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Bl 1 s kAR AR Ar THY Si;N,—TiN £ 48[4 % #y i s Alet f 1
Figure 1 Gas turbine Si;N4-TiN ceramics impeller by milling EDM !
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1.1 SisN,~TiN S18pE

TiN B @A S @il s e et Rt R S HERE A S B ERE . SisN,-TiN /& SizNy
B G BPER RRONZ AATHIR R, . MEREVTEN B H KA AR 2] T BONR A T
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Yasutomi Z521LL Si #1 TiN JyJ5ikl, @i g Rke43578 T SisNy—TiN 5 B2 AHM . 24 TiN & &
M 20 vol%IE N E 70 vol%, SisN,~TiN [IHIFHZ M 22 Q-cm FFIKE] 2.6 x 107 Q-cm. Ahmad ZP1LL
70 wt% SisNy 1 30 wt% Ti AJEkL, @it SPS besh, MERMRILE (1250°C) FEPIRT 7 EUH I SizNy—
TiN AP, RN 6.3 x 107 Q-cm. LIRCKZE TIN NS AR, 8T SiNy B RiIFSH
PERE, I TIN AR5 08 5 75 BAE 30 vol% A E. i, Liu 2L 3.5 um BiAZ2 1 TIN A 5K,
TiN AR/ B0 75 B ik 30 vol%bh b, SisNy—TiN HFHE A 4% 6.8 x 107 Q-cm, &4 H KM T
TiN PEFE BN 40 vol%ltf, HLBHZAT LLEE— 5 F#RH] 1.25 x 107 Q-cm, f#75 SisN,~TiN £
S AT WA A KA 0 TR BB R R S ) R T R

BT TIN B%4, FEERN TIN BT LLIGE Si;N, (R KA T1ERE, (H FIR th m RE (%
SisN, B M e AL, BlndtE bk fe>0, BRI, FEARHIE RIS s e I LRt b 75 B AT AE 4K TiN
& B R IRAL G ANGK TiO,, BE)EIE T mi NH; B IE45 A s e 4 k8 S 4K TiN 2]
SrAT I SigN, 2 FHIFEE, AT LUK TiN & &8, Kawano 2Bl TiCl, AR}, @ id b2 5 A &
gh4 il NH; B4R SPS Besh, KA T RIMEEYK TiN 11 SN, R FHEE; EFBhTX—1T2, &
11125 vol% TiN I EI AT LU R HNE 2 (a) FrsHIESER TIN M4k, HEEFRKE 4 x 107 Q-cm.
MR G RNMIE S, N TIN £RCKOE LK E, 24 TiN BINEN 25 vol %I BIAEETE %
R LRy, WK 2 (b) Al (c). Kawano ZPAHE—5RIL, L Ti(O—i—~C3Hy) IWONIERL, T LU
— B gK TIN BLFHIEIE, 31N 17.5 vol% TiN SN ~ 107 Q-cm, &S B KM T,
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Figure 2 Microstructures of electroconductive SizN4-TiN ceramics: (a) in situ chemical synthesis; (b) mechanical
mixture of micron-sized TiN; (c) mechanical mixture of nano-sized TiN) "
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FEE, TiCixNy 1 SiC & &g N, 4R EIA%] 1700°C i TiC f#HO A 5B R K. b, FER
SRR FE ISR T, AU (1) ST, 1T EAE BRI TiC, Ny HH AR x 50 3 7 98 K 4514, SisNy—TiC
25 1700°C BJERREE 5, TRIR A TiCo,Nos A1 SICPY, 244k e gk i 36 i 1) 1800°C I, KA
(I AR I A TiCo sNos A1 SiCH™l,

M GUSPEGEF AT T SiaNg — 30 vol% TiC (STC1) Fl SisNy- 40 vol% TiC (SCT2) il # 55
HPERE. 28 1800°C #AJERELE G, TiC 5 SisNg KA SR MR TiCosNos Al SiCo il Ab 2% R B
RAERFELR T EMEERMES, TR TiCosNos & &5 RMATH TiC &8k, 1 SisNs &
FHIK, FHHTEE 16 vol% ~ 20 vol%[ SiC, RN G315 M B M &I A RIFr S HEdERE, STCL
F STC2 I HLFHL #4354 2.7 x 107 Q-em 1 6.2 x 107 Q-cm. BT & (14 B AGAT H L2 1) A 3 A
T8 KA 0 T 5 3R A3 503 (i T 38 1

Lee 22258 T 452K TiC (S2FRALRN TiCo7200.17No.11) XF SPS BE4% 11 SisNy 53 W S sk 45 g

DR . ARSI 4 Frn . BT AEEIABIEEI, WIS wit% TiCo7200.17No.11 T3 T AL 14 1)
M. 24 TiCy720017No 11 FEN 10 wt% ~ 20 wtolst, ETFLRN B2 051 T SisNg febi A K, M
15T SisNg Rk E AP L, SizNy— 20wt% TiCo7200.17No.11 FLFLZE A 3.13 x 10> Q-cm.

B 4 SizN,~TiC & # 14 & B4 H: (a) 0 wt% TiC; (b) 5 wt% TiC; (c) 10 wt% TiC; (d) 20 wt% TiC 1%
Figure 4 Microstructures of Si;N4-TiC ceramics: (a) 0 wt% TiC; (b) 5 wt% TiC; (c) 10 wt% TiC;
(d) 20 wt% TiC
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IInE I 30 vol%, HMMEEHBEEEMT 4.5 x 107 Q'm, A LUERSZI B KN T, ke T
WERR, Bi% TICN SRR, Wkl 3: Bl R A, (ER N TS PO H i .
ST T SisN,—TiCosNos IV ZEMH %5 S s MERE, KB TiCosNos AN BARB3E 1 FRH K fF
B, (HEIBEAR T B0, RS BAA ) 25 vol%itt, HFH# A 5.7 x 1072 Q-cm.
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SizNy (s) > 3Si(g) + 2N, (g) (3)
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U, 7E 1500°C it HURBESE 51 ZrBy — 13 wt% SisNy AP & =R #6n 1 GraTl, &ir, &
TFUEK ZeBo M 5 —AHTRINE SisNy B DU o -5 v g D0,

55 SisNy-TiB, AR EAMAL,  SisNu—~ZrBy AW & B A7/ S8 S B . Guo 25PMRfF 72 T 18
BAFETGNERA T SisNg—ZeB, B EAE 1500°C ~ 1700°C NN . Bl 5 4H T
7E 1500°C ~ 1700°C Z/S S5 F R R4S 2110 SisN,—ZrB, P& XRD K. 7E 1500°C FeLhH,
FAN 0-SisNg 1 ZrB,y, FFEEIREAN ZiN. M#UEIRERE = E] 1600°C I, EAAEM N B-SizNy,
1M a—SizNg AHFN ZrB, AHAR1SAEH 55, ZeN AHSREE B 1, MAMETE R 1 ¥ ZrSi, #1 BN M. &
1700°C FJERELE 5, 0—SisNy HI ZeB, 584 W 2%, ZrSi, AHHIE 25, TERL 7 371 SiC A5 . & 6 ATE 1500°C
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AT 1600°C G5 FHUERREEF 2K SisN,—ZrB, g% XRD Elifi. £ 1500°C HELEHMYA 0-SisNy
A ZeBy s MR IR R S 2 1600°C, B 7R EAKIMTS o—SisNy M1 ZrBo #H, WS | B-SisNg.

ZrN. BN, ZrSi, fl Si #H. IXELHF 5K, SisNy 1 ZrB, Z [BIFF1E miR 22 = B, F=9) 4% ZrN. BN,
ZrSiy+ SiC B¢ Si, BARF=IHIA 3 6 T SR BRI E « 7E 1500°C EA AR a] PASRTS A N
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Figure 5 XRD patterns of Si;N4-ZrB, prepared by
hot-pressing at 1500°C ~ 1700°C in N, 1**!
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Figure 6 XRD patterns of SizN4-ZrB, prepared by
hot-pressing at 1500°C and 1600°C in Ar 381
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MoSi, BA A A, S iR 5 0 miE
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Figure 7 XRD patterns of Si;N4-MoSi, ceramics

prepared by hot-pressing at 1700°C in different
atmospheres %)
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SRR B Si;N,—MoSh, EATHI ML 2, [ 7 M7E 1700°C AR FSUR FHERES SisNa—MoSi, 5
MBI XRD EREN, WEF T IE B, UBess S FONET, HURREARE R (AT SisN, Al
MoSi, #H. SR RS N E S, AHTHE MosSis Al X&FINFER AT MoSi, A LK
AR

15MoSi, + 14N, — 3Mo;Si + 7Si;N, (7)

BRI N AE B MosSis BA RIFHISHME, BN (7) KR4S ST BAKER D BURE R
%o TR, 30 vol% ~ 40 vol% MoSi, 58 2 A & 2 K MosSis A3 70 FFEAR R 15 vol% ~ 20 vol%.
(K1, Manukyan 257 7 & BLE 1700°C ZUA U RUEREEE I SisN, — (30~40) vol% MoSi, M & H
SREC, N 107°Q em™ ~ 107 Qem™' o Liu WG R, ERSKIMET, MoSi; BN %
L F 50 vol%ltt, Frfl] & KA A BA B T B33 MR R T MoSh, & # XA LE] 30 vol%,
il 2% 1 SisNy—MoSi, EAHF &l B A R I7 1) S HPERE .

(a)‘ . # @)
‘ s Lo
* ﬁoSiz‘orv&Sia e
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B8 £ 1700°C B A4 T #JE e 4 8 SiyNy—MoSi, £ AT R EM4H: (@) A% (b) AR

Figure 8 Microstructures of Si;N4-MoSi, ceramics prepared by hot-pressing at 1700°C in (a) N, and (b) Ar*”

Best AR SisN,—MoSiy B AHM &I #vkase R HL 33, JER2M SisNy b 5. B8
£ 1700°C A[FASSRAE B4 1) SisNy—MoSiy B HIF & S st . WAl LU 3, ERVSAR T,
SizNy SRR AT, ARG SR N b 2SR . BAR, G5 AT AR MoSi, &4k,
{HA2 T RE B SisN, [FEiR o Rk, RAMGEECE LR &8 AR, BERE B mtaE
) SisN4,~MoSi, & AH M & -

24 MoSi, & B ARIAFB RN, BME R MoSi, &8, SisNy—MoSi, 5 A &t R A a2k .
1 MoSi, F EIA RS IIKER, SisN—MoSi, M & L TR B FEIKI, BN T RIFIKS. BT MoSi,
%5 4, Yamada 25T TR I, SiaNy iR ST MoSiy @b R (9 LA 10 B 50 L 35 24 SiaN,
f B ST AT MoSi, itk RF B 3:1 380 # 10:1 B, SisNy — 30 vol% MoSiy MZAZAAS K, T KT
M. Guo IR LB, BIAE (RFFEALEE SRIAAE, 24 MoSiy dibi A 1.95 um J/N 2] 1.08 pum,
MoSi, FIB I M 32 vol%PE%E] 27 vol%.

MoSi, AMURZE S T SizsNg (S, M HIEFD 3% 7 miR i e 24 w0, %
MM, SisNs—MoSi, E4b )5 SR K. fltn, Medr ZPHFR T 2 A% SisNs— 35 vol% MoSi, EAH K
E SR . £ 1200°C UL iR AL, PR R A2 KA E, HELEM 107 Q-cm
#mz 10’ Q-cm ~ 10° Q-cm.
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4.1 SisN,~CNT S18RE

YK (CNT) BER. 9KRE . FmERAH LTI SR 2R S Ak B &5
Fetk, TIeks SisN, MIERIWITME. SR, SHRMERM FRMEREPYT B S B R R AR
RIBFE AWK, — BT EENIN 30 vol% A LA RESLEL SisN, FEF &) St . AR, STFakRE
(¥ CNT, AL AN/ B BV AT S B SiaN, e i S itk o 1201, Corral Z5MF 58 B, %N 6 vol% CNT
¥ SisN, BRI % i FRIEH] 92 Sm™', AN T RIFH F4K; Kovaltikova RN T 3 wt% CNT,
$F ) 2Sm™'; Yoshio Z5 N 1.8 wt% CNT, BT HEEE 4 A AER RSS9 SisN,—CNT
B S HEik 86 Sm',

Tatami ZE5BE 7T T A RG4S T 1= AR 45 Bhixt SisNy—CNT %5 8 Fl e S5 (R85, 78 e Bh)—
BMEDL R, SEFELE N SisNy—CNT B ERAS, MRS SRS begs M 45 & nT Dk — b ot
PR, FmRE LR SR, i, SRS SisN,— 1.8 wt% CNT FEE{K (92%), H-SFREBAK
(129 2.8 Sm™); HBSELELE K SisNy —1.8 wt% CNT 2k 2] FH AL e it s B4k, star bAsE
Bloe 40, A SR N 30 Sm'.

SisN4—CNT HL SR A E CNT I A K SisNy—CNT [ FEAE, B 5E4 5 ONT AR H R4
EY) K R HRE RS S5 S IR R H1 45 1 SisNy— 1.8 wt% CNT A EL, #E R4S SisN,— 1.8 wt%
CNT EAMFER EEE, ERAHBSEM 30 Sm HinF] 79 Sm™'. X2 FE LB IEBHK
HE AT, ATLARHLE Si0, 5 CONT R, fREEE £ CNT, 1k 9 frnRtl,

KEWF TN, CNT FIA NS T SisNy P& 8 b R, O 73R8 M EUE FE ) SisN—CNT
MBS, 8RR S AR . R, mR K RS T 22 F 3 ONT ek g i b &
HEREAR, B4 )G ONT SR REBUR, B SHERUR. 1, Balazsi ZCO7E 1700°C 8 i #4555 K ) %
T SisN,~CNT MM E. 24K~ 2 MPa. R84 1 h i, CNT o] LLg BAR B 7E R A4 k] L
SR 4 e 7738 %) 20 MPa. PRI RN E] 3 h, Fedh 5 CNT MI5E4TH 2. T ik CNT 1] LATE SisNy
B Nk, ARAPGEBESE ik, fE ONT KA B REHT 52 %L . Belmonte 2RI SPS Kesh 5
il % Si;N—CNT ZAMME, SCEL T 52 &80k, B% T CNT B, /95 7 RiFSHarEae.

5 CNT ML, BRASKLF4E (CNF) HA KPR S5 A g, (HBA BRI E AL (400 nm ~ 600 nm)
FIFEAR A KA « Michalkova 251l ALO3-Yb,05 1ENEELE B, LA 5 wt% CNF N FHLM, £ 1550°C

. -

4 g {
B 9 Siz;N,~CNT Z M E W H i EM &S : (a) RERLE; (b) HERLED)
Figure 9 Microstructures of fracture surface of Si;N4,-CNT ceramics:

(a) gas pressure sintering; (b) hot pressing **!
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HIRBELE G, % (1 SisN,—CNF S &M% N 96.83%, HLS% M 500 S\m™' ~ 600 Sm™'.
PL MgSiN,—Yb,03 HUX ALOs—Yb,03 1E NEEEE BIFFINT, IS INAHE & &) CNF NS HAE, TEARX 2
—HE T, PSRRI TR B 1500°C, EEENE, BEREERHH 1315 Sm . XA
N ALO; &K CNF #ifi, 77425, BRIK CNF ASMHE S, 5751, MgSiN, AR LS E
Yb,SiaN,O7 Mt FRAR T o e BRI AH &5 1.

4.2 SisN,~GNP E[5E

FEGEART SRR, SHERER 2= EE. BT, 78 SisNgFE RN CNT N %2
BT — @ BIPR I, — 5 T A& OB (R AR, 55— 5 T & BRA f Y) CONT 7 g 8 v 2 e R
R, B TRSA R & b, BT R A SIS R A S E40K v (GNP) Sl 8] T8 2 MRE,
A EARE S ONT (ki 7, 5 CNT MLk, GNP i&EA BRI EERE.

Ramirez 2578 T — 255 T Si;N,—~GNP E AW GBI, ¥ HAEMERAE. S oataem
FEEVERE VRl . M TS SPS BE4E IS T A 11 vol% ~ 25 vol% GNP ) SisN, B EMEE, HA R
(M1 PERE. BB GNP SRR, MRHhE SRS, BSPRWEEAE0.12Sm™ ~41 Sm™'. HF
GNP [ FOIRFFE, TEE /1S T, SisNe—GNP EAHM &M SRR T RS m R, fE
THEAITT MBS AT TR AT R ERES T 1A EER . B SizNy— 11 vol% GNP [HF
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Research Progress of Electroconductive SisNs-Based Ceramics

GUO Wei-Ming, GU Shang-Xian, SU Guo-Kang, LI Jing-Xi,
LIN Hua-Tay, WU Shang-Hua

School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006,
China

Abstract: SisN, ceramics have excellent mechanical and thermal properties. However, its high
hardness and brittleness limited the machinability. The addition of conductive phase could improve
electrical conductivity of SizN, ceramics, making it easy to be machined using electrical discharge
machining. The conductive phases generally used include Ti-based compounds (TiN, TiC, TiCN,
TiB,), Zr-based compounds (ZrB,, ZrN), MoSi,, carbon nanotube (CNT), carbon nanofiber (CNF),
and graphene nanoplatelet (GNP). This paper reviewed in detail the research progress
electroconductive SizNy-based ceramics, and forecasted the development in the future.

Keywords: Si;Ny-based ceramics; Electroconductive ceramics; Carbon-based nanomaterials
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