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Abstract

As a mineral resource with superior performance, graphite has developed rapidly since the 21st
century. With the wide application of graphite, the output of natural graphite is not enough to
meet the market demand, so artificial graphite has gradually become one of the hot spots of re-
search. The addition of catalyst can improve the graphitization degree and graphitization rate ob-
viously. In this paper, the main factors affecting the catalytic effect of the catalyst are analyzed,
and the graphitization and catalytic mechanism are described. Combined with the stress induced
graphitization and stacking effect, this paper summarizes the mechanism of catalytic graphitiza-
tion.
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1. 3]

A EEA RIFFIPIIAENE, M8, MR, MRk, S, 3, BUERERE— R 5 HAMEATA
HAMAE R[], H 2004 455 E SATHEE K1) Geim A1 Novoselov #3% w GBI MU R 2k 3k 155
SE AT SR AR U VRV DS, A SR I R R R 2 — (2] A SR E A B SR 1)
FEMRE T 2 A, HPE 9T 20 TR B R SIS M kL. B A SR ETZ N, AT
ToRAWY K, RIAF= A BRI AR TR, ASRE 2 ARkt XA s FOR I TR R, R R A
ORI A sS4 ) 2 N80 SRR Z T BEARL[3]-[9]. 147730, s i & BB A A I
S JFURHE =il (OB =008 2800°C) 2511, TG 8 T Ik 45 6 st i Ak v s2 45 44[10] [11] [12] [13] [14].
G RTERGIR R 2, @A S, FURIERFRAT A £, oy N A B AT A
UG BORA AT IR LT e ARSCERG B A AE A A BT TR, i T SR AT R
HrsZIE AL ORI RN 2, A B AL EEAT TR T

2. L ASEN

IR SRR, AR TR SR RT3 S T SR A B i) AN T A SR 4GB (ERR) . Franklin 2
YR T AT A SRR R A AR A BB R SE MR R (1] 1) [15]. Oberlin A 25 B3 XRD M 393 s Ak — A iE s
T Franklin BS540, FE8EH T AT SRR G5 FRHIE S 2 M EE[16] o @ AR N L AR AR, BRI
SRR, BRSO NLRCR, F ] SRR ) A AR R AR R A A7 SR AL [15] [16].

3. ENLAEUHRIR

A A BT FE T s v 3 19 el K, 7F 20 thed 60~70 4E LA H A E I RIEE R IT T KEMH
A SR A S8, X AR A A SR A ) 1 22 TR AT IR FU e, JExt AL LI AT T 4R 7E . Oya A
S xF R SR MEAG I FH IR « HEALFRIRNSE . EALSRAF ST VIR AT FE[17] [18] [19]. FRIEfEAL A 524K
WEFCAROT RO, U 2 KRR ARG A SR A AT T RMIR R, NE A S A SE T
FAt[20] [21].
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Figure 1. Graphitized carbon and non graphitized carbon [15]
1. JAENKSIEAEBMRAEE Frankin, 1951, &2%) [15]

B A SR R R, A BB RRBRN, SR AR S E ET#4T il . Fengwu 55
N UAHEA SRR AEAE AT ORAA, DRGSR, Bl i B 20IR A 2808k [22] . Zhou G55 AL Ni
PERMEART, B mEm T KOH fEILALEE, 7E 600°CSZBL VR MR 1L £ S 4k[23]. L8105 &
(IR S 56 BT 5 LU 2976 2000~3000°C 2 1], AHERZ R, Zhou G558 N IR 54 75 Ak A7 S5 0L KBS
i, ARKRFRRE FARY S0 1R 4% 2 PR REVR T #E -

AR SCEESHEARIRI . AR b s i B DA R R A DL P /N DU R R Rk AT T o0 h, I
XPHAEAHLIEGEAT T R, DUBAXGH A A S50t e st — e A .

3.1. LTI

AFF AR AR ERRZES. B, EAFURSEREAT 4 8 = SRR
AR Sambn. BREaRMERE, @B, Al Ti, V, Cr, Fe, Co, Ni, W, Y, La
Z5[24]-[30] b B WAL 3 BALHE FeO, Fe,03, Fes0y4, I FeSiOs %, Hirf Ll Fe,Oq fiAb 2R 54T [31] [32]
[33] [34]. B i A RIFIMMEAIERE, [H BOs EARURENRZ[23]. BT & &ML EZELL Fe-Si 54
5 P-Ni &M AN E, X TX A G SRR B R IR FRABARN BN FEE . A SRR
RAEMERTHRAE SR, M HBTA&E&MEE MR T ERARE SR CR G, AT
FH EL T A A R BE AT 2 BE 4T A PR AR [34] 0 BRIEZ AN, —AMERIOELS:, SR A &)
SRS BT . SR Kotosonov A. SREL, Cl XA S8 4b B — 5 AL R [30] . FEMEAL A 2B 4k ias
i 2 AR, B LRt Fe BONBRIN 513
32. BEUFIHBAE

VB LL FeOp Sk J5 8k N BEAEAL T, DAKI A i £ SN A iR 5 0 A BHSEAT T S8, 5k
06 R I A AL TN By 3% JRE AL R i 5 #5[20]. BREARSSE A LABIER Ayl 5 8 5k, 7E 1600~1900°C
ST SR, SRIG A R RN T A S 1 P A (A RS I 2 3 n R IS K e TP %
MIILAR[31], X — BG5S 1 A SR8 A 2 B R AR il . TE T AR FEEAE b, R B Ak 77
JE IR 73 Bk € A BRI R[32] . Wang H. [33]55 AL PAN JERREF4E S SEIatt B E T457% 7 B.C KA
SRR R AT A SR A DR TT B IARCE R A 22 52, B B X PAN ik 4148 B B 2 A A BN
Hid fE 1) B 218 PAN FEOR AT 4E R TH 7= A KR shiE . MR 058 ARG H A KL PAN SRR AT 4E R TH
RRFEIX — LG [34] o B T3\ it BRI Al G ) J5 R AT R e AR RIS Hof B & I TE T BRG] . Dhakate
S.RRHL, /i Fe,05 1] LA U AT 584K, 1T =0 ¥R FE Fe,03 23 3 BUR ST Jo 36 41 S 4k [24] . Bk AT AL,
SR FH A 5% 0 J 0 S 3R A e A A S AR T R A 7R B30T R A S R B I o S AR RO A TR e e A
FOREWAARE . BRIk, PRIT S b A7) 0 R AR (] RS 75 AT R B S AT IR &
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33 RMRE

KESLIGUEH, A B S N E IR AR AR, RBHREEZ/E 2000~3000C it . Xf AN [H]
MR EE, AT A BB A Ak, BT ANEEAT T KER AL . I s ie g R i,
FHIEI G54, AR [RDRLEE R /N B AR TR CEAS [F)R B2 2644 SRR, #E 1600~2000°C G AR, B
FHEERm, A SRR R RO HT AR SR, (B BRI I AR EF I B 24 [20]. SR AL LA 5
A 3o R A R L S AT SR AR 5 R AR DA A T ) s B 5 RS, S 448 TR S 7R A A P o ff
BRI, 4R BE 2400°C I S R HEAL RORIE B AR, iR BEIA S 2600°C R, XA SRR T IR AR 72
5y Sy ZE A N ANt X L G 00 5 R R R S 2400°C I R AR THER, S EUEALFIEE R DB, F 8
RRAE 722610 BR 7755 NI SEBSAIESE T EAGRITE =il T R M-S BUR R Z Z LA .

3.4. EULFIRE

RIRLEESN, MEALTADLEE K /NRT AL ROR 7= AR T AR B L (520 . Baraniecki 55 A AW 7RI, LA
TR A AT, Bk & S AR BN AL R ™ A4 T W RREm,  RERR & e RURLRIAR /2 50~70
um B AR e £E[35]. Oya 558 AT K ILLL Ca, Mg il B 1T AU 287 R AL FRIRT A8 I
Ser[28]. AT RS AR LTI 1 8 A0 s A RE, $Rm 1AL FIELL AR . Jeong S. HLBZ HI AL
FITEARHEARCR 2 A M [36] o 15U B 4 Hh B /KL E AR AL T EDR AL AR A /5 [20]

4, fELE

H A A B BRI A S A I 72 R B PRl WM F AT i R AR A AR . AT A A 7
sl N REVEARRR, IR AREEIR BRI, R R 22 MR RE L I A0 52 SR B MBI s e A AL
PSSk IR A AR, TE SR N BRAGATE =il T A AR BOR S . EAEFITERR UM B S8 AR
FOFE FAMLEE 2 22 B TARITE LI AL i 25T C—C i HEL. Turmnbull % AKREL, DL B
E RN, B MEESIRHPRSHFAET AR ET. 24 B EF#ENRN G, Hm T asqz
Z IR BRI EAE R, M A EE d002 28/ 2) [37] [38]. Yoshihiro Hishiyama X iX Fil & ke ly: i+
B HE Bk A G VOB I BH B R )RR, S BUR R Z MEERRE )1 - S5 MBI, iR)E+
RAFEFHEFI[39]. X —4510 5% B R B R TP 2 AE IRl Hamada SR FHASFERRFER) B Frkb
HSEERY, K AT S B TR T AR TSR, SRR SRS R, TR AT HES R R
R IEK . Hamada Ay, B e BUREEEER Y C IR T, FEREOR 4 (14 3). HeK KT Cc—C
B, ORRIYHOE BRI, PR O, BRI A S A FR[40].
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Figure 2. Schematic diagram of graphite structure change during boron
catalytic graphitization (Modified according to Turnbull, 1966) [37] [38]
2. BEXASNKIIENABENEWREEGRE Turnbull, 1966 £
2X) [37] [38]
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Figure 3. Schematic illustrations of polyhedron formation me-
chanism in the case of a coke particle with a fine mosaic texture
or an isotropic coke particle [40] (a), a coke particle with a
needle-like rough texture (b), and a coke particle to be heat-treated
with a high concentration of boron (c)

3. WMiARALIBEN A B NI IR ER BRI REE (R
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SR E RN IE R £ AR BURLAY % H 4
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W, AR R T G T T B2 5 S RS R R AE A . IR HL R TR ) B T s 2 B A
AR E A 5 MR T R B R S 5
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