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On the Improvement» of Reduction by Rotary Kiln.

(Study on the pre-reduction of iron sand with a rotary kiln—VI)

Hideo ARARAWA

Synopsis: _ : - .
‘The present paper in this series of studies shows the results of testing the new techniques which
“improve the kiln reduction. So far the design and operation of the so-called ‘throwihg-coal method’
have been examined in order to prevent adhesion trouble, that is, dam-ring. Previous studies confir—
med the fact that immoderate reoxidation of the material bed at the discharge end of the kiln causes
adhesion trouble. .The present study finds that we can . succesfully prevent not.only adhesion trouble,
but also spalling by‘adding a little amount of highly volatile coal to the material . bed through the
discharge end. It also finds that 30kg coal per a ton of the products is enough for the purpose
mentioned above. ’ o ‘ -
Now, the special arrangement of the particle-size of burden material is needed in order to regulate
-segregation between ore and reductant in the process of kiln reduction. We find that segregation is
regulated and controlled by arranging the particle-size in such a way that the differences among repose
angles of the binary system may be kept within narrow limits, that is, within about five degrees.
In general, since there is a considerable amount of reducing gases in the exhaust gases of kiln redu—
ction, we make a great deal of heat recovery by injecting air at the middle part of the kiln shell.
The amount of air theoretically measured for complete combustion of exhaust gases, together with
~a small amount of excess air, was introduced into the kiln by means of the air fan installed at 559 of -
the total length of the kiln shell from its discharge end. From this experiment we found that reducing
gases burned with injection air of 720m3 per an hour, and that the middle part of 46m long kiln was
heated up and reached the redué’tion‘temperature ‘because of this combustion; as the result, the heat
loss amounting to 515X 103 keal had been recovered.
" The operation of the kiln. under new techniques such as throwing-coal, control of particle-size, and.
air injection, shows very satisfactory results. The kiln through-put increased by about 30%:; the con-
sumption of fuel oil was reduced by 209 ; the residual carbon contained in the products decreased to
2% the reductant needed in burden was reduced by 7%; and the total heat consumption per a ton
of the products decreased by 270% 10% kcal to 1840 % 103 kcal. Furthermore, the new techniques made
the operation remarkably easier and freer from dam-ring. :
' Finally, we test and evaluate other improvements such as:- dust circulation, installation of chains in
the feed-end, sectional air injection, installation of ring-dams at the intermediate.

(Received 14 June 1965)
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Table 1 Analytical data of reductants for
' throwing coal. (wt. %)

Chemical analysis | Composition of grain size
© Class -

FC [VM [sh [H,0| ] o [1- 6]+ 5[+ 1| 1
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Coarse 32-0)14-339'514-213-330'626-921'3 5°5 2°4
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Photo. 2. The microstructures of kiln products,
under throwing coal (a), and traditional
method (b), containing 79 lime.
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Photo. 3. Segregations between white sand and

natural cokes of various grain-sizes in |
. the rotating glass cylinder. _
Grain-size in mm; (a) 3~4, (b) 2~3,
(c) 1~2, (d) 0°5~1, (e) 0°25~0°5,
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TIRPDIDT, TOREWDIITT BB X 5
TR ER 2T WEIEE L7z RFEMOSE 28T 572
DIV, B S U THRIRT OS2 B 1R L 78 T hidis
B FUUEREST S A MAEICEAL CTEEL,
%%ﬁ%%%ﬁbk-%@m%mm%%m%%wfﬁﬁ
DERZEEE L 7. TORR, TRROE S 2 FERED
BRES X DS VBETIE L A ERB ORI TDbR

T, BWEREVHEIEERITHEIR DR DR A

FEHXTT, FEMBEBIRITED L &P EDT.
O EWRET DR ONEZZ(LL TRITO SRR
" BiZ L7z, Photo. 3 13Rbgk L RNE CREI N, F—&
BAZEOEMIC, 0°1~0'3mm OREE 6 B
WEEZEX AL 30% BAL, # 7 2FEICEAL
“CEE L 72 RBBOEERTH 5. ROKES 3 mm kb
Tmm FTHIA LR D L, BRIEAIID S X ORE T3
DEDHEROREBDE 40, OFE/NTL 72532 T 57 R
B . BRITAS 0°5~1"0mm (40, =4°5°)ic it B &R
_u#ﬁmﬁ<&n,o%~@wmmwﬁa@%fmﬁﬁ
WEOILKBOOLNTERIREEED. L L IDITH
L 0% 1~025mm  &7DT A FHERD ZHEAM R

BLD, 40,=4° LFHOKE D L BEHROEIME

 EDHEEOEREITE D TOE ORI e B — IR
BRERADORL DT ORERTIE, TOREAENS

BEDAT B, FIR o BEIEIT 3D Shd, 2RI
137 EUT OETHIISHER BT OB LT E 5.
JRSE% SRR SR & U Tcif ., ERNOIS IR FORE W
BBAT 5 T EWE¥ 270 <, HLKER 0°8 mm D)
TREBEITNERBELZFR2ELES . ROWNER Y
BELLBTHA 5 T 2V, EOBETEIRS RV IES

DTHEL, FRMREERE T EOTFRATHS

4. BEHEEPOEIVGA

41 BEOHEAE “
BTG %V VIR SRR R A L TINE T B 0
T, BERESERANC A 5 BERET, L
CO PJIRE Ly, FRCQIEERTE LS. &
3% CO WIFRBLETIFNEMALEL TRETS

2%, FOROETTY], IR CIFNRAKOBRE

AREL, RO E EFEOPEN 2 CRAT 5. %760
EETHIER S ® L ORAITH BPEVE, ERIDS
SRR L SRR ORITLREEICER D 5 DT, SHETIRH X
VED RIREICHAE LTIEE A L BRRS Kb
T, FRCRIRREECHNSh S . FOARITh DT
T B DR 2 2 IRBET % 731 DR G 2R O HEHEL~
BYHET 5 &, BHIETEZ WS U B L <ELlE 2 75D,
BITERNOEBLEZEL, £4Y Ly ORERRELR

CF B LERD TRERFRO F 0V VBN 2T,

BHERDRBERIPEENDIOHPERTH S . B

BEROETR L2 L 510, FvUFEH ARICizCO »

4~7% EHEF, EORMIBEENE ISR t D 200~
300X 108 keal & HEHIA X 7 [ETH D . L LHEH KT
Z L L TOREEEIL 150~300kcal/m3 ¢, HHELEIIR
THRIEDED EMETH 5. FRIBESHLUET
LEKTD, TORBBEIPNTERT S 2 208 %
L. FVOFERERICEREZEA L THEEEDREIN
B0 5 BRI # <, 1940 4EARIC JOHANNSEND T

XoTIIEEN, R-N ¥E0% PCREBEAShTWS.

INSOFREIIFRNELY KREX D AICED, FEHE
BEBT 5 7 bRBU TRLREBRBIEATS 2 2 TfF
b TV 5. RS EECh ZRIRILD 5 28,
FRFADLE, FROBFIER EOZLTHAZSE
B, FEPLTALWKESRD D . @B~
DEGEACIRA S &+ OFFEMECBI L CTHE LD
W% 35135, Figl 6 1XBRERF L IO\ T Hikmllse
LIFRESTTH S .- PERE®ROY > FY v ok~
VEBL CERBEZEAL ARV, SREFHED
HT, KAERREL LBEATEDb L. JlEE
OEEEZED 5 2 L BEREPILTR27%. LD

— 14 —-



o

{3

4

BEMERr ~ %) -3 0 OWHEBERDOWT : o 15

Kiln shell

/ \\\\ £
- a4 A :.-\h
o /| 3 e /
< ! Ve ———— ~ l\/‘
g 3 £ e . \ \
£ / °
! /7
~ 2 H—t N y
2 R L
3 IV \
8 '/ \
O+ ; \I
Q I’I. 3
o ., '
v
/
- .
0 3 9 7 23 4/ 46  Exhaust

Kiln length. (m)

Fig 6. The distributions of atmospheric pressure
in the kiln process.

T HBH, AIFOHTIHERD REPKLELCH LT
FEETHS. & CFEROBHEER 7R FIRCR Y
BEED B O D RIFEHRIEICKL 36% THY, TOD
WAR BT S FRY - — bR BET 5 & BRI
20%TH 5. Lizds 2o TIERESEE ZAmEsS L TX
ST RFLE R L, FRNER IR 720 I i BRI o &
BRI A X Q LRFER DRV, E/cd A M
S BEZFRD3%ET 5 L, FEHRITH L 20~25g/Nm?
LY A A HEO HICKER BER VXS5 BEbh
5. L LIFEEHRTREELER, d25wWida—-7v7
DU O FROEE DT 2D 2 DT, HADRHMILE
BE, RELEOHANRCIY, FRECEETSLE
Z2Bhb. TNDORRE#T B0, FHREKEITER
WArEEFREL, BERAZITR S FEEAHETL CREF
BiER %S, BEARATRAREPEETDHD S5 %, ¥
2 POWHBRX WO TITENEREIRE .
4-2 WUGARRE

T HAVGAORBR R E LT, RAHLERED
SUERETS. B 1 ORI, KRS TEREEA
U 7o 2 532 O AIREE T L I T hgis B, 1
R 2 DFOKFRFR L T - Le Chetelier RT3

BRTWBA, APITIEIREEN 2 53% <, TRSHST

I HEEN W TH LD TERIC X o7, Fig. 7 1
S PR DR L7 COy 17%, O 0°4%, CO
54% ORROFEA ZBMC 02 BOBKERA L,
BECHE L P ORBEEREZRL T, BN R D5
AR, HELREEORRERLALDDTHS. M
RORT: DT ZBBNC D W CTTEL 725558, 650~700
°C QIRET BA&MRET 5 L dbnoiz. Fig. 8 i

03[

CO/CO+COz
°
.

ol A
o \ . i N
400 500 600 700

Temperature (°C)
Fig 7. The relation between temperature and.
combustion ratio of kiln gas.

1400 - l

AN ‘ Suitable zone | }
o AN " for air_injectiop e
-~ SN AN ! i
1200 > g i i ;
~ ] :
$ : \\ E : !
< NN ! :
. DN :
S o\ x,‘o\ : g
L 800 S N \i ’
2 A T :
g ] N N T i
7 N 1
g &y ’ \\TI(O .
}3 ) . | \ AN

400 T N :
. | Tm\\ N
' N i
- NN i
Injection x|

point

o] )
6] 20 40 60 80 00

Kiln length (%)
Fig. 8. The suitable zone for one point-air
injection (No. 2 kiln)

SRER % 0V L OEMEFURHARE Tv &4 ZIRE Te 277 -
Z OIREEZy s HYIWT3 I, A D TIRIE A Z{REEDS
700°C Td HIFE 65% DYHSE LS. BOFMHEL

L TRAHLE D ERRIE, BRBERD CO: HZBFREBD:

B & B2 L C carbon solution RSB XNV &%

CHAKEMEL TS, COREZFERIT 900°C LT EE

5 EEpXE 5. Lo LERRKAZTTR S LRI
AT L CFEBHEER LR T5. obiilR5X 51T
EIRED 80~90% HERHCHATE 50T, RAHLRIC.
B 5EEEY 300°C ERL, R T'm X5
WA LD . Liato T XA X! MK E BT
BE) LA D _LIRIXFE 50%(23m) DIk L7t%. &
BOREEE 2 5 &, RRHKIZR DL X A
B HRETH BN, KRE Z b OTHEMELEEL T
WA TSI 2 FF OBEAICI, FRE 55%(25°5m) it
g2l 72, RERFVUERICEME LT v 7 1358 35m3/

— 15 —



16

B X M m o524 (19%6) 18

45

40

30

20

10

0

Volume: of injection : Mm¥min), Velocity of injection :V(m/sec)

Fig 9.

- Photo. 4.

70

20 740 60 80 oo
Damper position ‘of blower (%)

The characteristics of blower for air

. injection. (No. 2 kiln)

The' equipments for air injection on the
test kiln; Blower (a), Slip-ring (b), Duct
for injection (c). ‘

‘min, 220mmA, Ov B Y AT 7 T, LERIETE
RO THEAL 2 25, ok Fig. 9 D X

5THOM. BEEEORRE NV EH 2O CO
B35 %D & & LBEEGEITL 20 Nm3/min ThH 30T,
OREIME DRI oo L it D . BEEEY 7 o

WD~ 2 ~23MELT 2L, £ FOEESIEILD

T, (REESEBEICL . BERSERICEI 2 ED
29 v FY U EBLU TR, LhER — 5 — 2L
THEMICH L 7. Photo. 4 KA D ISR L e
(=2%N Efiﬁﬁ“ém’éi&ﬁ‘ﬁ MiE 13Cr 8, 12X18cm O
ABT, MLl CERETE LRI L %
T8 . HEBL 2 FOBHIIELT, MEMENC L
SRETIX 250°C LIFCHo%.

4.3 Eﬁﬁﬁﬁ% ,

RO THIIC o 7o 2 BT BRI OBLER,

BREfiny, 4@ HEEz BSELcoSo BRE
7. Fig. 10 13 ZR0AR OIF N EORHEE 2575 (Pa) 246
RIFEPO LB L TRLDOTHS . BlEm2-80G
&, mAEH¥E) Tz 720 Nm3/hr OEKKRARZ 5o
7ehs, FFRBEIA 2 DIREVE 360°C HRL, WRARFTF

BRI 2-5 (g, MEHRNE) & LBL T 35°C
DIREE ERSERD Dz, Lahio THRARBHE S 2 0

e T BABE NI WA RT DBE S X @ 35°C @%?ELEE?%E,‘
BECRBERRD No &, JOARBEA 2 hic&Eh s
CO tMAMFELET S CO: LOPHBEREORIITS

DT, FORERAEL 7°2t/hr, FEH ABEH 9350 Nm/

hr @ & &#) 215x 108 kcal/hr DELTES. 224 1 Nm3

Air-infection

1200 \i pO/[n .
e !

S
Q

(°c)
3

Temperoture
3 o

3 1
n '/ b
/

00 3 9 17 23 4, 46
Kiln length 1m)~

Fig. 10. The distributions of material temperature
in the kilny (2-8) under air injection,
(2-5)- traditional. : -




. .

o

ﬁﬁmﬁn-&u—#w2®&3&m0m1~ ; L 17

80

X
N—
«
Q
©
3
<
(53
a
&
o}
«U i

o —— '

03 9 7 23 o 41 46

Kiln length (m)
The variations of components of material

Fig. 11.

~ and degree of reduction throughout .the
kiln under air ‘injection (2-8), adding
D. R. curve of traditional . operation
(2-5). ' o

e

40

©
8 .
O -~
3 0R
~ - ~
o) / 2
() 7/ o
‘\3’ =t 20 =
S . S
® /—Pa\\'/ . ES
R . 3
& . 3
@ 10 g

____________ 37/—/

80 1oo®

Kiln length - (m)

- Fig 12. Comparison of occupation ratios and angle

_ of repose - of kiln material between air
" injection (Pa) and without it (Pt).
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Table 2. Material balance (2-8anal. per. hr); Total charge 8,045kg, Dust 266 kg (3° 1%),
' Throwing coal 158 kg, Air injection. 720 Nms3,.

Material charged into kiln c Production in kiln
y Constituent - , Element kg Constituent ' Element kg
g : i a0 | ) ) »
] ‘
% kg C O H S ) %, kg C O | H
' ©
'8 T. Fe |56°54 | 3274 ‘ %5 | T. Fe 160°90 3274
‘So FeO 29+80°| 1725 384 1 ¥ | M. Fe [36°25 1949
o | Fe,O3 47784 | 2770 833 } & | FeO 28°89 1553 346
s S~ 0016 1 : 1 g | Fe,O3 | 3°14 169 50
— Gang [22°34 | 1294 : o 0°098 53 :
= o | T-C. | 4°87| 202 | 262
3| FC 73+13 | 981 981 o | Gang [25°75 | 1438
S| Ash - 121+85 | 293 | - , = :
28| VM 487 65 28 37 « | CGOq 18°6 1438Nm3| 1063 2836
g-é S 0°15 2°0 20 |s 8] CO 0°9 %7 51| 69
& — : —— §Z| 0, | 0°3 327 46
= G oBe* 2 |.290 290 eS| He 0°0 -
Sl H |99 | 33 , 33 2G| Ny,  [80°2 | 85617
g8 O o8 | 3 | 3 = 2] SO, 13+6kg . 6°8
ey S |27 90 ‘ 9*0 H,O 2977 264 33
w | FC laiss | 65 | 65| Moist. 6867
‘$13) Ash 16°24 | 26 : ‘ : ‘
o VM 4211 67 13 | 29 Element total 1377 | 3618 |~ 33
- 28'S  |o010] 02 ‘ 02 |- : :
BEo v : ; :
| Moist |- 686
. Nms3|
2 In:]ect. » 720 1216
Primary 7052 2116
Element total = | 1377 [3618 33 | 12°1
Table 3. Comparison of heat balances of kiln reduction between the operation
“with improvements (2-8), and without them (2-5).
Operation ‘ 2-8 ' 2-5
. . X 103kcal/hr | X 108kcal/t X 10%kcal/t
Heat input items kI’ / sp’ / % sp’ /
a .,‘Combustlon heat of fuel oil 3,488 649 287 943
. Sensible heat in fuel oil 10 2 0-1 3
¢ . Combustion heat of reducing agent 7,912 1,472 65°2 1,705
c’. Combustion heat of throwing coal : 727 135 6°0 —
Total . . 12,137 2,258 {100°0 2,651
‘Heat output -items
“d. Heat of reduction 3,379 629 27°8 679 2575
e . Sensible heat in sponge ‘ 1,271 236 10°5 262 98
f . Noncombustion loss in residual carbon 2,081 387 17°2 500 188
g. Heat content of vapor from moisture in charge . 509 95 4°2 63 2%4
h. Heat content of formed vapor from combustion 221 ‘ 41 1°8 53 1 2*0
i . Nonconmbustion loss of CO & H; in exhaust gas 290 - 54 2°4 611 23*0
j . Sensible heat of dry exhaust gas o 1,202 224 9°9 175 66
. k. Sensible heat of dust : 17 3 0°1 3 01
1. Heat of shell loss . 338 63 2°8 55 2°1.
m. Other losses ] 2,829 526 233 250 94
Total _ - 12,137 2,258 100°0 2,651 1000
Actual heat consumption (Total-f-h'") 9,882 1,839 | 2,108
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Fig. 14. Comparison of the amount of heat trans-
ferred into material throughout the kiln
between the operation with improvements
(2-8), and without them (2-3).
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Table 4. The improvements of efficiencies in kiln reductlon
(2-1), (2-5)traditional operatlons
(2-8)' operation with throwmg coal & air injection.
S e . Nt L s - Ny i
: Zﬁ}’liecfg:laély ‘| © Combustion Transmission | Heating substance Roasting ' Over—ail
. ) - ___!_ k . ' k+1 d+e—|—" ] d+g'
F 1 ad+b+c—f—h'—i d+e+g'+ g g e
T ¥ Brc—f—h' |at+btc—f—h'—i| dtetg +EFI d+te+g' Dot s 0y
o2-1 | 807 , 5974 92°8 7100 3176
O 2-5 S71°1 ‘ : 701 . - 944 : 73°5 . 346
' 2-8 97°1 s 56°3 935 | - 74°8 382
Table 5 . 'Improvemifv:nts on the operation data.
.Operation - ‘(Prodtuctiyitz .) Angtel%ﬁzr;fion, Consumption of Material .| Actual }?eat. consumption -
- ’ per t sp. or PAYE . 1y F..C. Ratio | .5 ' X10%kcal. . -
o 1 9oy [Fueloil(/tspD)] (g 5. 1.8.) | 10%cal/tsp | (/tsp'.DR%)
Traditional’ - | 5 78 % 187 2,108 | = 295
mg;ovemems 6°8 76 71 17°5 . 1,839 . |. 27°2
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