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On the Heat Balance of the Reduction Kiln.

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

Hideo ARAKAWA -

Synop51s :

» * So far we have reported on the physical and chemical analyses of the reduction kiln. . The present study
: - is concerned with heat balances including the rate of input energy and that of energy consumption in the kiln.
The calculation of thermal balance is necessary not only for efficient and economical operation of the kiln,
- but also for reasonable improvement of the kiln-process as a reduction device. = As the result of measurement
of energy balances in several typical operations, we reach the following conclusions :— )
The total heat consumption for the kiln reduction amounts to 1°9~2°6x 108 kcal per kg of half——reductlon
iron sand sponge, combust10n efficiencies ranging 70~80%, and over—all thermal efficiencies ranging 30~
35% on the test kiln. Considerable heat loss amounting to 15~30% of total input is found in the exhaust

gas forming CO and soot. However, we find that the heat loss in the kiln—shell is not very large.
Furthermore, by examining the enthalpy curves of raw material in the operation kiln, we find ‘that heat
of reduction reacts as buffer for temperature of raw material under radiation of burner flame. Since the
. dry part of kiln has a high efficiency of heat transference the rate of fuel consumption is not influenced by
the moisture content of the charged material. The recovery of avoidable heat loss may contribute to

reduction of a considerable amount of heat consumption.
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‘Table 1. Material balance (2-1 anal. per hr) Total éharge 8, 080kg, Fuel oil
combustion 522 kg, Dust 234kg (3°1%), Product sponge 5651 kg.

Q?

Material charged into kiln Production in kiln
e Constituent - Elemgnt kg ké Constituent . ~ Element kg
% |k | G ] O] H]S % | ke c|o|H]| S
- T.Fe |56°87 | 3494 3
S | FeO.  [28°40 | 1744 388 8 | T.Fe | 61:83). 3494
% Q) Fe,Op 0 49774 | 3056 ‘ 918 & | MFe | 28*17] 1592 -
g S 0°016 1 1 & FeO 37°97| 2146 478 -
59| Gang [21*86 | 1343 : g Fe Oy 5°93] 335 101 : ’
\ » ' ; a SG‘ 0°15 85 | e 85
FC  [s4*72| 994 | 994 g | T.C. 5:91 334 ‘
%l VM 251 | 29 10 16 ,
o S 056 | = 6°6 6°6
) . | CO. 15°8 | 1565Nm3{ 839 | 2236
_ ¢ lss2 | as 450 | 25| GO - 5°3 | 5257 281 | 375
AN H. 9°9 53 50 gﬂz O, - 03 307 42 -
38| O |os 402 4°2 g g He -8 | 1787 | - ] 16 <
21 s |27 | 1T . 1a-1 ES| N, 76°8 | 76007 | - | L
: ’ : ' Z < SOy | 26°8kg 13°2 13°2
<8
Moist. =50 | H,0O 3257 | 289 | 36
Air 9637 NMs | |z2017| | | Moist. 1 s307
Element total . 1454 | 3348 | - 52 | 21°7 | Element total 11454 | 3524 | 52 | 21°7
Table 2. Material balance (2-5anal. pei‘ hr) Total charge 8, 562 kg, Fuel oil
combustion 557 kg, Dust 266kg (3°1%), Product sponge 6,130 kg. o .‘
Material charged into- kiln : . Production in kiln
N Constituent Eoement kg Constituent . * Element kg
o v ‘ kg _
% | kg | C | O | H| s % kg c |l o | H]| S
~ | T.Fe |56°87 | 3675 @
g Q| FeO [28°40 | 1835 | 409 . | T.Fe .159+95 | 3675
8| Fe,O5 49074 | 3214 | 966 o | M.Fe 39°05 | 2394 L
& | Ggang [21°86 | 1413 | & | FexOs | 2738 | 146 44 R
- gang - B 0°136 83 8°3
A & | T.C. |629| 386 " | 386 | -
2| FC 68°10 1249 | 1249 8
[ve] > .
23| VM 6°20 | 114 49 65 ’
R 0°16 2°9 1 29 . o
z38l ‘ 2| CO, 14+8 | 1616Nm? 866 [2309
‘8 N . . . w 02 . 0'5 55// 79
5 H 99 55 55 @ @
— 0 . . . . : ool He 0°*5 557%. 4°9 .
g 0] 08 | 44 44 o N : los o o .
= S |27 | 15°0 ' 150 [8S| Ne 7572 | 8 '
271 SO, 21°2kg 106 106
: : F
Moist. s | z | H;O 4527 402 50
Air 10388 NM3 : 2174 . , | Moist. | 5387
Element total 1778 | 3618 | 55 | '18*9 Element total " 1778 [3884 55 | 189
, \ .
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Fig. 1.. The variations of T.S, T.C and C+Cr
in the kiln material. k
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~ Table 3. Result of heat balance. (anal. 2-1)
Heat, input‘ items % 103 Kcal/hr | X 103 Kcal/t sp" %
‘a. Combustion heat of fuel oil 5,418 959 40°1
b . Sensible heat in fuel oil 15 3 . 011
c. \Combustlon heat of reducing agent 8,094 1,432 - 59°8
Total 13,527 2,394 100°0- .
‘Heat output items
, .d«;‘.~ Heat of reduction 3,024 © 535 22°4
e . Sensible heat in sponge - : 1,372 243 10°1-
. f. Noncombustion loss in residual carbon - 2,653 |- 469 19°6
g . Heat content of vapor from moisture in charge:’ 400 - 71 - 30"
‘h . Heat content. of formed vapor from combustion 384 68 - 28
i . Noncombustion loss of CO & H; in exhaust gas. 2,044 362 151
j « Sensible heat of dry exhaust gas 1,180 . 209 87
.k . Sensible heat of dust 20 3 0°2
1. Heat of shell loss - 338 60 2°5
m. -Other losses 2,112 374 156
Total 13,527 2,394 100°0
Table 4. Result.of heat balance. (anal. 2-5)
Heat input items X 103 Kcal/hr | X108 Kcal/t sp %
a . Combustion heat of fuel oil 5,781 953 35'6
b . Sensible heat in fuel oil ' 16 o 3 0°1
c . Combustion heat of reducing agent 10,454 1,705 64°3
Total ' - 16,251 2,651 100°0
Heat output items .
d . Heat of re'ductlon C4,163 . 679 25*6
e. Sensible heat in sponge : . 1,606 - . 262 9°9
f . Noncombustion loss in residual carbon : 3,066 500 189
. g.. Heat content of vapor from moisture in. charge. 389 |- .. 63 - 24 -
h. Heat content of formed vapor from combustion 323 53 2°0-
i . Noricombustion loss of CO & H, in exhaust gas 3,743 61l 230"
j . Sensible heat of dry exhaust gas 1,072 | - .175 66
k . Sensible heat of dust 19 3 0°1
1. Heat of shell loss - 338 - 55 21
.m. . Other losses 1,532 250 94
B Total 16,251 2,651 1000
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Table 5. Miscellaneous thermal efficiencies of kiln.
e I s e 7

Zp?lz{é?;; Combustion Transmission ggz:::lgc e Roasting Over-all

F 1 at+b+c—f—h'—i| dtetg'+kitl ‘dte+g' d+g' .

rormuia atb+c—f—h' |at+btc—f—=h'—i| d+tetg'+k+l d+etg Nt stz
0 | 2 80°7° 59+4 . 92v8 71+0 3146

° | 25 711 70°1 94°4 73°5 34°6

g',h': evaporation heat in g, h

’ Table 6. The calculation of dU/d! (anal. 2-1) per hr kiln.

Distance (m) - 46 | 41 | ‘23 15 9 5 '3 2 0
' Mat. temp. (°C) 25| 110 635 883 | 1,170 | 1,250 | 1,220 | 1,200 | 1,160
Burden Iron sand 6,143 | 6,143 | 6,143 | 6,070 | 5,963 | 5,688 | 5,359 | 5,207 | 5,391
Ke) Cokes 1,173 | 1,173 | 1,173 | 1,117 | 1,038 831 584 538 472
g Moisture - 530 o L .
DR. (%) 5'6| 13'5 | 34°2| 589 63°5| 566
Zone (m~m) 46~41 | 41~23 | 23~15 | 18~0 | 9~5 | 5~3 | 3~2 | 2~0
X 10° Keal "f§§§im 'éééii 8768 | 447°2 | 521°3 | —3%9 |-2529 | —74°9 | —68"4
m zohe AHg ~ 179°9 | 247°1 |" 635°6 | 756%6 | 141°3 |—212°5
o ‘ dHg/d! “o2e3 | age7| 59| 86°9| —1°0|—126°5| —70°0 | —34"2
% 10 Kcal dHyy/d! 677 :
in m k' dHg/d! 22°5 | 412 | 158°9| 378°3 | 141°3 |—106°3
: dU/d! 90°0 | 487 | 784 | 128°1| 157°9 | 2518 | 71°2|—140°5
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VD,

Hp—Hags= 17101 T+33°40 X 10-3T2+20° 19
X 105T-1—61,041 (cal/kg Iron sand)
Hp—Hags=325°34T +39°45X 10732+ 151°21
X 105T-1—151,613 (cal/kg Cokes)
Hr—Hagg=311°12T+35°01 X 1073T2+130°07
X 105T—1—140, 552 (cal/kg Natural cokes)
FI-BILEGERECXS FaOy OEEETE L TR
FZIREIC T 5 SREEIRRIC L > TGEIREL
fz.
Fe30,+4C=3Fe+4CO
4Hrp=1,039,439—113°70T+6°80
X1073T2—114°95x 108T~! (cal/kg Fe)
e B LEBEOEITR ¥ T O ESLLRN R OET:
RICHAITH b0 & L, BIER RN ORI AFR-
OFHBETEOR D E L. KIS X 2 E@RERD

BT, EORBRICLIsDT, Bk, B bk

BUEORE, BELREL TRERZHL, R
Hlfe. BEAMEGRTEGLIS, EERIEEAC L
THBET 5985, C ORBIIREA P MTCE S o

v




BILEOVOBBEICOVWT ‘ 2307

30 (i
: 2-1
-QZO-—'
£
D
£
AN
3 Qu
vé 10 | j/Hf? - dl
o< /}' N
N ==
E' . / / ’
T /”l
° //i
s oTET
=t
T R
==
=)
=
§<<‘l |
Ch
kn
0 10 20 30 4D 46

Kiln length (m)
Fig. 6. The amount of heat transferred to the
material along the kiln. (2-1)

30
2-2
=
< . .
§ au .
B = dl/
Y -~ HR 1 '
S 10 — %
s | E=
3 = [ Hi
T = W
2 2;,’ W” Al
AN =
SoE
—
=
[ryk5 ]
-10
0 0 20 30 40 46

" “Kiln' length (m) -
Fig. 7. The amount of heat transferred to the
- material along the kiln:: (2-2)

T, BRIEIC X B ROBA R ER I CE b0 &

Uz # 214 Table | XFARICES BRI L 7.

SEOFIEEE TR A2 BIREE T 5 RNE R D

30

|

A
a

\

T

1
4
2

ML

du/dl, dHs/dl, (Xlo%Kcal/m k{/hr)
A3
=
A

AN

5
B
Y

o 0 20 30 40 46

_ Kiln length (m) .
Fig. 8. The amount of heat transferred to the
material along the kiln. (2-3)

Bk, BM, KT LICBRTER R CHEL, et
5. DEFRCRCRLEFERIC LT, £HAE8ER
DEREL, KSERWE, BLBMEZOBETHEL, 4
A OBS L i AEE OZLE 4Hs, JHy,

dHr 255, SbRhboZL B2 L 0FHo
FRTHRL, MEFEY hZ{LR dHs/dl, dHy/dl,

dHr/dl 23HET 5. 2722 0 3 H OREFE KD,
A D RS BRI X 1 GO O P8k S BB dU/
dl %18% . [FOPHIRNE CREREED TH, 55
EEBRILOSTRD LG Z L RS BDT, dHs, JHrids
DEL%Y, dU/dl LIERE 755 & E A5, Table.

6 DFRERIcEDT & Fig. 6 X5 Tk, [MpE
BRCE AR dU/dL RIS D ORI S h
FEE AR, BHERSEXIY dHs/dl iZEOREREL S & 5
¥, Ln> TR 2L 8o Hr i BB TRCH 5 .
205 LIERRES A RADET, TibbiE
WNERRILIC X 2 EERT. ASRERD Hy A5k 4
DY ERE R EDT. Mho4iifE dHs/dl, dUy
A OSBRI 2 SR E 5% X 5 7RI DR oo
b0 TH%. Fig. 7 $ 108 Fig. 8 BRI 2-2
FEC 2-3 Jll5E (BS—EIERERE) 1Ko v THEL
TR AR OLTCRLEDDTHS. TNDOMH S
BHTH B, FRAOEBELF VL OREI BN T



208 % X @ % SE (1%5) mIsE

BT Lhbhb. COEMFEOMBETHHE
HN—F— & RMOESIREE (Fd: CO ORBE) B XV
RO FBD P O PR ICBR L T b 2 &,
FEROBHEERT B E TR, BTETEIL 5T
LD, BHRMHR S A Y vV TE L GEITR O FR
 RRESKEX LB, Lo TIHEOBEDEEE)
BB D CEBEREEX BN . WERHE AERS
ORI CHREERSE CE L LR T RE s L
<, BEH AQTEBEIR 2 bRy, B0 SHKS
VHRRERA TR B R S LSRN L AERE NG,
RS THS 9~23m OHETIE, 37 A RET
MET5 Fig. 6(2-0)%, LB ET5 Fig.7
(2-2) B X O Fig. 8(2-3) icHBL T, BBL, WL
LENEZTRL TV 5. COEMGETEH ORECRE
 THFERENOREDD L, BITHOEREVSEER &
CHEIND. BECOVTIOEDOL S REZLND.
ZOHEIROBEFHEETE 650~1,000°C CH D, CO X =
WX DHERTORIERTHHDOT, SEFLO L
SRON CO: FEHEEO B\ ER DA 13 FBE
SEHET 5% 25 Boudward SEHICIE TV ML & 75
. CHICR LEREOR 2 — 2 XOBEIER e X
DEEN SRR L7 D, BERRTTAEEAT 50T, BT
T BBIRBNE 8B, BICDAT X S ITAFE T
RIS 2 A REBRT & LTRE> TV 50T, 2-1
OB 9~23m 0 dHr//dliF, EECIE SEN

ETHDEEELXLND. & &) IRFEA(C~3m) 5>

5 om OEBTH CRHERESRENCAS <85, C
OEROBETIE dHs/dl BADEEG D, FRE SO
BRPETISCHESN TS . N—F —BEOET
TINRTERISHA E mbHBIREZT L, FRHEECHL
TREEERAZ DO 05, LEBOTHLEAD
HORECRLSMIEIND &, FURHREOA#T LR
PR, FE~OMERERRET L. ZL0BEL &

Y2 rHE (2~3m) D 5m OHUETIE, FEMYD

25X 10* keal/hr Ll EQEBSTHbL TS, £hd
{ZBUBEIR 2 755 % VU NBE m2 WD T & 4°2X 104
keal/br DIETH%. Fig. 6~8 DIFFE 0~46m ¢ dU/

dl 28545 L, BOED 365X 10*kecal/hr, 357 X104

keal/hr, 319%10tkeal/br Tk 1, JFPIEE m?2 Y 1 1°33
X 10 kecal/hr, 1°30X10%kcal/hr, 1°16X10*kcal/br @
COSEE D, RV OEEEELRE TS LT, F
£ 70% 1T 4X104keal/m2/hr OIEEDSER L&
By, FEEECIEBAED 2°5 HOMIAEN b TR 7

BT LD WFS A v TR DR E TR |
2m OIS IIEAFRHCBEL Cohi BDEE T

NB. FLTHEO RS ISR 5D 5 R OB

50 IHEDEER L5 T LITRTHRY TOe.
Fig. 7 WRL7 2-2 BEOH IR E BARA 2R
TR L b bT, BERIEORBBEET S . Ptk
DFRHC BB OB\ 5 5 B IRELLETRE L, s

S OBLEBRRAOTAS T  RFhEBERILTED

WZ Epbing. :
DLEETE R — & ) — ¥ 02 OREIEGEE L FNOE

BREOBRFTETEORDTH DY, RO F VR

HTHAY S  OREHEARZIERT 5 L TE 5. —
HOBMERZD LRV OPOREERLZHRRL /20T
BETHEL V.

5.

GHio—2 ) — VL OMEERELDL LICLT, Fo

il

W CRY) O WR, BHEREETR S RIS, AlER

CERZBREICRS L, RENOENEEORE R

LERtHL, FROGRREBEHEEL S XOEHEZED

Lz, ;
(1) BRFVvoOEEEEFO A 4 v REERMLE
WKCHATT 5. EREHDOA 4 90— dRMAICRI
hb. o B
(2) BILHE 60% BEORTTHMEEED t %1

EERET, BITAC T — 2 22HERALL & 193X104

keal, MR ZHEH L7z & 215X 104 keal, HiFHEEOE

 EREER L2 L X1 260X 10 keal DL D72,
(3) BmF vy OREN XE0hic CO DRRIBE %
&R, FOBBERBD 15~30% TR L. B AR

DORBEL IR THICEEEEO SO HRET 513 L
KT5. , R

(4) EBHRBREISERHNET2erT7a~-F0 7
DRIETA S 7R H L 137 SRV AAROKRIEHIEGIE
X 30~35% TH 5. ’ ’ :

(5) FHROEBIFEOREBRE CAYNTS. HHH
WD 2 mAL I E OB E TR B . :

(6) NeoF —BEETCINBTRISHK X IR E T
L, BURERB LB TECEIR L TARBRE R

(7) BOREEAMROBERO S 5 KiRiE\ W ZEgh=R

BHLNS. FEOBSIRBREMCEEL S IEXS

7. : ;

(8) HeHumoBEERL, BF AP ORBREBRICDOWVWT

ASELORMMBRDSNE. S
3 [

) FEN - BREE: g, 49 (1963) 12, p. 1753
2) I BrEE: ghed, 49 (1963) 13, p. 1861

—_ 10 —



é?a 5722» 3/ 547 1%/

NeUFA L (FeALOY DL CRERE o 2309
3) - &4, 50 (1964) 14, p. 2285 = p. 111 \
4) FRNN - BRe s, 51 (1965) 7, p. 1227 S 8) ¥ - FH, fia @eaﬁﬁ, 47 (1961) 3, p. 263
k] 5) H. Gvoar : 3rd International Sym. on the chem 9) KusascHEwsk: : Metallurgical Thermochemistry -
of Cement (1952) 1956) Wiley, NY. ‘
- 6) HE® 2V MERH S, BRERR&®RE, T-5 10) EEE, BAe%s (1962) H3E
(1961) April : : 11) E. ZEcLER : Zement—Kalk—Gips, .9(1956) 5

7) M. J. Upy : Iron & Steel Eng., 11(1959) 11, S 12) Rk - B TEZIE (1953) LI

N—vF 4+ (FeAl,Oy) DARR & BIERIGT
3 T B el - Bl
The Study on the Formation and Reduction of Hercynite (FeALO.)
F | Susumu MINOWA, Mamoru YAMADA and Makoto KATO

Synopsis :

The spinel hercynite (FeALO,) occurs as a reaction product with the deoxidation by aluminium "of
liquid steel, or when iron oxides come into contact with alumina refractories. The behaviors of hercynite in
liquid iron and steel are of great interest, but until recently, few 1nvest1gat10ns of the rate of formauon and -
reduction of hercynite have been carried out. :

, In this work, the rate of formation of hercynite from mixture of ferrous oxide and a-alumina at temperatures
’) from 850°C to 1200°C was measured. The rate of reduction by hydrogen stream at 700°C to 900°C was "
measured by the thermo-balance method. As the supplementary work, the products of reductlon by

hydrogen, solid carbon and soluble carbon in liquid iron were examined by X-ray diffraction.

The results obtained are as follows :

1) The rate of formation agrees with Jander’s equation and the value of activation energy is 60 kcal/

" mol, approxxmately The relation between rate constant (k) and temperature (T°K) is represented by the
equation : v }
o " log k=—14410/T+7°69

2) The rate of reduction agrees with McKewan’s equation and the relation between log ¥ and T can be
expressed by the following equation :

o : log k=—8390/T+2%42 ~ .
From this equation, the activation energy is'found to be approximately 39 kcal/mol.

3) It is found that FeAl,O, is decomposed into Fe and materials of spinel type with H; or carbon, in
the first stage of reduction, and at high temperature the spinel materials finally become a-Al;Os.

(Received 30 Apr. 1965).
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