HOKKAIDO UNIVERSITY

Title MEBO=v /Oty T7 0LV EETR) A I FT 1V LADRFRIEEE
Author (s) %, KME; KA, =X, BIE, EH M
Citation 3R, 2002(204), 159-165
https://doi.org/10.7209/tanso. 2002. 159
Issue Date 2002-10-07
Doc URL https://hdl. handle.net/2115/72924
Rights EFEIREMHZERICH D, FRIIEZFECEERNICIRONS
Type journal article
File Information tanso0204-159. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




B # TANSO 2002 [No.204] 159-165

WED=vyrOtySLVI7z0EVEST
RU A S RT 1 IV LORTR ¥

SEFRE s, KEFEX", (RIG S fRiEEk
(200247 B4 HS-FE, 200249 A 17 HERIR)

Carbonization of Polyimide Films Containing a Trace Amount of
Nickelocene and Ferrocene

Hidetaka Konno**, Atsuo Yoneda*, Hiroki Habazaki* and Michio Inagaki®**

Kapton-type polyimide films containing 0.1 at% Ni (PI-0.1Ni) and 0.5 at% Fe (PI-0.5Fe) were prepared from
polyamic acid and each metallocene, and carbonized at a heat treatment temperature (HTT) of 400-1600°C in
flowing argon. Nickelocene was reduced to Ni metal particles of less than 20 nm in diameter at 450°C by 1 h treatment.
The PI-0.1Ni started to decompose by about 200 K lower than the film without additives (PI), while with PI-0.5Fe such
effect was not observed. Further, with PI-0.1Ni a sharp carbon 002 peak around 26=26° was developed markedly with
raising HTT from 1000 to 1600°C. With PI-0.5Fe, the 002 peak became sharp at HTT=1050C, but the peak intensity
and profile changed only slightly in a range of 1100-1600°C. In the 1600°C treated PI-0.1Ni, fairly large areas with ori-
ented hexagonal carbon layers and those with entangled ribbon-like structure were observed in the lattice images by
TEM. A small number of tunnel-like holes (1-2 um in diameter) were observed by SEM in the cross-section of the film,
which suggested the movement of Ni metal particles during the heat treatment. The 1000°C treated PI-0.1Ni was not
graphitized by 1 h treatment at 3000°C, suggesting the formation of so-called "TS carbon." The present results showed that
very small amounts of Ni are effective to the initial thermal decomposition of the polyimide and subsequent formation
of turbostratic carbon, whereas Fe seemed to enhance the development of turbostratic carbon less effectively.
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Fig.1 TG curves at 400 K h™' in flowing argon.
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Fig.2 Yield after 1 h treatment in flowing argon. O PI, @ PI-

0.1Ni, 9 PI-0.5Fe (see text for abbreviations).

Fig.3 TEM photographs of PI-0.1Ni treated at (a) 450°C and
(b) 1000°C for 1 h. An insert in (a) is a selected area
electron diffraction pattern of single particle.

MEN=—yrutrbBlf7r0ts %

161

UK

VAR AL DR FAE S

T F( UL OIER DL A Fig.2 1R L7

TSR DOWEDFIENE T % 5%, @il TNT2EHH 1,
ZAUTIRFAL L 727 4 W S22 h D7k % FEE 2L L %
TV EEZ LNLY, [FEEOERD S, EBRE I -
Kapton17R1) 1 3 Lid, RO b Do K h L effun
WP TOMNIEE D Z L ST )Y, KFFEDPIY [H]
HET500~550°CI2AiT T i'(%ﬁ IR T L TGIHI
M H TR S £ 912, 500CT 128 HPI-0.INi DL

MIZHART0%FIAIEL o720 ThbD L, M (0.1at%Ni)
D=y rat AR A4 I ROBGHBROBIEI AN BT

% EDD D, Fig3124508 £ UF1000°C TlhELEL | 7
PLo.lNimTEM";E’;%J\‘a“ 450 CALEREHZ R 2 2 BESIE
20nmLAFCHh Y, EN LD EDXGHFIZ L WNiK F-Tdh b
Lﬁfﬁ’{é#&')wu’: EQAN 1P & RVARE | 1z k-F (/T NSVl
DRLAAZ DT OIS E T4 [El /¢4 — > (Fig.3 (a)
DA 26, LHEDEENITH B 2 LHbho 1z,
1000 Cat ¥ T \i&“@j\; CEIEALT S DBl S o
100nm % {8 2 % LODIIREBEs N o1z, 12751,
D& BT ié‘! FIZFES5THY, yiﬁmﬁﬁf-@%ﬁ%ﬁ?ﬁw
FREINBDTHE, WTFRIZLTD, =y ratsidh
7 DRI TR L CRBNIRI T2 TR L, 2 s
He L TwWa T LIRLTWES, 10000CE hﬁftkﬁ‘w PI-
0.5FelZ 2T b [FREIC BB 2 IRR LA EAT
e, fﬁﬂiféi NI, REALETRTO T 4 VAL
DWTC, XRD/NY — Y23 EEH BV dEEILA O ¥ —
IF N LD o7,

W7 513, 28 H OB BRI OMEIL 0 &
SR5b0 T2, WTHDT 4 VAIZOWT LB X #1000C %
HZHEHFEERERL, 2N ETIHI600CET, H3 0
2L 7o 72 (Fig.2) o PIOBGERIMGHEHTT =12001C £
TOYPERDOEACIE, BEAEAEIZ10%59 Y = & DI TR
DKapton 7 1 W AZDOWTHRE SN TV EZEE)Y L 12T 5
LT3, THUEOHTTIZEIT BUERIZDOWTIE, HEH)

b, 7

N7 1

w5

275

]

WRAL7:5F, RFIZ L BBEOELIHE ST WA,
1000C~2000C 22T TI0%BLLF LA LA v v 3]

10 £1200C ~2000C 122 TIEIFERRAYI230% L B
FTHEVIWE DD, WThELRE>TVD, [

15 % b O OKapton 7 1 )b 4 & EEREREL T 1 L4 LTI
rkiﬂLf&@/\ﬁ}fﬂjFﬁ@EEfum D% EYTEIC S EDH S
ZEDE, HVRY A I N7 1) L OB YIEAS L
BRIK LT %ﬁ*i“%&cftfw% k%ianigw
KR Lizs

Zhud, ﬁ;i’f:‘*ﬁmﬁé%Haa«ﬁw) DT 1L
l()()xng’i’}tﬂ%K LT,

C, REMBICEBRIZ7 1 L adicaEh
TORLHRERIRELbOTHD, FMAUIAEEOMH
R74 )I/AV)E%:’JJ\‘WI_@%-’-PMET‘\ SR DEEIENT

P-4
DEDHFFND OB LTV D, FRD LI 127 4 LA~



LN
L)

~

S = N W A L

70 T T T T T T

C in as-formed film

Remaining mass of C, H, and N in mg / 100 mg of as-formed film

30—t 1 1 L 1 1
800

HTT/°C

Fig.4 Film composition after 1 h treatment. Dotted lines are
the composition of original films. O P, @ PI-0.1Ni, 4
PI-0.5Fe (see text for abbreviations).
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Fig.5 Reflection mode XRD patterns of films after 1 h treatment
at 500°C. v peaks were assigned to Kapton-type
polyimide.
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Fig.7 XRD patterns of PI-0.5Fe after 1 h treatment by (a)
reflection mode and (b) transmission mode.
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LT, SO L) BRIEREE RO T, HTTO LA L &
b IENBTFARE L0 b Hi e was, ToHh 4 XThh
2% - L BEEMEAABE L TH LW TTH Y, TEMBEE O
H (Fig.8 (c) BL V() &i3LFLO—F LA,
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4. F&ED

[ U b s ooy rokr b 7zab s 2HNT,
13 MLEOEBEHED, 0.1at%Ni B £ 00.5at%Fe & %2 5
&9 ZKaptonBIRY £ I 74 v axElL (LLF, 2hbs %
PI-0.INi#$ X UPI-0.5Fe L FR) , EmDEE 1 4 » 3R ) 4
IFRTANLDRFAEIMCED LD R BR 52 B0k
L7z PI-0.5FeTiZ500CE TOMET T = 0t > D5
LA EAA# L, P1-0.1Ni (B &4 20.65mass %Ni) T H 5
REEISELTW Lt sh b,

(1) =1t 3450 CTHAE20nm LT O &Rk 11 25%
TSN, HTT<600CLATF TR T ¥ 5 1B H OB E
1754 3 FROBR L REZEOHE (B£5{COBLD
CO L LT) R L7 LA L, 600 CSHTTS1000C D2
BB OBRIITIRED T2\

(2) PI-0.5Fe Ti31000C ¥ COBSHEEEN T A 7 20t

Y ORFITBH S N o7,

XRDB L OTEMIZ & D, PI-0.INi3 & U'PI-0.5Fe T

HTT=1050 C{H:E7 b BB HE % b o 7 AR RO SEN

BB\ DT EWhdr ol 12720, iR L LTk

Zu A VDIEIHEFICREL, 70k OBEIED

F DB VDI L, HTTO LH & & b IZEBXRD

INF = D002, 10, IEHFE— 27 23§ K& o,

PI-0.INi®D 1600°CALEE 7 1 )b 2 DRI 1, BpLEin |2

ERKTIBE L -OTIE v LifEE &SN 51 ~2um

BREORDPBEINIY, 20 L) B RESOEBHT

R S e hro iz,

1000 CHLEDPI-0.1Ni1£3000°C, 1hDEMLIEC & BER1L

9, TS carbonDVER L7z &2 bsh,

(6) BV A I FITT 2 &BILEMOTIEIRE, ChFET

(3)

(5)

165

WMEO= vy rutrBLr720br%2E50FRY A I N7 4L LADRE(LEE

HHENTVSE LD b o LR CTHIN, Bl L I
CHIHIELWSDTHBEER b,

E

PEMUIER L T2 W R TR 5,
BIUTEESHE LT Wil K it » &
B i s = AV A U 3
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