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Table

(a)

1 Results for condensation yield of anthracene

LA TR ATR FEATH 5665 (1996)

and carbonization product

Apparatus: 200ml Glass reactor
Temperature,” Time: 250°C_1hr-400C /1hr

g/g Condensed prod- | Product  vield
Ex. No| An/MX. (mol/mol) | uct yield (wt%) | at 1200C(wt%)
FC35 | An/Tils 30/12 71.2 75.0
(0.169.70.022) (99.5)
FC37 | An/GeCLi| 30.1/13.1 66.0 79.3
(0.169,70.022) (94.7)
FC-36 | An/ZrCl, 3052 77.6 76.7
(0.169.70.009) (91.1)
FC38 | An/HICL | 214/5 74.6 78.9
(0.169,7°0.008) (92.1)
FC-201 | An/TiCl4 10/1.2 10.0
(0.056,70.0063) (11.2)
FC-202 | An/TiBr«| 10/25 53.0
(0.056,70.0068) (66.2) 40.0
FC-203 | An/Til, 10/8.2 75.6
(0.056,70.0056) (99.5) 55.0
FC-204 | An/GeCl|  10/1.3 0
(0.056,70.0061)
FC205 | An/GeBr:| 101,22 7.9
(0.057,70.0056) (9.6) 93.3
FC-206 | An/GeCLi| 101,733 84.2
(0.057/0.0057)|  (111.7) 87.5
FC-207 | An/SnCli | 10/1.46 0.4
(0.056,70.0056) (0.5)
FC-208 | An/SnBr.|  10/3.4 94.0
(0.056,70.0070)|  (125.9) 66.7
FC-209 | An/Snl, 10,/3.51 99.7
(0.056,70.0056)|  (134.7) 65.0
FC-210 | An/ZrCls 10/14
(0.056,70.0060)
FC211 | An/ZrBrs | 10/2.3 92.0
(0.056,70.0056)|  (113.1) 30.0
FC-212 | An/Zrly 10.2/3.8 97.1
(0.056,70.0063)|  (133.3) 80.0

(b) Apparatus: Autoclave
Temperature,/ Time: 400°C,2hr

g/g Condensed prod- | Product yield
Ex. No| An/MXe | () 39001) | et yield (wi%) | at 1200C(wi%)
C-173 | An/CCl4 10/14 49.8
(0.056.,70.0060) (106)
C-181 | An/CBr: 10/2.3 52.5 80.0
(0.056,7°0.0056) (101)
C-183 | An/CL 10.2/3.8 63.0 60.0
(0.056,7°0.0063) (153)
C-185 | An/SiCls 30,12 94.9
(0.169,7°0.0022) (54)
C-154 | An/TiCls 10/14 50.5 63.0
(0.056,70.0060) (112)
C-186 | An/TiBr, | 1023 50.4 67.0
(0.056,7°0.0056) (124)
C-184 | An/Til4 10.2/38 50.8 57.5
(0.056,70.0063) (164)
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Photo 1 Observation of anisotropy developed in anthracene polymers produced in autoclave
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Phqto 2 Observation of anisotropy developed in anthracene polymers produced in glass reactor
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Table 1 Effect of reaction temperature.
Reaction conditions: time 2h; anthracene,”CCl, mass ration=20,31
Temperature Pressure Yield of benzene- Yietd of gaseous HCl gas
Expt. No. °c) {MPa) insolubles (g} products (g} produced (g)
31 500 1.96 215 3.42 2.419
5 400 5.10 21.7 0.46 14.24
15 300 294 16.8 0.22 4.27
16 200 2.45 10.3 0.19 3.30
Properties of carbonaceous product Gas constituents
CHg
Expt. No. C (wt %) H (wt %) c1® (wt %) Atomic (H + Cl)/C Density {g/cm3) H, {mol %) C, C3
31 929 1.9 5.2 0.265 1.61 46.2 53.8 - Trace
5 89.8 2.25 8.0 0.33 1.49 36.8 60.6 26
15 926 3.6 3.8 0.48 1.39 58.1 35.8 5.4 0.7
16 80.6 4.8 14.6 0.77 1.32 44.8 433 8.4 2.1

9 Hydrogen chloride mostly reacted with the wall material to be converted into nickel chloride

By difference
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Fig.1 Infrared spectra of the carbonaceous products
(KBr disc).

(a)200C, 2h, benzene-soluble; (b)200T, 2h, benzene-insoluble; (c)
300°C, 2h, benzene-insoluble; (d)500C, 2h, benzene-insoluble. @
Aromatic CH stretching vibration; O aliphatic CH,, CHs stretch-
ing vibration; M aliphatic CH., CH; bending vibration; 01 CCI
stretching vibration; A aromatic CCI bending vibration
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Table 2 Effect of reacion time.

Reaction conditions: anthracene,”CCl. mass ratio=20,31

Temperature Time Pressure Yield of benzene- Yield of gaseous HCl gas
Expt: No. Q) (h} {MPa) insolubles {g} products {g) produced (g)
18 300 0 4.80 18.4 0.31 7.89
19 05 4.41 18.4 0.41 8.71
15 2 2.94 16.8 0.22 427
36 4 5.88 20.1 1.06 14.80
32 400 0 392 18.8 1.54 12.21
5 2 5.10 21.7 0.46 14.24
Properties of carbonaceous product
Expt. No C (wt %) H (wt %) Cl (wt %) Atomic (H + C1)/C Density {g/em3}
18 915 3.45 5.1 047 1.42
19 91.1 3.25 5.6 0.45 1.41
15 92.6 36 3.8 0.48 1.39
36 88.6 2.65 8.8 0.39 1.33
32 91.7 2.55 5.7 0.355 1.39
5 © 89.75 2.25 8.0 0.33 149
Table 3 Effect of amount of carbon tetrachloride.
Reaction conditions: time 2h
Temperature Sample/CCly Pressure Yield of benzene- Gas yield HCl yield
Expt. No. °c) {a/g) (MPa) insolubles (g} (g} (g)
43 400 20/62 9.81 259 1.95 22.80
5 20/31 5.10 21.7 0.46 14.24
11 20/16 5.88 18.1 1.36 140
12 20/8 3.53 13.9 1.05 3.35
14 20/1.3 1.18 124 0.70 0.10
a4 20/0.3 2.3 0.12 Trace
15 300 20/31 2.94 16.8 0.22 4.27
46 20/3.3 0.49 7.5 0.40 1.80
Properties of carbonaceous product
Expt. No. C{wt %) H {wt %) C! {wt %) Atomic (H + C1)/C Density (g/cm3)
43 81.25 19 169 0.345 152
5 89.75 2.25 8.0 0.33 1.49
11 91.7 235 59 0.33 152
12 925 3.1 4.4 0.42 1.46
14 93.2 3.3 3.5 0.44 1.44
44 90.4 3.4 6.2 0.47 1.56
15 92.6 3.6 3.8 0.48 1.39
46 91.7 3.2 5.1 0.44 1.20
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Fig. 2 Relation between specific volume (1,”butanol
density) and atomic (H+CI),”C ratio for the
carbonaceous products
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CCly = CI" + CCly’
An(c.p.) + CI'= AnCI’ (c.p.Cl") =~ An’ (c.p.”) + HCI
An(c.p.) + CCl3" = AnCCl3'(c.p.CCl3") = An"(c.p.”) + CHCl3

An' = CCly(c.p. = CCly) + HCI

CHCl3 = CI" + CHCly'
An(c.p.) + CHCly = AnCHCl; (c.p.CHCIy") = An'(c.p.”) + CH,Cl;
An"=CHCl(c.p.”=CHCI) + HCI

CH,Cly = CH,CI" + CI°

An(c.p.) + CH,Cl' = AnCH;,CI'(¢.p.CH,CI)) =~ An’(c.p.’) + CH3Cl
‘An’=CHj; (c.p.”=CH;) + HCl

CH3Cl = CH3" +CI'

An(c.p.) + CH3"= AnCHj; (c.p.CH3") = An'(c.p.”) + CHg4

An’(c.p.’) + CI'(CHCly', CH,ClI') - halogenated c.p.

An(c.p.) + An"(c.p.’, An"=CCly, An’=CHCl, c.p."=CCly, etc.)

- An’(c.p.”) + An(c.p., An=CCly, An=CHCI, c.p.=CCl,, etc.)

An-(c.p.”, An"=CCly, c.p.’=CCly, An"=CHCl, c.p."=CHCI, etc.)

- polymerized products

Halogenated c.p. = HCI + high aromaticity c.p.
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Fig.3 Optical anisotropy in carbonaceous products at
various temperatures and times
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Fig. 4 Optical micrographs of the products from anthracene (crossed nicols)
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Fig.5 Optical micrographs of the products from anthracene (crossed nicols). 300°C, 2h
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|
40 pm

{b) anthracene /CCl, = 21g/13g

40 pm
{c) anthracene/CCl, = 21g/8g

{d) anthracene/CCl, = 21g/b4g

Fig. 6 Optical micrographs of the products from anthracene (crossed nicolas). 400°C, 2h

Table 4 An example of graphitization

{a) Graphitization of carbonaceous substances produced with various am

ounts of CClg, 400°C and 2 h. Conditions: HTT 3000°C, time 0.5 h

Anthracene/CCly Density L(002) ¢(002) L5(110) ap(110) Density
(g/g) (g/cm3) (nm) (nm) (nm) {nm) {g/em3)
20/31 1.49 High degree of turbostratic structure 1.85
20/16 1.48 26 0.6754 100 0.2457 2.05
20/8 1.43 39 0.6738 100 0.2459 2.06
(b) Graphitization of carbonaceous substance at anthracene/CCly = 20/31, 300°Cand 2 h

HTT Time L(002) o (002) L,(110) ap(110} Density
cl (h) (nm) {nm) (nm) (nm) {g/cm?3)
3000 05 14 0.6780 39 0.2458 2.1
2500 2 12 0.6805 17 0.2460 2.05
1300 2 3.6 0.6919 1.85
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&M RS 1B O Ptk

JRIR - FRE, R wiE

3.1 #
BEORFEMEORIEICBWT, 300~500C TEEKT
LERAE (REWEER) ORISR ERERDO MM
BRELTLE D 2018, REMEERMAKO RGO
TEETHL, ZOD, BILED, HEMEY, KFEL
W EORLE T ESRE S, Beafetk o
REIELSEZDZLDTE D REMFOEEDTERIZ %

NoDdbb,

FELIE, TV TR EOHRILEY X IWELK
FEHEET, = 7 L—THTREI & ZITHERD
EMAREL D DERVBETERAEPERL, 61
KR GHHGEELBRNRETEETLII L 2EE L
720y TORGE, MWEILREOBRSRIC L o TERT
BTV HNOKEXIRE I HEHEETHBDT,
CORIEEFI#ET 5 Z LI L o TERBRRREOMEIR
HHHITERIC D LEZOND,

DX RBENS, ARG TITHEEROS THE
R RFEURER & LTona X ALREOEND, FEE
OEMEWERLERERFSH RERERE) 7RG
S EDOREICS A IBEEZHLMIIL L) E LT,
FThbt, RVEIYRLY L VICESISEEOFERE
% UL R FAEAE T CEMRA L, ERAKRONEL LV
PRGHRERED S EFARCHEOMEY, ENEMSH
DIRGEEMSE AR B0 & HFE R T AR E O FED
ME BB L Taz, S518, EROKRD O EH
SREBORLEAT VISRV EF I EFTIT T
EURBERELT, IhHEIV 700Xy rhpobAFi
ZauRY yETOABEON N ALRFE LSS,
Lt EERFRICL o TE S ALREOMBIEM &
Sz B AR E O FEDER W R IEE L7,

i

3. 2 % 53
3. 2.1 & H
FEIEAER L LTV 1 5 EEOFERES X U
wr LT dfEo s bk FL, Table 1D EB
DTHY, BETHI LR FOTTFERIEAHL,

% : FlES, 30, p36-46 (1987) X Y EIK
(E(EH”%" X0 EEARFT)

3. 2. 2 EREBLERAE

EEEEZFig. 1 10R T, KIGEEIX, SUSR2ENE
B76mlo/ Nt — v 7 V=T Td Y, SUATEOBZ T
Oy Z7HicZ0F— 7 L—7 2K FHA LBRES$
ThE L7z, KNRERHE T Ty 7 PLEICCASE
FEANTHEL 72

B — N =TI ER gl LTona s
VALRFEOMEER D, ERTATHBEEIRL-D
%, 2.7°C./ min®FEEE CHEDKIGRE F THEL
AT E DR FUG % $i4T L7z FUSH T H#ITRE L7z,
400CH H200C T CTRIRT A ICE L 2B BN 3R H T
Hot, BB, Nr¥r (288.5C) b Wicna s 4L
R (CH,Cl,:237°C, CHCI,:262.9°C, CCl,:283.1C)
DR IIARERRE L) dENDOT, THITEM
RETHBICES LTwEEEZLNS,

Table 1 Source and grade of reagents

Aromatics-Reactants

(A~ 1) Benzene G.R Kishida Kagaku Co.

(A~ 2) Naphthalene E.P Wako Junyaku Co.

(A-3) Tetralin G.R Kishida Kagaku Co.

(A-4) Decaline G.R Kishida Kagaku Co.

g
(A- 5) Biphenyl E.P Kishida Kagaku Co.
(A- 6) Acenaphthene E.P Tokyo Kasei Kogyo Co.
- nthracene . ishida Kagaku Co.

A-7) Anth G.R Kishida Kagaku G

(A~ 8 %10-Dibydro- g R Kishida Kagaku Co.
1,2,3,4,5,6,7,8-

(A-9) Octahydro- —  Wako Junyaku Co.
anthracene

(A-10) Phenanthrene E.P Tokyo Kasei Kogyo Co.

(A-11) 9,10-Dihydro- ¢ p Tokyo Kasei Kogyo Co.

phenanthrene
1,2,3,4,5,6,7,8-
(A-12) Octahydro- E.P Tokyo Kasei Kogyo Co.
phenanthrene
(A-13) Pyrene E.P Tokyo Kasei Kogyo Co.
(A-14) Chrysene —  Tokyo Kasei Kogyo Co.
Triphenyl- .
(A-15) mf:lgl a‘:;y G.R Tokyo Kasei Kogyo Co.

Carbon halides-Additives
(G- 1) Dichloromethane G.R Kishida Kagaku Co.

Trichloro- .

(G- 2y lrichloro G.R Kishida Kagaku Co.
Tetrachloro- e pe

(G- 3) ooEcrore G.R Kishida Kagaku Co.

(G- 4) Hexachloro- G.R Kishida Kagaku Co.
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Stainiess steel

oc¢
, /Motor

Thermo-

Fig. 1 Reaction apparatus

S~Stirrer

EX~Molten

salt bath

3. 2. 3 EWMEERYMONEFES LUHRIHA
=

AERTIE, HRARERD & L CTHEILKEZET 2 &R
AKET AN, BURRERD & L CEREWEI A —
7 LV—TRBIZEIGERR T b 70axy B
OGS R ER & & b ICEIE i,

AR L 2ZIBALKRE Y 21k, Th ) RERICRIT X
HTER L7, FOMOERT ZRYI, BiHY L F—
HEWCLOT A0 b5 T7 4 —THWL, HESH
EWREETAENPOTALEEZER L,

EERREE L, T ABMEEONEAHICED B L
Vo AL —EBIC TRV VEE L, FORESE
rEMELERYE (Bl: REMEBME) &iai L TCEHS
WREEZRER L2006, WIRGITE L CEMsERERN
ELTHW:, BIOCBLUHOTEESHIZELII 2 1
TERMMEEHCTHZEL, EEEEF100~(C+H)
%eLTER L, /2, RERT Y/ —VEEEICE-
7o

B, EfaIERICET 5 EBREL, -ty L—
TERTHLOLE%BETH L, LIrL, RISOHE

Table 2 Results of carbonization of aromatics in CCl.
React. conditions: time 2hr, aromatics,”CCl,=5g,“2m¢

Aromatics

Aromatics/CCl,
(mol ratio)

BI (wt%)

Gas (wt%) HCl (g)

300°G 350°C  400°C | 300°C  350°C  400°C | 300°C 350°C 400°C

A-1

A-2

A-4
A-5

A-6
A-7
A-8

A-9
A-10
A-11
A-12
A-13

A-14

259888 ©

&S §

%)
&)

©)
o)
©O)

?

©-o

X

0.064/0.021
0.039/0.021
0.038/0.021
0.037/0.021
0.032/0.021

0.032/0.021
0.028/0.021
0.028/0.021

0.027/0.021
0.028/0.021
0.028/0.021
0.027/0.021
0.025/0.021

0.022/0.021

0.020/0.021

38.3

65.5

45.4
52.4
34.9

8.6

57.2

27.8

38.5

43.0

7.7

49.4

8.9

67.6

52.3
59.3
49.4

10.2

63.1

26.8

8.6

43.1

40.6

5.8

3.2 —_ — 0.6 — — —
58.2 0.4 0.5 0.5 1.5 1.6 1.8
9.3 — 2.9 3.5 — 2.4 2.2
5.8 — - 2.0 —_ — 2.2
50.9 1.7 0.9 0.8 1.0 1.7 1.6

63.6 1.0 2.4 0.7 1.2 2.0 0.8
82.8 0.3 1.8 1.9 0.8 1.3 0.7
75.7 0.4 0.8 0.9 2.3 0.7 0.5

20.0 1.2 1.9 1.3 2.1 0.9 1.0
71.7 1.3 — 1.8 1.6 — 0.3
30.6 0.7 1.2 5.8 2.1 2.3 0.9
12.4 — 3.6 6.3 — 2.4 2.3
43.0 0.9 0.3 1.3 — 1.0 1.0

48.6 0.2 0.3 1.1 0.5 1.0 1.0

48.1 0.5 0.5 1.4 1.8 0.6 1.7
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MELBERETH I LIdTREE R,

3. 2. 4 {RNXIEMIEEIE
SEREEIERENE, BoNLBlE 77 U VERICEE
XHIOCTIERBE LA0b, BB THHEL
Ve 7-, A L-EMEER, 71 v HE O KEHFEE
WETHY, ¥/ VIV TERELLTEL=INVT
THBE L,

3. 3 ERERCEE
3. 3. 1 BEEEOEWS

Table 1 IZR LAIEEOFEREL T P00 X
¥ VHEET, BHCCli=5g,/2ml(3.2g), NIGKH 2
W O S T CRUG IR %300, 350, 400CIZ&fLE
TEWA L, #R%Table 21TR L7,

ARFUSIC BT B RUSENE, FUGIRER FA ORI
ko TH 5 ~50kg, I TEILL, KEEEOFEWE

BI (wt %)
0 20 40 60 80 100
] 1 ] |
A-1| @
=
300°C
A-5| Q@ 350°C
] LOO”C
—J
A_IS@g

React. conditions : Time 2 hr, Aromatics/CCly=
5g/2mi

Fig. 2 Comparison of yields of Bl from monocyclic-
aromatics

Bl (wt %)
0 2'0 AIO 6.0 8I0 100
A-1| O
-
300 °C
A-2 350°C
———— —————
A-7| QOO ~
PR
SO ——————— |
A-10 @@©
| F—————
sl
———
A-14 ©©©© SSSSSSSSSS
—
React. conditions: Time 2 hr, Aromatics/CCl,=
5g/2ml

Fig. 3 Comparison of yields of Bl from polycyclic-

aromatics

BEWRIBE &R L7z,

Table 2 DFERL AL L, BE TIERSFEIREI )
VW300T &V ) R T b S EREILT.T~65.5% O #E N
TRY BV IRBELREHSYICERLL, HDEED LA
L& HICBL, FA, BAAUKEOEREIZBBORENT
LEMAD Y, ERECOEIT LI EFHALLTD
b

EALKRZLDA O 7 A RAERIE, KFE, x5, =5
v, Funy, 7Y VETHY, UNREMENEES
KBV ERSTHHH, FUSRED LRI TR
KFETAEOEEHHIFIHML, TR >~ OHE
DWEEETH-72, Bz, 1, 2, 3, 4, 5, 6, 7, 8, -
Frrvera7zFr bl y (A-12) D400CHORIET
X, 6.3% DT AHERL, FOMPUIH.=41.9, CH,=
49.2, C,He¢=3.7, C:Hs=0.7, Ci-gas=4.3 (mol%)
THo7,

3. 3. 1. 1 ERE&EROHE

AR BT 5 EERBEOERA L 7 FHED
BT & o THEBEET L2012, BINOia{hE % F#
LLTEBHELTAL, HETFig. 2~4I1TR1L7,

Fig. 2ZR L=t , N ¥y BBESFHERE L7225
FEHETIE, Nr¥y (A1) BEROSHEIZZ LYo
7278, 400TIZB W THTPICBIDERITRD b iz,

Y7z (AB) O X9 Ny ¥r BEERT T
b L BERASIZEEFICR Y, 300C THE5% DBIA
HER L7z, UL, 400CTOILERDB0% 2% H /- #H
EHOHTRL, SROBETH L, BIFEREZELZNL
L HBEESFTHA M) 7TV AT Y (Al5) T

BI (wt %)
0 20 40 60 80 100
SN
A-3| @0 ;2
a-4 | QGO
A-7 | QOO
A-10 ©©© | =
A 8 | OO0 BV
SSesoaceee
A-11 ©‘©
—
A-9 Qa0 [T
417 0

React. conditions : Time 2 hr, Aromatics/CCl,=
5g/2ml

Fig. 4 Comparison of yields of Bl from polycyclic and
partially hydrogenated-aromatics
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WWCNBRBIVINNOREIES THLIEEYET
59800, FISEREMEWEAIIIBIOAEREME,
400CIZF o TEME I EBUHEST L#50% O BIAH: B
Lo BRBIBWTHEEFZLWEREIE (A15) F
VANVOEBIZ L BEEMRIUKEED-DIZ7UT T
VANRTSTAY ST ANEDEENHTFONE Z
E—HELTHESINS,

Fig. 3i2itLin-El, Ang-B!, Peri-Bli &4FRIKD
BV EERERHASBEOBEVIC L AERSRSEOME
ZIE L7,

Ry¥Y (A1), 7807 (A2), Tvhro&y
(A7) DIEFTHEEREOMME & b ICBEERKE M
LTHBY, ERGIUSHRIOEZFTE Y, 7, Lin-
e Ang BIREESFORBTIE (A7) & 7xF AL
v (A10) LOBOBEY 1) RHEIRDOE NS, ¢
L (A13), 27Uty (A-14) oEREERB L, (A
) L DVEEFLZVICH b L FBERESD R VWE
b, Lin-B45-F 2% Ang- B 2 Peri- Bl 451 X 0 b EH
ERORFRERN RS I LHFTE S,

Fig. 41213, FEREBRFBEROERESHOIL

BHREREE R L,

ZRSF, ZROTOVWThOEA IS KREMNMES
oWmE & HIBERERZBSL, THU Y (A4) T
13400C T, (A-12) TIZ350C TBIDAK I ZD SN,
WAERE» A% L, KEMMEEGOEMLEYIIET b
F7UB XY yRTOEHESEOENZ EAHL 2
Thb, T2, TV 5V RETF VALV URER
RBE, TV RICBWTIBAKRENSWEMIC
Y, ERFERICBWTHLin-BEESTFHRISHEIC
BATWAEEVZ L), '

ARV ANVETHEDT, BFETF 770
OXAYVOGBIIEDTS5T A NI VANV EDRIRE
DOHED, BEMERICEOMEL LTHEIhLLER
LNBD, FESGFOBMENTIK O EREE RISHEICR
BrE5E25—BEEzDTHS),

3. 3. 1. 2 AREHSBOWHR

Table 3 IZBIOESHFE R %, Table 4 121X EE
H/Cl, THEAERL DEM LA (H+C),/CE, %
5N EM B R AR L7z,

Table 3 Elemental analysis of Bl
React. conditions: time 2hr, aromatics,”CCl.=5g,/2m¢

Elemental Analysis (wt2%)
Aromatics 300°C 350°C 400°C
H G al H c al H G al

A-1 | © - — — - — - — — -

A-2 3.5  77.8  18.9 40 90.7 5.4 3.5  93.9 2.6
A-3 | @O — — — 3.1 80.3 166 4.2 95.6 0.2
a-+ | OO _ — — - — — 43 927 2.9
A-5 4.9 81.6 13.5 4.7 85.2 10.1 4.1 87.6 8.3
A-6 @.@ 3.5 9.6 tr. 4.1 92.1 3.8 3.3 92.2 4.6
A-7 4.1 82.0 13.9 3.9 95.0 1.1 4.0 9.7 5.4
A-8 41  92.8 3.1 3.7 9.3 tr. 40 827  13.4
A-9 | oD 4.9 94.1 0.9 41 821 13.9 4.4 86.3 9.3
A-10 3.6 86.4 10.1 3.4 88.0 8.6 3.5 92.1 4.4
A-11 ©.© 4.0 90.5 5.5 3.5 90.7 5.9 3.5 91.5 5.0
A-12 CﬂP — - — 4.9 86.6 8.5 4.4 93.2 2.4
A-13 ©©©© 3.5 93.5 3.0 3.9 91.2 4.9 3.1 91.8 5.1
A-14 ©® 3.6 82.7 13.7 3.0 88.9 8.1 3.4 87.1 9.5

©®
A-15 ©-cH 3.8 86.9 9.3 4.1 86.0 10.0 4.7 94.9 0.4
©
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Table 4 Properties of Bl
React. conditions: time 2hr, aromatics,”CCl.=5g./2m¢

Aromatics H/C of (H+Qh)/C Density (g/mi)
Aromatics 300°C 350°C 400°C 300°C 350°C 400°C
A- 1 © 1.00 — — — — - —
A-2 ©©] 0.80 0.62 0.55 0.45 1.76 1.67 1.71
A-3 ©@) 1.20 — 0.54 0.53 o - —
A-4 O 1.80 — — 0.57 - - -
A-5 0.83 0.78 0.70 0.59 1.26 1.33 1.51
\J
A-6 ©® 0.83 0.44 0.54 0.44 1.52 1.43 1.52
A-7 0.71 0.66 0.50 0.54 1.40 1.42 1.63
A-8 0.86 0.55 0.46 0.63 — 1.35 1.35
A-9 000 1.29 0.63 0.65 0.64 — — —
A-10 @©© 0.71 0.53 0.50 0.47 1.64 1.51 1.62
A-11 ©‘@ 0.86 0.56 0.48 0.47 — — —
A-12 (ICS:‘ 1.29 — 0.71 0.57 — — —
A-13 ©©©@ 0.63 0.46 0.54 0.42 1.70 1.64 1.65
A-14 @@@@ 0.67 0.58 0.43 0.51 1.57 1.38 1.71
A-15 ©-CH 0.84 0.56 0.61 0.60 — - —

A B BID TCFE AT A B S (X R FHE ORI &
ZHEROMEEITED S vas, (H+C) /CEIZVT
NLBEHH/ CELYVNELL RoTEBY, MEEOH
B ICER L L2 ERR LT WA,

F 72, EHERLIEEEEK, 2L 2d, (A2), (A3),
(A-4) OBATHET S E, FSREW0CHBIO (H
+C1),/CfE130.45, 0.53, 0.57T¢ KEEFEDOLVEAD
SOBUIERERMEEZ->TBY, MESRSIZETL
T2 S DODERHIREROKZEMMERL LTHR-oTWwAH T
EMRRBENTVS, ZOEMIE, EBFHRIINS Y F
BHELODFT I VR, 72F VALV YRTHHE
BIcEZDILNTED,

—%, R L7-BIOREIIAEMEINT Y Xidd 55,
WRSTFOREFIZO LN, REREEE»SOBILERF
FEBESFILOFNREY BAE L, (H+C)/ClE
DEVBIP AKX RHEEZRL TS, £LTC, RISERE
OLAE EBICBIOKREIIKE R A EAIHEESINL,

(a) Naphthalene/CCl,=5g/2ml, 350°C, 2 hr
(b) Naphthalene/CCl,=>5g/2ml, 400°C, 2 hr

3. 3. 1. 8 EREMEHEORFHRSUMBME Fig. 5 Optical micrograph (X250) of Bl from naph-
BIOR M SRS R # Table 5 1ICF L O TRL, thalene



I NVENuT el 5 55 EFREVERS L HELREMOREICET 5%

FUSIREES0C TOABBIFICIX, TN oOEE > H
BLIEBEICD AV 72— AORERTID ST, K2
HERFEZEL TV,

(A-1) : RUSIBEEA00CIZ THEDBIR & 2 722582
MEFHZ R TEBEIBE IR 2272,

(A-2) : REHOBIFIZIZ, 50CTHEAHORM<
Py 7 ARICHEHES A 7BEDRENRD LN
(Fig. 5), 400CTiz A vV 71‘710)‘“@@%5\%753‘@%
&N7zA%, Fig. 5(b) DI EH DB E M4 TEH
FICHHES 1 7 BEPRE L TVWBEDATH o7,

(A-3) : AREHOBIORLHEMEBERL R % Fig. 612
R L7zo 350CBLUCIBMIEY 1 2, AfkLIHEY A
IREENREL, —WMICRENERROBE TR,
A00CDBITIHMEHF A 7 A1k L TLMEAH AL
HEL % oT, BEDBIFRNFHR S A RIEE AR
T&7: (Fig. 6(b)), L2L, Fr527umx%  iim
BRI L, SHU NI v 7 APREL, BHEY A
7 EHEN A I EBEIEL o TWT, WNERE~D
GRS AR EBH L7 (Fig. 6(c)). J2M
RHHEHEEOREICIRNEOBEEBOH 5 = &
ERBETLERTH D,

(A-4) : 400C O KISIEE TH 6 % DBI% 5 2 7248,
Bl oM~ by v 7 X2 k& L, FOFICHR
mh, WHEEYA 7 PBEINLDATH 7 (Fig.7(a)).

(A-15) : BUSIREE400°CBIHIZIX, Fig. 7(b)D £ 5
B~ MY v 7 AHICERE, MEEY A 2, HEFA
IEEPREREL TWA I LBBEEINT,

(A-5) : Fig. 8(a)lZRT & 512, 400CBIH Iz 4k
H7zo THMEY A I EDOREZHEETE 2,

(A-6): TOWHEICBWTHL0TIZTAY 72 —2R
DEAENRD SNz (Fig. 8(b)), BIEL&KIZboT
WHEN A 7 DGR LT A ZRBEEE 25TV D
B, MIVER~NORRIIBETE b o7,

(A7) : BV OERTILEFREL ) bEVEET

{a)

EFMBEOREZBE L7, FEREMET Ti2400
CIBWTBIZHEIZD 2o THHI T A 7 OFBENED
LNBEDHRTHo7- (Fig.9). (A7) DAICLEETT

[¢

Table 5 Results of microscopic observation

Aromatics Anisotropy
300°C 350°C 400°C

A-1| O S - o
A-2| GO oloDe o e
A-3 CC] — AR o AR
A-+| 00 | - |- ooe
A-5|@©© | oo o A
A-6 éb O |O O @A
-11@00 | o |o °
s-8ler | © |0 AN|{O eaAm
A9 | 0O |0CDeaN|O eam
A-10 o) O O
A-11 o |o cuea
quciP — |0 @eAN|O eaAm
4m3&? oclea |0 ea
A&&Cﬂgg o
mwc€§1o 0 orea

O : Isotropic []: Spherules @ : Fine-mosaic
A : Coarse-mosaic [l : Large-flow pattern

(e)

(a) Tetralin/CCl,=5g/2m!, 350°C, 2 hr, (b) Tetralin/CCl,=5g/2mi, 400°C, 2 hr
(c) Tetralin/CCl,=>5g/4ml, 400°C, 2 hr

Fig. 6 Optical microhraph (X250) of Bl from tetralin




Al T 3BT AT 665 (1996)

(a), (b) Aromatics/CCly;=>5g/2ml, 400°C, 2 hr

Fig. 7 Optical micrograph (X250) of Bl from decaline
(a) and triphenylmethane (b)

(a),(b) Aromatics/CCl,=5g(2ml, 400°C, 2 hr

Fig. 8 Optical micrograph (XX250) of Bl from biphenyl
(a) and acenaphthene (b)

DEIEOTE, BIEFREIABREEOFE L 2 EREGH
5252 LN TWED, REEOM400TT
MAEY A 7 RO R LR & R WELHIZ, M6 SUS AT
R PIEABE S0 CPFHSFOREERT LD b

EXSFLLTEALLTLEY, FTOBBZHEICL
TLEIRRELOTHS) . EMEDHEIBOTHNT

LY OMHE T EELEZLDNS,

(A-8) : ThiHEEHELLZHE, AV T7x—A
BEOREIZRIFTH Y, Fig 101K T 350C TH
FHDT MY v 7 AFUTHEY AL 7 BENITT TICREEL
Tz, 400CIZ7% B LHEF [ 7 EN—BRESH
LT, —icihEREE L El S E T,

(A9) : Fig. MTET LI (A8) DBELY b—
BRITFR AV T 2 — ADBRIBE S iz, 350TDBI
H RS, AT A 2, MEW A 7, RIVEREE
AT AN, 400CBIHICIZERIChizo THEY A7
AL NEREEES A S, 400CTT FT 2
OO Ay yRMERETE, (A3) OBBERERLMAL

Anthracene/CCl =5g/2ml, 400°C, 2 hr

Fig. 9 Optical micrograph (X250) of Bl from an-
thracene

(a) Dihydroanthracene/CCl,=5g/2m/, 350°C, 2 hr
(b) Dihydroanthracene/CCly=>5g/2ml, 400°C, 2 hr

Fig. 10 Optical micrograph (<250) of Bl from 9,10
dihydranthracene

< AR I B 5 ML R 3 D B ASHI & B HEIFIATHD &
n5 (Fig. 11(ce)),

(A-T), (A-8), (A9) DX IRl NHERE
b IZ IR F S EOFRETRIFTH Y, i
AICI* % fbfit & L ERARS L RA—ERTH S, &
B L7-Blo (H+CL)/CEDE L RN TWABNEFE
o MBI EDZEDNEF L —B T 5 2 Lid, MSdFH

CCHEET 2 BRSO MR S TH T OR R

RELERZERTEOTHS ),

(A-10) : FUSIREE400°C I TR E/INEDT0% ULk
THLIZLPDPDLT, AV Tz —ADOREIREDOLN
hhrotz. (A7) OBAELRALL, WESKBFHER
ML OIE/LT LT, SRTH R FE#EED
MEAEELICWHEREEES NS,

(A-11) : Fig. 12135R 7 £ 9 12400 Tl BV TG,
BTN A 7, HEYA V7 BEORENRDO LN, L
»L, (A8) EHETAL AV 72— ADFERED,
Lin-#l & Ang- Bl OS5 FHRRIC X B EBIRKR I NS,

(A-12) : Fig. 132" 3 <, 350°CBITiZ &AM~ b
oy z AMIZERE, BEEYA 2, HEYA 7 EES
2RI, 400CTIHHLEF A 7 LAtk L - VR &
DEEPTD BNz, (A1l) LD AV Tz —ADFE
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(a)

(c}

(a) Octahydroanthracene/CCl,=>5g/2ml, 350°C, 2 hr, (b) Octahydroanthracene/CCl,=
5g/2ml, 400°C, 2 hr, (¢) Octahydroanthracene/CCl,=>5g/4m!, 400°C, 2 hr

Fig. 11 Optical micrograph (X250) of Bl from 1,2,3,4,5,6,7,8-octahydroanthracene

Dihydrophenanthrene/CCl,=5g/2ml, 400°C, 2 hr

Fig. 12 Optical micrograph (<250) of Bl from 9,10-
dihydrophenanthrene

FRXEFTHDA, (A9) LD LEFORE, KE
F—B%EoTBY, (A8) & (A-1l) &+ &by
TE 2% L, LinBRRAFRIHEE L7257 F it Ang-B
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DI FHEBBEEZE) LT VWEVE S, Thbb, H
B FORMENBIRISHER L L THRAS T ORBHEE
B E 25 L b lEmEND,

(A-13) : Fig. 1412 ¥ L Y BIEAS DR ICIEME B E %
L7 350C T B A IC Bk & o £ A
IREEOREENAR SN, 400CIZB VT H 30T & FfE
BEDOXAY 7 2 — AELERBDLDATH 72,

(A-14) : AEHOL00CIZBIT 5 KELINEL,
0% THENAY T 2 —ADFEERD SN o7,
(A-10) OBAELRA—EAFBRITLINDEEZ LN,

3. 3. 2 MBEFRIELRFEOLE

3. 3. 1OBRFBEISHSLPZ LT, (AT)
& (A9) BEMGATUSE, JFMEFEHRBYEDS
ELRG BN LERERTOT, Tho 2 ER &

(a) (b)

(a) Octahydrophenanthrene/CCl,=>5g/2ml, 350°C, 2 hr
(b) Octahydrophenanthrene/CCl,=5g/2ml, 400°C, 2 hr

Fig. 13 Optical micrograph (X250) of Bl from 1,2,3,
4,5,6,7,8-octahydroanthracene

(a) (®)

(a) Pyrene/CCl,=5g/2ml, 350°C, 2 hr
(b) Pyrene/CCl,=>5g/2mi, 400°C, 2 hr

Fig. 14 Optical micrograph (X250) of Bl from pyrene
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L CHEFR{bRFREN O ERARERR & RFWR 5%

AR ENRITT R L FUSREE30C, SUSKRH 2 F
i, B HEFE{LREZE=0.028.70.021 (mol mol) M4
BT THEBGRE L7z, #R % Table 612753 L7z,

3. 3. 2. 1 FfugrER

(A7), (A9) DVWTFhoBEEMEGRER L L
TORNMFDEZREFEEIFBVITE, BlOAFE LR
LzZeds, Yruoxyy (Cl), byrooxy
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HaEEEH OFFIERLRFRINF OBAZEN,
Tabb, FVINNDTHOES S EHEDTLNE
EFHIENG,

Fig. 1512 EELREHOCCHES ((C-4)IXC-CHEA)
DFHET A VX - L BUREOBRER Lz, HH I
FREET RV F— AV E  BER S B % CBUNEE
EL, EMATIRESNIZIEF D5,

—7F, HBEBIO (H+Cl),/CiEi% k<5 & EHH/C
EED LIS, BREFEOBVIRINFI 2 HH L THF
7ZBIDZRIFANEL B ERERL, (A7) TIRILED
ZOMEFETAE L AL %o T, MBEARSOME
HETEZRTHRE BTV D,

3. 3. 2. 2 ABREHGARONFHEFEHESES
Fig. 161C (C-1), (C-2), (C3), (C4) z EimEEHE
Fle Lz (A7), (A9) DOBIRS DR CEMSEHER
REmrL7,
(A9) 2BOBITIE, TXTCOBRIAV T Z—-AD
BEPRO LNz, Thbh, (C1) fREHTIX, F4

Table 6 Results of carbonization of anthracene and octahydroanthracene in various carbon chlorides
React. conditions; temp. 350°C, time 2hr. aromatics,chloride=0.028,70.02 (mol,”mol)

Elemental Analysis .
. . BI Gas HCl Density :
Aromatics Chlorides Wt%) (wt%)  (g) —_ o i H+-C/C (g/ml) Anisotropy*
A7 CH,CI, 21.9 1.4 1.0 4.1  90.4 5.5 0.57 1.39 o ® A
(A-7) CHCl, 55.6 0.9 1.5 4.0  92.4 3.6 0.53 1.43 ®
000 CCl, 59.3 1.8 1.3 3.9  95.0 1.1 0.50 1.42 0
C,Cls 106.8 3.3 2.1 3.1 83.0 13.8 0.51 1.65 O
A-9 CH,Cl, 0.6 2.5 0.4 — — — — — ol e A
(A-9) CHCl, 2.7 3.1 1.4 4.4 83.0 12.6 0.69 — o AN
C@O cCl, 10.2 1.9 0.9 4.1 82.1 13.9 0.65 — OAR
C,Clg 20.7 1.5 3.1 3.8  88.0 8.2 0.55 — O @ AN
* See Table 5
120 < by 7 AICERE LY A 2SS, (C2) T
FEEH OB L MET A 7 #ES L OTRAIERREE DS,
100 @@@ (C-3) 1RHEH TITHEY A 7 & & it AR &S,
(C-4) CR&EHEORMPICERE, BTS2, HE
80| WA 7 BEPBRINIz, 7025 YRTEBELPIC
~ CCL: >CHCL: >CHCL: OJIEfF C R M i 0 563 %
Z 6ol RE STV,
z W, (A7) #EHE LABa I RRRSEHTT,
@ 4ol (C1), (C2) ZBEHE LA LEDAAI T —AD
o0 Tt AR 5Tz, (C) CHEAEO< MY v 7 A
20} 2Bk & B Y 2SS, (C2) TREFEOEAM
TRy AR FERE L THSMCHMET A 7 g
0 L L L L BDOENLDHATH o712, (A9) OXA LT (A-T)

0 20 40 60 80 100 120
Bond Dissociation Energy

(KCal/mol)
-O- : CH,CL, , =& : CHCL3
-+ :CCL, ., ®:C.Cls

Fig. 15 Relation between Bl yields and bond dis-
sociation energy of carbon chlorides
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React. conditions : Temp. 350°C, Time 2 hr, Aromatics/CCl,=0.028/0.021 (mol/mol)
(a) Anthracene-CH,Cl,, (b) Anthracene-CHCl,, (c) Octahydroanthracene-CH,Cl,
(d) Octahydroanthracene-CHCI,, (e) Octahydroanthracene-GCl,, (f) Octahydro-
anthracene-C,Cl;

Fig. 16 Optical micrograph (X250) of Bl from anthracene and 1,2,3.4,5,6,7,8-octahydroanthracene

in various carbon chlorides
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Table 1 Results for polycondensation of anthracene
Ex. No Catal./Sample Temp. | Yield(wt%) of | Yield(wt%) of | Amount(g) of | Density Anisotropic structure
. (ml/g) () Cond. product | Gas. product | HCI produced | (g cif) observation
C-173 CCL/ An 400 106.8 3.00 1.36 Isotropic
5/7
C-175 CCl./An 450 91.9 3.72 2.96 1.63 | Isotropic(small amount of
5/1 Fine mosaic)
C-185 SiCli./An 400 54.4 0.33 1.76 | Fine mosaic
5/7 100%
C-147 SiCli/An 450 60.0 3.45 0.55 1.44 | Flow pattern
5/7 100%
C-154 TiCl./An 400 11.9 0.62 0.21 1.48 | Coarse mosaic 40%
5/7 Flow pattern 60%
"C-148 TiCl./An 450 86.6 6.56 0.60 1.58 | Coarse mosaic 10%
5/17 Flow pattern 90%
C-149 CCL./SiCli/ An 400 85.0 1.80 3.00 1.41 Isotropic
2/2/1 Fine mosaic 10%<
C-176 CClL /SiCly, /An 450 82.7 4.82 2.91 1.45 Microsphere
2/2/1
C-150 CCL/TiCli/ An 400 122.9 4.19 2.50 1.41 Leaf 90% >
2/2/1
C-1719 CCL./TiCl./ An" 450 107.5 2.46 0.37 1.54 Leaf 100%
2/2/7
C-174 | CCl./SiCly/TiCl,/ An 400 119.8 2.61 2.40 1.44 | Leaf 100%
2/2/2/1
C-160 | CCl./SiClL/TiCl,/ An 450 119.8 5.18 2.21 1.564 | Leaf 100%
2727271 ‘
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FiRS VT LARMEDD2IDTH o7,

SiCLi & W 7= 341213, 400CEMHA A ILHE42100%
FEWA 7 &R (C-185), 450CTiRI s adkl 728k
H100% FEAERERE % 5-2 72 (C-147)

TiClL i T, 400CEMABITMEY A 7 LK
BB DR SRR T(C-164), 450CTIX90%
D EoRIENEEOEREAL 25 7:(C148),

CCL, /SiCL IR & T ik, 400CEMEHEKTHTH
EHA I EEORBLEBETE LIRSS ETH
72(C-149), 450CTREMAELSHIIERBE L TV A 71
DA S N(C-176), SiCLEFMIC X 5 HA &
L CHEFRERFESFORMEACCL ORMIZED
WEZONBEME o7,

CClL, /TiCLi = TER AR TiE, 400CH %\ id450CHE
HAEIIBWT HR100% EROFENERIHER SR
(C-150, C-179), TiCLHFMOBAE L KB L THEKRE
K EESF OBMESCCL OB X » T L A HH
S E o7,

X512, CCl,/SiCl. /TiCl.®» =TLRAFRTIE, 400
CEHEAETEIC100% BRI LR E LR L72(C
174), 450CEMEAAKTIT & Y 33E L - TIRTIVERRE

Y& 72 072(C160), MEOREIZL Y ERAGESTO
By b o3E S h A At S v,
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Photo. 1 Observation of optical anisotropy developed in anthracene polymers produced with various catalysts
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Table 2 Results for polycondensation of akabira coal extract

. No Catal.,/Sample Temp. | Yield(wt%) of | Yield(wt%) of | Amount(g) of | Density Anisotropic structure
' (ml/g) () | Cond. product | Gas. product | HCI produced | (g/cut) observation
C-155 SiCl./CE 450 - 1216 6.24 0.36 1.53 Isotropic
5/7 - Fine and coarse mosaic
C-156 TiCl, /CE 450 140.0 6.12 0.84 1.70 Coarse mosaic 40%
5/7 : ‘ Flow pattern 60%
C-167 CCl, /SiCl../CE - 450 126.7 5.52 1.51 1.49 Isotropic
2/2/1 ' ) . - Coarse mosaic
C-158 CCl. /TiCl./CE 450 153.7 12.43 1.40 1.62 | Fine and coarse mosaic
2/2/1 Flow pattern
C-159 | CCly/SiCl./TiCl./DE 450 144.4 6.08 2.50 1.58 Coarse mosaic
27272/ ' Flow pattern

Photo. 2 Observation of optical anisotropy developed in coal extract polymers produced with various catalysts
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Table 3 Results for polycondensation of coal tar pitch for production of electrode

Fx. N Catal./Sample Temp. | Yield(wt%) of | Yield(wt%) of | Amount(g) of | Density Anisotropic structure
¥. o (ml/g) (C) | Cond. product | Gas. product | HCIl produced | (g/ci) observation
C-231 No catalyst 350 4.1 Microsphere
C-233 No catalyst 375 49.1 Microsphere
C-223 No catalyst 400 Microsphere
C-190 No catalyst 450 Large Microsphere
C-201 CClL./ECP 250 Microsphere

5/1
C-199 CClL./ECP 3000 Microsphere
5/7
C-197 CCL./ECP 350 Microsphere
5/1
C-239 CCl./ECP 315 117 0.54 1.03 Coarse mosaic
5/7 Flow pattern
C-19% CCL./ECP 400 Coarse mosaic
5/ Flow pattern
C193 CCl./ECP 450 Coarse mosaic
5/7 Flow pattern
C-203 SiCl,/ECP 400 Microsphere
5/7 Coarse mosaic
C-215 SiCl./ECP 450 Coarse mosaic
5/17 ‘ Flow pattern
C-241 TiCl, /ECP 300 141.6 1.49%6 | Flow pattern
5/7
C-235 TiCl./ECP 350 147.8 0.33 Leaf
5/1
C-237 TiCl. /ECP 375 146.7 1.07 1.43 Leaf
5/7
C-207 TiCl./ECP 400 Leaf
5/1
C-219 TiCl. /ECP 450 Leaf
5/7
C-245 CCl./SiCls /ECP 350 100.1 0.54 0.50 1.425 | Isotropic
2/2/7 Microsphere
C-205 CCL./SiCl. /ECP 400 Isotropic
2/2/1 Microsphere
Cc-217 CCl./SiCl./ECP 450 Isotropic
2/2/1 Microsphere
C-243 CCl./TiCl: /ECP 350 135.9 0.53 0.90 1.493 | Coarse mosaic
2/2/1 Flow pattern
C-209 CClL:/TiCl./ECP 400 Flow pattern
2/2/1
C-225 CCl./TiCl./ECP 450 Leaf
2/2/7
Cc-247 CCl,/TiCl./ECP 350 132.5 0.57. 0.18 1.524 | Coarse mosaic
2/2/1 Flow pattern
C-213 CClL./TiCL, /ECP 400 Flow pattern
2/2/1
C-229 CCl./TiCl, /ECP 450 Leaf
2/2/17
C-249 | CCL,/SiCL/TiCL./ECP | 350 124.8 0.62 0.9 1.464 | Coarse mosaic
2/2/2/1
C-211 | CClL,/SiCL/TiCL. /ECP | 400 Coarse mosaic
27272/
C-227 | CCL./SiCL: /TiClL./ECP | 450 Isotropic
2/2/2/1 Microsphere

CCL/SiICLTERAKTIE, RENREZZDOLN
72h8, 450TICB VT HERB DS BHERIBEINT (C-
245, C-205, C-217), EPH H KA (EME) &~
AL, KEBOEEII L LAGFORRMIPHZ NG
EAH Bz,

CClL, /TiCl, et Tid, S50CEMABEIIB VT
ERITHEN A 7 LRIVERRBEIRIEL TH Y (C-243),
FNUEOBRE TSR LE 2D (C209), S HICE

WL L 2o 72 (C-225),

SiCL /TiCLe » Z R Al Ti¥, CCL/TiCli 7tk
i & 7] CEEABE S (C-247, C213), 450CTid
KE 2 FREARBEEOMB LR L7z (C229),

CCL./SiCly/ TiCL D =JCRME TIE, 350C, 400C
EMEHTHEY 1 2L (C-249, C211), 450CE
AR TREDADBE SN (C22T), EPEEH &
L7581 M OR AT & o TRERFHEMSHEE
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Photo. 3 Observation of optical anisotropy developed in EP polymers produced with various catalysts
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B, BEMZONRL Z DL,

PLED X 3z, EPRERE L728& 101k CCL & il
ELTOHHTERNOES-EREREELZENTET,
¥ 72, TiCl i T3 An®CE L [ U { S FEIA O BiF 72
ERASAIE LN, MEOEALICL > THTER
BHEENLER L o7, FERISTOEHESITERAL
HEARABELLDIIGTTHDPELYET VT FEILE
NTLEIBELROTHSI,

4. 3. 3. 2 BEa—-MVI¥—NVEYFOE

FOSIREE300~450C, RIGKM2hrD5M4T TCPLE
WA L7z, R %Table 4187,

AT, 375 CTHOCPOEME TI4% DEMHEEHE
IXE#cd 5%, CCli, SiCls, TiCliR Z N5 BEMED M
R T COEMRAEIRITON L E L 2 ) EfEGRIG
DOIEDS, OIEFEI00% L EERT I &5 5 RKEHD
B MBEOERAEP CORE SO Nz,

BHEEOEREFHEEGEEDBIEHR R % Photo. 4
2R L7z,

HEAE T, 3T5COEMEMIIIEHEOFETT
FEREAETE O P 2 R O RBAR S iz (C-232),
CCLBAAT, 3ThCTIIEFE, MME A7,

MEYA 7, WIEREE (10%RE) ORENFEDS
N, RFEEFUHHBEEORRIRES NI EHHS
n7z(C-240),

TiClLfilifi <1k, 300CEMAMATIRG, MMEY A 2~
MRESN (C-242), 350CTIREHM, HEFA Y, i
NERRHEEDORED H Y (C236), 3T5CTTREKFEN
BAREEOERERL ko7 (C238),

CCL, /SiCls ZTeik Al Tid, 350°C THGH % 3kG A
BHOHNDHH(C-246), FhLULOREICBVTIEREY
HEEORE BRI N o7z (C206, C-218),

CClL, /TiCl, it Tid, TiCl, Bkt & [ UM B
MR EORBNR SR (C-244, C210), 450CEHE
ARTIREROTIERESBIE S Lz (C-226),

SiCly /TiCLL iR A Tix, 350 CEHE A TEE
EROTNHEESER S TWT (C-248), 3715CT
HEHICRELBELYR LA (C214)25, 450CHEME
AETIRHICHETEN - BES RS iz (C230), Bt
REFEWIESICERE KSR 20125 TFRE M 254
BN THEE-TCLE S 2OTHA ),

CClLs/SiCLy /TiCLa» =T Rl TIX & 51 RO
A% < BT, 3507 UNI2400°C Tl HIR o i AUiE AR
b o EMHAETH A (C-250, C212), 450CTik

Table 4 Results for polycondensation of coal tar pitch with low softning point

Ex. No Catal./Sample Temp. | Yield(wt%) of | Yield(wt%) of | Amount(g) of | Density Anisotropic structure
: (ml/g) (C) | Cond. product | Gas. product | HCI produced | (g/cai) observation
C-232 No catalyst 375 14.0 Isotropic, Fine microsphere
C-240 CCL./CP 375 100.5 0.42 1.66 Isotropic, Fine and Coarse
5/7 mosaic, Flow pattern
C-242 TiCl,/CP 300 144.0 1.409 | Isotropic, Microsphere,
5/7 Fine mosaic
C-236 TiCL,/CP 350 149.8 0.29 Isotropic, Coarse mosaic
5/7 ' Flow pattern
C-238 TiCL/ /CP 375 148.3 1.2 0 Flow pattern
5/7
C-246 CCL./SiCL./CP 350 91.9 0.38 1.10 1.343 | Isotropic
2/2/1
C-206 CCl./SiCl./CP 400 Isotropic
2/2/1
C-218 CCl,./SiCL./CP 450 Isotropic
2/2/7
C-244 CCl./TiCl./CP 350 127.2 0.53 1.551 | Isotropic, Microsphere,
2/2/1 Fine mosaic
C-210 CCl,/TiCL./CP 400 Isotropic, Coarse mosaic
2/2/7 Flow pattern
C-226 CCl./TiCL./CP 450 Leaf
2/2/1
C-248 CCl:/TiCl, /CP 350 Leaf
2/2/1
C-214 CCl./TiCl,/CP 400 Leaf
2/2/1
C-230 CCl./TiCl./CP 450 Leaf
2/2/1
C-250 | CCL/SiCl./TiCli,/CP 350 131.9 0.46 1.77 1.496 | Leaf
2/2/2/1
C-212 | CCL/SiCl:/TiCl./CP 400 Leaf
2/2/2/1 _
C-228 | CCL./SiCL/TiCL./CP | 450 Fine and Coarse mosaic
2/2/2/1
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S

Photo. 4 Observation of optical anisotropy developed in SP polymers produced with various catalysts

e A 7 LMEF A 2B L B o7 (C-228),

UECPEERE LBAICDH, MEOFEICL-T
EfARETE, ML SEGOBIRICL - Tl
BGMABEED R > ERABEBLIZLNTED
ZEDa;oTz,

4. 3. 4 JI-MERT7RT7I LOERS ENF
KAMAKIEE

FRSIREEA00°C £ 450C, BRUSEM2he D4, KA%
EfA LR % Table 5 2R L7,

WAL T OEM AW IR, 400CTHI%, 450CT
#134% T o 725, BEFET TIIERSWIERIZ23%
~T8% T, tORABOEHE L F U KAOEHME b RAE
Ehiz, LaL, SiCLOMBEENRSNSL, BE
RIZT A LI X o THEEAHRIND Z 25D o7z,

T, FAERERMBOR L KBEL RS, h
KADSEREEICECK R EZ NS, LAL, &
WEEROMEIZMEE D S 0FEMEHRLIZIZR LT, F
BHEMICEAZYWHE IR LI ioND (2=
M),

A R EME S O RGEMSEBIER R % Photo. 5 II7R
L7z,

fEfE P OERSATIE, 400CTEER I vy
AHNZEY A 7 & — R ERE 25 (C-170), 450C T
MEFA 7 EHNEREEROTEEIR LN (C-
166)

CCL il T, 400°CEME A4 T %75 M & o H I M
EWAL 7 LINDPEERLIHEY A ZBEPBES L
(C-180), 450CH U FHMEEOFIHMEF A 7 &
MEN A 7 ORI ENl AR L Tz (C-161),

Table 5 Results for polycondensation of Kweit oil asphalt

Ex. No Catal./Sample Temp. | Yield(wt%) of | Yield(wt%) of | Amount(g) of | Density Anisotropic structure
' (ml/g) (C) | Cond. product | Gas. product | HCI produced | (g ci) observation
C-170 No catalyst 400 8.8 3.41 0 Isotropic, mosaic and Flow
C-166 No catalyst 450 33.6 2.27 0 1.30 | Coarse mosaic, Flow
C-182 CCL./KA 400 74.7 5.57 5.43 1.45 | Isotropic, Fine and Coarse
5/7 mosaic
C-180 CClL, /KA 450 1.49 | Isotropic, Fine and Coarse
5/7 : mosaic
C-167 SiCl./KA 400 - 23.2 1.70 0.13 Isotropic, Microsphere
5/ ' Fine and Coarse mosaic
C-161 SiCli /KA 450 35.2 . - 10.60 0.51 1.36 Flow pattern
5/1 ’ ‘
C-168 TiCl, /KA 400 83.6 1.72 0.60 1.74 | Flow pattern
5/7
C-162 TiCl. /KA 450 60.7 14.77 0.94 1.58 Leaf
5/17 :
c-1m CCL/SiCLi /KA 400 53.6 6.13 0.50 1.26. -| Isotropic
2/2/1 .
C-163 CCl./SiCl, /KA 450 66.7 14.14 3.00 Isotropic(small amount of
2/2/1 ' fine mosaic)
C-112 CClL./TiCl. /KA 400 76.8 10.66 2.58 1.43 Leaf
2/2/17 .
C-164 CCL, /TiCl., /KA 450 56.2 22.44 1.90 1.63 | Leaf
2/2/1 :
C-169 | CCl./SiClL,/TiCL./KA 400 73.8 8.714 1.20 - 1.43 Leaf
2/2/2/1
C-165 | CClL,/SiClL./TiCl./KA 450 77.6 17.73 1.83 1.53 | Leaf
2/2/2/1
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Photo. 5 Observation of optical anisotropy developed in Kweit oil aspha't polymers produced with various catalysts
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SiCL % FiV - B AT, 400C T H M ED F
WCERE, MMt A 2, MEF A 7BENERL (C-
167), 450°CHT & 0 538 L - WA 2R L 72 (C-
167), .

TiClL G, 400CIK BV CHIERBESTE L
(C-168), 450TCTTIX & SICFE L - ERENERE L &
5.2 72 (C-162), ‘ ‘

CCl./SiCL Tl Tk, CCLAMEIC X 5 EMEA K
OHBELRALD D VIZESHERBEEOERITZ b1
HEMPFRO LN, KBTS AEEEELRLL (C
171, C-163),

CCl. ./ TiCl: =56/ % CCl, ~SiCly / TiCl, = 6 A fif 45
Tix, BAFMEEOARBTICLEMMEORAI N b
RESIN, 400CIEBTERICERBENSTEHL (C
172, C-169), 450T Tid & 6 I2FE L FERITIEIRAE
x5 % 7> (C-164, C-165),

PEokdiz, KAOE#HAIFZCCL, SiCly, TiCli%
LN NS RAKEEIZ L o TRESI A, SiCl il
BEEMITR DS L, REAKTHER SN LER TSN
720 E72, CCLASiCL i CHEL SN2 EMEHEON
ZERFIEBEE IS TS 2 il 1 7, M
WA 7HEIZEALEDDTHY, TiCLRCCL DB\t
SiClLy & DRA M il & 3 2 %A1 IR VR P FIR
AR OFE L 2B AR E BT 5 Z L% ho
726 )

4. 4 ¥ B

1) CCli, SiCly, TiCli% b TNIZ Z N HRAEIZ An,
CE, EP, CP, KADEMA*RESEL, ThHDH
TSCL O FHME IR b /AN & {, BAKRE C1IFHE
T E N,

2) EREHEEROALEFERGEE TR OEIRIC
BET B, B—ERLLTHEET LML > TR
%o 7RG HEESEEE b o R ERASGIES N,
3) CCL R SiCl, % filifit & L - EMSEIISEHERLEY
4 7R F L LR FBAEEE L OO L
T, TiCL &ML L-EREHETEL L T VERE
EERD, /2, BERETMELTLILICLST, KB
ZEBFUMBBEORELRELZY, HHHEIL2Y
T5, CTREIHEERHOERICEE SIS,

4) EEOMHIRICHES L7 E89 2 2 @7, mr
EONFE R G UHBIEE O o L ERAKO R EAT iE
Thb,

X ®

1) KEEER, BEHE=IRE, RECTFOIRLEE, p63,
F— stk 1980.

2) FRHEME, LIREE, KNAE, #iaz, 51, 765,
(1978).



I NENUTFAtYeif e 3 5 FREDERS L WELREN OREIZH T 2558

5 X)Tx—ZEyFORBR

R B, B F

5.1 ® B

RFEMME I RFEMR BT A58 (&, BX),
M, MAEESOFRZEEEZR L EHIC, =,
HHEEOBRMMEIBEN TS I s, BEEM
B2 OMEEL L CET T TEES LT
WHEMTHDY,

PeRABHET T AR RAKE & BiRELT R L TR
HE S A5ME, PANOD X ) 258 gL+ 5
FE, IV - VEOERBEFWE > YE L Tk R
ItTHHECREIND Y, —F, KEZHEE - REHES
ML LDREZEBRBEOEEZIBTEMTHLT 1T
AEHESEDINA V- HOBEERIWMLTEY, 20
P DEME LTEBMIECHE LYy F 2 EAEV
LBNTW5EY,

ARFSEIE, ERLOM X REMMERIRIETH 2450HE
FREM DEBANARTRZNA ¥ F— k% BEWE DK
HiZXoTHET A LICET 5, BEWEOBUHEEIZ
i, BALEAEY, KRILED, BMEAEKY, BHL
BHED, BANEVEND D05, AR —EOEMED
#HwIHITAD,

1 ~4BTRRAIIIC, BFHEEHEOERARIGIC
BWTNENTF ARG 2l & UCHEEL,
CORIBICE o TAV 72— ADOREL-EfRSE* 5
BTED, FMRCESVT, AFETRSFRICEER
2ELX )V ERMBREI- VT VW F 5
HRE R FERLE S B L#Rr TR A Y 72— X
Ey FRoN, v F—HREOWENE, T LTEHKS
BOBALR L RFR BB EOBRER, SRE L
yAS

5. 2 ® B
5. 2.1 & #
HFHLZREORERTEOEBY TH 5,
F 797 2(Qu): FEE RS
BEI- VI —NVE v F(SP): a— ¥ — VELE
EER D HHE SN D BALERO0COBE T — Ly —LE
FT, THFIZBEBRERESTEBREL, S 5ICTHR 2%
FE L1,
Wa{bF% > (Tilk):
I br <=7 A(Cely):
ALY v a2 = 4 (ZrCly):

FTFE 98%
FTHUFE 99%
FUTME 98%

AR EBS, RE i

5. 2. 2 EMAERICHEBERIHZE
EREISC, Fig. 11 IRTH I ABRISSE%2#H
L7ze

o=y

/ Tube ©
A
e d
1 N
- ZINNES

ZA // T / N, Gas(20ml/min)
// /W

Sample k&
Block Heater

Fig.1 Outline of polycondensation apparatus

BEfGAENEZHEL, AV T2 A0RERED-O
BB OBUBEEVNEELEMN L 2 50T, K%
TIILUT DX ) 2 BEN % FRBNEE LR L7, T
bb, SNHFICHERDOQud 5\ XSP & T EE
EFANT, 20ml,/ minDBEHFAENT) v 7 &
5, AC/mnOREEETITHEERETI TRRLT
ML, T0H S 5I124C/ mind FiREET

ERRE E THRIE L TEERME S ¢ CEME Lz,

QuE K & T AT, RISKRTHBROEET A
ZRVRAATRIIEY R B &8¢, REWZERSHEE
L7zo PSEERE LA Tk, KIE#EH TmHgE T
BEIZ L TRREHZE B S, REWLERSWE L
THEYX L 72,

5. 2. 3 EWEHOMRIME
HRSANERZ, SRR 2 RSEOREWE»

CHRD, WALFIREIABER R Vv, EERERTEMT

HICLY, AERFEMBERIEIELRAUABEICL
f:fﬁo Tgﬁg Lf:o
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Table 1 Results for polycondensation of quinoline and properties of polycondensed products
Ex.No| Catal Qu.Cat | Reaction Condition | Product | Qunoline | Softning | Fixed Isotropic structure
: I8 (g/g) T (hr) yield (%) | insolubl | point (C) | carbon observation
RT — 250(2) — 280(2) .
FC-61 ZrCly 10073 | 350(1.5) — 450(1) 46.5 5 210 55 Isotropic
FC6 | ZrClL 10073 _R.'I;E:[; (312%54) - 380(2) 43.0 98 400 70 Flow pattern
FC-63 7:ClL 1003 RT — 360(5) — 450(3) 50.5 99 440 74 Fine mosaic and Flow
pattern
FC-64 RT — 340(9.5) — 380
@) 7rCl, 10073 EZ.S)T 420(2) — 450 65 73 260 63 Isotropic and Micro-sphere
B 0.25 :
RT — 340(9.5) — 380
FC-64 | 7ZrClh 10073 EZ.5§—> 420(2) — 450 67 96 280 68 Isotropic and Flow pattern
0.5
RT — 340(2) — 380(6)
FC-6 Gely 10075 | 490(2) — 450 (1.5) 71 96 400 78 Flow pattern

Photo 1

5. 3 HERERCEER
5. 3. 1 QuUOEWS

ZrCls, Gelik Mgt L CQuOEMHEIC X 2R M X
V71— Ay FORBERART,

QuO EHMEA TSR & ERAROMEIR % Table 11278
L7z

B, SR RESEREROY y FolRIE, A
V7 — AHEEL, BALEAB00~350CTH BT LA
WEEEIN5,

Observation of anisotropy developed in quinoline polyners

FCO1DBMI G T1d, EMAHINEAU6.5%, F
S YARESHS % CHALRIF2I0C TE KW,
Photo 1 (FC-61) ™ & 9 IR T MMM & 2 T 7281
gINer ol

FC-624°FC-65THE, 450C TLOhrBMLEL L TV 5 7250
¥ ) YRS H96~98% & % <, Photo 1(FC-62)
(FC-85)ITRY & 9 (BB O BT VLI & O 5608
Lo0odh b EMEHRTH L, POBEERES D H (B
EIFA00CTH o7, BEETAERICENE v FOH



I NENOTF el 5 555 RBOERES L EGLKEMNOREICHET 2R

AT REZ: = & HHED 0 Tz,

CFC-63M 4Tk, 450°C ChrBk LBl |72 720 ([C B
EAEHITHETL, WHHEZRVERO RS HHEBHEED
%% LT (Photo 1 (FC63)), #ALAIZ440CEB VD
D% 072,

BULE R AGR BEASE U TR ASE 2 5 FC-64, FC-64
(a) T3, BMARBBOEME & ICERESFIUE, F
JYUABSE, ®IiLEAE L7z, Photo 1 (FC-
64)(FC-64(a)) IZR% & 5 IC R T IHARIBE D 5%
L7285 R0 TR WEGAPRELZDDT, &
{LEHB00CEELHRIBS LA SN ¥y 5295
Lhiz,

Pk Xz, NE Oy Atifie LTx )
VIO EEREMSEIBEON, BAUBEAEORRICEL -
TAV 7z~ ADFELLERILAY v FEHBTES
T LR ENIZ,

INLBONEEBEY Y FOHRMURLFEINL R
FHHEOYE OB P LETH D,

5. 3. 2 SPOEMRES
Til, % gl IV CSP% ERATCE L, $RAIAY 72—
Ay FRBOBED S ERERESEROMRE R L2,
R % Table 2, Photo. 2R L7z, EWMARE,

AR L 2 ERA AR, ks, RIEMEE
BERL LD, EHAHEET EHII80CTHRMEL
BEDRIIUER & R DR IEEHEBRER L
TR L7z,

SPH & D&, 400CTHETIIEM A EINEF34%,
BALA142CTH 2 PR AUMBEEORBI KRS
9, ZHo850TCBAMLE T kb INEE9% THEH
47 R RORERFEMBEENAD 5 iz (FC-
45, Photo. 2 (FC-25, 850C)), 450C T 3hr¥7ziZ 5hr
BUEY L LRBRPBMET M 7BEORENAOHK, ¥
AL E#200CHE  DEMAEE Y, 850 CEME Tiih
RO BT HSAE S HERL S 7z (FC-27, 28, Photo.
2 (FC-27, 8507C)(FC-28, 850C)),

—%, TiLZHERT 5 & KGEEMIZEVA350T & w»
IR FUSRE T D AL 200C L E CERE R ME T A
TBERBOBER L2y FHEKL, I D850T Zhil
BATIZ100% B2 25 BB S AFER S 7z (FC-24,
Photo. 2 (FC-24, 850C)), flif A& % 1 L 7:360C
DEMETIX(FC30), LMBNREFEL WICHHLSTE
AR S MBS IE260C R R L7275, RERH%
ABEEIHMEY A 7BETH Y, ZD80THLE
BOENS EWA 7 HBEXRF L TFREAKICRITLZ D
& 7% -7z (Photo. 2 (FC-30, 850T), & 512, FC-290

Table 2 Results for polycondensation of SP and properties of polycondensed products

Ex. No SP/Cat | Tenp | Time Product | Softning Isotropic structure Yield at Isotropic.structure
(g/g) T (hr) | yield (%) | point (T) observation 800C observation at 850C

FC-25 | 46.8/0 | 400 | 1 33.6 142 | Isotropic 100% 59 | Coarsemosaic f‘of(‘)%Needle

vom | o | e | 8 | ss s Microsphere and ng | Flowpatiern =

FC8 | 476/0 | 450 | 5 | 44.9 206 | phcrosphereand 739 | Flow pattern

rou | 414/45 | %0 | 95 | 608 209 | Miorosphereand G4 | oaree mosais and Flow

FC-30 |5L.9/146| 360 | 2.5 | 688 260 | Finemmosaic o | 8L4 | Coasemosaic

FC20 | 452741 385 | 075 | 73.1 176 | Fimemosaic | g3 Coarse mosais and Flow

FC21 | 47.1/42 | 385 | 1 53.9 18 | Fine mosaic - s> 131 | Coarse mosaiim%

FC-23 | 486/45 | 385 | 2.5 | 473 tgg | Fimemosaic | gg | Coarse mosaic

FC26 | 479/45 | 400 | 1 | 511 28 | Miorosphereand mg | Large flow pattern

FC29 | 463/48 | 400 | 2 | 600 250 | poorosphereand o 79 | Coarsemosaic

FC-22 | 45.7/4.3 | 450 | 095 | 754 220 %{figﬁggg af;%x 20% 754 | Coarse mosaitioo%
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£ 912400C, 2hr CIXEMAMEINEG0% THAL H250C
DE Y FIFELNTND, T0~80%DERGE D 2\ 2T
FA I EEPRD SN, SS0CTIHHEN 1 2 HE~D
AERR D FEFEAHERE & L7z (Photo. 2 (FC-25, 850°C)),
WFRIZ LT 350~400C DEMEEERE, REBEOZE
BULHEEIFE T, RO L ) A FETRHE SNy 5
BRIMEEBEORELZREL 5272, T &L
AT THIEREOHRBMBEIZL T 77 4
MEEDOFE L - EMEORESMEA T RETEL L
ERBLTH5,

FYEY v FOEE D HiRPHE S WM kow 1
i RAA B LEND 5,

5. 4 # =
WA AL B e LY RS 4t b B T
TUE, QuSPE R LTABILALZ b DAY 72—
RE Y FERBCTE D LR SN, 4%, Bkt
R SR AL R A R O M BERF AT AL BT 5,

X M

1) mINEs), Rk
mett, (1982).

2) REMI, REFNY, BE ¥, REHE, 101,
AAHEEL, (1983).

W, #r - REIHE, p370, #fL

Photo 2 Observation of anisotropy developed in SP
polymers and carbonized polymers at 850°C

3) AFMEL, BEHDWS, KiR¥M, £HA—, BE
B RBR, S 1992, 228.

4) For example, Otani S., Kubota G., Oya A. and
Koitabashi T., Tanso, 52, 13 (1968).

5) For example, Mochida L., Matsuoka H., Fujita H.,
Korai H. and Takeshita K., Carbon, 19, 263 (1981).

6) FFANE49—86345 A, IF/AIH45-280235 k.

7) HEBHHES4—55625%5 A%K.

8) For example, Mochida I. and Takeshita K., Sekiyu
Gakkaishi, 20, 183 (1977).

il v FOMkERFEEMEOR A

B8] EROFETHABLAEAY 72— ¥y F 0Ok
FROTTHENE & 15 5 N7z RFBMEAR DR % <72,

(7] Fig. 10 X9 kB L AT, FC210H%
HYy SO0 % H200CTRAL, HEY v F %%
REyF & U TRERIRTRWE &, $HREM IRk %
7O RMBHEICRFR R T, BRREOLOTYmEE
ThHoloo TNz 20emPEEE ISR L THEE OB RIFIC
WILTH200C C0minFI 22K A ThNgL L, #iERTE I
BB AR S 72, ThE S5 I TRESRIFICEL,
SERRWS, 850C, lhringh L CHFRMME L 872, &
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NERERERREE Lz, SMRENEICiEA -7
T 7k Bz,

[FER | RESHEE LTI R ME, Flok D MR E
DOBIE % Fig. 2(a)(b)IZR L 72,

MHEDSHE < 72 BT EHREE, HMEERITE kSRR
ABEhi,
BRSO - RN EE, HERIILAETH
100~70Kg,/mn?, 4~7%X10°Kg/ m*Td 5 DT, 850
CHMEE (FOMNDLD) BBBLXEFIDI FADR
FHWMEICBT A RS, SOICHRBLE T,
75774 MEEORELREERICEMLATLHOT, K
WD L) R HFETCEREREINEy F b, B
B, EEBEME R REREORENIIFTE S,
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Fig. 1 Spinning apparatus

(b)
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Table 1 Polycondensation results and properties of polymers
Ex. No C-173 C-185 C-184 F-37 F-36 }-38
Catalyst oo, sicl, TiL Gel.  ZeCle HICL
Sam./Cal- 7 o 773 8012 30138 3052 91750
(g/g)
Product 7.4 3.8 29.9 28.4 27.3 19.7
0, 0, 0, 0, 0, 0,
amount (g) (104%) (55%) (99% ) (95%) (91%) (94%)
H 3.67 3.25 2.84 2.82 3.91 3.89
C 87.87 88.72 70.93 73.93 79.06 77.78
M 1.31 2.86 5.70 5.65 9.52
Other 8.46 6.72 23.37 17.55 11.38 8.81
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Fig.3 Change for X-ray diffraction patterns of carbonized products of anthracene polymers with heat

treatment temperatures
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Photo 3 X-ray image of carbomozed product at 2000°C
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Table 2 Change of conductance of carbonized powders at Poco (Q, cm™)

with heat treatment temperatures

H.T.T.(C) Graphite - C-1783 C-185

C-184 FC-37 FC-36 FC-38
Polymer (6.15%10°)  (2.93x10)  (2.98%10°)  (L.84x10°)  (3.86x10°)  (3.60X10°)
650 . ’ (1.90X10°)

oo 130X 10°

e 8.50x10"" ‘

S 167X107*  1.00X107*  4.20x107°  1.51x10°*
T 9.20X 10°

I _ 7.30x10°

oo 750x107 271107 127X107'  7.60X10°°  3.40X107°  2.20X10°°

—3 —3
9.80X10—4 1.10X10 1.42X10

1.40%x107* 1.69x107* 1.06X107* 3.67x107°
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Fig. 4 TG,/DTA Curves of carbonized powders of anthracene polymers treated at 2000C
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Table 1 Results of MS analyses
Fraction m/z Example of Compounds Supposed
129 @ Q uinoline
N
(2)
143 @CH3 Methylquinoline
N
256 [@‘] Q uinoline Dimer
N 2
260 w—@ Tetrahydroquinolyl quinoline
R N
(b)
CH
270 @'_@/ 3 Methylquinoly! quinoline
N N
CH
284 E@i} 3] Methylquinoline Dimer
N 2
383 E@E}] Quinotine Trimer
N 3
387 O:E’_E@] Tetrahydroquinolyl [Q uinoline Dimer]
() 389 O(}E@:J Hexahydroquinolyl [ Quinoline Dimer]
397 mﬂ—@' Methylquinolyl [Quinoline Dimer]
CH3 : . .
411 Qumolyl [Methylquinoline Dimer]
510 [m] Quinotine Tetramer
514 CE}E@'] 3 Tetrahydroquinolyl [Quinoline Trimer]
524 E@}—@’ Methylquinoly! [Quinoline Trimer]
CH
(d) 538 E@—@ﬁ 3] [Methylquinolyl quinoline] Dimer
637 @"] Quinoline Pentamer
— N 5
I CH3 . o
651 Methylquinoly! [ Q uinoline Tetramer]
L N 4 N
665 K CHj . . . .
Di [Methylquinolyl] [Quinoline Trimer]
L N 3 N 2
ZOXHZ, ¥FOUCEHEW R OTHFTE S ¥ D& hERERSOBRIL, MOSTEFERED

/N Vﬁv\?ﬁfﬁﬁﬁf‘ﬁﬁfﬁé‘ttﬁiﬁ}%‘zﬁik L, ~Y
, TFHED BV HFHOKEBE)IC

B aa b &

L BAKFEALHES ‘t KFEALIC & AR L 22RO R4 7.
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CHIRY B HBRFEMBSL TV F NV EBR S
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EREOHAL

BIZR L TH o728 188,
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Table 3 |2, BEHVEYOTTESTVEE R L,

750°C, 1,000°CEMLBEY) Ti36.7—4.3%, 3.3—2.2%
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Table 2 Yield and elemental analyses of quinoline polymers

Quinoline/ZrCly  Yield of Polymers

Ratio of THF-insolubles

Elemental Composition (wt%)

(g/4g) (wt%) in Polymers (wt%) H C Zr N+0O+Ct
10/0.6 59.4 60.0 4.19 71.64 5.60 18.57
10/2.2 67.2 70.1 3.99 62.13 10.49 23.39
10/3.7 81.8 76.7
10/8.2 74.2 75.4 3.39 37.90 20.28 38.43
Table 3 Elemental analyses of carbonized products derived from quinoline polymers
Qu/ Heat Treatmenté Temperature ('C)
ZrCly 750 1000 1500 2000 2500
C zZr N O H|!C 2Zr N O H|C Zr N O H|C Zr N O|C Zr
10/0.6(76.85 8.15 6.70 6.90 1.40 [80.42 11.85 3.32 4.17 0.42 |82.22 12.88 0.96 3.84 0.10(88.70 11.20 0.10 — 88.92 11.08
10/2.2|65.66 14.15 18.88*  1.31|71.78 16.42 1L.34*  0.46(74.10 1579  10.01*  0.10 |77.64 17.74  4.62* [80.68 19.32
10/8.2(53.15 20.03 4.26 21.10 1.46 {62.90 21.05 2.17 13.36 0.52 [62.49 24.75 1.35 11.29 0.10 74.60 23.20 0.29 1.91 {70.89 29.11
% . (N+0) (wt %)
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Fig.6 Changes of X-ray diffraction of carbonized products with heat treatment temperatures

L72rC-CHEEEIPRABENSL Z L5 Hh o7z,

—%, BMEREDOTT 774 MEMEARDL L, Fig. 7
WRTEHIE, 79774 MEE c MO LFOK
&3 (Le)id, BUEREORIME & $121,000CF Tid
ETRBATHEmM%ERL, 1,500CEH LT asic s
L7z REBRBORFZEESED LD IIHDEbLEINS
PIEARBHTHED, F2YUEEHELTHITTI74
MEEDFRE L RFEAPR XL LPHFLIIT R -
2o LA L, EMAREROFBHE RET52r0.8)
& o THEEARBUEY OLDFENRZ-TEY,
REAFHEOLZVEEIIEY T 7 74 MEEOFRE
TAHERDPED SNz, O T T 774 MMediR
ESELERIZVERESRTWEDOTY, ZoFEK
SEMAREO KRR AE B ICH D L HEIND,
Fabt, BEEREFOFBHEZHTIIEEREGH
SRUHET T B -0 ICEMRAB R CERT 5 RERTERME
FERFESFORMPHEES N, SRSNE L4
DTS 774 MEBEDRZ B 5 LHRENS,

7. 3. 2. 2 WEiRBELEYOBLRISHE
CEIRBMEIC L - THRE L B RRREES D KIS
e LT, ZRIICBITLBILES 2 HE L7,

Fig. 812, ¥/ ¥ /7ZrCli=10,82(g/ g) D&MHET
THE L% ) VERESYOSRBLIEY, TR SIS
RICBLUTHWMZ S 774+ (AxZ P VHIER)
WZ30%ZrCERE LD (UTRAWE VD) ORE
BRAELEEZRL 7,

BEIRZr CIAA0CTr L BMLIC X 2 BRI AR L,
G CICBAILREBR Y -2 % 5.2 72, 0% ZrCIRET 57 7
A MRARIZ520THELAH S EREILABE Y, 625C &
Q2CIZBRILER Y~ 2 % 5.2 72, 625CORBY — 2 1%

o Qu/zrCl,= 10g/0.6g 9
250 - ' Qu/zrcl4= 10g9/3.7g A/
v Qu/2rCl,= 109/2.2g //
200k ° Qu/ZrCl4= 10g/8.2g
ot
~| 150 |- °
[¢)
i
i
g
100 |-
o
50 -
/D
)
¥
0 1 1 1 1 1
500 1000 1500 2000 2500
H.T.T.(°C).

Fig.7 Changes for Lc of carbonized products with
heat treatment temperatures

ZrCh, 2CTORBE -3 5774 b OBEIL3E
Y= T, REW TIHIBAES A% 4 ME OB LR Y —
JERRTIE BB,

—7, 2,500 CE#AEY DOREBRIFRELHS L, 625
COLCIZBRINDBILRBRY — 7 L H800TC D KE
CRBSNARBRE -2 %RLTBY, ThiErs 7y
1 MR EICHEDEEY DREHBRFIERAL MR & [
CHMHZRLTYD, KDL ) ITHAB L 72ZCl
FOHABOBLUSHIX, ZrCt REOYWRN ZES
BEBRE L EE L N, BALRISHICTT 2868k




JeHE TR AR HE665 (1996)

627°C
20 | 1000°C 4
40 | R
kY
\
-/ \
| 1500°C

(\ L
ﬁ
5 w

%
[}
Exothermic

/

(o,
2000° T/ \EC
i —I Qe
A}
X \
Ny A
5 /— LY
s0f \\—
°
2500°C 800°C
ol }E
.
‘I
40l A \
-
sob ™ | A
0 200 400 600 800 1000

Temperature(°C).._

Qu/2rC1,=10/8.2 (9/9)

20 [ e E

0 = 625°C
A‘J /
> _// :*. v
F g
8 0 f———d g =" =
[ 30%21C g
E, 20 + + |Graphite &
z 40

._/

4l 60 F
x

80

0 200 400 600 800 1000
T exrat hd

Measuring condition : Heating Rate 10°C /min, Atomosphere
Air, Sample powder (5-8mg)

Fig.8 TG and DTA oxidation curves of carbonized
products '

SHEIITEE v EHBT S R,

Fig. 9\c1%, EAREAFREZE X CRRL MR
ALY O B KB LS B Y — 7 IR (Tmax) % 5 U
EERERGRE (Tsg) L BMBEIRE L ORF T KE
LTam L7,

70, & REOEAEEFE L TV HT50TH51,500C
T COHRMIY T, BILHEBEEETIIEBMEED
KB — 7 IEERMA~NY 7 P L, ZiCERFOREHKE

1000 |~

750 |-
/n ng /
w ‘,__w N
8 g

A

o/

®
/n
o Qu/zrc14= 10g/0.6g
v Qu/ZrC14= 10g9/2.2g9

a Qu/zrcl4= 10g9/3.79
o Qu/zr014= 10g/8.29

(°C)

500 =

or T
sg

max

250 -

0 1 |
0 1000 2000 3000
H.T.T. (°C)

e e e W
Fig.9 Relation between Tmax or Tsg of TG/DTA
oxidation cuves of carbonized products and
heat treatment temperatures

Tk LT 52,000 CEALERY) C i3 1,500°C LB & [F]
3 AT X D IKRERICMREORBRYE -7 252,
2,500°C BB TII B IRFEOFBY — 7 1w im B
~AKELTYT ML

BARHBY — 7 OBREM~OY 7 M, BLEY R
MRFEOBLESHEOETAERL TV 5,

T R FEOBAL RS, BLERE OB X 5 7
5774 MUBEDOREL EHIET T LTFHER,
BULEEIEEE2 000°C 2R 2 TH H D Tmax, TsgDIEHMIL,
IHDIELERBLTWADTHA I, LA L, 2,000CE
WEWID L7957 74 MEEDOFEEL TWR\1,500
CHILEY O Tmax, TsghF%H 5 VEWHEE R TEE
1, 1,500 CEMBIHZr0, L DEEER TR L TWD
2D THAH Y, 150CH 5 1,500C F THREE % Tmax,
TsgDBEIMIBALIRE O EF 2 X 2 REBEOEILIZ
FIRET2OTHAIN, ZOFESLOFELEZD
Nbh,

7. 4 & B

7rCla % RFALEER & LTX V) Y OEMEIS%E
S, EMARSEETRETLIE LI, rEERES
Eok ) v EMADHAE L CHRBLERZT, BHE
T B IrOWREL L ERRFEDO T T 7 74 MetER SO
B FRERESEROBALIUSE 2 BRE L7z,

1) ¥/UYoBEHRERIGE, /9 Y5Fracle
OEITHEAEZ R T 5 2 LIk o THEES R, ¥/ 7



I NVENOT7 A Z e 325 FERAOEMRG L B LREN OREICH ¥ 545

VTR, EEETEZEALTITCRRTH B,
ORI ERE OB, KEFGFHB D VidaTFH
TERE L, ERERITOEZE L —MEARELT bFE-T

SERICEESTIEY L L TIT RIS EEZ b
pAS

2) WML 7 ZrClLOd B A KSR Cr0. & L THRHY
L, 1500C F CoOBMME CII BB H CHERBEDOT
EL IO izt b L CTZr0. - REEABFETERL,

2,000°CLL LB ALEE C X B ALY T ZrCIcdmfb L T
rC - KFEEEHREE 272,

3) BEYhOEESEIIBAEREOREME LB I
WAL, 1500CULOBMEREETIZZ 7 714 MEE
DBBNFE L 7 REBANEAL L 72,

4) 2,000CLLETERT 5%C - REBEASEKOBLIIG
HITEABIE RS O BB SR L B U L -2 R L,
BEALOWEIRFEE VLD EHBT &N, BHMREED
BRALRG S I BULBREO L RIC L A7 5 7 7 4 MEE
DFFEE EHITET L7,

5) 1,500CLLF TR 572r0,; - REHESEORM R
FOBALRUSHEE, 1,500°C 21y LAtix2,000°C ELE
THEBET A%C - REFEEFEOZNLY b FH VAT, AL
HEEOLA L EBHIET Lz, ZrO: L OBAILDOF
BRI STz,

X ® :

1) Morita M., Hirosawa H., Takeda S. and Ouchi K.,
Fuel, 58, 269 (1979).

2) IRIRFRE, FRHEHE, AHas 30, 36 (1987).

3) Isaacs L.G., Carbon, 8, 1 (1970).

4) Otani S., Watanabe S., Ogino H., Iijima K., and
Koitabashi T., Bull. Chem. Soc. Japan, 45, 3710
(1972).

5) Mochida 1., Inoue S., Maeda K. and Takesita K.,
Carbon, 15, 9 (1977).

6) Mochida I., Ando T., Maeda K. and Takeshita K.,
Carbon, 16, 453 (1978).

T) RAEERE, A 132, 32 (1988).

8) =&k, BREE, BFIER, £+ 68, 461
(1989).

9) ZRHEREE, JRIRFBHE, HFFLTT8TITS

10) Morita M., Hirosawa K., Sato T. and Ouchi K., J.
Japan Petrol. Inst., 23, 59 (1980).

11) K#FEAZES, HEFEA, BHE %, KESE, (oK
#wEt), p701 (1983).

12) FHH%HE, LIRIRE, H7Es# 1976, 1259.

13) Lewis I.C., Carbon, 18, 191 (1980).

14) Mochida I., Shimizu K., Korai Y., Sakai Y.,
Fujiyama S., Toshima H. and Hono T., Carbon, 30,
55 (1992).

15) Salim S.S. and Bell A.T., Fuel, 63, 469 (1984).

16) Mochida 1., Nakamura E., Maeda K. and Takeshita
K., Carbon, 14, 123 (1976).

17) Perkampus H.H. and Kranz T., Z.Phys. Chem.,
N.F., 34, 213 (1962).

18) Morita M., Hirosawa K. and Sato T., Bull. Chem.
Soc. Japan, 50, 1256 (1977).

19) ¥ VicZrCl2 Nz 5 L HEBLC, Bz E
BT b, COBEEHDIRA RS b Vid1400—1600
em™ 2 Zr-NOFEATE K (Agarwar R.K., Tyagi B. S.,
Srivastava M. and Arivastava AK., Therm
ochimica Acta., 61, 241 (1983)) CFET L Fri- ik
WIRIUHEDSEBT 5 Z L R HERRL T 5,

20) HIEZ, 85 =88, ABHEE, HFIRLE, &%
No.42, 7 (1966).




Jevg B T REHNRT e 665 (1996)

8 T Lh « REBEEEOEEHY

i B, R BB, BH O, RE B

8. 1 # =
FEBFBEOBMRELEEICBNT, VE NBS V1L
Wx R FALREH & L CRERT 2 & ARICERERESY
HICRERBR IR S, REOBERSMEICE > TVIE
LEWE SRS REFEGHEL AR 57 L EUR
FEHEAEROBRIZOVTRE LT,
COBEBET, HICGenar vt EEWBEe
DFAbA, HEICEBVB T LA TES L) RREN
THHI LB L, Thbh, EEEERELTD
MO D% 2 bz, BREEEZROFITT7 74
MIEREEAR L LTCoREE o8, BiEEobE
NEZLTOWRVWREFRICBVWTOHEALICL o TED
HEEE2 L TX 2SN S,

KEFFETIE, MRFEORENSTELZT VIV 2R
Bel, G REMBEHE LCRBLZGe - RFE
BAEGOBEEEE R LY,

8. 2 X B

8. 2. 1 & %
FRLAREOMERITROEBY TH S,

7 ¥ b5+ (AN) b R
W ik V<= 5 (Gels) F 7L 98%

8. 2. 2 EWMERICHELRIEHE
EMESICIEB TREFM UL T A RS2 MR L 72,
RIS HTEROREET ¥ b7 & v b RE(EEH
Gel. # AT, 20ml,/ minDERHAZNTY) ¥ 7 &
%6, 4T,/ mindDFAEEETE $20CETHEL T
IEERIINZL L, Z0#%E 5124°C/ min® FiEE K T400
CTF CHEL TR G S &7z, RBREHE L2 D
BRI OBFEHF A RH L TR 2R S E, RSEH
DEEWEEMREWE LCERL T, RILERE L

8. 2. 3 SRHANIRLEE L HMNIEE

FEHAY O R IRSAERE & BB TR T EY L
AUTH5b, 727501, 25000C, 3000°C CTORAIEFRH X
304r& L7z,

%1: BT 3Ek 73. pl013-1015 (1994) X hEs#k (HEKLRZ NV
¥4 k) ERFT)
%2 : BRBORETZEAT

8. 2. 4 HUBHOMRITE
BMBEEICLZ2BMRED ST 7 74 MEEDEE
R L7:GeDTREEALEX-BEITICLY, 512G
B HIEX- BB LD ER L,

=%, WIRBLIEY)E O B ILJIS-KT218A 1T HEHL
LTF YTy 5 v 7 BEFM—3 BB RSB &
AL TEBEABOMEICL o TEHiL:. Thbb,
S45CHELD, WEE14mn, HHE18mD FIEIRREH & 4R
26mm D IR iz, B RIS TEWASE
KK (BLEY) ZH) D TEA L, 210mm,sec?
FETHEHER S %206, 5 5EFIC5KgfOMELZ MR T
THAOMPD Z FEHEISEX 2T THELT, WELI
DO & BEEREE B L7z, WEFERIZER,
KEBERB0% TH o 72,

8. 3 EBRERLEE
8. 3. 1 HEHEGe.OWETILLEBMRENT ST 7
1 ~MEeM

Fig. 112, ANEREY KLY O X-# 07 X O Z L
BEICLB8bE—BIE LTRL,

R QN TEERGeD, AFZGeO; D [EIHT E —
7 CH LY, W0CEHEWHFITIZGes & HI12Ge0,D°
BELTWEZ LD RSNz, BUEIREETS0CLL L
TIEGeO, ¥ — 7 3L L, Ged ¥ — 73— BHHME B
B ENAS, 2000CETIEGeD E— 27 M TE %
S rotze —F, BHMEEICHLT 2 EHE— 7 380
HREOERE LDV Y—TICRY, 79774 M
FEOIELRIZWELT A LB G o7, Thbb,
WM L 72Gels O—ER I MEE A SUS R CER T A OR
FHHVIIAREREFISLTGeO: &R Y, MhERGel: 1k
SRELTHBEWIFERL72GeO: PEIEENTGek LT
ERAWHRICEE L, 1500C F TOHMERE Tk Ge
ERFEOEEEREEET S, L L, 1500CELETIX
GePHERLTLE I 720, RATHICIZIZE A EGeld
B TRERGEREZoTLE) 2200z,

8. 3. 2 Ge-rKERESHNEBM

ANE A L CRFEIVREHR Gel. B 2 E L CANEM S
WEABL, EREHESEOBERBLIIC L o TR
CeB 7T 774 MEEDRLRLRFEEKRZRE,
FLT, ThoEEAROERETHZE L.




I NENuT AW ERE e 35 5ERBEOERE L EEGLRFEH OREICHET 2%

KEEEKRDGFREE, Le (FS53 774 MEEZEDOE
EORE), BREBOHNEERELTRMI T 774 b
(EAEEM, A7 MUVEH) OBIEMESE & b 2Table 1
ZimL7z,

W CBLBR R T 5 &, REVRER L LTl
RL7ZGLBIZE o TRMREDT T 7 7 4 Mutkr 2
BAEZENGPDL, L, BMBEEBEENEL ST 77
A MEEDOSEL L BT, WEEAIH L, BEEARX

2500°C
3000°C
A
1 1 | 1 1 1 1
10 30 50 70 90
26

NS fER TR L7z, FBE IR REESETEEROE
ARZZLDTHAE I EHHERENT,

72, 1200CH 5 i31500C TOEMEY T 75T 7
A4 M EREOBEBRESCHTEREZ RTO0LH Y,
3000CE Vo - BERETORIMBRELEL L L
HEHICBALZRERERBALZEDNTEL I LD GD o
770

F 70, BHEGeB OB T BR)E & 1500°C AL
BRFZHEAGAERTHERLTAS L, BEGeEIZEx.No37<
Ex.No68<Ex.No53 T 5 DI LT, EBEEHKD 2O
MR T/hEL, BEGeEOHEME & & ITHEEICE
EmE ol 72720, LeDELRECeEnENE &
BILHLTWwBHOT, BMKEDOBIREEOREI T
BEANFEGL TR EbEZONL, LA L, aCli%k
FARER & L CHFE SN0,/ CRIrC/ CHAKRY
X, 79774 bM0X) BERERERVDT, Ge
EDBEENDFENKENLIEEL TV,

8. 4 & S

Geli % RFEIMRER E L7 Y M SV ERMEGKETE
BT L TGe - RFEEERTWEL, BIEM R
L7z, 1500C & TidkGe - RERABREEET 528, #
NUEDRETEGelMERETH IO RERFHE
Eh B,

BULERE D RIS L 2 BMREOBEEOREL &
BITRFROMEEER L2, LA L, 1200~1500CT
AR INTGe - RKEBEEARIBEBESDTVRELT
WZRWICHHET ST T 7 A MIILET B EEE R
CEDHERR SN, Gek OMAILOREIE 2 bRz,

Fig.1 Changes for X-ray diffraction of Anthracene
polycondenced product with Heat treatment X ﬁ
temperatures 1) Morita M., Hirosawa H., Takeda S. and Ouchi K.,
Fuel, 58, 269 (1979).
Table 1 Changes for Friction facter of Ge/C composites with Heat treatment temperatures and Ge content
# (Friction factor)
Sample/MX4 | H. T. T | Ge Cont Le
Ex. No . o Load Pressure (kgf)
(g/9) (T) (%) (A) z 10 5 ” ™
700 0.7 21.6 0.312
57 An/Gely 1500 0.6 66.0 0.200 0.190
30/13 2500 Tr 985 0.160 0.130 0.130 0.150 0.136
3000 >1000 0.150 0.138 0.127
1200 6.4 39.7 0.160 0.148 0.153
53 An/Gel, 1500 5.6 128 0.170 0.120 0.120 0.140
11/16 2500 Tr >1000 0.200 0.125 0.146
3000 >1000 0.200 0.162
1500 4.2 111 0.170 0.160
An/Gely
68 20/50 2500 Tr 582 0.208 0.145 0.153 0.180 0.264
3000 894 0.180 0.130 0.120 0.133 0.192
Graphite (spectrum) >1000 0.120 0.130 0.140
Graphite (Lubricant) >1000 0.222 0.140 0.126 0.150

An . Antracene
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B), p6s8, (1978).



I Vg Nuy At iife 32 5FREOERHS LS LREMOBEICHT 585

9 TN L« KFESEOE R LKA & iR Lk

g BA, LR RSB, RE i

9. 1 #& El

EREVIBWT, Ty Iy 2B EL LTH
B 7-Ge - REEEHKD, Y5774 MLt 58
BHERTIEERR T, T2bb, Gl oA
Lo THMREZEORMER LR E NS,

AR TIR, I—NVFy—VEyvF (BREEH) 2R
BELTHESEVERUAETHR L /2Ge - KEHEEHE
E, TN VEBERELTESETHEL 42Ge -
WREEESEOBEIE®EE, 2—NVF—LVEYFHLRBL
e REFEREERRAAOBELRET L B2, —T0~
100 CIREEFRIRIZ 3B 1) 2 EE M OmRERFELRZEL,
BAILOBFE % WBHRET Lz, T2, ZRPICBITA
Ge - REFEEOTG/DTARMEL-E A, HAW
HBALRBY — 7 2R LN bR EISR SN, Z &
BEONT EhL, BMBEREORLSGe - kEW
EHROMBLEIRE LTh, 512, Frv=wh
EDOBEAIC X 0 EE L S ST EM LA S E I N D
HHEZERL /2,

9. 2 E B
9. 2. 1 & #

Ty obraERE L THBINGe - REES
RiZ, %8 EVEHOEX No6SDANEMR S A2 BELE
ZTBUHE LR TH 5B,

=WV FRFEEE LG - REBEAKL
5N RFEBFERORBIIL, TRORELFEH L,

Ty =Ny T EEEER (K{ELA8T)

WERZ I sty NN (e B AL

WFZERT 99.9%

9. 2. 2 BWMERICHRELRCHE
HfEICEER L PICSHERBSEVLFELT
bk

9. 2. 3 SRMUBEECBNEE
EHEEW 2 5 CIORRE FERARD 20 O OB R
HAETE & BALHF RIS EVEF U TH 5,

9. 2. 4 BHNEHOMIRIHTE
HEHEVERULL, BMEREDS T 774 MEEDS
FIEIXHREHREIC LY, GelREE 2 HAX- B EE

& B \VIZESCAR IV THlsE L7z,

—7, BIRFLBEAOMEEHIIFESELFELIAY
Iriy 7R EEFM SR BB ERERABRB AR L, =
TR D 2 VISR ZE R X AR & A NG EIF %
WY A3 T, 3.183Kgf /ck DFFE T, =iEAH S ABH
BN TOMBAER (NEAFEEFEEY 6 T, /min),
D VITEHERRE (BREEFY 6.5C,min) OB
BRBOBALEZRHET LA LTI VB LE, 2B, #l
EIRE T RER T OEBRE THIE L 72,

9. 2. 5 #OIEYMOMHERLEOFHMEE

BOEVIIR LA LI, BEEEF) BEREAXR
FrEHL T, AHMERS~TgrZRF, 10C,minT
FiR L TIT BRTOERREMAEE (Ts), HEY —
7iE (Tmax, Tn), ERWELTRE (Te) 2HlE
L, TS HREORMKICE D B LM% LB L
726

9. 3 ERIERLER
9. 3. 1 Ge:KEEESHEDHBM L BREKFY

T—=NE =¥y FOEmBRIC L 2 REREE, a—
W= VEFRLERNIT Y Moy 2HEERE LT
L 72Ge - REBHEAKRORR (EBEICIIEEHRIZ X
DFIM0CE CER) BT A EEMHTE, TIHBMEL
72

Table 11Z7R3 & 912, KEEEFEROBBER{EIZ TS
774 Mg (Le) OFREFKENIZDH S p« EH
021~034TH 5%, TNIIKH LT, I=NVF—VEvF
ZHCNCT ¥ Mo &y b EEE I N721000~1500°C ik
FRTIELeA38~80AREE T 5 7 7 4 MEEAREL
TWVZWZH20b 5§ £ EiX0.11~021& /& L, &
BABEOMTEREEOHESIN, 774 bDZFN
IZICER T AR O & A, E8EVERLFEU K
BEINT, REBFELBESEROBEREOZEE, BL
PIZGek ORELDOHEEZEKRL T 5,

SHIT, M4B0CTHELI-RELBIE, Ge- REH
A, ZOLTICREL LTS 774 FO—T0~100C
IR B T 2 BERAEOTLEHEL, A ko
HIREREIC G 2 2 B2 L,

R EFig. 11573,

72T 74 P TRERP,LSHARBL TITL &, #120.161




b HEE TR oA EE 665 (1996)

Table 1 Friction factor of carbonized products from pitch and polymers of pitch and anthracene
¢ (Friction Factor)
H.T.T. Le Ge-content
Ex.No | Sample Load Pressure (Kef)
(T (A) (wt%)
1.313 3.813 6.313 8.813 11.313 13.813 16.313 18.813
750 38.2 0 could not be measured
91 Pitch 1000 46.7 0 0.334 0.294 0.334
He 1200 70.0 0 0.3 | 0213 | 0.22%6 | 0216
1450 |- 126 0 0.334 0.277 0.313
Polymer 750 36.0 trace could not be measured
101 at 1000 - 387 trace 0.134 0.161 0.179 0.215 0.272
Pitch/ Gel 1200 49.9 trace 0.167 0.115 0.136 0.159 0.165
(20g/15g) 1450 79.1 trace 0.117 0.115 0.128 0.128 0.118 0.142 0.183 0.200
Polymer 1000 38.7 10.6 0.100 0.155 0.142 0.142 0.128 0.190 0.313
68 at 1200 50.5 9.0 0.201 0.086 0.097 0.119 0.118 0.156 0.177 0.203
Anth/ Gel, 1450 107 114 0.033 0.081 0.111 0.121 0.269
Graphite (Spectra) >1000 0.162 0.150 0.118 0.095 0.097 0.143 0.153

o
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688 g o 88

Friction factor (u)
.
O-
o o

o
=
T

0 1 1 1 1 1 L 1 5 i

~60 -40 =20 0 20 40 80 100
Temperature (°C)

® No.68 0 No.101 O Graphite X No.91

Fig 1 Change for friction factor of Ge,/C composites

with temperatures of sample
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I TIE, 1 EIZ0.173~0.259F TEALLIBEOKT &
& BRI T AR A S NI, T T T T
4 PRy FPoDOEEERO L BEL ) EEER LT,
LA L, 20C0TD uEA0.17T3TRRICKE 2 fEEZRLT
WBDT, WELOHMEL V) L1 LFBH OFEIC X
LEBLEZOND,

Bl CvFeT7 S rhbHEEEINZGe K
FHREKREL 7T 774 PO p EOMEREROLE DS,
S OREFEHRICBVLTIEGeEAILIC X ZEEEICE X
AEEOEBIZVWEARINS,

9. 3. 2 Ge- RKEEESEOMBEILHE
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#m L, HEPIEBLGDELZDZ Z2H5VE=D2D
B bR ENTWA &) RTG/DTAMKB Y 5 2 72,
DL REBEA Y — 2 13750~1500°C D ELIEK TBIZ
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EECHMIN-EAETIICGHIER L TREE S
B L LTLE D 7-0RMY — 7 3BE—12hoTe T4
b, GelBWEELERTIHER, BIAEHRY -1
BWERERTIEPHALHTH 5,

HABRE DR, b RERFE, Ge- REHESEDT
G/ DTAMKE DR ETs, Tmax, Tn, Tek ZMHEIR
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Fig 2 Typical TG, /DTA curves of carbonized product
of pitch and Ge,/C composites prepared from
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heat treatment temperatures of carbonized
products of pitch and Ge,/C composites pre-
pared from pitch and anthracene
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Table 1 Results for control for Ge content in carbonized products at 1200°C
by changing polycondensation condition
Polycondensation Carbonization
Ex.No Sample Gels | Temperature/ Time Gas Flow Ge content in Carboni Gas Flow
: e/ g () (hr) ml/ min zed product at 1200C ml/ min
FC—-37 An 30.713.1 250(1)—400(1) N. 20 0.6 wt% (15007C) N. 200
FC—53 An 10.3721.2 250(1)—400(1) N. 20 6.4 wt% N. 200
FC—68 An 20,50.0 200(2) —450(1) N, 20 9.9 wt%, 2.8 wt% (GeO:) N. 200
FC—94 An 1034 250(1)—400(1) N, 3 0.1 wt% N: 200
FC—95 An 107.2 250(1) —400(1) N. 3 Very small amount N, 200
FC—96 An 10.7,73.8 250(1)—400(1) H, 3 0.04 wt% N. 200
through H.0O
FC-—-97 An 10.1.78.5 250(1)—400(1) Air 4 0.02 wt% N, 200
through H.0
FC—100 | An 10.3.73.6 150(1) —400(1) N, 3 0.035 wt% N: 200
through H:O
FC—88 An 5,/3.3 250(1) —400(1) N, 10 Trace N. 200
Qu 5.5/
FC—89 An 7.1/34 250(1)—400(1) N. 10 0.06 wt% N. 200
Xa 2.9/
FC—93 An 10,73.5 250(1)—400(1) N. 3 Trace N. 10
H.0 0.5
FC—92 An 10g.3.3 250(1)—400(1) N. 3 Trace N. 10
~450(0.5) —500(0.5)
FC—100 | An 10.3,73.6 150(1)—400(1) N 3 Trace N. 10
through H.O
FC—111 | An 20724 250(1) —400(1) N: 20 0.47 N, 20

An: Anthracene

Table 2 Results for control for Ge content in

carbonized products at 1200°C by changing
gas flow in furnace

Qu: Quinoline

Ge content in Carboni

Ex.No Gas Flow zed product at 1200T

N; 20ml/min 26.6 wt%
FC—53 | N, 150ml/min 28.4 wt%

N: 300ml/min 27.1 wt%

N: 20ml/min 0.5 wt%
FC—111| N, 150ml/min 1.1 wt%

N; 300ml,/min 0.6 wt%

Xa: Xanthene
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Polycondensation of Aromatics with Group NV
Halides and Preparation of Carbon Composites

with Group

The starting point of this study is based on a finding
that organic compounds were effectively polycondensed
in carbon tetrachloride at lower temperatures than the
normal condition for the polycondensation reaction.

This report describes studies on effective polycon-
densation of aromatics with group IV halides, control of
optical anisotropic structure (orientation of polycon-
densed molecules) in polymers (carbon precursor), and
preparation of mesophase pitch capable to spin and car-
bon composites with group IV compounds.

In the 1st chapter, catalytic activities of group IV hal-
ides in polycondensation reactions are studied using
anthracene as a starting material and development of
optical anisotropic structure in polymers produced are
observed. It is confirmed that all of the group IV halides
acted as polycondensation catalysts; the higher the boil-
ing points, the stronger the catalytic activities.
Considering catalytic reaction mechanism, it is found
that carbon halides promote radical polycondensation,
whereas other group IV halides act as Lewis acids. It is
also observed that the formation of opitical anisotropic
structure of polymers, such as mosaic, flow pattern and
leaflet structure, were strongly influenced by the type of
group IV halides used as catalysts.

The 2nd chapter discusses polycondensation of
anthracene in carbon tetrachloride, which has been inves-
tigated in the temperature range from 200 to 500°C
using a batch autoclave. Anthracene reacted with car-
bon tetrachloride above 200°C to form polymers, meth-
ane and hydrogen chloride as main products. Polymers
produced showed presence of chlorine atoms and it may
be transferred from the carbon tetrachloride molecule
during the course of reaction. The reaction is consid-
ered to be induced by radicals derived from the dissocia-
tion of the carbon tetrachloride molecule. The
development of an anisotropic structure is observed even
in the products prepared at 240°C for 8 h. Around 400
°C a small amount, and around 250°C a large amount, of
carbon tetrachloride promoted the development of
anisotropic structure. The graphitizability of the poly-
mers produced paralleled the development of anisotropy.

The yields of polymers, their elemental composition and

N Compounds

their optical anisotropic structure are examined in rela-
tion to reaction conditions such as temperature, time
and the ratio of carbon tetrachloride to anthracene.

In the 3rd chapter, polycondensation reactivity of aro-
matics in carbon halides and properties of products are
investigated in an autoclave in the temperature range
from 300 to 400°C. The reactivity of aromatics in car-
bon tetrachloride increased as the number of polycyclic
aromatic rings increased and as the number of
hydropolycyclic aromatic rings decreased; the lin-type
molecules were more reactive than the ang- and peri-type
ones. The performance of carbon halides in polycon-
densation was remarkable in the halides that had a
higher chlorine content and a lower C-Cl (or C-C) bond
dissociation energy. Optical textures of a great major-
ity of the polymers produced are observed at above 350
C. Optical anisotropy tended to be better developed in
those from the lin-type molecules than from the ang-
type and peri-type ones which have greater hydroaro-
maticity. Types of carbon halides used as catalysts also
greatly influenced the degree of growth of optical ani-
sotropy. It is observed that in reactions with aromatics
richer in aromaticity when a catalyst of low chlorine
content was used the growth of optical anisotropy was
facilitated, whereas in reactions with aromatics richer
in hydroaromaticity, it was facilitated only when a
catalyst of high chlorine content was used. These results
indicate that the selective use of catalysts appropriate
to the character of the feedstock can lead to good
property-conditioning of the carbon precursors pro-
duced.

The 4th chapter mentions possibility of preparation
of carbon precursor with desired molecular orientation
from bituminous substances. Anthracene, coal extract,
coal tar pitch and Kuweit oil asphalt were polycondensed
with CCls, SiCly, TiCl: and the mixtures to compare ac-
tivities of these catalysts and optical anisotropic struc-
ture of polymers produced. All of CCls, SiCls, TiCls and
the mixtures promoted polycondensation of bitumin-
ous substances. In these catalysts activity of SiCli was
the lowest, but was enhanced by mixing with other cata-

lysts. The development of optical anisotropy was
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depend on properties of starting materials and changed
with kinds of catalysts. Isotropic or mosaic structure
was produced by use of CCls and SiCl4, and flow pattern
structure was developed with TiCl,. When catalysts
were mixed, the development of anisotropy more pro-
moted, or in the opposite way retarded. By adequate se-
lection of catalysts, taking in account of properties of
starting materials, polymers with desired molecular
orientaion could be prepared.

The 5th chapter describes possibility of preparation of
spinable mesophase pitch from quinoline and coal tar
pitch by use of ZrCl: as a catalyst. Selecting suitable re-
action conditions, required mesophase pitches could be
derived with high yield at lower temperature.
Furthermore, spinning of mesophase pitch derived and
carbonization of fibers formed are tried.

The 6th chapter discusses the preparation and proper-
ties of group IV compounds,”carbon composites treated
at high temperature from polymers, which anthracene
was polycondensed into by using group IV halides as cat-
alysts. And the graphitibility of parent carbon matrix,
change of group IV halides contained in polymers and
distribution of group IV compounds in polymers, electric
conductance and oxidation of the composite powders are
also studied. Graphitibility of parent carbon matrix
was correlated with developoment of optical anisotropic
structure. Namely, polymers with flow pattern struc-
ture changed to carbon rich in graphite structure,
whereas those with mosaic structure to carbon poor in
graphite structure, at high temperature treatments.
Group IV halides retained in polymers were trans-
formed into very fine oxides to be uniformly distrib-
uted. By increasing heat treatment temperature, fine
oxides changed to rigid fine crystals, further to fine car-
bides. At lower heat treatment temperature, compos-
ites which consisted with group IV oxides and carbon
poor in graphite structure were formed, whereas com-
posites consisted with group IV carbides and carbons
with high graphite structure at higher heat treatment
temperature. But in the case of a use of Ge halides as
catalysts, polymers changed to Ge, carbon composites,
which transformed into pure carbon materials at more
than 2000C.

The properties such as conductance and antioxidation
are confirmed to be affected with formation of compos-
ites; conductance was decreased and antioxidation in-
creased. But antioxigenation of composites with TiC
contrarily changed worse.

The Tth chapter presents polycondensation of quino-

line with ZrCli and high temperature treatments of
polycondensed products. Quinoline could be polycon-
densed at 300-450°C using of ZrCl, as the catalyst. The
polycondensation reaction path of quinoline, changes of
Zr left in polymerized products by high temperature
treatments up to 2500°C and the oxidation of carbonized
and graphitized products (powder) in air have been stud-
ied. '

The formation of a complex between quinoline and
ZrCls and the analyses of tetrahydrofuran solubles in
polycondensed products lead to the conclusion that the
polycondensation reaction of quinoline is a kind of addi-
tion reaction of the quinoline molecules, in which com-
plexes formed between ZrCly and quinoline act as
reaction intermediates and the hydrogen atoms unbound
move to other parts of molecules to produce
hyroaromatic rings, followed by partial rupturing and
isomerization of the hydroaromatic rings formed.

ZrCls, added as a polycondensation catalyst, was left
mainly as loose ZrO. crystals in polycondensed prod-
ucts, which grew up into rigid crystals by treatments up
to 1500°C and changed to ZrC crystals at higher tem-
perature treatments of 2000-2500°C: ZrO../C compos-
ites were formed at up to 1500°C and ZrC,”C composites
at 2000-2500 C. The polycondensed products from
quinoline were graphitized by as the heat treatment tem-
peratures raised.

The reactivity in air of ZrC,/C composites formed at
higher than 2000°C was almost the same as that of a
mixture of ZrC and C, and that of the parent carbon ma-
terials decreased with the growth of the graphite struct-
ure by an increase in the heat treatment temperature.
Similarly, the parent carbon in ZrO.,C composites
showed a gradual decrease in reactivity for oxidation
with an increase in the heat treatment temperature,
though more reactive than ZrC/C composites.

The 8th chapter describes lubricative properties of
Ge./C composites. Ge,”C composites could be prepared
by the polycondensation of anthracene with Gels at 400
C, followed by the high temperature treatments of
polycondensed products from 750 to 3000°C. The
lubricative properties of Ge,/C composites formed are
studied by measurements of friction factor, based on
findings of their soft nature at time of pulverization.
The friction of carbonized and graphitized Ge,”C com-
posites is found to decrease with the development of
lamellar structure of the parent carbon materials.
Nevertheless, Ge,C composites, prepared at even a
lower temperature range from 1200 to 1500°C, showed
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small friction factors which were similar to those of
graphite materials. This is considered to be due to the
formation of composites with Ge.

In the 9th chapter, lubricative properties of Ge,/C
composites are confirmed by a comparison of friction
factor of Ge/C composites derived from anthracene
and coal tar pitch with that of purely carbonized prod-
ucts of coal tar pitch. Temperature dependence on
lubricative properties of Ge,/C composites is not ob-
served at the temperature range from -70 to 100C. But
oxidation of Ge/C composite powders in air gave com-
plex exothermic peaks on TG,DTA measurements.
Especially, Ge,”C composites prepared at 1000-1500C
are found to have improved antioxidation. These im-

proved properties (lubrication and antioxidation) of
Ge,”C composites are considered to come from the cov-
erage of Ge thin film around fine carbon particles pro-
duced.

The 10th chapter shows possibility of control of Ge
content in composites. There are two ways to keep Ge in
the composites; at the polycondensation stage amount
of Ge halides used as a catalyst and addition of oxygen-
ated compounds, and at the carbonization stage amount
of gas flow through the furnace, are found to be effec-
tive factors for leaving Ge in the composites. But it is
found to be not easy to control Ge content in compos-
ites, which is previously designed.
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Fig. 10 Dependence of XPS C1s and Ti2p spectra on substrate temperature from carbon excess TiC, films
deposited at Ar gas pressure 8 Pa and RF power 100 W.
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Fig. 13 Dependence of atomic ratio of excess carbon to
TiC carbon on substrate temperature from car-
bon excess TiC, films deposited under various
Ar gas pressures.
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Fig. 15 Dependence of X-ray diffraction patterns on
substrate temperature from carbon excess
TiC. films deposited at RF power 100 W, Ar
gas pressure 8 Pa and target (E).
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Fig. 16 Dependence of X-ray diffraction patterns on
substrate temperature from carbon excess
TiC, films deposited at RF power 100 W, Ar
gas pressure 8 Pa and target (D).
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Fig. 18 Relationship between Knoop hardness and RF
power of carbon excess TiC. films deposited
under various substrate temperatures.
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C./Ti atomic ratio of carbon excess TiC, films
deposited under various substrate tempera-
tures.
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Fig. 20 Variation of dissolved Ti with dissolution time
of carbon excess TiC. films and TiC reagent in
15% HNO: solution.

Table 1 - Relation between dissolution rate and C/Ti
atomic ratio of carbon excess TiC. films
dissolved in 15% HNO; solution.

C/Ti Atomic Ratio Relative

Dissolution Rate

Dissolution Rate*

{mg/hr - cm?)

1.35 1.67X10°2 1
1.60 2.75X10°3 1/6
2.20 3.96x10° 5 1/400

* These results were caluculated from Fig. 20.

Sum

1.60 2.20

C/Ti Atomic Ratio

Fig. 21 SEM images of carbon excess TiC. films dissolved in 15% HNO. solution.
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Fig. 22 X-ray diffraction patterns of before and after
dissolution tests of carbon excess TiC. films.
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Fig. 24 Typical Raman spectra of carbon excess TiCx
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Fig. 26 SEM images of platelets sticking on the surface of various samples at a low magnification (<1000).
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Fig. 28 SEM images of platelets sticking on the surface of various samples at a high magnification ()<X3000).
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Fig. 27 Comparison of sticking behavior of platelet
about various samples at incubation time of
60 min
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Table 2 Actual ion beam current density for different
ion gun conditions.
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Fig. 33 Dependency of carbon film growth rate on
target temperature.
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Preparation of TiC ~ C Coating Composite by Magnetron Sputtering

Okio Nishimura, Katsumasa Yabe and Kazuhiko Tonooka

Nowadays, multifunctional modification is one of the
most important methods in the surface modification
technique. A coating material consisting of mixture of
different chemical phases (called as multiphase-mixing
structure: MPM) would be expected to give additively
features which each component phase has originally. In
this study we aimed to produce a coating composite
which consists of two different chemical phases, namely
carbon and titanium carbide. Titanium carbide has the
nature of remarkable hardness and wear-resistance,
whereas carbon has the nature of excellent chemical sta-
bility and bioinertness.

First we tried to prepare titanium carbide films in
carbon excess region at various conditions by using a
magnetron sputtering apparatus, in order to find a pos-
sibility of preparation of MPM material and to seek the
most probable reaction condition. It is evidently recog-
nized that structure of films changes between C'Ti
atomic ratios of 1.35 and 2.2. In a lower atomic ratio
than 1.35 the excess carbon atoms exist interstitially in
the TiC crystal. Otherwise in a higher atomic ratio than
2.2 the excess carbon separates as an amorphous carbon
phase. In the latter case the material is a mixture of
small grains of carbon and titanium carbide, corre-
sponding to the MPM.

Next we tested hardness, corrosion resistance and
antithrombogenic nature of the MPM films, in order to
evaluate possibilities for use of a prominent corrosion
resistant and,/or wear resistant material and a stable
biomaterial. The Knoop hardness of the deposited films
is about 2800 (kgf/mf) at a C/Ti atomic ratio near 1,
decreases with increase of C/Ti atomic ratio and be-
comes constant at an atomic ratio above about 2. Then
the multiphase material with a CTi atomic ratio
above 2, has Knoop hardness of 1500-1000 comparable to
that of alumina.

Solubility of Tiin the films in the 15% nitric acid so-
lution decreases with increase of carbon content in the
films. In the case of titanium in the film with C/Ti
atomic ratio of 1.35 dissolved 400 times faster than
with that in the film with atomic ratio of 2.2. This re-
sult shows that the carbon excess TiC, (MPM) film may

be used as a superior corrosion resistant and ware resis-
tant material. Such a high corrosion resistivity is con-
sidered to come from the physical effect that dissolved
Ti mass transfer by diffusion is disturbed by a skeleton
structure of carbon in the MPM film. It is confirmed
that a film deposited at lower substrate temperatures
would be preferred to for the corrosion resistant mate-
rial, because in the lower temperature crystal grains of
each phase would not be grown and therefore channel
size of the skeleton structure would be small.

From the results of an in-vitro test (observation of
number and deformation of the platelets sticking to dif-
ferent sample surfaces), it is found that the excess car-
bon TiCy
equivalent to graphite.

showed an antithrombogenic feature

At the end of the study we examined enhanced deposi-
tion rate of carbon film by RES, which is expected as an
useful method for high rate carbon atom supply. It is
confirmed that the evaporation rate at the target tem-
perature of 2100°C is about ten times larger than ordinal
physical sputtering rate. The RES method is found to be
possibly of an effective carbon source for producing car-

bonaceous film materials.
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