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Analysis of Carbon Structure in Cokes at Molecular Level

Hironori ORIKASA, Hironormo NISHIHARA, Quan-Hong YANG, Koichi MATSUOKA, Takashi KYOTANI,
Atul SHARMA, Keitaro MATSUI, Hiroyuki FUIMOTO, Kiyoshi FUKADA and Kenji KATO

Synopsis

: The quality of coke strongly depends on their carbon structure, but so far most of the researches for the microscopic analysis of cokes struc-

ture have been conducted at optical-microscopic level. It is essentially important to understand carbon structure in cokes from molecular
point of view. In this study, several types of cokes have been analyzed with several means such as X-ray diffraction, transmission electron mi-

croscopic observation and temperature programmed desorption, all of which have been utilized to understand the molecular structure of the
cokes. From the results thus obtained, it was found that the structural difference at molecular level between the cokes from caking and slight-
ly caking coals is not so remarkable as one expected. However, there is a small but distinct difference between the two types of cokes. This

study demonstrates that the use of several analysis techniques gives different views of coke structure and they are quite useful for the under-

standing of the carbon molecular structures.
Key words : coke; carbon; XRD; TEM; structure analysis.
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Table 1. The analysis results of the coals used in this
study.
Proximate analysis Ultimate analysis Gieseler fluidity
(%, dry base) (%, daf) Log (MF/ddpm)
VM Ash C H N S 0
K-9 coal 18.2 9.5 99 46 09 01 34 1.40
Sinka coal 36.2 63 806 51 1.0 01 132 -
Goonyella coal  24.4 85 80 50 19 05 47 2.97
Ensyu coal 359 8.2 768 48 15 03 166 1.64

T 174E6 A 30 H2F 17410 H 1 HSH (Received on June 30, 2005; Accepted on Oct. 1, 2005)
*  BALAZES TTWEZEHT (IMRAM Tohoku University, 2—1-1 Katahira Aoba-ku Sendai 980-8577)

% 2 WEPA ¥ AFFE (Graduate School, Kyoto University)
% 3 EEBAMENHILL v & — (AIST Tohoku)

%4 KBRA A (#k) (Osaka Gas Co. Ltd.)

%5 JFEAF—JL (#) (JFE Steel Co.)

* 6 HTHARE (%) (Nippon Steel Co.)

137 N



. 138

$k &M Tetsuto-Hagané Vol. 92 (2006) No. 3

2.2 XBEIFEICE 2BE

AR R SRR RS & XHRIET (XRD) THAT L, 2O
REMHTY 7 b = 7 Carbon analyzer 2004 ver. 3.51A (F
b 27 4) #RCTRN L2, BiFEE U TREME
DZEHEHE K B9, Hirsch® F ™'Y, Diamond D
EIT0% 72, FARE TR 3K 002 [ [T O XRD
7= 2N F s EQXRTEOBEMIE AT 7205, B
H BB dog, & c 7717 (FEIEHH) ORESTEL %KD,
RO G IS 2R E 525, LA L, 2—
7 2L IR BB TH D, PR AEEIZRY
SHRAE/ZZTITCRHFIEMAL - ES 2 50, B
B2 TEL d, R L DA ARARDZ L T~ 2 2D
EFHRET SO X TIEEETH S, Hirsch®D FEIIHBE
DHERDDZENTES, ZOHFETIERIEL 70020
P8 % Fourier 24 LT 8% — Y EE A KD, 0023@HE D
RS EH T 5, Diamond D FEIIMEE Y 4 X D45
HiEFHET2 5 TH D, TOHETIRE TREENKMO
R FRAABHIREE A DA O BB D € 7L R F i O B A K
ThHBHERET S, KICKREBO XA 7o 7 74 L
128 %1173 FORAEE % T 7 L M10 O B ER X R
GLREICEHESRERLCZEOONTEEL, &P " Fk:
K-> TRETIVDEEFELRD B,
2.3 ETFIERME L ERQIEICK D EERIT

AR A % 5% B A B 1 SRS (TEM) (HAB T,
JEM-2010, 200kV) THH L, TEMIBEDOEEETIZLD
DB AR & M 4 X A6 A S NT-, T DT
2E7, KEEDO TEMBIR TZ A EhORUBYIZDOWT
BIEATI~8EMAEY, D¥ICZhFhOETOR
% o 1= 1% T & 45 fR 88 TEM (HRTEM) B2 % 10~15 14T
Do RIZZ D TEMARIZ 22X TT Fourier &2, 7 4 L & =4
H WiFourier B 29 Z & T, RF0Q2MHHD H DIEF14&
FEMBTELE LRI A XEBRET S, EBIT, TO
B0 2L # 4TV, 002D FEBIRIEIZ D W THEDH DR
EaBL LT, B 2lE D & R A & iEim
YA X550 % RD 72, BARR A RIS SCIR 17)IZRE L,
2.4 FBRBEERIC X3 KEEMOSHE

AR RGO Ly VHEHIZB T 3B M AR5 - 0ICHIR
Fi B (Temperature Programmed Desorption: TPD) 3Bk % 1T -
7zo EERICIWBRORIGEE#HOZ, 7, &R
WPEA 2, 1000°C TEMLHE L TA 5, 200°C TO,H# &
WHET (HeW20%) WL, = v VHICERERT 4L
W X7z, ZDH, 0,4 A % 1E¥ He # A H1T 100°C A
5 10°C/min T 1000°C £ THE L, Z DiEE T30 min fRHF
L7z, FiRBTE L Z OBRORFFOMICHBEL T< % co,&
COABRFAI U~ NI T CERLE,

34

Table 2. The elemental analysis results of the cokes used
in this study.

Elemental analysis (wt%)

C H Ash H/C (mol/mol)
K-9 coke 88.4 0.80 10.6 0.11
Shinka coke 91.0 0.96 5.5 0.13
Goonyella coke 84.1 0.78 13.7 0.11
Ensyu coke 86.6 0.77 11.5 0.11
5 C:384, H:48
Sy, HIC=0.13
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Fig. 1. Size of carbon models with different H/C ratios.
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Fig. 3. 002 XRD profiles of the four cokes.

Table 3. Interplanar spacing and average cystallite size de-
termined from the XRD profiles by the JSPS
method.

Interplanar spacing Average crystallite size

10 20 30 40 50 60 70 80 @ dooz (nm) Le (nm)
26 (Cu-Ka) K9 0.343 2.0
Shinka 0.348 12
Fig. 2. XRD patterns of the two cokes prepared from Goonyella 0.342 1.7
Goonyella and Ensyu coals. Ensyu 0.347 1.3
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Fig. 4. The distribution of stacking number obtained by the Hirsch’s method for various cokes.
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Fig. 5. Size distribution of carbon planes obtained by the Diamond’s method for various cokes.
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Fig. 6. High resolution TEM images of Ensyu coke.
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Fig. 7. High resolution TEM images of Goonyella coke.
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Fig. 8. High resolution TEM images of K-9 coke.
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Fig. 9. High resolution TEM images of Shinka coke.
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Fig. 12. Size distribution of carbon planes obtained by the TEM image analysis.

Table 4. Summary of the structure parameters determined by using XRD or TEM.

XRD XRD (Hirsh) XRD (Diamond) TEM
Interlayer Crystallite Crystallite Average Average layer Average Average
Sample spacing size size stacking size stacking layer size
doo2 (nm)  Le (nm) Lc (nm) n L (nm) n L (nm)
K-9 0.343 2.0 0.75 3.2 1.3 4.7 1.7
Shinka 0.348 1.2 0.55 2.5 1.3 1.8 1.3
Goonyella 0.342 1.7 0.71 3.1 1.3 4.0 1.6
Ensyu 0.347 1.3 0.58 2.7 1.1 2.6 1.3
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Fig. 14. TPD profiles of the four samples.
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Table 5. The results of ash analysis for the two coals.

K20 Na20  Si02 ARO; Fe203 CaO MO TiO2 SO3
Goonyella 1.0 08 566 310 4.0 1.1 0.7 1.7 0.1
Ensyu 0.5 09 423 329 57 6.3 2.1 1.6 5.0
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