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Morphology of Carbon Deposited from Carbon Monoxide and Mechanism
of Formation of Carbon Fiber

Yoshiaki Kashiwaya** and Kuniyoshi Ishii**

The morphology and formation mechanism of carbon decomposed from CO gas on pure
iron foil has been investigated at temperatures from 673 to 973 K. Carbon formed on iron foil
consisted of two types of carbon, the particle-like carbon in the surface of the deposited layer
and the fiberous one in the inner layer. On the other hand, the carbon deposited on powdery
carbonyl iron was also fiberous. Thus the most of the precipitated carbon was fiberous. The
carbon fiber had always a particle composed of C and Fe, so it appeared to grow from the
particle acting as catalyst. The selected area diffraction (SAD) pattern of the particle was
consistent with that of Fe-C (ASTM 3-0400), which has been known as the Fe-bearing graph-
ite solid solution. The particle decomposed to the stable compound of Fe;C and ordinary
graphite during annealing (773K, 1.8x10*s) in He. A similar reaction proceeded under elec-
tron beam irradiation in an ultra-high voltage electron microscope (UHVEM), and it was
found that the particle transformed to a stable phase through a Fe-C —Fe;C, — Fe;C process.

It was also observed by the UHVEM that each fiber was composed of a finer texture of
graphite. The angle between the graphite <002 > and the direction of fiber growth was about
20° and <002 > po-cy” < 002> (4raphiter- The mechanism of growth of the fiber was considered
from those experimental results as follows: (1) CO molecule adsorbs on Fe-C making. the
atmosphere around the Fe atom in catalyst. (2) The CO adsorbed decomposes to the carbon
atom and CO,, and then the free carbon atom accumulates as intercalant between Fe-C(002)
carbon planes. (3) As the intercalated carbon atoms increase, the atoms form a new A-
stacking plane of Fe-C. (4) The old A-plane of Fe-C moves to the [111] direction, that is, the
direction of fiber growth, and forms a new B-stacking plane of graphite. Then the growth
axis and [002] of graphite make an angle of 20°, in good agreement with the value obtained
by electron microscope observations.

(Received May 27, 1988)

Keywords: carbon deposition, formation of carbon fiber, iron carbide, decomposition
of carbon monoxide morphology, mechanism
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(3) RiEEAREICT 2EENEET 5.

&, BBEZO LIKBESN, FHBERE, RIGHEE, T
e, HREORIGH & OFEMIcOVWTIIBHLHT
v, FIAE, SEME AT DN TIE, £BsY,
RALEE (Fe,C2, FeC,0) Y, 8k/BRLERE, 1L
BMAHOHREICL T ER>TNS.

KR T}, SRELABRITRIZICE T AT HREDORE
BEr, B, KIGHZM2 8005, 9k E~D CO»
S DRFBITHRIGICDOWT, EREH, KEOIRKE LT
BERMIREICOWTCHE L. Z0&ER, rhRkFKicd
WL 2BBEDRIEBENS B Edbhr 1T, K
HWETIR, 20N, BIICE S EVEHERREIPW® -
ICEBL, ZORELIAShicT B L Ebic, SXITHE
LB DO CHELCHBL, SRFENIBEDR
B S B A E R L 1.

n. = B
1. % [

ERICAWA AR AER T, Fig1 DL icEHE LT
B, hROPPERICE — 5 —EEHOTMAL /2. —IFHiC
BEEBDA7FANT 5y bEBOEOEY—LViTk-
THO Y, EBRPOSRIERR %2 #D oM (EEK) BMsE
THETE 2 oL, KTV =Y 28DOKEG
Fpy 7 TY—L, BENOREELEA L. REE
DI TV I FHOFEKZREE € 4~ b TREE L.
WIREEHI C O HBICERICIL T Y b LT

FORE R PIDHEEHS W TEY, ERBOEREFED
BEZ#HIT, *02KLUTTH3. £/, FOEE(E
BRBE £ 2K) 138 5 mm &5, XEDOES 0.4 mm
T 5RTHARE.

BREH 2, Bk @3 RFICH R ERZEEITIC

BEEZNTNOR VY NP OBEA L., HERAERYOK
BHEEE(MFC) THIfL 7-.
Light ~ 0as Inlet Coolirg Water

Source

l Silica Tube
“ Furnace || %
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55  25¢ !" pe % Outlet
AL T.C.

Fig.1 Schematic diagram of electric furnace.
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Table 1 Chemical composition of pure iron foil
(mass%).

C Si P S Co Ni Fe

Pure iron | 0.0060.0015 | 0.0007|0.005 | 0.0098 | 0.0033| 99.97

iR, BiE L CIEoMsSELXEZL, EX 0.4mm OEIR

ELT, Zad S 4mmx5 mm OEERE A0 H L.
Thazx ) —# 1500 FE CEAFEL /218, (LEDE
LesmicH b, &oic, 7a—wvE7 b v ClilE
L CHEBRICH Lo, #ERE LTidTDidhic, MR TR
Sthic gDy, RBOH VR = vk E R, HEERAT-
7.

REBRDRFMTHRIGE, $ERH TOMBERIETH S &
ZEZoNb. TD, CO N RFMEEOHKERDIRES
KUORIGH Z AR E, KREOWHHRICKRE CEET L LH
Eh3d. 22T, EREOBR(MERE, BLU COcx
T3 H, RO Z2iIcFEE L, KEFHRIGICSZ 58
B L1 (Fig.2). {L¥EBBE L8O I KmidBbs
NTH3. zhAHWEE S T Ar SR Tmsd 3/,
ZHROBILEEIS SIKEL S, TORETE Cic CO
ARURKBRZTHIEI2EEBE A LTS, CORHBS
30, Hy CREDBILEKELARTLIcDOL, @5
£ He TN Hy 2+ BH L CGRTMELEESE, 2
WTCO%RFERLIcEDAEBET S, T/ A, BT,
CO T 5vol% @ Hy #7356 % A’ BLU B &7
5. HLELTZOHMEIZ, CO>99.99% (0,<100, H,
<100, C0,< 100, H,0<15, Bif] ppm), Ar>99.998%,
He>>99.99998%, H,>99.99% D#iED D TH 5. CO
(+H,) D &3 3.33cm®/s(at STP, IFREIL)T, 4k
PEROFLEE ICHET 5L, 0.68cm/s ThH 5.

EER T, 673~973 K T 3600~6000 s ], FEIKBAMEET
FHRREBE LoDiT- 7. EREBIBEDIC Ar R
PoBA TS L. B LcRkeh:, ERAIER, &
H, EEETFIEMS(SEM) K, BRE THEME(TEM)
B (BIFREFET (SAD), T 1 F -8 X Eah
(EDX)%2 &), REMAKD X #REHr, EPMA s s
Icft Lo, TEM Hicid, SEROBENE S, KR
MEE 0 It VETDODE, DA v v aTFL W EY
THE & L.

Surface Stopping of
Pre-heat | Treatment Treatment | Deposition Notation
co A
F— H — He — (0 B
Ar —
C0+5volZHz A’
'4— W —F—— He —— (0+5vollH; B’

Fig.2 Four types of carbon deposition.
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BUGOHERIAME (BRI & » THE) SRR E, RER
HENSZWHEEIICD D, Th5OMIKIBEASHORGDLS
brrEbNE. ALBBILU A & B THERIMICE
1375<, Hylc & BBRLEREREOZBIRE (M h o1,
UL LA S, MIEEO Hy BRicHV 7o He (dBLERAEE
LTH 5T (Po,=10T")BH#L T 2HOBRILNEZ S
N30T, BILKEOEE COVLTIREBREOAMD
3. —F, RIGHRELTD Hy RMNDOEEIITHEETDH -
7z. Hy A2 AWML A & BOEERTIE, CO%RL
7240 ERIC & © SRIEENEET 5720 T, 1800~2400
sICIE Ud THERESITH Lic. TDXH733E, L
BOFHEE & EL, THICERERHLEVCEbH -
7. chied L Hy ik L 72 A’ & B T, #BREMIE
55, 60~360 s BICITREHMBIEE 0, FHESZ V.
AR =B ERAVEE S, HyIRIMLGE W & RFE T H
LiEhoto. 208, hvR=viEEHOTEEDKE
AEB &%, CO-5vol%BH, DIEEH R &AWV,

REIIR L7 I T B SRS L. gk ki
SRBOREVHHT 2 2L, EEXRFLTHWS
Tl FER, BICEKSENEE (EEOREICEZV)ICH
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WHid 3 &85 5. RIGEFIIERICEILS, ARk
BLCIE LS 2RO H 2 &BH, BILEE E2RE
LT3, HEL oSS VRV ED AR K (HERITS
NTOROA)E L TREL 72 4 5 VS EBETHTHI L T
WSO, HEVIFZNODHRBESITHRIGIC
BALHDEREARI LT EBEIONS.

Fig.3 i3 #tisk F O RFEFHEEREMSE CEERE L
bDTH5. BEIISIBKT, B 44 7TDERTH 5.
ArfiTHRIET 3 & (b)D & O It REAKICBRLRBEAE
5. ChE H WY 3 & ()D& iciiRicET
HEIET 5. Chid H, BricEEO&DT, A, Bs 4
7O CORBTIKELTRROAK Y. REERELEm VSR
FHRTEDONIET AT H, 219 (EXI(d), He TEH#
L7z Db CO-H, BAH 2] 0B X TRFEN HRIG %42
LE¥3. ZOBE, HRENLBHRIERTE 5L HKE
501 COXRRLTHLOMI0s B TH 7. TDH, T
HERES 24 LREC, Hior bHBELIRBHT S LD
K LTHETA. 20k®, (HTREY MEEHIELE-
T&CTV»5. EEFORHZ, ABEREICAES®ITV
D~ — N —ThB. REMTHLTHEICRZT
B, REBBT VI FHEMHEAES L O ICRmICHRET S
DTREL, THU(SAREREAN > OkET 5 EER
LTW53.

X ‘

Fig.3 Direct observation of carbon deposition by high temperature optical microscope
(873K, type B").
(a) be.fqre experiment, (b) surface treatment 0s, (c) surface treatment 60s, (d) carbon
deposition 0s, (e) carbon deposition 1140 s, (f) carbon deposition 2160 s..
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2. HHEBOZ/ /oL UI I OBE
(SEM £ & U EPMA [C & 3H%)

Fig.4(a) 3 REBEID SEM B TH 5. K3 —H
DY — MNBWEEIT->TB EIHICRZ, 2RTIICEE L
FCEERLTVS. TOXRIMBIIIFEFICHLS, Evey
ML E TEBEICHANEL, TOTIKE, (b)ITRT LD
IHRERABS RSN S . IWHHEBOEADMEKIE, F&EL
TCDORWDRENEMT 5 Lick->ThicbEhicd
DThH5H. CDLHiT, FrHKFZBOXKRENHTIIRE
DFARIGEVHDR S 1, IEBESRILS X ICEbnr.

Fig.b (3, Bk LIk L cikREWimd EPMA I
JABEKLRTHS. (a)RTHEEBAETHMER O
kg, (b), ()3FnEFNn Fes CORM XHRETH

3. SEMR iR — 7 R ITRFEEOHTH LTV 5 Ohb »
3. REBLBICESNEEN, LTALTAILEZDRL
RS ERAHATH 5.

& (R (b)n RSN 553,

Fig.4 Scanning electron micrographs of carbon
layer deposited on the pure iron.
(a) surface, (b) inner.

3. SEM #ZICL 3HHREDHH

Fig.6 (2D SEM I £ 2 BIEEERTH 5. (a)~
()R EM, (A)~DREABOKETHS. KEBOK

HAX & B%¥ £ i (198)

% 52 &

FERTXTHE-RKRELTVS. HHEOR E -
72 873~928K D& &, TDHRORKENL>TVSE.
NEDBENEL THEL ThH (EIK(a) & (¢) iTHtii),
iR EEI MG ICDE R 50T, &KilEAHBOXBIH
DL, RBEETAHTRTLDRFIRORETH »7-.
Fig.3 T, £EOMMpEL T 2L H T WEHEI M.
CORKRELTD, REKEBO 2 KorhSpk&EiE, @k
DORFISHA LT B ek > TH#ITT 3 D EBbNz.
(d)~ (f) IZBRERITHTH L iRE T, iR E LT 3.
AR O HREBOIEAH DI,  OBHEIRKRED—TF
BEERICE S 6D EEBbN 5. BHEKRZ ORI 0.5~
0.2pm MV, 13 & A E OBMHEDIEIE 7038, KL
RUEABEL CO 3008 #-THD, T LTI hiEiEAIK
WD EREL TV A LHICRAS. BLT, REMHED
H, DT 5 & 2 (BIK(f), RL—XBEVEH S,
CODADFE (FX(A), (e), TDERZFN#IS /D
BRI LD 5. DK D18 HER R TR 13 F SRR % i
L xitFBED D TR, Fig8itRohaLHic
AR =gk, B Lgkira b, 2320 IRIGENEE
KT Lo RFZE b @k Th »72. 2ok, il
RFRGBHER TH 2 Ob— B EBbn, RROKRFRTT
LA#WRERICEEDO D TH S EEBbNI. LT, K
WRZEDORKHE, HESIc>WTRlEHABTACEEL, &
ElidHeRiRFZicCERB LT L.

4. HH#IRKFED TEM 8E

Fig.7 13 #80_Eichr i U - R RE O TEM ic &k %
HEER Th 5. fisticidfsg <, thodfsn L0 EFHE
ABEBLICS VRTBAELTE D, CADBEORSAT
BHBEICRAB LT, HFLANDES & MhHEE F25).
X (b)DEETIE, —2DKFh 5 2 KOBHENIED T
W5, LT XD SEBHERIRZ ek icu Ch T
505, hiciFEK (c)D LT, FEEICE-T I,
DRF AN 2 HF IR THWE D RO N7,

C DS L R FOMETR AN S0, EDX

—D

Fig.5 Result of EPMA analy51s of carbon Iayer depos1ted on the pure iron (923 K type B’ ).

(a) back scatterd electron image, (b) characteristic X-ray image of FeK,

X-ray image of carbon K,.

, (c) characteristic
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(d) % {e)

Fig.6 Scanning electron micrographs of carbon deposited on the pure iron.

S il

(a) surface (723K, type A), (b) surface (923 K, type B), (c¢) surface (1023 K, type A"), (d)
inner (923 K, type A), (e) inner (923 K, type B), (f) inner (823K, type B").

<«

AEITIE > & T AP, TSN 513 C & Fe, ik
M5l CRAC Al bRl S s - 7.

Fig.7(a) D AKE DKL TF & B 2 ic>WT, ThZEh
HIPRAR BFEIHT (SAD) 21778 » - b DA 2D EET
b 5. Wi 513 7RO SAD Yy — v psEsh, &
Nhor77 74 NOEERETHEIEDnD o1 F
7z, K FIRDD SAD /% — Vi) v 7 E £y MR
L-Tkb, Vv rsomERIEEERCTd 7. #H
L 72 B F BRSSO FIRREEFRIRAS 0.5 pm & IERIR & <
WFHEFIBETE WS ZIT, @D S5 0E DAL bIF
ETAH. X5iT, Figl(c) TR ON S & D ichiF&KE
DEH LRI ERTEOLNTVAELELEILSNEDT,
FFERMCHEE R 775 7 7 4 S DSTEAES B0 & D 0BT
TV, WFORFEy bpd, G Fe-C(ASTM 3-
400, Orthohexagonal) P @ c—F L. Zh% T, CO
D oDRERHREOAEICR LT, ML a0 M

Fig.7 Transmission electron micrographs and
| selected area diffraction patterns of carbon fiber
and particle (923 K, type B").
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HBH, CITRVLWEZShERFREZDENITAZYLE
V. Oberlin 5%, BMLEAREL LT V¥ v SRHELR
REZERSE, OB, WHRRBHEICKEREFER
RHFHRARET 3 EEZRVELE®. 2LTE20WE
D SAD /%% — VitBEd A50ROP T, REEEE L Fe-C
KDOWTERLTOAY, FEMEHASMIcIL TV,

Wk E~ D RFIZDE <, X RETPEMNEIC X
BREEEOBE LV - LERERICIRTSTHS. £
T, AwR=nvgreRnTRENTHSE, 2EORES
FED DI TOERICHNW ., AR VEIZER 1 pm BT
DIRFEKL F (Fig.8(a) TH 5. Thic, 883K T CO-5
vol%H, DiE& H 2 %4 & Fig.8(b) Dk > 1S #HER R
ZhBoNnDd. ZOHOKTD SAD /¥y — v idfigk o
FHRERZOLDE—HK L. —F, ZORKOKEK X &
Bl 51 FesC 257 74 FOEIFELAROH» 51
Mot EENTVWAS Fe-CHBEBTH 20BN
-z bDEEZ SN, BR X KRERGORIED® T
BB ERAUL RO H BT EERBRLTVS, &
7z, T OREMMES, 7713 K, He S THESIT % & Fig.9
(a), (b)D X HicZlLL, SADIZBWVTH Fe-CiZR S
N1, 75754 bEFesC DN — BRSNS
3 Thot. 310bb, REFTHOMBESEAL SND Fe-
Cligistiick -T2/ 5774 b& FesCicnfRLI-EEZ
S5, TDT &idEt, EBRERTHOBEDICS, Fe-C
X FesC &5 7 74 MTHRS BulfetEdsd 5 T & AR
L, RICHEERICY > TIEETNE T EARLTN 5.

5. BUEN T OREIBERFTLRRTEEBOSEE

1) MERFOEEBE

I E TOEEICTIT 200 kV TEM 2B T 7205, 4l
FRBEFFEEOSKE Wicsd, A SAD /¥y — v i385
NI - 72 (Fig 7). XV €Y OHRICK 5 REME DD
KFICDW T, Oberlin 5REBEFHEBBLEVBEL

Fig.9 Transmission electron micrographs of
treatment (He atmosphere, 773 K, 1.8x10%s).

B A& RE%¥ & % (1988)

% 52 %

(b)| s ,
Fig.8 Transmission electron micrographs. (a)
carbonyl iron before experiment, and (b) carbon
fiber deposited on carbonyl iron with CO+5 vol%
H, mixture at 883 K.

TWBY, KRFAOHTF bETFHRESZBE LIS {, 200kV
TEM TIRABBELBRT i3V sihbo/. £
T, Microdiffraction 25A[ T, BFROBERES K Z
V650 kV TEM ic & 28I AT - /2. ¢ CORIEIR,
BABBTFHRBHNC X > THTFB L DRES Fe € ICEAL
432ETH5. Fig.10(a) 3 BZEBIBEKICE I, BT
Fe-C(115){E D & DREHAEE T, KT D3ITLED Fe-C

carbon deposited on carbonyl iron after heat
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Fig.10 Dark field images of carbon fiber (650 kV TEM, 923K, type B').
(a) Fe-C (115), (b) Fe,C (202).

Fig.11 Selected area diffraction patterns of particle transformed form Fe-C to Fe;C (650 kV

TEM, 923 K, type B’, cf. Fig.10).

Observation time: (a) 1ks, (b) 10ks, (c) 22ks.

L1 > T3, —F, Fig.10(b)id 22 ks D Fe,C (202)
HH O DREREME T, KTEBEHD FesC icE LT &
ZRLTWV3.

Fig.11(3, 650 kV TEM ##&dicif o5/ SAD /Y8 —
v, Fig.10 KRS 15 BHRKFPORFHSDHD
Th 5. Fig.ll(a)D X 5 ic, 10 ks DEFHBEZITIT
FesCoD/¥5 — v bElE L, KT DEREH Fe-C—
FesC, — Fe,C &, BZERILYE~NTHETT HI LER
LTW3. B, ZhoD, 8 — ViZRA—FERDERERE
B L7c bDTIREL, ERBICE 18 5 fERFHISECE
BRIZRETE o7, 1, THHD SAD /XY — v
IS s B EROERFGR AT o, OKFIF
BB DOER» 573 > THB 0 (Fig.10), L DEEEDEH/ ¥
45— vhEEELICL W, @Fe-C, FesC,, FesC 1258
REHANEMTH 5720, FTEICERB»H» O, BIEDIC

SAD /¥4 — v DRIENHRETH 5, KENZDEHBTDH
5. INno 3EDOERDOHEAMKEF L, Table 21TR7 &
T, ENh—BE 2ET AT ETIRITER S LD EE
K15 > T3 728, SAD/NY — vick > TRESILIL
W EHEW.

itk F & R S5h B ‘Fe-C’ 13, Konobejewski??ic
LNiE 777 74 D Fe(bb3 Fe,C)EEKTH 5.
RFETI, HODIREL TV 3 Fe DELIFEE (Fig.15)
2R L, T2 OMAHSMICT 2 E TIIIESLE N
fo. Lo LA o&E i 730, R D/ 5 — 5
B4 5—7, /5774 hDY v (Fig.11(b), ()28
BINBLH5KBBTEMS, NFOEREIL Fe-C U 7
774 hthd Fe HSEALL T, R5E Fe L LBERD Y 5
774 AT 5BIETH S L DB, Konobejew-
ski DIRBE L o EEBEALSBOXFEL TV S,
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2m )

Fig.12 Tranémlsswn electron micrographs of carbon fiber (650 kV TEM, 923 K, type B")

(c)f

(a) bright field image, (b) dark field image of graphite (002), (c) dark field image of particle.

Table 2 Unit cell of graphite, Fe-C, FesC, and

Fe3C . ( nm)
Graphite Fe-C FesC, Fe;C
Ortho- L. Ortho-
Hexagonal hexagonal Monoclinic rhombic
a 0.2463 0.429 1.1563 0.4523
b 0.2463 0.248 0.4573 0.50883
¢ 0.6714 0.672 0.5058 0.67426
a 90° 90° 90° 90°
B 90° 90° 97.7° 90°
s 120° 90° 90° 90°

(2) BIFLGHEOHIPHTHREREREORRTE
7

Fig.12(a) (3RFEMHE & W T OERLOHRTFBRTH 5.
B (b) 13k FIc BB L= @MED 75 7 7 4 b (002) D
LOREHBETH L. 158, COLExDEP/ Yy — v Ext
W0 OBA%EA Fig.13(a)lcmRk Ui, @i l3mmissss
LTEYD, SSICHVEBHENLOTETVELIIKRZS.
TDEE, 7757 74 bD<002> )3 MiHED R E T )
et LTH 20° T 5. —7, Fig.13(b)id Fe-C @
SAD % — vHsfERIKE 2k i, kA 25° @I T
& ot [321@miToET vy — v Thb. Fig.12(c)
2, D&% Fe-C(013)H» 5155 NBEFBETH 5.
(002) EII[362]) B EMIC B X 10V 23, AT LA BRFICL -
T Fe-C T D<002>ARAEREL. RRLIcKD T,
Fe-C ®<002>4[m3 275 7 7 4 b D<002>Hh & —3
LTWwWa. ik, BELLTNTORKEMMETLT,
(002) 2 & EEHITIE Fe-CD SAD /¥4 — VidfEoh
i,

IS DEREELE & THIHERREDREBIEEZ
E|THA5. Fig.14 13 Konobejewski®®ic k3, Fe-C

Graphite

Fig.13 Selected area diffraction patterns.
(a) fiber near particle (cf. Fig.12(b)).
(b) particle (cf. Fig.12(c)).
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Briane

. Fe atom

e C atom

Fig.14 Relationship of unit cells between graphite
and Fe-C.

(a) (b)

(1111

<002>

Co c
NS
[e] [e]
cmr// i

. . A ecC

Graphite
(002)

O Fe atom

atom

Fig.15 Model of formation of carbon fiber.
(a) Explanation of observed angle (20°) between
direction of growth of fiber and graphite <002 > .
(b) Relationship between particle and fiber.

L5774 bOBTFREAKRERLTNS. Fe-C(002)MH
@ ABAB--- OFEAEN DICK LT, Fe-C DBAMKTHS
KD X SIS NG, Tha2fifmh» S&kE L TEgkL
72X 5%, Fig.156(a)Tdh 5. Konobejewskilc k3 &,

Fe[EF 3 Fe-C D BED—DRERFA2IISIATLET
ICEAL L, Fe,C AR LTV S, SHHTD COHT RS
REMBMICTZ2ETEELSE, OCO HRAHS Fe-C D
ALY (B 2380 v R =L (Fe(CO)s) 75 &) TR
T5h, HHVEIFAKIELRL TRETS. @D CO
MWRFEE COy IR, BEEREZEIRT1Z Fe-CD A, B
(co2)mEifdic - E A1 @FBEULIRERTL A v b7 —
I RRERT AL DKLD&, ZHEKE Fe-COF LWL A
mERD, BED Fe-C A FEITREGEEHFE -~ E
FonTr5 74 O BHEHENS. ZDOEXD AH—B
AN DRZBETFOBE (FEbblELm) I, [111]4H
THD, Fe-CHBWIEZ 7 7 74 b D[002]HR & 759

t Intercalation compound & L THIL N T 5 &
AT, 757 74 hD(002)EDMICIE, Intercalant
& L(E)E/J DRETFPRFBAD AL EBFoNT
W B,

— B D SRR BT U 7o IR ROTEAE & BIHER R R O th 4
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A3 20° L7125, InSEERILLTRLIZ DD Fig.15(b)
Thb. Ihbid, Fig.1l2 DR F LSO RABERS X
UBEABE TS, COLSICLTTELMNITS7 >
A MEHE(KI 20 nm) 3, HEL 5T 1 ROHEHMER 73K (0.5~
0.2 pm) %k 26D EBbN3. 58, KEHM[111]
R 002)mERITH LTla/2, b/2, 01D EEEE & 75 -
TBY, INBREFHEONQ NPT WVHEEDERICK -
TV5HDEHfRIENS.

N. #

i

kR il E LT, COHRDSREAFHEY,
DIEREEBE Lic. ZTORBEUTOI Eo5bhir > 7:.

(1) HrHRRBORE LN TIIRFZDOEMLELD, &
HEIRRDR, NIRRT 5. IWHREOKT ST,
HIRTH 3.

(2) MHEIRIKFRITIZ FeABEEEABLILSS 7>
4 M (Fe-C)RFfIREL TH D, ML ARSI
ELTW3XL5ICRZ 5.

(3) T HIREIKE BT 5 &, Fe-C (ZBIKHIC
AVILNET ST A VDRSS,

(4) BEFHEBHT TOD Fe-C DL BRI, Fe-C—
FesCy,—>FesC THBHEEZIONS.

(5) Fe-CD<002> A& ZNHokET 5777 7
A M gHED <002>HEIE—H T 5.

(6) I 57 74 FOESLTETED, 20
BEAEIZ<111>TH 3.

BREED Bichic b, LEERFTHERSRLFIA
MEE% AL AR RS O U I KB BB BIRIC B 2818 &
WEMEEREVL. $7, EROBTHEESZMEMTSIC
bich, ARFI¥HBEEEBTEMERE LHhE—,
YA EEREICBHECE >/, BEUTEHBRLET.
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