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Preparation of Fe-1%C nanocrystalline by
mechanical milling and its thermal stability

ZHANG Ke, LIU Feng, GONG Ming-ming, YANG Gen-cang
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Abstract: The particles of Fe-1%C (mole fraction) alloy with the single phase solid solution nanocrystalline were
produced by mechanical milling. The influences of milling time on the particles morphologies and the grain size were
investigated by scanning electron microscopy (SEM) and X-ray diffractometry (XRD). Applying Scherrer formula, the
average grain size, furthermore, the grain size evolution with the milling time, was obtained. The results show that the
single phase solid solution has already been achieved after 10 h milling. Both the particles morphologies and the grain
size become stable after milling over 85 h, and the final grain size is about 8 nm. The Fe-C nanocrystallines have the
tendency of growing up resulting in the large amount of grain boundaries and micro-strain among them. The thermal
stability of Fe-C nanocrystalline at different temperatures was investigated by isothermal differential scanning
calorimetry (DSC) technology. Combining with the thermodynamics and kinetics of grain growth, the active energy of
grain boundary diffusion and the stable grain size were calculated, and the stable mechanism of Fe-C nanocrystalline was
discussed.

Key words: Fe-C alloy; nanocrystalline; thermal stability; mechanical milling

Fe-C G &fFNEAGIM B Z N4 2R gk M RERAT BN s RO TR L iy
B OARMAERASRF RIS T, WA SR Fe-C - SRR, DA B30 AR SR RE T AN RIS 1) g 2
T EMRIERE ML R AN IR R PR B ERERRTY, R V00T R A HUER B ] 45 Fe-C

E&WmE: ExRAKRBHERESIIINH(50771084); Fiith A AA 34 ¥ B0 H (NCET-05-870): 111 5144 TR BhI0 H (B08040): 44 -2
UL A e Bh 0 H (111502); 5 H A E 5K T S280 = [ T 70364 W5 B30 H (09-QZ-2008, 24-TZ-2009); P TV K % SERIIF 7L 3L 4 ¢
BhI5 H (CJ200801)

WimBHEA: 2010-11-18; &ITHHA: 2011-03-25

BIEER: X 0, H¥FZ; HiG: 029-88460374; E-mail: liufeng@nwpu.edu.cn



F21 6

gKORT, AR BREEVENI % Fe-1%C 40K M H MR E N 1397

BEAK IR, G R S gl A B AT LA B A gh
KARARL, O SBUE I RE R S L B
PEREM RHEALRT I 1. K% 712 Ohsaki 25° g
il 4 58 BT 1 830 MPa [f) Fe-0.8%C (i 0 30 &
GAK A R

SR TE Ve K TR F-BOR AR 9K ik, T
PR S e A LA e, AL AT R R, ah
K AR i S BRI RS KR, 4K SRS
58 T ) AR A S T R Y — S e IR 38 . AT
TRE R RRE M UH RT3 2 s i BT 5 350 A B
Ik /NSRS 2 B B PN A I
KRR, FURR MM R B S 56 R B 4 AT
KA 5E o

DSC 2= #53HT T B nT LURSORS ff b s e S et 4
ROETHE - PR AR AR R rh (R GRS B, ]
PUHT T ok KR FE AT 98 . SR A DSC F B,
MALOW Fll KOCH %!t i gy K i i) ARG e k3t
ITSEITESMAMHT, SILVA 2530 Bt Ni-Hl Co-
LA Sy O ESE PR T SEIO S AN A0 BT, ]
LA NA-P gk il (KPR s Tk A T S BT TR 04T

Fe-C 42K fivH AR M RIE B 45 A1 s 84 F 1k F v
SHBLERA RIS, TS 9K 5 B S R 5
fEo DHUh, ASSCVE# K HIBUBER S V261 4% Fe-1%C (&
IR EO) £ A A ARG K, IR DSC 244
ST T B AR E AT B0 RTINS T
R o} S5 b K R R i DSC 2R AT 4
B, BIEANESE Fe Sa45 G4k il 46 LA J et
oA AR R AR R

1 LG

S R U 4 JE A AR RSl E R 99.99% (7K 43 40)
(K] Fe ¥, JEGERIEE/NT 74 um; 7 C 4 99.85%(FE/R
SHEONA SR, SR /NT 35 pm. ERESSEIGTE
KQM-X4Z/B 47 AL DU Sk PRtk B L EdEAT. 12
ANEANGERN R K AFEABK, KB 3RS I ok AR 4
b, KH 2XZ-1 BB R AR 3 0 JFaANE
4l Ar PR

UEREENLIEE 5, RS MR S AL ) 2 B DR 3 Bk
PEMLIG 8, BROBHLG A 3RS B 1) WL SCHR[15]. ok T S8
TR EEUR, S HECCHR[15-161308E, Bk} Eik ek
18.5:1, HrPkife 2l 10 mm. 8 mm 1 5 mm AUANERAN
BRIVECE LN 1:3:120 BRIEHL T FdliL+5 4 155 r/min,
7 bR A AR R I v, BERR 5~10 h AL &

FERAE, REREEIFA] A 100 ho X205 AN [R] 1R BE I a) Ak
PR ARRE ST X AT (XRDYAHZE R 34T
B (SEM)E S M 22 . BTl X SR T Al
D/max—2400 4, Cu #, K,#%4(4,=0.154 1 nm). M
H Sherrer 3RS RT3 S ] SF, TS0
BRACES TEAL Koo LA fit A% W A2 7 SR PR 40 B 586 A 2001
W ARSI VEGA ILXMH A3t v i b
HEAT o FE WAL K. DSC O ER E M MY A
NETZSCH-STA449C M4z n 44t sy FadiAT, 253
A 2R S TR A 7y ik N 20 K/min F1 40
K/min, ##EVERIN 100~700 C; FhiE &R S0 S5
JELE S kB 250, 2704 320, 350 Fl 450 °C; 1M ik
SRR E S R 5004 5304 600 F1 630 'Co AfRIUESE
TSI R ARG B, A B AL 2 W 0 T
A 20 K/min.

2 FHRE55

2.1 Fe-1%C 44K @R R ~F & F 5 BE Bk BE A (8] 4

B 1 Fionh Fe R SEHUBRTR AW 7R 2 S0l B
5~100 h JG &4k A SEM 4.t 1 Al WL, 7EEREE
WIS E TR AR 52 B B Bk () i e AR AR T
T S T RRE A SR B2 08 A S AN K, AN DU R A
Tt JORE - [ S AR & (L 1(a)); BREE Sh )5
PIFESR UL 1(b)) B TH0 ARBURL 2 [8] B b5 B Bk 2 T J
SRR ATBVETE, EWR LR MATER, TEE
G IZRAR G, S 2RO R, X HHALS
G VAR R B S A 45 R A5 1T R B I ) ) SE
K, BT R0RL N AN T SR AR Y 0 RSB AN T o
FHRJZ e RORLABE R, T R IN AR RSN - K93 A s P28 T sk
/N, T ZR RORLRR R S LRI 5 B R 8 R ) 5
PSP, RORL RO RA B — AN e el AEARFRA
PET, HUERES 85 h JE(ILIE 1(b)M(h)), Ky ACKLEL
TR CPEIRLEELA 10 pm).

XFT Fe FIATSEAUBBIE B8 R LA B AN R 3K B 1 1)
S S AR RS AT XRD 007, g R 2 pr
o HIE 2 AIEH, MEREER A 10h LU, AR
22 HAEAE SR [ 4 . T Sherrer 23 6T
B RS ATV, A5 SRR ST B BR B 1 1) s 14 2
3. HHEI 3 WLUEH, AWFTRM N4k 85 h 2k
BE G, FES SR RS E TR

BREE RS E RO Ak S e SO AR R e AR
IR AN, B oK K Re e =42, I
Bl ERERL S R, —ErEsimiEs),



1398 o E A (8 R R 2011 4E 6 A

E1

Fig.1 SEM images of Fe-C powders after milled for different times
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Fig.2 XRD patterns of Fe-C alloy powder after milled for
different times: (a) Original Fe and C powders; (b) Milled alloy
powder
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Fig.3 Dependence of mean grain size for Fe-C alloy powder

on milling time
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Fig.4 DSC curves of as-milled (100h) nanocrystalline Fe-C

powder: (a) At heating rate of 20 K/min; (b) Isothermal curve at

250 °C for 30 min; (c) Isothermal curve at 600 ‘C for 30 min
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Fig.5 Fitting experimental curves of d//dt and H at different

isothermal temperatures according to equation (9): (a) 320 C;

(b) 350 'C; (c) 450 C
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Table 1 Parameters and errors of DSC curves fitted by equation (9) at different isothermal temperatures
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temperatures according to equation (10): (a) 320 ‘C; (b) 350 C;
(c) 450 C
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