[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

LA (54 2

» | 1o Olimoj o (g0l <)+ (52,95

oWl 4 Cwglio g SWilso yolgs 9 SIC W 3430 (499391
S48 52 Glowdly (i g (g y 41 B 5T B diilow Slavw )

il ke tlis g5

*moazami@srbiau.ac.ir

towsa

1o NI

4 (s Aoy ¥ 1)) SIC gl jl Ciloo yolio (cols WC-10C0 diilows (closo)l5 s ol 4o
4 Cuaglio g (SlSe Jols yl3loiy) o SIC Jldo p s (g)9]5 (Mo (clowdly b g,
S 1 ot s 3] 5 s S i e IS cslo el ] olical b il
i g3 g lodil i cudyd b SIC 3ol 9581 4570 Sl | 5Kg Ko lellloo polis il daflos
S o 0 el & Cugli gt 4 5 Cans (Sopin i ol b sy ol ke (S5 nlS
sho ) sl E eS8l ials SIC il 539580 b i SBhol cyps 8l Jilisl 57
sl dgad g0 o] Cunddy Sldeil jg doyd ¥ b ol Cugdr dilaw 4oylS sl (o 0 caKo sio
lo Z5 o WO b3 543 04l gy olsots &y dizef o Sitodly Mo 0 liS Cplh 35l
sl g5y oSzl STC. 53 S s pnalS il slasins 13 i (50 o i oo 1Y) 3L
WG o5 il v osMe s Sty S s sinls 5 CO ik 6 g g 5] ol aels
22 D Gl 953 T G 0deiS” gl 0 S Cuaglie (S jgeelBl sladipad 0 Cud)

bl il isle 4 Cuogléo ) doe

AARSIPRR Tt PR

AARRIRNESPICE AR Y
Y s b 50 dois
1SS D (wd )
WWW.1]CS€.1r

)b 2 i 3
YRYY-YYoY : als LS
fSwig SN LS

YYAY-Y. ¥

20 1guals

Ologil edilow  slod) 5

Kopis caid L3, SIC

.w(w lﬁ)JL(d (m‘ "]
20.1001.1.23222352.1400.10.0.17.0 :DOR s

5 & il 5Lb o el 5l cowle oLl
Aonio —1

0Pl b sl ) (gled S oS 5 bl b (gl el b

cengn ol ol g Jols Wl e cilize _SlSo
Wi )l lgis 4 alows (sloan)l5 03 1S (gl )8
ol g Gl 4 polis Gl dB ¢ jate oljpes

IV ] el o _Slo

Cpsed S 3l (S o Glls b g alews (slads,lS
opl cle s ol 53 19 (659l SV gae
ap Comnd Lol ((Sojlir 5 (B At oS cE9090

70


https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

e 05 5 5318 Wilowe (S, sl 4 Caglio g (SuilSo olos 3 SIC 395l 39331 51

e (W] ol o (5155 Laogll ldgib 3959
@l [VY] SIC (sla S gl &S Cunl oads yo)155
Sl gladp)l5 )3 Cosds B loie 4 55 [V olal

Sloads ol & Cuoglde dgups g0
Olydgil 1938l &S Cuwl 0aly oyl calisee Sladss ol
e Conglie Glalpdl g (SSle (ol S0 g SIC
o=l L WV el o Seol o sladie; isle
3pShos 52 SIC gl Sl o)kyd (6obj Clidsd g2
P g 29390 WC by dilows glaio)5 aisle
alpgls caliw polie (9938 5l adllas & Gutod oyl
S5 ol o Cuaglie 9 (SlSe ols 5 SIC

g g0 4zl WC-Co ailaws
% bl Y

SsS i 4 )3 8181 L SIC 9 WC Co gl s, 5|
AP sl gl Ve g jeg) S A cplog S V I 5
Y ol oy j5elS gl g WC-10Wt%Co dlows syl
€o &l lawgio ojlul b ooliiwl SIC S5 Moy ¥ U
Av g yiogSee YV piogSue +/V i 4 SIC 3 WC
o3l pLuts N JSb )3 Laydgs el (G5lg )90 92 yragil

Ll 044
slosl (sladslS slowd 6 55 (539 slabglsro 1]
b o)l 41,3 08,5118 il 0 5 (sl coo
S by alows 48" il ($9)b 5 boelglS 5l olatl
Ao By ped Ver Caspu 9V A Ve g 4 Al S
53 0 Lol (gl ysgs ol 5l L s plodl celos Ve e

L Sl el YF Gdo 40,8 il 4 pn A glod

SIS 55 g pligdl Jale Sy lsie 4 dlge ol
aS lealy s calisee Cliins .l g las S yxio
(3585 Gl Jold alow (slaan)lS Jialo slapjslse
Al s g )kl sbml oAl jre Job )3 S ol
5 e bl ol 3 [F ] Wb e )l sl
rp > Semglie (e 0418 (s 03lo CenSD (Ko
S eilay 5 e Gl e [0] wnen ik
Soe JLSaly Sy el o S S e, (s L
ey pRalS L andl oS el b 56 jlde yials
L WC @l 5l ool Jols pad yosy -cul olyo 03l
amd Lz 53 Lly pl 53 29800 FSaS slaails ol
G et g sy D sl ails ojl) b casis
aslllas Calizes Cpidioes lawgs dild Ay slroaisS Cusles

L5 conl ors
Ol 4o Ceglin D9 g e cdla) S
ay sl 5agl b gl (355 s anilos slas)S
Lo 5995l (12938] &S sl ous 00l L Sl lgis
2l alow aan)5 Jlale £ (il cage 8IS
9 [A] Liogdl {V] AISI 1045 3Y g8 i 5| ool zokaws
ialS I oliod il 13 35500 [A] maade 250
L Gl (Sayde g (B ¥l g Sl o s
Lo ol 4 Ceagliie dar SV plgis 4 3L (13954
SS9 Ao pd [0 3958] (ol job & ] ons
i o ISl (B G L 5 Lol
ol yors WC-8C0 aiilows dus)l5 ol &y Cuoglde 5 S
a1 0y Slas daudy b S0 i (3 [V ] Cawl 034

b laps piale Lulyd ;> WC-Co (28 sladie sl

1180 o Olino ¥ o lods Ve sou9> FF



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

Syl yr (widiigo 9 ple

A B .
. W Ra5 g
! S 080 o

0345 oLl SIC (c,WC (o Lo (I s g Jl SEM ,,9las -1 JSi

o S5 tle gy J a1 s slaises o
Jlhe o plgis a5, S09 Voo (B 5 ol

i3 C8lmo g yio 5l ¥ 3 ppana a5 o3litl

93,5 SO 5l eolasinl b odd odplu py> Dy e Vere S

o § 65 03ll p S Lo oY S8y )8 L S5 sl
A dsole il g5 )] 5l ookl b

oo g b Y

Sl g 536 WGT ¥

5 WC-10C0 (sL_n4 590 XRD sL_agSIl ¥ JS__
ilbae a3 o L |y 03 Sgxis WC-10C0-4SiC
G WC slacSsy jl JSito WC-10C0 digas (555 oLz
L B-Co g hep Hldlu L a-Co jl gl juil 518 .5e Co
slacsy iissalie ab ol (e feo jlidle
byso cowlie J S 5l Lt n(W3CosC) jLé 5 cdl S
9V b ord Cogi ladiges 60 )l o sl g bgers
5 WC-10C0 dlows )8 (5ol liico SIC Jjg Ao p> ¥
ol ol e s bles byl 5 SIC aasuine oKy

Co yga> 13 ol 2> 5L L 5 SIC ke (1351 o5 Wlgi oo

44

1P e Hlinso) ¥ oo ) o (529>

[ DOR: 20.1001.1.23222352.1400.10.0.17.0 ]

laB e loodly (ododl gy 4 2ld Siluprade
0 Jlasl Lid 9o, 5 slwda s \Wer glod o
b pbol JSl O M o ddds Ve e & Kb
g o o VO ;8 4 olacSiusd oud Wy sladiges
slagin Gl Uy 5l 40 yie e VY (o) £
3JU1 (el Cu ka Lzl b (XRD, Philips PW1730) X
Tolw g sl A o3latwl o ey b]9.o 3t

S8y miwea 4 545 (FEI ESEM Quanta 200
A WC (sladils 8515l Lawgio 05 adlllas (EDS) (55,
=155 5 ogtate ool a6 Sojluil (lad &bl s,
ol (sl plp Bee e QLS5 b pglial )3 oAb )
Sladiges Sww b odlatwl (das Voo I 5 0) aly
o5l (9w YAF Jloel b b 5,809 59y 4 545 0ad W
gl diged yo (sl 0ad (1S (5w dde A (65
09031 S S (Sopiy ol 0391 (s s aiyo 0
[VA] Shetty atsles 5l ool Ly g 5559 595508 S5
slod ) Sad 2 o ) 4 il o3l A5 Asle
3905 )l co5 g 4l yie /0 (S5 s po b g 30T
e O jha8 & oy Mg pslate 4 D Pl (g T


https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0 ]

Intensity (a. u.)

LR |

WC-1 0Co-4SiCJl

mWC 0OCo
V SiC

10 20 30 40 50
20 (degree)

9 WC-10Co slatiges XRD (sla oSl -V JSi

.WC-10Co-4SiC

dasuie lacSy wgrg opl b V] bl b e
ge3 XRD (5551 ;3 Co s WC (sLncSy ol yon 4 SIC
L ol pogMe L0 0aalie SIC Jj9 Mo pd ¥ (55>
Co L SiC LuSly &¥giame LSS I (sanled XRD
bl opl el T ol 8 5 S wlukow w5l
Jlas SIC Sjg o ¥ (ol diges )0 a5 w0 oyl
52 | e Ik ©ygo 4 0ad BLIISIC I gy
GlacSn ald ) D90 Goldy .l oile (Bl diged
IS sl Co jb pSIC o5 Mol | il Wlgs 0 Co
Sl 550l gl g WC-10C0 aiilows dupylS jlid Lo, ¥

SiC ©ldgib Gig 205 F (39 V(g ) (@ pio (Al ($9l> wilows s S JliSbe sy ) -V S

1180 o Olino ¥ ol Ve o093 ZA



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

Average WC grain size (um)

2.0

1.8

1.6

1.4

1.2

1.0

SiC ©l)3956 Jlaie L WC sladils o 1l Ol pss -1 JS

Syl yr (widiigo 9 ple

1 " 1

1

1 2

3

SiC content (wt%)

09 WC &l edSenl & 5l St bajlidlojyy (Son
2 oad ol Cgldl 1y Seke ik CO diwg dine
oy i ¥ Sy &S jlailen .Cwsl WC gladily o3l
=59 3o Y du yao I SIC e il b cunl oads
Oil38l 509)Sie VA VY IWC cladily lawgie ol]
by 3)90 53 3503 (e B L bt cplcdl
5l cisllas SIC 113438l LWC wly (slacy jamlS ;o aily
[¥Y-v-]

ai SIC gl auiei 000 (b LS jelain &
3P (Sig 2oyd ¥ ol> CojouslS 6l EDS (g paic
ol o 02l s & s > SIC

WC-10C0-2SiC oy joals 35 1> EDS 5 puic g js5 42 —8 JSib

74

Ve

Ol j

¥ oo

|1 ST H)

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]


https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

e 05 5 5318 Wilowe (S, sl 4 Caglio g (SuilSo olos 3 SIC 395l 39331 51

Lol (Sais Ji8 )50 4 aaiScosis @l 3l jgi> 5
A HeS e SOl cpl olwl 05 0 031> Capd
I 290 gl SLbl S 5 aslsl sl it i
3B del> Jole (i plSodial ol 2 ogde [YT] ol
ORIl (Ko pde S90 )3 3 sl aliwgey Co painl

sl g0 SIC 59 puS

1240 14
1230 % &
i 143 =
S
% 4112 s
1210 -
b 111 8
» (0]
» 1200 F E
2 110 ©
T 1190 } 3
m —
T / 19 o
1180 | 5
©
1170} ¢ 18 2

1160 1 1 1 1 1 7

0 1 2 3 4

SiC content (Wt%)
O13gib lado b CanSid (Ko piz 9 s Ol puais —F JSob
SiC

wilo jL3, —¥-¥

9 WC-10C0 (sladiges 00 odwluw polaw V S5
SIEDS U ol aSlesis eals lis WC-10C0-2SiC
SIC (y5im abges Linluw w55 duasuiie (Cuwl 0
ol Al L8 Sy (M (g 9 I -V JS3)
=2 9 H p Bkl LS pipdllasl b 5428
2 JL.QJ)_; .)L-?D] 90 J_:LM (ﬁ_la.w d).‘o )] [ .))19
)ty BB polie Sl EDS 3T gols sl o o
ol il pdaw 53 (A dbd > ogad 4)) Co

o5 )3 Lt ST paic 3550 wtalie o glailon
S olss el ol il i Jlaay Hld oy slaciowd
o> 2 €0 dpe; L6 > ol g  SIC s >
WL Si slaesl copdgo ol 3 ogdle )l (Lbgonis
P SIC wlpgls S ¢d)S asms ol o 1 )l gillas
2 g 4l &8 b 55 IMosl 5l ey daome ogusy Sl 3
Al ol aSleas xj9f WC/ICo g WC/WC (slajpe
SIC @l (388 L WC (slandils o)l )53l cango

ol 05

Wl olgs —Y-Y
SiIC Wldel Jlade b cunsls  Koyin ¢ (o Ol ypuss
o dan Mo oS jolailen il oads o3l lis £ JSS )
=39 4o Y U alpdgls jlade Gioliel b o g
Olome au SIC @l b s yol cpl cde .l ials
Cal WC sladly 0 Cudpd cpicned g Cow 318 SO
539 0 J b atlow las)lS (5w I b 4
4 bl 5 [Y] cwl WC (cladily ojlul 5 aisoj 56
Woled s WC @l (35 Ls SIC @l sl 5 i
P39 yS LS age (b e )3 o S
SIC (o dlgel b duslie > Corw (Seolyuw clyd I
sekilen by olyon @ |y e ialS yol pl e 0
(39 223V Sl Wges D9 o0 oaalle ¥ JSS 5 &5
So bl o 1 el &b o315l op 55,5 sl SIC
WC-10C0-2SiC diges jnS (5w cbile g — b alal,
JS oyl pogMe el ol S5 cladily ojlul sk
P Hlbe Ll b cusls  Koyis o5 aad o Hlis £

Sy yioli8l el ili8l diwey job 4 SIC @l

1o Hlino) ¥ o lods Ve sos9s Ve



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

09 2352505 OIS . 3ilo s 4ugs (248 0 (S0 Sl o3liwl U ol s jolas 9 493U (sl xSl I oslawl

V USE Ghale zshu o3 a3i paseiue blis EDS juJUT mbs -1 Jgaz

itmd WC sladils 9as pauisS

SI§ Mo )
PIZYH]
w Co Si Al O C

\AVAR \O/00 - Y/\Y «/OV Y/0) A
=) OAN/YY V\/AS - \F/A8 VF/EA ins B
~
—
8: I4dAA O/A+ Y/¥0 VAR \O/+ 7 s C
—
§ YAYd YA */AY Y/\F O/Fd A4 D
%
)
N
N
]
N
e
S
9! \'A| 1% o Ol ¥ oo ) e (529>
&
4
(@)
[a]



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

e 05 5 5318 Ailowe (S, sl 4 Cuaglio g (SuilSo olos 33 SIC 395l 39331 1

O (395 jlade JBlas sy +/VYISIC gl
Lyl SKle ol o ys (050 YU cle el ials
re Js 4 Gl aw (1392 5l90al SIC (59 alows
2 Logas SIC al3gls ol aand Sawdly JSs
sob a0 b eles )3 bl aiilgi e VL po3lie
oielS czge a3 g antls la SuS, ) (aige
FIYF] 25 sl ple SWaol g (olad (Al oo
085S 8 g i oad AT L S el Ko (ggm
31y Sl o w3150 0 b ke 53 s
el pEalS corge g 03l i ile 4 (S5 g9
S Lialidl ol ogMe [¥0] Wy S\Slaol
L Sl coys pials (s Sl oo o cunsls
CenSs 48 ool il SIC @ldgl lade il
o (6500 BT (gl L p 3l Sy 018 ol
il U LacSol s S8l gy Ygone cun

LY b o LialS cusll (Ko i

0.75 25
_ 070} D\ 120 €
iel )
- 065F 415 ©
o o
‘qc: Z
R [0}
C 060 {10 =
g . .
o = @®©
10}
© 055k \ 15 =
D/D
050 1 1 1 1 1 0
0 1 2 3 4

SiC content (wt%)
Aol ol g5 5 SISl g b D A Y5

SiC &l 35

Obee ludd j1Co 316 Stdly (Mows 3390 osliio (1l
polde olwlis .cuwl islw pdaw 59y 4 WC sladils
ool pdaw jIB alads 1> 0 5 Al yolie 5| 4oy LB
$9) 2 WC @lyd jLisls 515l st xlgs e SIC 18l
Sy yyin il ogdle 8l o lignsl gl
S8 g gL ol ol Gl ghaw )3 S
Y s9ls dges o ol pdaw )b WC (sladily zuwg
Jold 9 )5 8lo Jlan (3 9 & -V JS) SIC (559 o
Sl dged ml 3 el (63508 Sy JS s
WC &> @iy glizes 5 03)S58 jui ol S1 ) gedaw
plotiwl yol ol clde gds oo sdalio Co juil (490
I3 o (3 S ) il a6 sl gl 255
o 0dalido V Jouo j3 oS jelailen sl jaul o SIC
3k (C akads) SIC @ldgil (g5l diges yaialy j6 358
Vo 5l yT0S 58 0ds les Co jlade .l Si (sl
ol g (glavgsl JWs! o] cde a8 cunl Sj9 do
gaw g9 cnl b ol (034 Sl 55 digel daw @ Jilde
aS Cowl (SooS lyas Jolid diged oyl 0dd odnle
b Cnglio Cul WC l)d Cads oads 008 s
dged ) b oS (g il 2 WE slaailsy
20y oy ol gLy (35 5 )5 4 (el 6
92 e 5B (190 ) Pk Ges U S, WC &)
0o Sl 5L 2)9 9580 Il Cage &5 Ng) o0

g g0 ol (aedS
o b il g5 g Sl oo Ol s A S
33,5 o odaline &S jolailen .23 o LS 1) SIC S

39 0y ¥ 13938l L WC-10C0 diges SKlawl o

1% e Olino ¥ olosds ITYTINR A §



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[1]

2]

[4]

[6]

[7]

[9]

[10]

Syl yr (widiigo 9 ple

&0 —0

K. Bonny, P. De Baets, Y. Perez, J.
Vleugels, B. Lauwers, Friction and wear
characteristics of WC—Co cemented
carbides in dry reciprocating sliding
contact, Wear, 268 (2010) 1504-1517.

J. Garcia, V. Collado Ciprés, A.
Blomgvist, B. Kaplan, Cemented carbide
microstructures: a review, Int. J. Refract.
Met. Hard Mater., 80 (2019) 40-68.

W. Ji, Y. Yuan, B. Zou, S. Dai, H.
Zhang, Friction and wear behaviour of
cemented carbide tool materials sliding
against Al,O3 and SisN4 ceramics under
dry condition, Ceram. Int., 44 (2018)
17486-17491.

K. Jia, T.E. Fischer, Abrasion resistance
of nanostructured and conventional
cemented carbides, Wear, 200 (1996)
206-214.

G.W. Stachowiak, Wear - Materials,
Mechanisms and Practice, 1st ed., John
Wiley & Sons, Chichester, UK, 2005.

J. Potschke, V. Richter, T. Gestrich, T.
Sauberlich, J.A. Meese-Marktscheffel,
Grain growth inhibition in ultrafine
hardmetals, Int. J. Refract. Met. Hard
Mater., 66 (2017) 95-104.

J. Sun, J. Zhao, M. Chen, Y. Zhou, X.
Ni, Z. Li, F. Gong, Multilayer graphene
reinforced functionally graded tungsten
carbide nano-composites, Mater. Des.,
134 (2017) 171-180.

T. Hezaveh, M. Moazami-Goudarzi, A.
Kazemi, Effects of GNP on the
mechanical properties and sliding wear
of WC-10wt%Co cemented carbide,
Ceram. Int., 47 (2021) 18020-18029.

M. Li, Z. Song, M. Gong, D. Mo, L.
Wang, L. Dusza, C. Zhang,
WC+Co+graphene platelet composites
with improved mechanical, tribological
and thermal properties, Ceram. Int,.
(2021).

W. Su, J. Zou, L. Sun, Effects of nano-
alumina on mechanical properties and
wear resistance of WC-8Co cemented

\4)

Ve

Oltwoj ¥ ol | IRETIITY)

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

0355581 s 5 el £ 03 atalin 45 palen
3938l b sl 55 il il s 4 SIC oldel
ey xSo pio ao V4 VY GISIC S aoyn Y
ORI (il ey 095 ke o S 4 g 8L lals
L (5w 45 ael Canddy ool 3 Lol 4 Cueglie
dody yol oyl cle gy a8l JialS SIC Hlade il;él
ol L SBlsl o s 8 g s (o yiy

Caol SIC @4k Hlade
SIC (Sjg doyd ¥ (gal> dige a5 widd oo (LS guls ()]
2 Camgliie (325 WC SIS (39 5eadys Jds &
o Cegliie (pySlem Aom 3 9 (SAdS gy 2lp

S olis aes 5y il
& 5 an —F

SIC wlydgils 13g38] 4 ST aS ol )l Baiow oyl ol
o= b s WC-10C0 diilaw a0)8° ivw ialS o go
ol Sibeasys cdl Gill Lils 4 Cuglis b
09 4 Segliie (Ll (yeus SIC gl 39331 5l
WSd Gl Fy0 pielS age WC @il b adosnds
slopl alusga Co e (ide plSoxiul (il ogMs
LS (g0 SIC )b oo Il 5 b pamaslies
5 (el $l sladiges 53 Hanl B Setodly Mo
3 SIC gl Hlade b cunslls (o yin diwsn yiul3dl
oRalS Coled 3 D9 fee (alw 4 Cuaglis dg0 5>
5 Sl el i cle ay SKlaol ey, s
4 SIC el asaslal b il 4 o538 SlSlaw!
e ol 4 Cooglie dgups pd HlA5 50 Lole lais

Ab 2bs)) el el sla


https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

[ Downloaded from ijcse.ir on 2026-06-28 ]

[ DOR: 20.1001.1.23222352.1400.10.0.17.0]

e 05 5 5318 Wilowe (S, sl 4 Caglio g (SuilSo olos 3 SIC 395l 39331 51

[19]

[20]

[22]

[23]

[24]

[25]

[26]

1873-1882.

Y. Pan, J.L. Baptista, Chemical
Instability of Silicon Carbide in the
Presence of Transition Metals, J. Am.
Ceram. Soc., 79 (1996) 2017-2026.

M.T. Albdiry, B.F. Yousif, Effect of SiC
addition on mechanical and wear
characteristics of WC-32(W-Ti)C-6Co
cemented carbides, International Journal
of Precision Technology, 4 (2014) 110-
121.

A. Nino, Y. Izu, T. Sekine, S. Sugiyama,
H. Taimatsu, Effects of ZrC and SiC
addition on the microstructures and
mechanical properties of binderless WC,
Int. J. Refract. Met. Hard Mater., 69
(2017) 259-265.

H. Taimatsu, S. Sugiyama, M. Komatsu,
Effects of Cr;C, and VsC; on the
Microstructure and Mechanical
Properties of  WC-SiC  Whisker
Ceramics, Mater. Trans., 50 (2009)
2435-2440.

AK. Soh, D.-N. Fang, Z.-X. Dong,
Analysis of Toughening Mechanisms of
ZrO»/Nano-SiC Ceramic Composites, J.
Compos. Mater., 38 (2004) 227-241.

H. Ghaednia, R.L. Jackson, The Effect of
Nanoparticles on the Real Area of
Contact, Friction, and Wear, Journal of
Tribology, 135 (2013) 041603.

I. Hutchings, P. Shipway, 6 - Wear by
hard particles, in: I. Hutchings, P.
Shipway (Eds.) Tribology (Second
Edition), Butterworth-Heinemann, 2017,
pp. 165-236.

P. Menezes, M. Nosonovsky, S.P.
Ingole, S.V. Kailas, M.R. Lovell,
Tribology for Scientists and Engineers:
From Basics to Advanced Concepts, Ist
ed., Springer, New York, 2013.

[12]

[14]

[15]

[16]

[17]

[18]

carbide by spark plasma sintering, Int. J.
Refract. Met. Hard Mater., 92 (2020)
105337.

7. Huang, G. Li, Investigation on impact
toughness and wear resistance of
nanocomposite Al,O3/WC-Co hammer
bit teeth, Engineering Failure Analysis,
80 (2017) 272-2717.

X. Ren, Z. Peng, Y. Peng, C. Wang, Z.
Fu, L. Qi, H. Miao, Ultrafine binderless
WC-based cemented carbides with
varied amounts of AIN nano-powder
fabricated by spark plasma sintering, Int.
J. Refract. Met. Hard Mater., 41 (2013)
308-314.

A. Nieto, L. Jiang, J. Kim, D.-E. Kim,
J.M. Schoenung, Synthesis and Multi
Scale Tribological Behavior of WC-
Co/Nanodiamond Nanocomposites,
Scientific Reports, 7 (2017) 7060.

R.W. Davidge, R.J. Brook, F. Cambier,
M. Poorteman, A. Leriche, D.
O’Sullivan, S. Hampshire, T. Kennedy,
Fabrication, properties, and modeling of
engineeringceramics reinforced  with
nanoparticles of silicon carbide, Br.
Ceram. Trans., 96 (1997) 121-127.

M. Parchoviansky, J. Balko, P.
Svancarek, J. Sedlatek, J. Dusza, F.
Lofaj, D. Galusek, Mechanical properties
and sliding wear behaviour of Al,O3-SiC
nanocomposites with 3—20 vol% SiC, J.
Eur. Ceram. Soc., 37 (2017) 4297-4306.
H. Porwal, R. Saggar, 6.6 Ceramic
Matrix Nanocomposites, in: P.W.R.
Beaumont, C.H. Zweben (Eds.)
Comprehensive Composite Materials I,
Elsevier, Oxford, 2018, pp. 138-161.

H. Wu, 10 - Understanding residual
stresses and fracture toughness in
ceramic nanocomposites, in: M.M.
Shokrieh (Ed.) Residual Stresses in
Composite Materials, Woodhead
Publishing, Cambridge, 2014, pp. 256-
292.

D.K. Shetty, 1.G. Wright, P.N. Mincer,
A.H. Clauer, Indentation fracture of WC-
Co cermets, J. Mater. Sci., 20 (1985)

¥ soilod Ve o9 YF



https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html

Iranian Journal of
Ceramic Science & Engineering

Vol. 10, No. 4, 2022

[ Downloaded from ijcse.ir on 2026-06-28 ]

Department of Materials Engineering, Science and Research Branch, Islamic Azad University,

Effect of Sic Nanoparticles Addition on Mechanical
Properties and Wear Resistance of Cemented Carbides

Fabricated by Spark Plasma Sintering

Mona Ghayem Amani, Mohammad Moazami-Goudarzi*, Arghavan Kazemi

Tehran, Iran
* moazami@srbiau.ac.ir

Abstract: WC-10Co cemented carbides containing 1 to 4 wt% SiC nanoparticles were
prepared by spark plasma sintering. The effects of SiC content on microstructure,
mechanical properties and wear resistance of the sintered materials were studied.
Microstructural studies showed that SiC addition resulted in WC grain coarsening. In
addition, the hardness decreased with increasing SiC content. However, the fracture
toughness and wear resistance significantly improved with SiC incorporation. The lowest
wear rate (1 mm?®/m) was attained for the nanocomposite reinforced with 2 wt% SiC. In the
unreinforced cemented carbide, the extensive plastic flow of the Co binder and WC grain
pullout led to a high wear rate (23 mm?/m). In the nanocomposite samples, solid solution
strengthening of the Co binder by partial dissolution of SiC particles decreased the degree
of plastic deformation on the worn surfaces. In addition, coarser WC particles within the
nanocomposite samples exhibited a higher resistance against pullout resulting in enhanced
wear resistance.

Keywords: Cemented carbides, SiC nanoparticles, Grain growth, Fracture toughness,
Wear mechanism.

|1..112322235214“1..17. ]

[ DOR:

N
a1


https://dor.isc.ac/dor/20.1001.1.23222352.1400.10.0.17.0
https://ijcse.ir/article-1-870-fa.html
http://www.tcpdf.org

