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Degradation of Coke and Char during Solution Loss Reaction
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Synopsis :

In order to find its feasibility as blast furnace coke feedstock, non-metallugical coal was
compared with metallurgical coal in term of reactivity and degradation during CO**2
gasification reaction, with emphasis on the difference between the pore structure of
coke and that of char. The results obtained were: (1) the higher reactivity of
non-metallurgical coal char is due to the simple fact that their coal rank is lower, (2)
though the pore structure of metallurgical coke is composed mainly of macropores, pore
walls of char are either abundant in micropores when the rank is low, or prectically nil
in any size when the rank is rather high, (3) open macropores characterize the pore
structure of coke, while char has a considerable number of closed pores, and
consequently, (4) the deterioration of the structural strength of coke becomes greater

than that of char as the gasification reaction proceeds.
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In order to find its feasibility as blast fumace coke feedstock, non-metallugical coal was compared with

metallurgical coal in terms of reactivity and degradation during CO; gasification reaction, with emphasis on the

difference between the pore structure of coke and that of char. The results obtained were: (1) the higher reactivi-

ty of non-metallurgical coal char is due to the simple fact that their coal rank is lower, (2) though the pore struc-

ture of metallurgical coke is composed mainly of macropores, pore walls of char are either abundant in

micropores when the rank is low, or practically nil in any size when the rank is rather high, (3) open macropores

characterize the pore structure of coke, while char has a considerable number of closed pores, and consequent-

ly, (4) the deterioration of the structural strength of coke becomes greater than that of char as the gasification

reaction proceeds.
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Table 1 Properties of metallurgical coals and cokes used
Coal Coke
Geeurence Name VM ASH Ro M VM D1 TI CRI CSR
(% . daf) | (%, db) (% (%, db} (%) (%) (%) (%)
Beatrice 19.4 4.5 1.63 0.6 1Lt 90.6 79.3 43.2 359
Svonavec 23.1 9.8 1.46 0.78 0.8 §2.7 82.3 36.8 33.2
U.5.A.
Rawland 30.3 7.5 1.19 3.15 0.8 4.8 83.9 318 49.4
Elkay 37.5 5.9 0.99 4,11 0.5 91.3 82,4 29.5 53.3
Peak Down 23.8 9.4 1.41 1.99 1.0 93.6 83.7 19.8 71.1
Coal Cliff 24.0 10,7 1.34 1.51 0.9 91.2 80.1 27.0 64.9
Goonyella 28,7 7.8 1.15 3.08 1.0 92.5 82.6 23.2 69.2
Australia
Black Water 29.9 8.5 1.10 0.90 1.0 81.3 70.1 18,8 18.1
Woolendilly 314 10.7 1.05 2.03 1.2 88.5 78.3 7.0 47.1
Liddel 40.0 8.1 .05 1.74 0.7 87.1 815 48.0 21.3
Balmer 23.6 8.3 1.40 0.78 1.0 92.0 84.6 229 72.4
Canada
Frding River 26.2 9.0 1.28 1.84 1.0 93.7 85.4 22.6 71.2
W. Germany Ruhr 30.6 7.1 1.30 2.18 0.7 9Z.6 834 38.8 29.9
S. Africa Witbank 36.1 5.3 1.05 0.90 1.0 75.8 59.0 4144 29.7
Oyubari 41.5 6.4 .94 4.7 0.6 82.4 76.5 35.8 45.5
Japan
Ashitoku 44.8 6.8 0.89 4.7 0.8 63.2 80.7 48.0 18.3
+ log{DDPM!
LB T 7 S IR S 3 EVER A R RN | i S A WY 11w (Y P o Bl 1 S SR T el 1 (N ESRaliP e -



Vol. 13 No. 2 V) a— ez 0 AR E AT 2 — 7 Ak ErL

Table 2 Properties of non-metallurgical coals used T Vent
Sample | VM |ASH | Re | TR® J
Oceurence | ™"\ " Vo gati| 1o ant | (%0 |tvelser | T
- . Quartz tube
cu-1 | 221 | 144 | 128 - 05 /
-2 311 9.3 | 099 54.7 25
o3 281 | 111§ oss | 518 | 10 Electric furnace
Australia o I
-4 37.2 6.8 0.81 77.9 2.0
e Sample
-5 38.3 65 | 0.74 | 615 1.0 o
~8 24.9 6.7 | 0.64 | 42.9 ¢ Thermocouple Q
— Silica woal
J.5.5.R. -7 13.7 13.6 | 1.49 | 803 0 Q
U5 A -8 | 397 | 80| 068 | 747 | 10 ° Alumina ball
Canada -9 | 281 | 344 | 140 | 618 | 05 ©
[=3
5.Africa -10 | 384 7.0 | 072 | 767 0.5
«  Total reactives
*+«  Apparently partially carbonized TCO
2
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Table 3 Reactivity of cokes and chars
Sample i{;ac;l:llt¥) Sample E%;ac;::ﬁyl j
Beatrice 0.51 Witbank 0.68
S vonavec 0.75 Oyubari 0.83
Rawland 0.35 Ashitoku 0.61
Elkay 0.56 CH-1 0.63
Peak Down 0.26 -2 0.85
Coal Clhif 0.65 -3 1.10
Goonyella 0.55 -4 0.65
Black Water 0.68 -5 0.69
Woolondilly 0.58 -6 1.20
L iddel 0.93 -7 0.79
Balmer 0.23 -8 1.56
Fording River 0.41 -9 0.74
Ruhr 0.79 ~10 0.96
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Table 4 Pore characteristics of cokes and chars
Porosity (%) Surface area(m? g) Porosity(%) Surface area{m?/g)

Sample Sample
Open Closed N, COy Open Cloesed N, CO,
Beatrice 24.6 2.0 2.0 36 Withank 14.5 39 1.1 23
Svonavec 13.1 4.2 1.6 22 Oyubari 11.8 2.1 0.8 2
Rawland 20.5 1.7 1.0 1 Ashitoku 14.8 3.2 0.7 4
Elkay 13.3 3.7 4.9 30 CH-1 5.9 2.4 0.9 25
Peak Down 16.3 29 3.5 53 -2 27.1 9.4 1.6 96
Coal CILiff 13.5 i) 1.0 13 -3 30.8 9.3 1.7 164
Guoonyella 11.3 4.2 1.6 5 -4 36.4 11.5 1.8 80
Black Water 17.1 2.9 3.7 31 -5 28.3 11.8 0.3 109
Woolondiily 15.1 2.1 3.5 G4 -6 8.9 3.1 16 275
Liddel 17.0 2.7 2.9 24 -7 5.1 4.3 1.5 62
Balmer 12.7 1.2 4.6 42 -8 24.8 17.3 0.5 144
Fording River 13.5 2.8 1.6 17 -9 224 5.7 37 91
Ruhr 16.1 25 2.2 6 -10 17.9 11.2 3.0 128




Vol. 13 Ne. 2 20 a3 o AR £ BN D — 7 2O H L 215
S = aDLn e (7) b B L L L AU A aE 2 5
HWd, Zos, M u-fwab SN ERenT, A

D=AL (8) MBS AAGLOLLEIHETATHD I,
AR A i L N FE i 2 v T ] Lo i
Do, S NTREER (mg) HELkwéCH-SthLt%ﬁ,C%ﬁW
V CEYLAL R (em¥e) Bk EsrluiEnL Ty Tz L‘(i’)i i)

2F ) FEAMA- LD Y &L,
VTSR R A B A NG
m%f*féiF LR raAEHLT

. (8] I\rPSLCOzﬁlE]&!fLé L TIEH B Z
é:t_.J: 7o AL RO TR ALK E Y,
LU o w il %iHL”EML”é?
Pz Bk s iug, (8) 3N § 1z NKMiHh
% HTikHT= 7 o ILo B LR K 2.
Fig.6(2ll Lo L9 &2 AiZHET0T Table 4
DU R M o fr iz Gl A (>20%), (20
~10), 7~ (<10) (L,L,!.)\ s Ry F RO AR,
A& Ny iR (>2.9m%g), fr (2.2~0.7),
(€05 Oyl i ko TEHT, ZaBNE
o & % 51T COLRTIR A (> 120m%g ), W (110~
90}, /v (<64) (AVArED icHller L mHOI
MR A AT, oL & BRI
HEESILD L O ICECaT R E T L LT
wtbmf%éanﬂmﬁv B R {E KD

b #AHETIE R (B CE T LRI
B MIE s s L TG L LT,
2500, AddLoMnEiz R A L Ty 5D T
VA A ORI 2 LD A — T — DAl
AL T L LIRS L Ty,

Fig. 62 55 TR % (TS 2
TR A, AAFLHER CO R THIATLTERM 12
b1 b F e —D LS, TS A EIZE
HL T s 2— 7 ANFFUIEELICEA TH
D, LY ECoBBIZEY SIS LTS, B
ifCH-6, -8, -1, uﬁ4uﬂux, A ¥
% Table 4 + bl 7 h7 s sl TA % kL, CH
- BRI RILETH B L b ST EC0:,
FE, ENEERAAL T 5H 2 &b, Bl
P E USSR E - TR L E R & D
DEhERZ LD, REHOSILEIBREIZ

:t#%%ﬁﬂk%%uMEu@%Lﬁw.#
L A IRT AR s a3, CH- 8l iLeE

Tiz » 5N FE] iu%éivb Rz ko, Fa k9

AALERIRS B
&HL'@‘?%&‘?W

CO?ﬂﬂ%GﬁkﬁuwCH-S’iAﬂ}ﬂM R
oiroldlEfiLTv D ‘uva*mk% Z.
CH - 115%a4l#, R X itk - TATYL

R L A A n D b h s AL RN Z L
Wi THEr i Ltd, CH-7TLCH-12Z
PN I EHFVZDZTHS I,

GALEEM TR 2 — 7 ADREROFE 1803,
Frlzik e b 9 Iz RCO RETE A DR S AL
THN, BW2AE, FATLABNESSRNE
T THE, ZHERETLE, I
g 7o S D OBIFET A9 L,

LRI E Y (1~ 2mmpr )2 B L TREIA AL
L’C“%) vz, Tyutyunnikov &% #elEH K 7
Lo Fa—7 ATHaERE L Tvwd, 22

TR HIZASLAEN T 7o RILo RN EZ L L
Y Lo TwdanT, MichaliicrdFe
—EfLEE L E L BA o2 D
o n, a—2athdrw 7 aiflysdeiic e
i a— 7 AR BT A EAIM OISO R
HIiRA AL LD TH L, DT ) iHE) L EES
A LTI EIT T A L L ADT,
B AT E VBRI IEE S TERS O E A
e, FALafL- 25 £ TEOENEZIH- THERE
Ik F T A ThHAE ). HREENEL v
F oo — OO, TERGE S LTamT S
2 oasdlEbilo TRIRT B EEZHILE, 1277
L e—athizd CH-1, - 70 k50
HCCOEEE LB L L L NLHLD, 2L
b F o — D FLHARFES AEIE I (% (Table 2%
BR) faeh, EREAOWITEEL TEEI £
FrRL AW ETHBTEL D,

Ll RESEI IS &) B L DD

PR AN 32— 7 AMOIE E F e — D B
2D e TH—IBO BRI N2 TR E Wi
FE LS, RIZIAAREEE O BERL T
LirwigBlLL TAL,



276 T T 1 1981
Surface area Porasity
N, CO. large Medium Small
CcH8
.
- =
{,\‘ Elkay
N\ Peak Down
— e Black Water
g // Woolondilly
oy A Liddel
. \ Balmer
1N
CH-3 CH-6
U
oy
Ll
o
CH-2
CH-4
E £
=) 2
= )
u €T
= =
. Svonavec A'
e e ci)
. an Gaoonyella A .(
= Farding River hY i
£ Rhur ot
)] e y ;
Withank { b
Oyubari
Ashitoku j ¢
v
5=
3
Fig. 6 Conceptual, two dimensional pore distribution
B maodel
I
&
5]
£
=
T
=




Vol. 13 No. 2

Y a—iog -0 AR & BkELLKk 2 7 2%k 277

4:3 TILHE L Rtk

oS RILEE S ERORIE
1 > kmﬁlﬁfﬁ:&%l/@néﬁ*%%éf:&’)i:, .
ST R L /2.

7 7 mHILO D EE L RILEAGERIL Tv b
oW L iz @ L Tv5 CH-8 % CH-5
i3, EhaRbESRKSEHE LRl T

% (Table 2HM) =Lk b s T, KEMEE
g e 2FULEFEL Vg B2 Tuv 5,
TSl R Lo L s e Sila B L
ofﬁ){“ﬂﬁ“Tﬁ%’C‘f)% T4 Ht, CH-8(ZCH-

SEECFILEERC 2 7o RILDTEE S A
'4"%:7_5’) RIS ENERAHNFHITTESRSTH Y,
L TRIBAR S BT & OFEMEfS A% AL
o THREHEZLEZLTOTHE D,

CH-6 ORlEHE4, i &ELrhaoticgT
% CH-1, -7 oF el 3k, miHElLik
CEICEARMCEK L 2 2o RILoSHE
AL (RE WS, TAMIIT—F]CHE
BIGPRIcE2C Lt Bbnsg, 22222 T
REe v CH-6 3% L B bd RGN
PRTF o —OfFETHL, CH- 8 2 1T,
%ﬂmkmofu 7Dnﬂ%mEWHHF”

IEWVWE W BAY, REEICIGENENKRS
m??‘D;«u?Lmﬁ&fﬂé%néﬂ’C‘CH- 6 &
EAEET B, 72 THILENIC 7 osila
EFLOETIRSREHIEML 225 # (CH -
3) M TRCERMCAILEE E RIS
MU LML T A7, Table 5 {2 (8) X% H
WTwZoRIL: Ao RHEREFHEL R
RERLIZLOTHL, RIEHEIRLEY CH -
8 I3 2 o WILEA 1.6 DT~

Tahble 5 Average pore diameters

N, CO0; (Open porel m« v
Daccro Dm.u
surface | surface | volume
area{m¥/g)| arealm¥g}| {cm?/g) (4smm) (4)
CH-6 1.6 275 0.224 0.56 13
CH-8 0.5 144 0.197 1.58 55
CH-3 1.7 164 0.294 0.69 72

«  (Caleulated from the N, surface area
«+ (Calculated from the CO; surface area

T3EFOEMETL T b, IO X (EHINE
MEERET 2 I 7ol ECTL, £
HohEz L Twa=r7oEiliFha it h
PREZEREDILDUERAZTRL TnEaT
hwrt®Z o b, 2% Jenkins 5% ¢
feeder pore S I ATH LMz L2 L2
HIA MBI LDt E bR o227
o R/ILMIC 505 2 o s OB AR B (R
GEES (DFENE I 2oEdl) 12BN AFILD
IERWETAD, WAIZL00°CTHCOM
B EfTREF AT 5 F 08un it d. ZHEFR
k-7 odLE L L TABLE, CH-6,
- 3 OFEEEILFHABTREL ) R0 B
CH-8 &% I FHIBHRITRNH 3ELTRL T
Wwh, ZHidDFN CH-8o=r7uidilitoan
BEO ZLRECIRER LR UE®REF 2L
D Th- T, <L TIAREDBERAHIZAEIRIIC
EEFLTRENETCLESIIRBIOMLEI L &
FTLOTHS, #HFI )22 &A% LR
ey 7Ly EELAd s CH-8 DA
i’Jﬁ‘)'Cn-:‘«‘RJ-I'.‘E'EfE%T\'?Lf—'EEH EEZ LB,

Fig. 6 oop B TR Stz BB 12 %
FATEI L T sl Thwda—7 23, £
TR Z LRI L2/ L v
&, 2— 7 ARG E, Foe—TiTh >
Pl REED FETHTAZLRFES T L
24, LLiZomiloREi L vwa—7 2D
oy, Fr—afhn D iaoedpEe
FRICHETTHEMENL TV LS,

4.4 BUBCHE S TILMERL

Fig. 7|4 ¥ 70 - 7205 7 2LRUIE S 2 22 RIZR
BB s RILELAEL, TNELDLINR

LT 7oy FL2LOTHEH, HKRD
I ML RILRIIRICESREL L BIC2NT

MY 2, F+—ABOBOEES 2 ELERT
LR T, 23— 7 ARRIGERZ»H LT
AILEES AR A, D A 2 LETREHRIL
s (Fig.62R) o » 2 RETHEINLG LT
H5, ARicEWTEL EXANDAKEVCH-4,
-8tk I o RILRRENEL LD TH B,
KIS BIRED HE TV B SR & N R E OB
(Fig.8R) # R2 ¥r, 27 20RIEMM:



278 NPk WORL Y A 1981
§0 400
— N, surface area .
~ == COz surface area Ch2
50
300
< 40 IS
3 £
N gl et SIS 2 200
530 z \\X
= £ . \ %
R \Q'\ S :
£ N . N B
) > \\\.'\ ‘\\\ A 100
2 \\.“\_\_ S
o \__\ e =
10 OCH-1+CH5¢ CH-9
s -2y -6 -10
s :i: :;' Cuke 0
0 lIO ZIO 3'0 40 Burn-off {%,daf}
Rurnoff %, daf) Fig. 9 Coincidence of l\‘g‘Slll‘fﬂ.CE‘ area with Cf)g
surface area as COs gasification reaction
Fig. 7 Puvosity change during CO: gasification proceeding
reaction at 1050°C
8CH-1 vCH-6 TR 4z, B 308 Tk A1 13 - -
600y .pa -7 AL U D,
. ol 7 2SR ko TLLAR, Rk S R
Wl 54 w10 T B0 ThH B, FIIEILEOREAL L iz
% " ok BAALO I T Ed i, % 2082 i 1 Aol
w0 MizhmTu b 2 £ 7 5iLh, Ll Fig.7, 8
g B Thi b EBY, WHERO AL OE$30%
L CHEWTER 2, 3THBDIZEAN, KD
“E FIUEEATIZIET 2L 0 d b (4w, 202
g B (8) N Til 53408 FRLUHLEE (Do 7 2
fLREIZ L = TREMIZMA T 20 ) 28 ThH -
100 T, DASDMIZIC P 223 k5 2l HEsok 212
ERTIIEFEEHLL TA, NEHGILTH -
0

10 20 30 40
Burn-off (%, dab

Fig. 8 N, surface area change during C();
gasification reaction at 1050°C

B CoORMBIGMEIEF v —DZiL s L T
WLDDIMEIZ A T dDN b, Rt
i kEvaiz CH-6 T, 4Ly 3 7 adddlizig
LLOTHSL, JITEMEE L TN EMEO A
BN KT, i zoidlir o i
A ZAGRIS IS L - T Bz FoE £ i s s
freh, RIBATMESHTIELT FCOFMBIIN T
HoHE L T a2 bThE, Fig.9m—, =0

frbOpEEE M KRB MR (5)~ (7)) AT
bt @3 Tad vy, TTIZHEMLIZL I
N i f D CO R~ O vy WEIZ L -
TEKRMNIEL 5 TE L (Fig9 &8, nd
Wzt 52D, a0 Pi2L 3 DOk
o B 2 2 bt T, WALEEN O GLA Y
RN 1 PRl S W S DR G & 2 ol 11 - S
pzoil Dot FE L it L B EOREA I 2 ol R
THER2 I TvE, Fry—TREALENDE L v
CH-1, -7, 2—227T1= 73l %L
Peak Down, Balmer, Woolendilly, Fording Ri-
ver, Elkay % ¥ o' RIGEIOG LT TFn L 2 208
S G Y Ao



Vol. 13 No. 2

V) a—ig > e AWML L SIS 2 — 7 ZodE 279

45 FILEE L RCREE

Fig.d(a)iz B TaREz L T7a sy L
fref vuz bbb 72 (MSIEY) 2274, &
BHEIRE S T B R RIBERNI (LT 5 1A
NAEEZILENAT, FTr—%a—72 K3
FTLEIHIHLIARE TR L, FITIITIED
— 7 2B L UF e —FRIL 2, FORFOEE(L

Tmﬁﬁfﬁﬁlc%ﬁ

G- TELY 281y

HL’TUvFT%L

CAp YRR
ErOr EORIDEIZ

ROGHE & 5113 RS $40

GLAT TIRITIZHH

KRR 70T,

ZOME

FAELCHMRIEE 210, 25%i2ETH 21k
Ll BB @iEma gL, 2kt

WROLHII WY LA K THRET 5 L9
FiEE o, Fig 03 25 LR il &
I Sl N A S N - % | AL Sl S

® Char /I.\ Burn-off:
[ o Coke Vs \ 25%
Vd A o
S 7/ oy
, L
‘« o
/s @
. -‘// % ° \o\
E1] S A @ e
» oo ° \\
/ \
5] 4 Le] \
- 10 | | 1 | I
3 A ™
-
[} 4 \o
< 60 e o
o e
g & o A
= . ° . ;.
_m * e 4 Co o @ N o
g 7o N
2 - e // \
E ~ ° N
& I [+
2 L 1 ! L
B0 0%
Q
//.\ [}
' s 0N
9 /0 \ o
60 ° 9 @ o\
. e -~ BO v °
L) . N
s N
v
pry 1 I 1 ]
0.6 0.8 1.0 1.2 1.4 1.8
R,

Fig. 10 Structural strength change during COy
gasification reaction at 1050°C

Oy P LAZLATHD, 2L RIGE 0% 00EE
{Hiz & 2 bATA R OEBETH 5, KEHER 7 5
AL AR S T2 59, WO ey
BIZIL /T 5 Fy—=2 ( CH-1, -5,
ST RMEY, Iitsh EHOL A THLA
L 2ANTHMAEIEIZLE AT, HWHOFr——-kL
Wa— 7 Z2Hh7ay b EOFEEES NS & w
5H&¢mw5> LGN - Tk 5
BIb2 R TOdbdr s, TabhbEDFr—n7
2oy MEEUEAANL TL s Eft E OfE
WHE 23 - A X B2 00Oz ttL, o0—7 20 F*
n;mm%MmLLr#qTMﬁrﬂLfF%u
fFEIT 20 4, EHREOEBAE AL (4L
FVg B Lh @M#mmbnéoaﬂm&m
& B AR W A F ¥ — L o—2 AT
T2 62mET5L0T, FOBRELT,
MOGEFEMmZ & AT EFr—L b o —7
ZDEHRE( L2 LD EHFZ LS, KIEH
AT LEE RSB L 2T A 0aE
L2 LA, BOEERARRE TR S D LT
B LAEoMOBSE L T LN LI h
Bo RIEHOMEITET— 7 A3 F e — 0Ok
WO S 2 & T3 nidvnTh b
B, HIEERIEIEIZL » THEAL v ob
B THEE L LD,

BT, IZTR#EIZE-/2CH-1, -5, -7
WENDF o —i3 Fig. 6 THL 2 0B, WAl
BN roRdLEEE LT RBL TR Y,
IDWETE -7 2L £ TRHREEZ 2 7 oLl
EAERGHTE GG E4 L Ty 5,
Ll hsFe—a—72LEd2s, §
Tlzik~fr ki 7 ofl@Ilo g0 L8
PURESRTEEL Twd, T bha— 7 2ER
L& w4 dlasii e A EAHCRL T T, D
FHLDEFREODIIRL, LidF+—Ii3R4L
BOREIETNLOGENSE L9 (CH -
1, -7} Ldpdh, i )alkETHGLEE
ATWEETHEREREL -TWd, JHUEDE
Ko SR BUE A o — Tld o LadBic £ T RIT
L, I -7 AT FOEEIZ R
EEARTLOTH B, #im ) oEniz k
ofﬁmﬁﬁﬁThwj%ﬁxu”ﬂWW%#'
HAERAGEE 2 DRI SR I ET 2



280 AT S R R

— L VIIHBIER T RE (bbbl s,
LAl F e =P LR AL 2 T A
Fo—liha2bITHLY, a—72EREY
blrdr bARWILA A L T b Loz on T
AWM HETHE, 372 CH-1%CH-
6m£7L3—7zﬁﬂﬂmLﬂ$LﬁﬁL
v+ ( Table 4 #:117) DL H LN, EBHITEE
iz 7 DiﬂLﬁ“‘;}ﬂfo: LOTHLD, ;vJLib‘ini
Ml 7285 Z L% 0 B UG A A PR s P dg o i
WS Ao 72, LGRS TR LSRR E LA :
IR LS Pzt 2 s - 2o s
DTHRAIZLBLNEEZ LB,

5. #

7 A EREE L T IR AL L s T

1981
BhaiTiidasnwlkdh-02 LT, 27
AL F o —NHIEBORNE A RS L, 27

2w b o 7 AGWIZ, HARE TR T
TE5Fe—pr L THIza—2720772%(
ZEFL T R BT A A A A
BBz FEE LM Dt ThEDRET S F
T2 L L SIlaods g it L v 2
7 e F e R RO BRI D — 2
AT LI VHEEL, JHETELLILT
Wiz Iz F e — bMTL 2=y A B L
WA LDT I EERLLADITT,
(i BALV 0— 7 R ELEID 8 TRV Iz 881
whHboEUbis,

B, ARRIZ B T MBI R A £,
fhesdh, Dl T3 THS A pAT AL & ) BURMA it &2
AR

2 # 2 oW
1) ek, B, T,
2) Yu. B. Tyutyunnikov et al
KNI O (TR P 111 1 1
4) T, RS, 40T, SpuA, e, el
5) CBEHESE, Rild, 4714 0 fEAcqrkg, 27 (1975) 3, 303
6) CEIEF, Wil ¥k #E XM, 65 (1979) 9, 1365
7) R MRERGE, 56 (1977}, 217
8) gl EAOK, AN Bk R84, 61 (1975) 12, S366
9) R.T. Joseph:

[ KR e 'S T
. Coke and Chem.,

AU,

Symp. Petro. Der. Carbon {Am. Chem. Soc. Div. Petro. Chem.), 20

Bk& 8, 62 (1976) 5, 580
(1875} 6. 20

CEk L8, 62 (1976) 5, 570

Tivid, 64 (1978) 4, S53

(1975) 2, 456

10) P.L. Walker, Jr. et al : Advances in Catalysis, Voi. II, (1859) 164 [Academic Press]
11} M. M. Dubinin : Qurt. Rev. Chem. Scc., 9 (1959), 101

12) S.P.Nandi et al : Fuel, 43 {1964), 388

13) P.L. Walker, Jr. et al ; Nature, 178 {1956), 1001

14) P.L. Walker, Jr. et al 2 Fuel, 44 (1965), 453

15) M. M. Dubinin : Chem. Rev., 2 (1960), 235

16)  FE, GRES, MR, SO, TRRCCMRMEGE, 59 (1980), 757

17y v, BT, BRI D OER &8,
18) N. Schapiro et al :
193 PR, fIfE, BEL, #H ik, 48 (1969), 103
20) M. Teichmiiller et al:

64 (1978) 11, 3512

[ac]
[y=]

K. A. Kini . Fuel, 56 (1977), 341
R. G. Jenkins et al :ivid, 32 (1973), 288
ivid, 56 (1977), 137

Lo I 5
L
—

A. Tomita et al :

Blast Furnace and Steel Plant,

Coal and Ceal-Bearing Strata,
21} J.M. Smith  Chemical Engineering Kinetics, 2nd ed.,

(1963) April, 273

{1968},
(1970},

251 [Oriver and Boyd]
572 [McGraw-Hill)



	★j13-268-280
	j13-268-280

