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(Fluidizing gas O; 1 %) Mois (%) | Ash (%) V.M. (%) |F.C.(%)
Taiheiyo coal 410°C 1.9 6.7 41.0(44.8) 50.4
Hombetsu coal 410°C 1.6 16.6 30.6(37.4) 51.2
Dixiana coal 410°C 1.5 3.4 27.1(28.6) 68.0
Wollondilly coal 410°C 1.8 9.6 21.5(24.2) 67.1
. 410°C 1.2 8.6 19.1(21.2) 71.1
South Bulli coal
430°C 1.0 8.8 18.2(20.2) 72.0
Kuznets K-10 coal 410°C 1.8 7.1 17.1(18.7) 74.0
Kuznets 0.5 coal 410°C 1.2 7.6 11.9(13.0) 79.3
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% (RREEERE 0 2

B BLER - B A BE R TRGE R L,
100C ZricERL7zAKE F—UET 4 AN ATHH)

L7 b 7w 78 L odaibh v 7 ZRE Tl 72,

I-3-2 R B &

FI1-3-1 102 2 CHEA L7220 50RO T 3y
&=L 72,

F 72 A SRRIBFEN L A ROBERIBE D 1 YEUL
MEMCIIBRAEL BRI LERTREE T 5720
PR TAEL 2L Dl oW TRLT,

1-3-3 ERBRSIUER

i) #EiRDGHERR

@ B ok B

B 13-4 \ZATRES, Falle, IR TIARK, 7
Aoy OS frov#snsEie (410°C, BRI 1 %) 2
DWTHEBE L kR 2R L7, LIRS RS R
RS4RI R B 2 IR & 2 C10°C/ min DFREHE
THE LR TH S,

FOPRERR, FRIBCTIE, #9400°C & O IR Z BAA L,
IRl R R E (%0, 470°C TRFEERIZ14



—9= Taiheiyo coal
A —-®— Hombetsu coal
—0— South Bulli coal
--<4-- Kuznets Q.S coat

BoH O % (x107Ch)
.

3.0
2.0F

1.0p |

P R TR T o R v T
i E(C)

1-3-4 BT 5RO PRI
X107, FRIRIZI0X107°C! DMAfEETY, #
DM L6T0°CHRA & ) BUNHREREIIAE (%N,
730°C THROAEZ R L 22 ¥Rk T 5, LIS
TI470°C iz s s E—2 1 & L, 730°CHiE
DENEE—=IET S,

YFIATIARTIE, 490°Clz6 X104 C o
— 7 I 2R L EHERSRICHE L T 5T 555
E=Z I OWTUIHENES L 4 X107 CL oy
BEERL T3, ZORBTREN LT, ©—7
I & E—7 DvbRilEE ¢H 2 650°C hmic iR 7 &
— 7B BN ETH D, ZOE— 7 DERINHER
£33 X107 CH RBETH N E—7 BIKIZ/NINE 02,
PERBRE SN TR WL Lne—2 % Th 5, Lk
DHEATIEINE -2 ET 2,

7 ZAy OS FHI- DWW = & I3 IKEREGIE
FEn#9490°C ThH N MINFEHI A TH L N &L, ©
—7NOATE—2 1, NS 2|MAIZED L
g - f:o

TR DAIEAEREE 1 -3-5 (R T, SITEE D
R b OMDRIE & BRI B TE v — 7
s sz,

BEERKICOWTHE L 2EERE M =208
THRTE S, F—DBIIRFERS LUFIRICA S
NaL&9icE—21, N olkEsEaRT 24
D, FBLOBNIFT AT 54 KOBITRL T2 E—7
I, II, ME=2nBAE*EHTEHRTHE, 2D

(s)

Yubari coal (H.T.T.410°C,Air)

T e e o

¥
“«

2.0

T

—_
<
N e

(=]
(=]

500 500 700 800 300 1000
i (O

B I-3-5 #AEFKLROIFEHR
BNCIIBIRL s 2ohi 7 4 —a > Ty Y—eB L F
Fh %L o ROET B, B30 TR 0S B
WKALNA L J I E—7INAETERITHSL, 7X
v K-101z =z 0B &S 5,

@ B & &

B 1-3-6 i3 Blend- I, II, MMicoWCRIEL 258

9.0k H.T.T. 410°C
IA‘ —®— Blends I (T)
8.0k ‘ —0— Blends II(H)

----- Blends m(0.S)

-
[=]
———

[o2]
(=]
T

OO % (xthCY
L) ol
(=] (=]

w
(=)

B
(=]
T
—_——

1.0F

it

800 700 800 900 1000
=S E(C)
FI-3-6 BEiAROPAEHE

&
g



(10)

FEThD, RRT L) iciEihmcid, =>0r—
ThERbI, =210, M ovWTidZFF i
SIRTREREIT D, ©—7 1 OEREAT 23F
WSROI L - TEL L B ->TEY, Bk
ROE—7 1 OfE AR 7% O MRS b
2o ZOZ LIRS Y IC ks TABES TS,
DI BT & 7 HR R,  BRA RIS DV OB
Fa—ELTRI-I2ICRLE, ZoFRrLLE—
7 1 OURHRE ) BRI & 5 TRELEDH D Z LD

hird,

®1-2-2 1253 L 72 3FEDELA k@) Roga $a8k & Tl
TR 2L, B—7 1R OISHENE VK
Fa—7 25N Tw5b, ZOZ &, PhHEe—7
L3707 ) i e B L 72 Blends T HT#ERTHE
HEELL TH Y, TR TIINEsEELH &
R OYIREA T REE L D 2 E #TRET A LNTH Y,
ZOFHER IR L CGEL L REEA R IT ) NETH S,

F1-3-2 # AL B o0 IR

Sample  |Volatile Temp.of | Total Peak 1 Peak 11 Peak I
Tuidong  [@af) |Contra: [ction | R | Socifof | Tome, | Gotf of | Temp, | Cootfof
gas O, 1% (%) |etion(C) | (%) |” (O) |(x104C) | (O) |(x10¢CH| (O |(x10+CY

Tahelyo  coal | 44.8 | 404 | 17.4 | 470 | 13.89 | 730 3.88 - -
Hombetsu coal 37.4 415 12.1 470 10.01 750 2.41 - -
Dixiana  coal | 28.6 | 422 | 18.1 | 470 | 27.42 | 770 3.69 650 3.14
Wollondilly coal | 24.2 | 430 | 11.3 | 470 454 | 770 3.59 650 2.74
SouthBulli coal | 21.4 | 423 | 13.1 | 490 5.98 | 750 4.01 650 3.12
Kuznets K-10 coal 18.7 487 8.8 - — 750 3.31 — —
Kuznets Q.S coal 13.0 543 4 — — 790 3.20 - —
Blend - 1 28.5 | 406 | 14.6 | 470 8.69 | 750 3.66 630 2.91
Blend - II 26.1 | 415 | 13.4 | 470 6.41 | 770 3.51 640 2.81
Blend - I 196 | 464 | 11.4 | 510 | 3.64 | 770 3.79 650 2.87
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"CHHE A b B K& ¢ 40
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Ll ko 2 R B BB DT 200
#15°C/min Ll 27 5 &
MEAET L CEz b 100
EZAEED E, KENTOW = , [ ) .
T&iﬂﬂﬂﬁmﬂﬁﬁ%ﬁi 10 20 30 40 50 60 70 SOH%?O » 1(1I?1m_) 150 180 210
THY, ZOBREEFTE
ML THD = Ebird, I-4-2 /B, KRBT 4o b o f
Z D& DT —RERk T by b LR (C)
T L TEEOFLERD A 100 200 300 400 500 600 700 800 900 1000
IKIBIIEL LB - T o Briques o b J% .
VB, RI4-2IRLE ggg H.R.of ’f,umace 10’.’6 C/min. - \‘\ E
L ICKBLT Y Ay b ~ o (L) " 11.3°C/min. \ S}
45.2°C/min THER L 72 izoo poew ! ”/-—o—’//.//’_. \\ I 1%5
B, PLORBEESD I ol AR .
WHBEEAT 2 o) BT " ya AN \ N
10.6°C/min ARG F ,/J\ ;S N T B
LT3, _; 1001 :///“"““tﬁ:::’ﬁ‘——/ - 02
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RI-4-2 DEBLIOKET) 7y b OB HECHT 5 g
Large briquets Small briquets
H.Rate of furnacei., ..y | 5.2 8.1 11.3 10.6 15 20
H.Rate of briquet’s | 400~ 600 °C 5.5 9.0 13.3 10.5 17.4 21.0
center ("C/min.) 600°C~AT= 0 8.5 17.1 25.0 14.8 21.1 40.0
Max. AT (°C) 90 135 200 50 75 100




(16)
A L% BIFREI 2 — 7 A0MRLILTW A,
I-5 % & ®»

LI, ERENEIEORE & AV (ML TE 228k
o — 7 2BEIZ DWW T ORBEERER AT E L
7, FOESFBIBNCEET EDEDEB) THD,

1) 7R =Rk 2FERy L@ bEC L D IE
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1) Fa¥F, ikH, #igsR 48, 226, (1969)

2) D.W.Van Krevelen., “Coal” P17 (1961)

3) I.L.Soulg, Fuel, 34, 68(1955)

4) ke, MIES 50, 655(1971)

5) kN, AH, [ 40, 845 (1961)., Fuel, 38, 420
(1959)
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LRI REL b Z A b,
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8 BT kb SR REEOSEE B S US|
AT OVTD—DDFREE ) 25,

=) BB S0 MU R Y — 2 T 26T
LENCFES LR — 7 2R L 72,

3) TR YA L D ERSERCERD 5, R
BeiREENE 1000 °C PLEASEE L <, KemodEEiE600 °C
F ¢1310°C/min LT, 600~1000°C T315°C/min
UT AT BB H D,

4) THSEBCHEAL 7 28N 7Y 7 v Foown
TERIFC L A BBERET- 28R N7 7y
L 712400°C 238 A 710°C/min LI T, X7 & -
T12300°CEAT5 °C/min LITHMBIETH 72,

CIHERERUS ORI 2 Wiz t2niz, T 2R L TRl
NBEAFT 5,
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Research on the Manufacture of Metallurgical
Formed Coke

Synopsis

In order to maintain crude steel production amounting to 100 million tons or thereabouts per vear in
Japan, we are compelled to rely on a tremendous amount of imported material coal from abroad since we
are lacking in high quality. indigenous coking coal. Since the energy crisis, 2 world wide revolution of coal
policies have been made, and as a result the lack of supply of imported coking coal has become apparent.
In an attempt to cope with this situation, a strong necessity for using indegenous non-coking coal
hitherto considered as useless for steel production coke has arisen.

For this purpose, at our institute from the beginning using previously obtained knowledge of
smokless fuel technic as a base, a new coking process involving a horizontal fluidized bed in which
briquets are suspended in a flow of sand to produce coke has been developed and a 4 year plan starting
in 1970 has been executed.

In the present paper the results of experiments using a pilot plant will be discussed, this and related
research from basic to applied have been incorporated. In Part T and Part II, the carbonization of briquets
and basic results using a horizontal type fludized bed are reported. In Part Il and Part IV, the results of
tests using a-horizontal fluidized ‘'sand bed 'carbonizer and the characteristics of the apparatus thereof
are reported.

Part 1
HIROSHI NISHINO, SHOHEI TAKEDA, YUJI YOSHIDA

The results of experiments using laboratory scale apparatus were discribed. Heat treated coal and
test pieces were used to investigate the high temperature carbonization conditions and the course of
coking. Futher, cabonizing experiments on two types of briquet were carried out and we have obtained
data indicating that under appropriate conditions high grade formed coke can manufactured.

The pertinent points are as follow;

(1) From test piece experiments as the conditions for hot briquetting, the heat treatment temp-
erature prior to briquetting should be from 410C to 440C and the oxygen content in fluidizing gas should
be about 19%.

(2) Tt was shown that carbonization temperature of 1,000C are desirable and the temperature rise
up to 600°C should be regulated to 10°C /min, while for temperature fom 600C to 1,000C it is desirable
to carbonize briquet 15C /min.

(3) From the experiments in which briquets were carbonized in an electric furnace, the heating
rate should be under 10°C /min for charging at 400Cin the case of small briquets. And for large briquets
at 300C charging the rate should be under 5C /min.

(4) The thermal swelling and contraction coefficient and the respective evolution rate of various
gases were measured and from these connection appropriate carbonization conditions were investigated
together with basic data related to the course of coke formation.

Part 1II
TOSHIMASA HIRAMA, MIDOKRI YUMIYAMA, HIROSHI YAMAGUCHI, TAKEO FUJIOKA
Besed on experimental results obtained from a Iaboratory scale apparatus, the characteristics of
‘the fluidized bed with suspended packings and horizontal continuous fluidized bed were reported.
D The virtical force (F) acting on a smgle sphere which was hung'in a fluidized bed was measured
by a strain gauge. At low gas veloctity (near incipient fluidization), F was mainly determined by the
apparent buoyancy and downward force arising from stagnant solids on the sphere. And with the increase
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gas velocity, it was shown that this was gradually influenced by the drag force of moving solids. Further,
the effect of the type of solids, the:influences of the diameter of the sphere and location of the suspended
sphere were Investigated.

(2) The characteristics of the fluidized bed with suspended packings were investigated by chan-
ging the diameter and density of the packings. It was found that the boundary of the packed fluidized
bed (P.F.B.)and suspended packing fluidized bed (M.F.B.) could be expressed by the following equation:

Wp/Ws— 1

where w, and w, are the weight of suspended packings and fluidized solids, respectively. In M.F.B,, the
left hand side in the preceding equation must be less than unity and the density of the packing should be
less than the mean density of the bed. The pressure drop of M.EB. (AP’) was accounted for by the
following equation:

AP =AP(wy/ws+1)
where AP is the pressure drop of a conventional fluidized bed (F.B.).
Further, the minimum fluidized velocity and bed expansion of M.F.B. were also investingated.

(3) The lateral solid mixing in F.B. was investigated using rectangular beds. Regarding the lateral

dispersion coefficient of solids (Ds,) the following empirical equation was obtained:

Dsr=0.168 “**fulnzB %*(to —Ums)
where g, fu, Lns, B, U, and umy are acceleration due to gravity, wake fraction, static bed height, bed
width, superficial gas velocity and minimum fluidized velocity, respectively.

(4) The effective lateral thermal diffusivities a,s, arp and a,m Wwere measured in F. B., P.FB. and
MF B, respectively. As a result it was shown that arr was nearly equal to Ds, and it was noted a,»
could be expressed by the following equation:

arp=0.04fuDp(L o/ Lins)(U —timy)
where 1, Dy and L; are gas Veloc1ty corrected for fixed packing voidage, the diameter of packing and bed
height, respectively. a,» decreased with the increase of the volume of the suspended packing and
approached as». And the relationship of arm, arp and ar could be expressed by the following equation:
(@rm —arp) (arr= arp)= — 0.45 10g(1 ~epm)/ (1 — epp)
where epm and ey are the voidage of packing in M.F.B. and P.F B, respectively.

Part I

MIDORI YUMIYAMA, SHOHEI TAKEDA,

TOSHIMASA HIRAMA, HIROSHI NISHINO,

AKIRA DEGUCHI, TAKEQ FUJIOKA,

HIROSHI YAMAGUCHI, YUJI YOSHIDA
Manufacturing test of metallurgical formed coke were carried out using a pilot plant of horizontal
continuous fluidized sand bed carbonizer. In the horizontal fluidized bed given temperature distribution
were set and the formed cokes were continuously made by allowing the briquets to flow through the
fluidized bed. .

The plant consist of a pre-heater (length 150, width 20, height 50cm) and a carbonizer {(length 454,
width 23, height 60 cm), both types were equipped with a rotary discharger to ensure a constant
discharge of briquets.

Two type briquets (large size; length 65, width 45, thickness 40 mm. small size: length 44, width 35,
thickness 20 mm) were used and they were pillow shape. Further, the briquets were charged into the
pre-heater at room temperature. The experimental conditions were as follows;

Feed rate of briquets: 50~ 100kg/h

Feed rate of fluidizing sand: 50~ 180kg/h

Fluidizing gas velocity: 7~ 11lcm/sec(N.T.P.)

Carbonizing temperature: under 900C

Mean residence time of briquets: 60 ~ 170 min.

As mentioned in Part I while 1,000°C or thereabouts is the appropriate carbonizing temperature of
the briquets, in the present plant owing to the inherent limitations of the carbonizer (heat resistance of
the discharger and the perforated plate and so on), the experiments were not carried out at temperature
above 900C. However it was ascertained that a continuous carbonization of briquets was possible and
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the following results were obtained.

1) The residual volatile matter of the formed coke having residence time over 120 minutes became
constant values and it was approximately 19 at a carbonnizing temperature of 900C.

2) The weight percentage of discharged formed coke retaining a perfect shape againist the fed in
weight of briquets was 529% in the carbonizing test and in the flow test at room temperature, the value
was 60~ 70%.

3) A tendency for a weight loss of formed coke in this fluidized sand bed carbonizer increased with
the increase in carbonizing temperature and in the case of large size briquets at 900C, the weight
loss was approximately 5%.

4) Regarding the strength of formed coke, the D.Iis value increased with the increasing tempera-
ture when the temperature difference between the pre-heater outlet and carbonizer inlet was small
(40~60°C). And when the temperature difference was large (110~ 255C) in the vicinity of 700C, maxi-
mum value of 87 were shown followed by a decreasing trend. ~ Both the micro strength and abrasion
strength regardless of this temperature difference, increased with the carbonizing temperature and a
value of 65 was shown at 900C in the former, a value of 90 or thereabouts at 600C or over was shown
in the latter.

Part ¥

MIDORI YUMIYAMA, TOSHIMASA HIRAMA,
SHOHEI TAKEDA, HIROSHI NISHINO,
HIROSHI YAMAGUCHI, YUJI YOSHIDA

The characteristics of the horizontal continuous type fluidized sand bed carbonizer were experi-
mentally investigated using preceding plant in Part . In this carbonizer, briquets were suspended
in fluidized sand and allowed to continuously flow through the bed.

The mean residence time and residence time distribution of briquets were measured by the impulse
response method during flow characteristics test at room temperature. Furthr, the temperature distri-
bution of the bed was measured in the carbonizing test of briquets. From these results, the Peclet
number of briquets and the lateral effective thermal diffusivity (e-=) of the bed were calulated.

The Peclet number of briquets in carbonizer was within the range of 3 ~50. Further, by suspending
the briquets in the fluidized bed, it was found that the temperature distribution in a lateral direction
expanded, and e,» was under 1/2 of that of conventional fluidized bed.

Therefore with special regard to this plant by selecting appropriate operational conditions, the
residence time distribution may be increasingly narrowed, and it was shown that the temperature diffe-
rence in a lateral direction of the fluidized bed was readily obtainable.

In addition, the effect of operational conditions on the mean residence time of the briquets, Peclet
number and ar» together with problemétic points and other difficulties in this plant were discussed.
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