCKEL H G,SCHLUND P,et al.Be-
havior of hard metals and cermets under cyclic mechanical
loads[ ] ].Materials Science and Engineering A,1995,194(1):1
—8.

SCHLEINKOFER U, SOCKEL H G,GORTING K., et al.Fa-
tigue of hard metals and cermets new results and a better un-
derstanding[ J].International Journal of Refractory Metals and
Hard Materials,1997,15(1/3):103—112.

SCHLEINKOFER U,SOCKEL H G,GORTING K, et al.Fa-

tigue of hard metals and cermets[ ] ].Materials Science and En-

[12]

[13]

[14]

[15]

[16]

gineering A,1996.209(1/2):313—317.

SERGEJEV F,KLAASEN H,KUBARSEPP J.et al.Fatigue
mechanics of carbide composites[]]. International Journal of
Materials and Product Technology,2011,40(1/2):140—163.
KUBARSEPP J.KLAASEN H.SERGEJEV F.Performance of
cemented carbides in cyclic loading wear conditions [ ] J.
Materials Science Forum,2007,534/536:1221—1224.
KLAASEN H.KUBARSEPP J.SERGEJEV F. Strength and
failure of TiC based cermets[ J].Powder Metallurgy, 2009, 52
(2):111—115.

KLAASEN H,KUBARSEPP J.PREIS L.Wear behavior.dura-
bility,and cyclic strength of TiC base cermets[ J |. Materials
Science and Technology,2004,20(8):1006—1010.

SAILER T,HERR M,SOCKEL H G,et al.Microstructure and
mechanical properties of ultrafine-grained hard metals[ ] ]. In-
ternational Journal of Refractory Metals and Hard Materials,

2001,19(4/6):553—559.

[17] KURSAWE S. POTT P, SOCKEL H G, et al. On the

[18]

[19]

[20]

[21]

influence of binder content and binder composition on the me-
chanical properties of hardmetals[ ]J]. International Journal of
Refractory Metals &. Hard Materials, 2001, 19 (4/6): 335
—340.

ERLING G,KURSAWE S,LUYCKX S.,et al.Stable and un-
stable fracture surface features in WC-Co[ J].Journal of Mate-
rials Science Letters,2000,19(5) :437 —438.

LANES L, TORRES Y, ANGLADA M. On the fatigue crack
growth behavior of WC-Co cemented carbides: kinetics descrip-
tion, microstructural effects and fatigue sensitivity [ ] ]. Acta
Materialia, 2002,50(9) : 2381 —2393.

KAMMERMEIER D, GORTING K, HEINRICH W, et al.
Trends in the development and application of metal carbides,
new products, new markets, powder metallurgy[ ]]. Hagener
Symposium: Science and Practice, 2000,16:113—136(In Ger-
men)

VASEL C H,KRAWITZ A D,DRAKE E F,er al.Binder de-
formation in WC-(Co, Ni) cemented carbide composite[ ] ].

Metallurgical Transactions A,1985,16(2):2309—2317.



