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Abstract

In this paper, the mechanical ball milling method was adopted to achieve the optimized preparation
of composite powders by adjusting different ball milling times, rotational speeds, and SiCp contents.
The effects of ball milling speed, ball milling time, and SiC content on the composite powders were in-
vestigated using scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), X-ray
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diffraction (XRD), and other techniques. The results show that ball milling rotational speed, ball mill-
ing time, and SiC content all have significant effects on the morphology, size, and distribution of the
composite powders. The optimized preparation of composite powders can be achieved when the ball-
to-powder ratio is 4:1, the rotational speed is 200 r/min, and the ball milling time is 6 h.
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1. 5|8

TEMUZSMURAR, &SR ARG BA WS R E . & Eusm B DU k. TR SR s ) V2
FA[11-[3]0 AHRZ BT A BRI AR, SHERG S TERe T AR T B i EsRk, SEE A
BEHZME SR T ISR T I B A SRR G AR T DU B AR & S 1 R I I S R AR SR L S
PEEERIBARLE G, INTTIRAMAS SRR, SETHERE, #1058 HAE MU MR USRI B FH 4] [5]

SiC WKL EA m k. m il ICHIZIK RECE R e, CAEREE. BEESEE SRR 212 M
FA[6]. PRI A B LA R FE RIS B A R % ) R M 250 A, RN TARIE B A MREE DL IS5 A4k . B
FRI, SHCKIESRARM L, grRGaRAk BAH R R, ERARAR BRI S-S 5Kk E &
MABHRI S5 58 B AR VE R, (REII, R L R IARIE B T ARHE B2 IR RSEA 7)E FH LRI ZY, B s
FARSE 2R Z MUY BAA R AR, SEPURIG AL 774 THIRIS, s RN, AR
TR RE ER T, AR KRR IR &) 1 iR S H

HERRME &R EGMEHOGE— 7], BONEERARIRE RIS E . BN RS B
ERRFE . BIBREE BEX T — BRI B A BRI, IR AR ) D1 3 Re (8] X T
TER ARG &, FRABEBIERESR %, K5 E0FENRMRN, SERERETELZBRNER,
FRASH LU, AR R, UK B vk T DL 2008 S T SO, AR AS, 0 T3 s 5 B (1 AR AR LG
WG FAT[9]-[12]. EER, ARZZHENTRITHF TR B % T2 LA F G585, 558 Ak
(IVERESEIIRTE . EZZ A3 T ERBE 25 ZrMgMo3012/2024A1 E &M EHBEZM, W 5048 1l 24 ER
BEIFA] N 4 hy 353308 200 r/min B 2% (2 G ADRME BE m F 5 0R G 4. SKAIEE N[ 1410 I BREE T 2 %
(TiCp + GNPs)/Cu Ak}, $5H MEREERS A28 15 hy 3% 9 50 r/min. BEFEGAN 3:1 B, (TiCp + GNPs)/Cu
BAEMEHH LRI E], A TERE R IT, BT E] 67.3% IACS, FUH AR 99.6%, MEEIAZ] 71 HBW.
BT, ARSCERI SIC 1E NG5, RAIKESELL L SIC F&EX TCL1 (REem RN, JF3HeE
HIBREE S5, AR AEIRIE SiC BURIIY 51 BRI RIS T, 1k TC11 BRI ORI BRE HoRLFE 73 A1 5
HHPIRES o

2. ZWEFE
2.1. TREMRELHRGE

ASCHIE I SiC/TCH YK EEMEL, RAHKARTE 15~53 um [ERCIR TC11 B 28 K UL AP RLAR
7E 500 nm ()2 A TEERIBALEERY K, M R4 EEAE 99.9 wt%, TC11 M AR SiC, ¥y A i F A O 4 43 K15
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PAS EDS Hear BUE E 1. Bl 1(a) v TC1 B RS, TR N RAINBONI ST IERIE, ] 1(b) A SiC, ¥y
KETESL, AR BN Z 0, RIS, AR TWE. & 1(c)h TC11 1 EDS 4041, Hsr %t GB/T
3620.1-2007 (EK ARG SRS ML) » MioRE ShsiE. B 1(d)R SiC, 19 EDS 04, EE R Nk
EE, AIEEILE .

LI A& ATTAAT B REREBNL X SHRATHOG HRE T R

Figure 1. SEM morphology of (a) TC11 and (b) SiC powder; EDS composition analysis of (¢) TC11 and (d) SiC powder
L. (a) TC11, (b) SiC #K SEM SIMMAHR; (c) TC11. (d) SiC #K EDS 53 24
2.2. EWTE

1) 8K . EHETRF EFRBGESR TC11 M SiC ¥R, B THEH T, SRS K.

2) BREE. FEFGRMEPINNTYHEER, (E4T7 AT B AERE L LR A FIBREE T2 24015 2 BREE 5 7R
ERMAR. BT ERERRE AL PR AL, AR E R, HEEA VB APIRE, &SRR RN
FRUREB ST S AR R AR, HORE AR A TAE T 2, B BREE 15 20 eEhl 5 240
TIEHUK, BERRY A S .

2.3, WMLBLANRR SN

7E SU-5000 ZY555 BT ILEER Gk R OO AL 2L R FH G B 5 1) 1S A(EDS) 73 M VR 5K K 1 7T
R A X HEATHA TR G AR EZ SR AR
3. ZRGIHE
3.1. BREBEFIREINR AR SRR 0

WHFUARH, mRIERE R O TR A R R & DL A A — € KR, R, o Re i 4 j ek
WFTE], 4R ERCR(15], (H/e %l Tl mi, SR A RBREE IR AN Wi, SRR AR ] RN, 33
HIL AR 55— R A ) J. DR TR S B O Ry R SR, 1B 0.5% 2 21 SiC, BEATIR &0 ARl 4, 12l
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JRELE 1:4 KA ARMFDHGERFR A N TR GE R, HEATEREE . AN [RIRREE e i TR Ak AR S8 5 56 L
ol FPERBAEAE, WRBREE G IR AR, SRR AR fa 8 & XRD AN 73 At R A% L o

Table 1. Experimental plan for preparing mixed powders at different ball milling speeds

1. NEBKEBEHRGZERAMRNTE SR

G5 4 (r/min) BRI 1A (h) BREHEE
1 100 8 4:1
2 200 8 4:1
3 300 8 4:1

ANFEHGE T SiCy/TCL F R RO SR LIS 2, B ATR], BRES 8h J5, TEERM Th A3 Sic, 1)
IR, B T AEE A B R GF, 78 TC11 MR tHAES A B = AR SiC, 7278, i 3 A
WIS Y (HEXTEE TC11 JRIGIOTESRIE, AN R BRES el By R T 57 A2 T BRI #e
M, A3 R, ERETECN 100 r/min B, SABREAS TC1L JEFART, 2 NERIR, JHEA KAEE
KIEPIBIEARTE ;B = 2 200 r/min B, B RIFURIEETALTE, I T HRR DL 3 AL ) ok ot
Kis BEA FE A SR = 2 300 v/min, BRI R AR T M EFEWARTY, REMRER T YRR, AL
BRCT IR, et M B — SN BT AR BURL R B, AT R4S, BEE RS, BRI
RERASHEAN B R BRIRES, AR R, 5. 5Bk, BREERZ 1S . ShiiR ) BAa 8,
M 8T RARBCR B WO B TR . R RER S5 Ah ) R A AR T, [RII 4s98 — S84/, fF R4k
A5 . XRD Mg R TR, AFEEE TR G SRS BRE 1 B b, ok —3, &AHm
FTET IR I, 3Kt 150 B T BREE IR Aok oK IR SR R AR OB, TG HAA I A= ko

SU5000 15.0kV 8,3mm x350 SE(L)

Intensity/(a.u)

T T T
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~
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Figure 2. SEM images ((a)~(c)) and XRD patterns (d) of mixed powders at different ball milling speeds
B 2. FRIPKER TR AMARE SEM Bl ((a)~(c)& XRD Ei(d)
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3.2. TREERT )RR & MHE R 5 B RN

BRER RN R S R A AR W AR, — M S, S SRI A A SR U AR A R AR 4l
NG IS ERBE I A R IE L, (ER A BRI K, B R AR AR TE Yk b 2 — e F2 5 A FRD, R 5]
NFHA 24 RIS ek K o R, NER FBR BRI A SR AW R B, Bt 7 5286 7 R 2, N
200 r/min, EREIEL A 4:1, (EBREE 4h. 6 h. 8h JGWERAH A, FIF & ST WA 347 o

Table 2. Experimental plan for preparing mixed powders with different ball milling times

2. NEITKEREHIERAMRNKEF R

s 338 (r/min) BREE I (7] (h) BRI
1 200 4 4:1
2 200 6 4:1
3 200 8 4:1

AFIEREE I 18] N A5 20RO AT SUILIE 3, BT DOEE R, HEREEIS (80 4 h i, SROBHRORLE 4 fR
FPERIR, ZTRA RN, BARREDOCHE, ALVF SiC, WA EREEIRE 6 h i, Rk K2 Hirfr
B, B UR R ELGRIR, kA 7T, M RR ISR, A SiC, Y AEREER Ry 8 h i,
AR KA TRCRK BT, B ORR LR AR, RIHAE, ABERAREISR, A SiC, M. ok
Uy AGYIE], FERRBLG:, Ui B Bl A TR I (A 388, S SR IUA) 73 WOSOR AR o (RIS, el T BRI I 18] 14
G, ORI A 43 P B I, R £ 5 B BRI BN R T BRI T, B BUR A i ERIR A A BEIR 1 3
FirtRs SiC BURLIOREEEBOR, HONASIM B =T, FEERBEIT A WAL Eom R i, 756 1R i A5
fit, HBLEDR LML, 85 VRO T AR R, IR .

Figure 3. SEM images of mixed powders at different ball milling times

[ 3. T EIEKERE TR A% AKH SEM Bl

3.3. HEEA S BIE S¥HARIR
NIRTC SICy & B A AR TN, Wit SR 77 & 3.
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Table 3. Experimental plan for preparing mixed powders with different SiCp contents

3. FRISIC, FEFIFRAMANLW AR

%' B I i 4 (v/min) BRJEE IR 18] (h) BRELEE
1 0% 200 8 4:1
2 0.25% 200 8 4:1
3 0.5% 200 8 4:1
4 1% 200 8 4:1

ARERENREMARIESELE 4, WETH AT USR], BEE SIC, SR IMAR ETF, K3 i
PR AE, B T AR ML R RN, XA PUVERR LR T, BEE SRR BT, Bk iR R SiC
FURE IR 1% DL A A5 0, TIOR3 1Y SiC BURLAE — IR I Bt R AT RIEfiE R MR R 3R I, (15 R T 2215
MK, TAEEINE] 1%)5, EEmRE ML T Sic, R RIAR .

Figure 4. SEM images of mixed powders with different SiC, contents

4. K[E SiC, BB TR AR SEM Elf%

4 77510 XRD B LI 5, mEmT%n, SiC ZR AR, XL tAaE —ERm. fiE SiC
R, BRIATH AT, R A AT, SEACRIAT IR I AT R RS R, RIVRURE 40
o XA H TR SiC AWl BEHR B R, (AR AR A, FEERIE AR oK T Aok S B
Bl SRR Z A A BESE, R TR ARARTEREAL, RIS, AR SiC BABCRIIELRT, A BRI
Ve, S A B AR IORAC SRS 0, 2B T4 A4 T, SiC BEB PudEE N, 7R T A it
ATEESE, IR OBy R, W ARBTERS, BRI, TTIEEIZRL R H 1.

3 a-Ti
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Figure 5. XRD patterns of mixed powders with different SiCp contents
5. A[E SiC, BB TR A AR XRD Elig
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3.4. BRESBHE

NORAFIR A0 R BRI R T, B 5AH 0 7 55005 50 HLH G R 45, 8T X Bk s i R B85 [ 0 T
NACH] 0.5% SiC S EMESHAR, ZEEERIEREIL 4:1. #3# 200 r/min. BREERS (] 6 h #E47 SLIRLGAE,
[REME SRS WE 6, PTLIMEER], ZIKEBSET, SiCHMARBSMAAME TC11 HAART, K
ARSI S, JHH TCI REF T RIFIIERIES, XRIIZSET MR EER,

SUBBODTS. Ok Zmm 1130k SE(L)

Figure 6. SEM images of mixed powders under optimized process parameters

E 6. MILTZSHTRAH AR SEM EfR

4. &Eip

1) BR e ORER B I [RDOHE A4 R IO AT IR o A BR R A B2 s, RORPRORE El 3R
- BER - FR” A IR . A BRI I RV 8G 00, BROB RORE R T - A MRS, [R] I A0
ERPEAR T S 0™

2) IREARAERREE I FE B A AR, SIC UKL I R T Bk BRI R A 24k . (E2 0
Z 1) SiC BokE 2 AE B0k h L BLATRBL A

3) MIE G ARNIRESHCy: BB 4:1, #3# 200 r/min, BREENS ] 6 h.
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