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On the Reduction and Firing of Pellets Containing Charcoal and Coke

Toshiharu SHIMAZAKI,

Synopsis:

Masao IKEDA, and Takahiro MORIMUNE

The purpose of this paper is to clarify the influence of self produced gas on the reduction of pellets contain—

ing solid carbon materials.

The changes of the state in the firing of the pellets were investigated by chemlcal

analysis, gas chromatography, microscopic observation, and X-ray microprobe analyzer.

The followine results were obtained.

1) When the self produced gas reacted effectively in the firing of pellets, the green pellet containing 20%
carbon materials was reduced to highly metallized state.
- 2) The content of solid carbon materials and the gas volume of atmosphere in the beginning of the

firing had be chosen to appropriate value.

3) Maximum CO gas concentrations of 72, 73, and 989, were obtained by the pellets containing coke of
g Y p g

10-0, 12-3, and 20-09%, respectively.

4) In the case of the pellet containing charcoal, it was almost the same as in the case of coke’s pellet
described above, but concentration of CO gas was markedly increased in the temperature range from 700

to 1 000°C.
perature, compared with coke’s pellets.

It is noted that charcoal’s pellets indicated good reductlon degree in the range of low tem—

5) As the charcoal contents of pellet were increased, however, the compression strength become lower
and the significant behavior of reduction at low temperature did not appear clearly.
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PERAMIE Table 1 1@/R L7V v &' kgt & Table
2R LEIESTEEXET2ARSI P a— 2 2%,
FHERTII T FR 150~200, 200~250, 250~ 300
Ay Yo D IKEDOKREIT, FERTIE 250~300 % »
VLD RED EREENEC I ST HE L DR By
7o RMIEEEZTFHERTIZ 1, 5 10, 15, 20% o
57k#eiz, AEERTIE 10, 12, 202 o 3KE* 12BA
TTHHEELZDOL, BEREIET 10% okic 1% o~
R4 b2EMLT, BRIELABEEZ ML TX <>
2bor 70glWy, EE I5mm oFHEES* 7Ly b
WWHEMERRAE Ue. BB A EIEIAE 15mm ofE4& 4 i
PHRAREZEE L, ETL 410X > THIE L= RAEE
N & FHER T 50, 100, 200 kg/cm? o 3 7KHET,
AFEBRTIE 100 kg/cm? TEDk@ | min JHEF%E
Wy FA42BIROHE LA KB L2 L .y MIKBE
BREELLDL, 110~120°C T 2hr L7350
Z, HEF U — 2 NITEr 2 TEBRICH L.

Table 1. Chemical analysis of hematite orc (%).

- Fe .| SiO, | ALO,| CaO

MgO|{ Mn S P

0-23

58-53'| 364 {6—92‘ 0-22 007 |0-089| 0-033

Table 2. Value of proximate analysis of carbon
' materials (%). '

Kind of carbon |, . Volatile| Fixed o
" material Moisture matter | carbon | Ash
Charcoal (black) 4-23 1532 78° 16 2-29
Coke -(cupola . . . .
furnace) 0-68 1-93 79-61 17-78

* 12% BRSO LON, BBz I—- 220848 12:3%, KR0S
G 12°6% &izh, EOEDHBYEEATERLNLEELLNADT,
UTOREREZRDETI 12°3% I 12°6% OREZ2ETH
35,

sion 25 % THEFLARETHELL,

BRI Y o= » MEZEAWVWT, ALO, 98% o
Mkexr bOKR—- PR PLV—2Ly F3{ER O
THAL, 7TAEL -2 TCRALEDL, BHEE, Y
B, AR CHKER L ZBREEALT, BA
fl2 v 2 %D CEBROBHEMS SHIRE FR i X 5,
BEVREIGC XD AROEMGEIHIEIRS X5
Wl ZLTHHRAK ¥252e< b5 72581
7oo EBERRREINZGERE OB X 5 ENEEOR
W3 EBATE SEEPERREZFEORHET 5°C/ min
DTFEuvbhTwa z 510, FERo EEHES 330
°C /br O—FEE TITaVv, &E 1250°C 0 FBY 4
DT T o7, FRERERZEL-DL, K N F2
IR E R BRH ST 350cc/ min O—EFLETHE
Lizdsh, F2BHeC, RESrENcEIH LA
B Licnb, BEBRAIE, (L¥SFETLork.

2-2 {tBEFIMELITH AR

BICEA KD B0z, BERALVy b 3EE LBV
T, MEEL7oDS, 28:% k &BH% % LESFIIC
XoTke, BLRFZEH L. ETBOEHTELT
IX2BYDOFBEC LD —OREREBEO <Ly FDL
B % AT HEBEK % TERL, hO—2RERITD
Ry FOEFKBEBECHTIEREOR VY FOEEH
EOHRTER L. FASWRHF RS be< b5 7
W Xofz., BELET Smmg X 200mm D #F5 & IC
30~60 x o v L FEMRE, 60~80 X » L, FLF
S—v~THEFHEL, He BFx+ V7P HFRELT, &8
EoB|EH 24k% 100°C O —FEIRELLETHIT L.
2.3 FARGEAR

MR, BLEEHOBEA L $ o Rk
BEHTHRR LD D%, HBZX>TERSVy b0
NERFE R FRED FRES BZ 5 0% AL T35
2, BETCEIECEDRAL, fLEAHETYNT, BiEE
U CHIE 287,

2.4 pER, NG

FIRERTERBEOR L » FOREIEIREESEREFH~NS
oI, vy hORFHEEmIRICI7-0X17-0X0°5 mm
DRFERZEE, O SREET—F D compres-
AEBRDO—BRIT
EB IS REERE LT, BRIFEZEIE L

3. RBERBLUER

3-1 FHERBRER

R OERERIZL 2RV y FOWEMME OLELE
N57DHI, FBEAN% 100kg/cm?, 1 min OLHT,
WANWALDORAERERE(LI®Ly FRED, B
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Table 3. Effect of the content of carbon materials on the physical property of dry pellets.

Sampling weight of pellet (g) True specific Bulk specific Porosity
Sample - gravity gravity

number of article| total weight {g/cc) (g/cc) (2%)
contained 19, charcoal 3 19-30 4-61 4-04 12:42
5%, 2 19-94 4-32 3-35 22-49
109, 3 19-37 3-88 2-83 27-08
159, 3 19-04 3-62 2-43 32-80
209, 3 19-10 3-29 2-14 34-99
contained 19, coke 3 19-19 4-68 4-17 10-92
5% 3 18-39 4-40 3-83 12-91
109, 3 18-76 4-13 3-49 15°52
159, 3 19-35 3-90 3-16 18-93
209, -3 19-11 3-72 2-93 2124

Table 4. Effect of particle size and pressure of compression press on the physicél,

property of pellet contained 209 coke.
Particle size ngrf;;:s:si:rf Total weight of | True specific Bulk “specific Porosity
(mesh) press (kg/cm?) pellets (g) - | gravity -(g/cc) gravity (g/cc) (%)

150~200 50 17-52 3-660 3-10 15-17
100 18-82 ” 3-22 12:02
200 18-82 7 3-33 8-95
200~250 50 17-82 3-665 2-92 2020
100 18-96 ” 3-04 17-09
200 20-47 v - 3-18 13-28
250~-300 50 17-68 3-685 2-84 22-89
# 100 19-00 z 2-97 19:25
200 20-34 7 3-14 14-80

Coke | o/o

Coke 5%

f s

Coke 10%

i
,‘_‘
|
{

Coke 15%

Coke 20%

Charcoal | %

Charcoal

5%

| charcoal 10%

Charcoal 15 %

" Charcoal 20%

-

Magnification

o] 10O mm

Photo. 1.
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Relation between external appearance and carbon material’s content of green  pellet.
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Fig. 1. Relations between swelling rate a d elevated temperature on firing.
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3% T ORI T O LB EIE 2 — » 21239
BERVy PIDEL, WAEERTOETENFEHIC
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P o

40 7 -
20 /
1 1
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Firing temperature (°C)

Degree of reduction (%)

(a) 12-3% coke contained pellet.

(b) 10°0%, 12°6% charceal contained' pellet.

@; reduction degree expressed metallic iron % per total %
after firing. ’

QO; reduction degree expressed metallic iron weight after firing
per total iron weight of green pellet.

Fig. 2. Relation between degree of reduction and
elevated  temperature during the firing of
pellet.
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(a) 20°0% coke contained pellet.

(b) 20°0% charcoal contained pecllet.

€@Q; reductiun degree expressed metallic iron % per total iron
% after firing.

Q; reduction degree expressed metaliic iron weight after firing
per total iron weight of green pellet.

Fig. 3. Relation between degree of reduction and
elevated temperature during the firing of

pellet.
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Fig. 4. Change of CO/(CO+COQO;) gas ratio in
self-produced gas of pellets.
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CEUHEET L,

FeO+C — Fe+CO (3)

2FeO +C — 2Fe4 COyerrereveevmemmennnnrannennna (4)

X HEEETRISIC X0 T CO FRREREFD LR,
FHENE 1250°C FTCTCRBIL BB ILETD. —F
12:3% RERVy PTH, §F T3 -0 XG52RE

R U SRIG (1) OFEHREMEITERLTL .
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7wy, R(2)RMiEshs. £oDRIG(1)D
WEILHI DIt K 2T 5. —FHREHKEFTTREW
TV, B (1) oRhs Eiind 572dic, CO H =
SIEQWEINAER, TibbEE (1) OHH I KIS
i, FORDICEREBHOBERILARSE S, L
LiEas bRy y PNECTREMEPICLENT, BRECOR
HTBNE S LT, RERLORCEVWTLRRE
LWL BT T D, 2D Z LEH TR S EMBRO
RRLEEBEFEEH LD LELD. 1000%RG L
v NCRIEXELZE L, BEEFICX>T COREDR
ANBETFED bR B, FERIICIE IO R TORDIE
EZEzbh¥, TORDABTRLE.

Fig. 5 BAKIC LT, RROFEHFLCODWTRLAED
DCTH5. BELRCHES CO REHLOHBIXI—2
ZRERVy PELELIRERES LTS, &K
1000°C LA ECOREZELIX A LD DTH 5.
Fh ED 1000°C LI T OEERTIE, 22— XEFSV
v b COBEHICHERTKIBC EEbOREZTRLT
W, FLTHAZ e b2 70THRMLS 2EBED
CO ¥ AFABHABED 2 — 2 ADHHFD 800°C X b
# 150°C &V ZHERERMR2—7ATHST, &b

N . : o100
ol | rd
® * 1 0%- chorcoa! /
80 |-e. : |2'6%--charcoal g
O : 20%- charcoal /
70 FDS
. 60 f
S .
+ 50
(&)
o 40 £
8 Wf 7
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Firing temperature (°C)

Fig. 5. Change of CO/(CO+CO,) gas ratio in’
self produced gas of pellets.
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Fig. 6. Comparison of CO concentration in
combustion gas obtained from burning
charcoal alone and that in theoretical
gas equilibrium.

B A AR OEN, BXPELEODTRENRBIITTH
5. HEHA RIREHBOZHS, ThbbED bR K
JEOBRRBIEL 72 5 X DRTRC BV T, Bk X% 3~4%
DIREREL D Z EREAIEN. IR EL R HEE
T5ZEICXDTRI DMIREETOERS ZPHEE D
EPD, DI 3~4% DERENRETLHELTD, ks
>, Fig. 5, Fig. 6 TRENIBEEAICOENK S
WEWZ D, R E DR HITH DT, 2Ly
FOBEBETCOREDEITRETH L EDBETE
s, BEROMEFE R EoCERE» SELICK
ISEEZRIFTHS L, FAKE N [iticdl vz iz
LeEREXDT, @BURISOELZAILTHZ RN TEA
HDEZEZ TS,
FRRFIBAES DLWV y T, BITKEIC R
WT G+ CO,—2C0 T X AT S his vz,
RV y FOFEELSEZ &2V TIET TIo k<25,
HRLSEISD L, vy PRETHMBESSEZ 5.
T LT — M OMEIRIRGE, TR LL k5. ©
DLz CO;, » CO T BBOEIME —F L,
CO, oM X 2T NEDBRBEN BEiCs0
& J. A Innes'® S3EH LTV 5. 2 OWRGE, Vsl
ALO; RO K~ MCRMELZED BB M E I+
HZETHYDELTEHZENTESY, BEEES R
CHMNENFEREHIET D T ENTERY. ZDRDdIT
Fig. 2, Fig. 3 CARL7=EREZ MK LETEERTO
BILRC BT 5T~ 2DV EREL IO EER
Hhons, BRROEEZEL (Fig. 7) & & xR
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Fig. 7. Weight loss of pellet after firing,
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4 ”\Q\T\
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950 1000 1050 1100 1150 1200 1250

Firing temperature (°C)

Fig. 8. residual carbon content of fired pellet
in relation to firing temperature.
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MTHART, 12°6% KRiREFV » FOF5 C OHE
DEBTH -7 ERTLTWS. Lol 20% (Za 2
Ly PTHRARE 2— 7 2 X BBEREDLNT, I
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A 10°0% BEL Vv o M TR 1 100°C 352 SA
TLBREEHEINAS AT D, 1250°C 25 BH LA 0TI
200 kg/cm?® O EHGEEEZTT. 12°6% KRESV
v T 10°0% {RE Licd DI~ THEE L~ v hsh
DKL, 1100°C IR TR EDRSMmEL RS L.
200% KEEEV v b TIHERIBE TO swelling 5>
HLBLL, 1100°C P ETEHVERBTREZRT ALy b
TH—EREZ RV, £ LT 1200°C 2 B4 EgRER
BE/RINT, BRI hs0h s, EERET
TOREBEBNLUSB UL, RS2 TSRV
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Fig. 9. Compression strength for fired pellet
in relation to firing temperatures. |
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rOFEESIbi X oTB LN D.

3.5 BNy NONBREREIL »
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50N, KR 2000% RER Vv M TR 1200°C 5
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Magnification p———i | Omm

Pellets contained (1) 10°0% charcoal, (2) 12°6% charcoal, (3) 12:3% coke, (4) 20°0% charcoal,
(5) 20°0% coke, The pellet was fired (a) at 950°C, (b) at 1000°C, (c) at 1100°C, (d) at 1 150°C,
(e) at 1200°C, (f) at 1250°C.

Photo. 2. External appearance of firing pellets containing coke or charcoal.
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(a) contained 10°0% coke.

(b) contained 12 3¢ Loke

(c )" contained 20°09% coke.

Photo. 3. Secondary electron image of EPMA (X 1000) showing particle
formation of pellet surface fired at 1 250°C.

(a) (b) (f) comamed 12-39% coke.
Photo. 4.

(c),-z'd): contained 20°0% cuke.
Microstructure of pellet after firing. White :

(e): contained 10°0% charcoal.
metallic iron,

Whitish gray : ferrous oxide (X400)
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