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Effect of Microwave Sintering Process on Mechanical Properties of
Sialon Ceramic Tool Materials

CHEN Peng, ZOU Bin, XUE Kai
(School of Mechanical Engineering, Shandong University, Key Laboratory of High Efficiency and Clean Machinery Manufacturing,
Ministry of Education, National Experimental Teaching Demonstration Center of Mechanical Engineering, Jinan 250061)

Abstract: Sialon ceramic tool materials were prepared by a microwave sintering technology. The influences of sintering temperature
and holding time on the mechanical properties of Sialon ceramic tool materials were investigated, and the microstructure was
analyzed. The results show that the tool material obtained at the sintering temperature of 1 600 ‘C and the holding time of 15 min has
the optimum mechanical properties (i.e., density of 98.9%, hardness of 17.8 GPa and fracture toughness of 5.9 MPa-m'?,
respectively). In this sintering process, the material has a uniform microstructure with little internal pores, which is conducive to the
improvement of its mechanical properties. The ceramic tool material with the superior mechanical properties can be obtained for a
short time of heat preservation as the microwave sintering technology is used, thus improving the production efficiency.

Keywords: microwave sintering; temperature; holding time; mechanical properties; Sialon ceramic tool materials

e I D) IR N AR T E 1A e 55
DU, FEMT R UG A3 2 1T MR
SRR R O G AR 1, TR
1715k BE S BN RIE I TR G R 3R . Ml
MORLBA R L v A DL R I P vl A E A
Pr, Tz BT — e in AR s n e,
EAE N T R b T R 4™ E AR AR AF A, T3

Wk H 1 2022-06-10. BATHI: 2022-07-08.
HEWH: ERHRRIEEEE(52175336).

FEE: B OB(1995—), B, BRI
MRS 48 w1978—), B, i+, iz,

TR, BET T RER . W% sy
AR R RS, % s hn L B MR T
BBk, Sialon MR T B ALRERE & b —
KB, B SiNg A1 ALO; [ 1A, FE T SisN,
I ALOs FEF AR 5, AR AR S IR AR
Rk RasE . IR IK RS R A, BoA A
BRI S I VE J) Bb e — 1,

Received date: 2022-06—-10. Revised date: 2022-07-08.
First author: CHEN Peng (1995-), male, Master candidate.
E-mail: al13256357191@163.com

Correspondent author: ZOU Bin (1978-), male, Ph.D., Professor.
E-mail: cajetzb@163.com



5055 12

M &% foskess T2%F Sialon M4 J1 B bR} 2710 g 1 52 . 3237 -

H AT, Sialon PPl mh & 77 3 24 1k
BEAE(PLS) VK B4 (HP) . FAEEH E Be4h (HIP) .
SEBESE(GPS) JHUHL A5 B 15 &5 (SPS) FI Tl itk Joe 45
MS)P> P R B g oy — Rl R R R, R
FIH I SRR G E - = AR, BT A M
BHE SHFE P RER TR, StEgunior
AL, i e 5 EAT AR R AR I B8 1 n 4 (1)
M MBS SIELE, MRLARE A PR, JEHA
AR, AR SR A, AT DUEA R
AECEA, GRSk, B P A R
REFARG T Sialon M &AM RIS T — & MK
., Chockalingam 2/ W 5t 7 e e gt o 2 A 61 R
AL ROWTESRA SRR, RS TRk
GEHEAT XL, WRFRRINL, HIRIRRRLEARLL, Tikke
SRR B S m R T Wi, B-sialon AfL
BA SRR, RS S e st BoA LA
ALOs 1+ Al ¥y Si JJEkHf % SIALON P&,
FORIN, T 2s v DS SR dtifh, SUH AL Zm
PR, IRIGL  5 R

WO R4 Sialon i MR BRI 2 035,
{5 H AT Hbe st T2 A s, WA BF Fu it e
g5 T2 Sialon P& T) B MBS0 . A F2 A
Sialon ¥ AR, Y05 NREBIFH, KB,
FAR 2%t Sialon P& JJ B APRL, BEFL T bedsii &
RSN EIDOE 7 b s K X AN T S\ AN E 2 CX-= o1 1]

AR

1.1 #H@EE&E

KA Sialon[ 21 (51 &4 %1)99.3%, Fif% 1 um].
Y,05(461F 99.9%, Kife 1 um) A JE R 4% Sialon
BIVEM B AR DL — 2 LR & N T B2 Uk
BENLHRGEATERES, BREEN N TEK R, BRES ]
N 24 ho HEREELEHAET 3 h B, FEREESERINA
2% B0 PVA VT, SR 5 4k SR BR 85 2 i) R] 45
W FRAREETTRMAP TR, . FRE
—EE TG M E TRERA R, &7k
£ 250MPa, R}k 3min. FFRMNERILE T 2.45GHz
XO-8KW Tl e gt b it AT B4t o N 1 B e iip e
SR FE RIS 1B % Sialon P 7] LA R 52 o
e PEe 4L IR FEVE E Y 1400~1700 °C, 4% 50 ‘CHEA 1
ANSLISRE, MRk AR AR . TR
BREETE R/ BRI 5. 104 15 min 120 min, 8
FARE AR IR B X Sialon Fa& ] BT RHE: B8 15

Mo B 55 LA 50 °C/min FIHNFAGE R FHE E 800 CIRIE
5 min, PAMFAEZRSEFH PVA E4Hit. ATk
TE N F R R W 2L 1T s e e 4 1tk B, 7E 800 °C
£ 1400 CZ[8iEFE 30 ‘C/min IFHEE R, #Eid
1400 °C LA 20 °C/min [ F+il s R 2 f s
1.2 HmERIE

Yo FE ST B P R AT MERE IR, 7R = IRIAEE
T A Archimedes ¥ & 50 1 5L BR % L, W&/ i
RZEK. H JA2103 BT RSP ERFEE TSR
W R, KSR AR, B
RFE SR, & 5 AN REAEEIEBCT 4148
FIF MHVS8—30AT 7! Vickers 8 & i1 i A1
FEAE, INEAEN 196N, fR)E 15s, fEm AT RME T
T R IR P KBS 2a0< 2ay, BUCPIMH 24 N
XQ)FIHE Vickers B SR HJRIE I & W 249)
M, 7EM Vickers WHFERIFEIRS, W&oy RKE
2¢i+ 2¢y, BCPIIME 2¢ AREREIMAH a H7 AZN3) T
SR, WS AN RURIR, BUTHE LRI
PMEAE A B Vickers B8 F0 I 24400 . ) H
SU3500 Z444 B R A Be WL 52 ) B W T AoW T 5

m
_m 1
P=7 (1)
P sin(g)
Hy = . 2)
Ko =0.203x(c/a)>?* xJaxH, 3)

e p NUPENISEPR L Hy PR Vickers
W (GPa); P NN (N); 0 Iy s AR T )
() Kic MR BRI E.

2 HXRE5w

2.1 REBEMMBMMALR . BEE. hFEEE
opA
2.1.1 FMAH Kl 1 4 Sialon P& J] B AP EIAS
R3PS R A B T 1 JE 30 SEM R . i I 1a K]
1b 1] W, 4R FE N 1400, 1450 CH, A K&K
BOR SR, KR AR, df R R R
Wemr s, A BN bR, R ] DO s 2|
AR EZMILI, RUPYRSRERICH, 08
R R B 25 0K BN /g, BT AR 1 R SE il &
MR 2R, K 1c MK 1d 770, FLBRTE
B>, 21550 CHE, &R AE7EE RIAL
B, Beabid FEIE AR e . dokL i A X R
FamiA, AR RER. BHE e v,
MIREF R R 1600 TR, fLBRESE—D04ds, R4



CTERR 2R 400 J Chin Ceram Soc, 2022, 50(12): 3236-3242

Round small
grain

Transcrystalline
fracture

—~

Intergranular
fracture

(a) 1400 °C

Transcrystalline
fracture

Intergranular
fracture

(¢) 1500°C

Transcrystalline

fracture

 Particle pullout

(e) 1600°C

Particle pullout

/

Transcrystalline
fracture

Tiny pore

\

(2)1700°C

Transcrystalline

fracture

Round small

grain

Intergranular
fracture

(b) 1450 °C

Transerystalline

fracture '\ T

Tiny pore

7

(d)1550°C

Transcrystalline
Tiny pore ~~»  fracture

J

Particle pullout

(f)1650°C

Particle pullout

Transcrystalline
fracture

(h) 1600 C(High magnification)

B 1 Sialon Fi# 7] R A REANFELEE IS ) iy D B3

Fig. 1 Fracture morphology of Sialon ceramic tool materials at different temperatures



5055 12 M 5%

T pe gl T 2% Sialon P& T] B ARl 15245 BE A 5200 + 3239 -

WA TERG, MORFEUR FE s, ok W R AR T
MR, fEHE DR SRR, MEERE
. HE ICME 1g L, YEREHSEHA SR
1 650, 1700 ‘CHT, J5LRE 134 s i AH B S 1
hn, SAEPGERS), SRR, PR TR M
NRAL, MR TR G, RS IR TS A B,
M BN — L6/ NFLBR, s bR vERE SRR
B 1600 CHIMLL, DL R

212 BUERL. J1EERE Kl 2 Akeshin Xt
Sialon P %5 JJ B AR EUR BEISEm Ok R ith 2. H 1A
2 RN, B RSN, MR B B S I S
KIGHE/NESR: SN 1600 CHE, F 5B E
AL £ 98.9%+0.1%, FEik BIWEAE s 24l BE 4k 4L 3
TOEE, BUE A TN B ARYE X O 4L 2R 1 43 AT
AR, R T B ARl R AR K IR BN 7y, A
MRS AL (E R i R i 2 i it kL
WK, M FEAR A R B 250% B . Rt R
IREEH AR %% Sialon P& T) E MR, fleds
HEN 1600 C,

99.5

99.0 1

Density/%

96.5 -

960 1 1 ! 1 1 1 1
1350 1400 1450 1500 1550 1600 16501700 1750
Temperature/'C

2 RESEIRENS Sialon M % T RAPRIEUE FERISNG R R HIZk
Fig. 2 Influence curve of sintering temperature on density of
Sialon ceramic tool materials

Bl 3 Nkeghii 2 Xt Sialon M4 T B4R
AW R X Rk, HE 3 ATLUEH,
I 25 5 P T 189 7, Sialon e 8 1A B 5 48 K vk
/o TE 1600 CZ R, [ i E 1T+ sk f
EAREWH B KBS, HETik 17.8 GPa, i
H 5 B 4k S AN, Vickers i & XGZ W AR /N,
X PR Ay I B o 5 A A R 850 B R B, AT B2 T
MORHFIRE . Sialon P % 1 W7 24 14 AR FE A
AL B, MERGMEEIT. JiEERN
1600 CHf, K@@ 5.9 MPa-m'?. 1K

(1 W 2R ) 1 5t R AR A 2 DA O, B I
BN, KRR FORZ AT 22, B 4 1,
7E 1600 CHF, gk KGO HRE, KRS Z
HAw, Wt im. mbarsn, fokkessii
J£5 1600 ‘CHF, Sialon % J] E A4k 2% AL FE
P SR RE R AT

Hardness/GPs

ISk

1350 1400 1450 1500 1550 1600 1650 1700 1750
Temperature/C

(a) Hardness curve

6.5

6.0

550 {/,}\\}'

50F

Fracture toughness/MPa-m'”?

45 1 1 1 1 1 1 1
1350 1400 1450 1500 1550 1600 1650 1700 1750
Temperature/'C

(b) Fracture toughness curve

K3 BegHiiEEXS Sialon B % J] AR )21 BE RO RE I 8 &
i 2k
Fig. 3 Influence curve of sintering temperature on mechanical
properties of Sialon ceramic tool materials

22 {RimAEX M RSNELR . BUEE . HF %R
opA
221 AL Kl 4 RIRE 1 600 CHEAS
[E] ORI IS (8] T A (R W E 36 SEM . HHE 4a
AT, ARG TE N 5 min B, I A AT DA &2 )
VFZH/NESAL, FRAAAE/NRIBRIR A RL,  dbokir 2
BEA L TR N T, RS R TR DL A
b ) SRR o P 4b RO, AN ERIR kgD
T i W SR Rk 2L, R A T DAV R 31K K S ok 1Y



. 3240 - CRERR Sh2230)

J Chin Ceram Soc, 2022, 50(12): 3236-3242

2022 4E

W A O T T, LA D . A 4e R,
PRI [E N E] 15 min B, BeE5 LRy, doke
TAKK, BRI, BHEMEE R, K
R R BT R R R 5 TR . I 4d T
W, WA PRI TR 4R S8, SR BEAR K,
BBl R AN BESRCRN A e b B (122 18], TR T — 28/

RN RIS Y
g (¢

, Transcrystalline
" fracture

(a) Holding 5 min

Transcrystalline
fracture

i« Particle pullout

(c) Holding 15 min

AL, BB EZON T IR, R D RN
Wi . BEE ORI () 8GN, ok fE A TR
WETERE, RO TT Bt i X4, 2R
B HAERVN, AITEEMIRRL K )22 RE, BT DARE
A e R PR RIS AR S 5 75 WU 3 Rl R S K
HI S5 AR RE R

Particle pullout
Tiny pore

Transcrystalline
fracture

(b) Holding 10 min

Transcrystalline
fracture

Pl

Tiny pore

(d) Holding 20 min

Kl 4 Sialon P % J]EATRIAN R ORI 18] (W7 1 350

Fig. 4 Fracture morphology of Sialon ceramic cutting tool materials with different holding time

222 FUEEE. SEMEREAAT B S NRERTE
X} Sialon P& J) B A RL SR B 1 RE A S R 2R . H
BlS ml%n, B GRS [ FR3E 0, ARk ECE 2
RGN, AR A 15 min I BUELRE R i
e B 2.2.1 AN, 7008 ORI A1 45 FoRife fit 1
SRR AEAKIRS T, AR AL, (H
KA IR I 8], £ ok B AR K IF 7= A — e
SAL, SEMRIEEE TR

K 6 J{RIR IS E] % Sialon P& J1 B ATRL 7244
RERSZ M SE ALk . IRl 6 Tl 00, Pl (i I 1) )
FEK, BH IR S kN, AR R4 15 min B,
TR i KN 17.8 GPa, 454 RIANZE, (RIRN )1
I, TCMEREAM RGeS, SALmb, BUE RN,
PERMEEE IR s (2 4k S aE K AR IR I TRTI, 2ff 5

99.5
99.0
AL
s ~ .
§ ,/ ~a
z ’
‘Z 985 4
z? o
Q P - -
{/

98.0

75 L L L L

? 0 5 10 15 20 25

Holding time/min
Bl 5 RGBT Sialon BE& T E AR EUE BE 1R 6 &
Hh £

Fig. 5 Influence curve of holding time on density of Sialon
ceramic tool materials



5055 12

BRI S5 Rbest T2 Sialon M T)E AL )5 M BRI 00 < 3241 -

Ko Kok, M= AS AL, bt kikge. bEE
TR T30, Wi AN, SR
8] 10+ 1520 min i 4} 514 5.6.5.9. 5.7 MPa-m'?,
B & PRI (R I 2 77 A — e S fL, (RIS ALK
MR W) M S FE AN K, RO kL AR KA
BT 2 M 38 = A — e R E R, (2RI
1A ZE Kt 2o I, X W (R 3 v AR B R,
B ER R AT 5D, PRURS AN 15 min B, Sialon P

BTV EM B EUR AR e, SR8 T VERER AT
19
18+ *
d

< , N
a , s
Q y 4 A N
217t . ‘{
5 .
& re

16

15 . . . .

5 10 15 20 25
Holding time/min
(a) Hardness curve

6.5
E 60}
<
=" PR RN
3 -
£ 55 -7
5 »
g
=
§ S0
=

4‘5 1 1 1 1

0 5 10 15 20 25

Holding time/min

(b) Fracture toughness curve
K6 ORI (A% Sialon B 71 HAFEL )24 1 B AR IR K
fh 25
Influence curve of holding time on mechanical
properties of Sialon ceramic tool materials

3

1) BEERAR LT, Akesife it 2% i oK
BN77, dRAE KM AR FE R LR, AR SO
FERER, MR 1600 CHISUEE e, 4ksT
L, PR AR KR S EOET <AL B,
PEREH BT T B

Fig. 6

2) BEAE RIS, SRR, bedh
B TERG, AL, AR 2R i 20 1 3
R S PR I (] 2 A o BE et A< AL,
SR ) 5 1 RE o

3) e gk iR B AN R L I TR) B % i E — s Y B
P, ek v D P B K T PR R ) 2 fof bz o AR
K, MERDHEC, P AESFL, FBRACHMRHECE A
J1EEvERE . IR E Y 1600 °C. AR A 15 min
B, MOEMRECE B it Re i, HEBURE.
Vickers BB Wr 249014 43731 4 98.9%+ 17.8 GPa.
5.9MPa'm'?.

SE R

[1] TU Guizhao, WU Shanghua, LIU Jia, et al. Cutting performance and
wear mechanisms of Sialon ceramic cutting tools at high speed dry
turning of gray cast iron[J]. Int J Refract Met Hard Mat, 2016, 54:
330-334.

[2] LONG Ying, ZENG Junjie, YU Donghai, et al. Microstructure of
TiAIN and CrAIN coatings and cutting performance of coated silicon
nitride inserts in cast iron turning[J]. Ceram Int, 2014, 40(7):
9889-9894.

(3] BOGk. FH T R e I S < R R T B R A AR BIE AL [D).
Prm: IARKEE, 2018,

ZHAO Bin. Development and performance of ceramic cutting tool for
high speed cutting of nickel-based superalloy (in Chinese, dissertation).
Jinan: Shandong University, 2018.

[4] SUN Jianfei, HUANG Shun, DING Haitao, et al. Cutting performance
and wear mechanism of Sialon ceramic tools in high speed face milling
GHA4099[J]. Ceram Int, 2020, 46(2): 1621-1630.

[5] HUANG Xianghui, ZOU Fan, MING Weiwei, et al. Wear mechanisms
and effects of monolithic Sialon ceramic tools in side milling of
superalloy FGH96[J]. Ceram Int, 2020, 46(17): 26813-26822.

[6] XU C H, FENG Y M, ZHANG R B, et al. Wear behavior of
ALO3/Ti(C,N)/SiC new ceramic tool material when machining tool
steel and cast iron[J]. J Mater Process Tech, 2009, 209(10):
4633-4637.

[7] GRZESIK W, MALECKA J. Documentation of tool wear progress in
the machining of nodular ductile iron with silicon nitride-based
ceramic tools[J]. Cirp Ann-Manuf Techn, 2011, 60(1): 121-124.

[8] NEKOUEE K A, AZARI K R. Preparation and characterization of
B-SiAION/TiN nanocomposites sintered by spark plasma sintering and
pressureless sintering[J]. Mater Design, 2016, 112: 419-428.

[9] HARBE, R, B, SIAION M T A RE KB BB 7
HERE[T]. HUbHI% 5 E 304K, 2021, 50(4): 1-8.

HONG Dongbo, YUAN Juntang, YIN Zengbin. Mach Building
Automat (in Chinese), 2021, 50(4): 1-8.

[10] MANDAL H, KARA F, TURAN 8, et al. Novel SiAION ceramics for
cutting tool applications[J]. Key Eng Mater, 2003, 237: 193-202.

[11] BITTERLICH B, BITSCH S, FRIEDERICH K. SiAION based

ceramic cutting tools[J]. J Eur Ceram Soc, 2008, 28(5): 989-994.

Xete, BRyoHn, B, 5. HIEY) a-sialon BB T[]

FERR Eh 24k, 2003, 31(3): 292-295.

LIU Guanghua, CHEN Kexin, GE Zhenbin, et al. J Chin Ceram Soc,

2003, 31(3): 292-295.

[12



- 3242 - CREPR #5400 J Chin Ceram Soc, 2022, 50(12): 3236-3242 2022 4
[13] ESER O, KURAMA S. A comparison of sintering techniques using B-SiAION—-ZrO, composites[J]. Mater Des, 2010, 31(8): 3641-3646.

[14]

[15]

[16]

[17]

(18]

[19]

different particle sized B-SiAION powders[J]. J Eur Ceram Soc, 2012,
32(7): 1343-1347.

LAO Xinbin, XU Xiaoyang, JIANG Weihui. Effects of various
sintering additives on the properties of B-SiAION-SiC ceramics
obtained by liquid phase sintering[J]. Ceram Int, 2021, 47(9):
13078-13092.

ZYMELKA D, SAUNIER S, GOEURIOT D, et al. Densification and
thermal gradient evolution of alumina during microwave sintering at
2.45GHz[J]. Ceram Int, 2013, 39(3): 3269-3277.

YIN Zengbin, YUAN Juntang, WANG Zhenhua, et al. Preparation and
properties of an Al,O3/Ti(C, N) micro-nano-composite ceramic tool
material Ceram Int, 2016, 42(3):
4099-4106.

XU G F, ZHUANG H R, WU F Y, et al. Microwave reaction sintering
of a+p sialon composite ceramics[J]. J Eur Ceram Soc, 1997, 17(5):
675-680.

PANNEERSELVAM M, RAO K J. A microwave method for the
preparation and sintering -SiAION[J]. Mater Res Bull, 2003, 38(4):
663-374.

CHOCKALINGAM S, TRAVER H K. Microwave

by microwave sintering[J].

sintering

[20]

[21

[22]

[23]

[24]

ERHER. Sialon IR G UK BRAS T 2WEFL[D]. WHE: WHE K,
2006.

QIU Xionger. Study on microwave synthesis and sintering process of
Sialon(in Chinese, dissertation). Xiangtan: Xiangtan University, 2006.
JAREE. ARSREE Ti(C, N)XEG:Jm bR R fmH] & UIHIERERT 72 (D).
TrEd: AR, 2014,

ZHOU Huijun. Development and cutting performance of low defect
Ti(C,N)-based ceramic tool (in Chinese, dissertation). Jinan: Shandong
University, 2014.

LI Yin, JONES M L. Fabrication and properties of Sialon—ZrN
composites by two-step sintering[J]. Int J Refract Met H, 2020, 92:
105292.

HAKEEM A S, KHAN M, AHMED B A, et al. Synthesis and
characterization of alkaline earth and rare earth doped sialon ceramics
by spark plasma sintering[J]. Int J Refract Met Hard Mat, 2021, 97:
105500.

LETWABA L J, TLHABADURA 1, DANIYAN 1 A,

Development and microstructural analysis of beta-SiAIONs produced

et al.

by spark plasma sintering[J]. Mater Today: Proceedings, 2021, 38:
590-594.



