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The Travel of Raw Material and the Distribution of

‘Temperature in the Rotary Kiln.

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

Hideo ARAKAWA and Ry#zo Ivopa

Synopsis:

In the previous paper we described the installation of a multi-purpose 46 m long kiln with
6 sampling holes and the method of taking samples from a reducing kiln while it is in ope-
ration, then showed some results of measuring works.

In this paper we discuss the travel of material and distribution of its temperature Many
literatures are found which investigate the transportation of raw materials, through a rotary
kiln in the field of cement industry. -From the viewpoint of roasting reaction, the material
is composed of a single element for a cement kiln; however, it is always a mixture of 2
elements ‘which consist of reducing agent and substrate for a reducing kiln. Then if segre-
gation occurs between 2 elements, it means an interruption of reducing reaction in the kiln.

So the segregation of material is one of the most important facts in the reducing kiln.

After various experiments, researches and observations, we reach the following conclusions;

(1) Segregation occurs because of different repose angles of material grain.

(2) Travelling speed of grain through the rotary kiln is decided by the ﬁlhng ratio of
charge and its local position in the bed.

(3) The grain of iron sand is so fine, and the reducmg agent is not so fine, and as the
result, the reducing agent has tendency to segregate outside of bed We call it belt type
segregation.

(4) Belt type segregatmn grows into rippling distribution across the axis of kiln, we call
it striped segregat1on ;
_ It is necessary for reductive roasting W1th kiln to control the grain size of charge material.

In the future reports we shall analyse the segregation quantitatively again.
 Generally, a reductive kiln has three zones by the name of drying, heating and reducing
zone. Measured distribution of material temperature is almost linear throughout its length,
and the rate of heat transfer in the last zone by means of improvement on heat transmission

and prevention of segregation in charge material. (Received 31 May 1963)
I & v _ \NCHETERED D
. = " 0 & Y — ¥V B GERANERCT, BULELETT S

BIERD RV ClIER R L LARBRE VL OBHEE  LARCESEROFEZKFAMCEESE5 30N
BB OV TIES, [FROME - ¥ XBIRESTT  7O@EFERTNS. Lo LEs CEEREFHERO
AN k,lﬂ']%%%dwl%m Uiz ABCHEESERETEE  mEBEEEEE T, S CBERORBECRET S
DIFIC L30T, Fovy NOFRBYE LRESHICY  BREWERZ o T 2. BRF VTRV TR, [
| ‘ R BT L RTEH D= TR AT o THE D

* EABTEIOAASBEARIC THE

R3S 5 Aol 0 2 v WH O£, DFRBRPCSEEZELD . b LETH
R RUERATERRAH AR TH IR (CRTTHHRT DT, SBIEH 2 DIRRHEYH

— 3 —




1862 , s r @ 549 (1963) fE15E

AT LU BTICR Uy MK S B B KT
LEZ NG, RS DT IR 5 5 LR O
T TR, FUURBEORE RS D D BEER
BELEOTV S, FROREN TV 2 OEBEE
CEOTHRESINDSDTH DD, FEILH LR TS
FHVETRGE DRITAATS 5 el L{REE, Ficfik %o #
BOEELLLL LAY VP LHEEEGREE STV S.
chicET sRERRECER T L e L, AETI
FRRAHROE CRHEIC X VBT DEERFT DT,

O IL FArRERBE
(1) —fa ’ |

FoUNORENEEREICE L THEO»DE X U b

LRICBVTHL OBIRR D 5270, — R X <51

XN DHDIE SuLLivan® 5 X 08 WaArNrRDDFIR L72IR -

KTH5.
. =Ng°i2111: 0_;( 1) ‘SULLIVAN
# =f le\;';7alls——_1(ér..b.".-..'..(2) WA?NER
RREL t: RPEERSR (mn)
N: [\ & ¥ (rpm)
L: @ B (m)
Or: JRELRE A (deg)
D: 7 BN £ (m)

Fo FRNEREREL
Os: 7 DA F A (deg) ‘

,%Lﬁmﬁ%#wy®%ﬁL=%;D=r%,m=ﬂ%,
N=09, O,=36, f=1 ZIhFETSEL, ()ORTE
205mn, (2) HCIE 200mn OEEREAPES. (1) Rich,
MG X TV B DIFEE v U RE D 6, 2% 36 FERLT
BV, ILETHEE LTH OTHEI/NE R
LTHOoTHIERERESE LD THDH. WARNERIE
SRR DRI AT 0 T, RN TR 6l X IR E D
VREEVE, KB, BORHES, BFRHES X VERWIFNOED
MACbHERZI T ETH 5L LTV BOLRL
GYeIEEOFTERCEE IS L LTS,

(2) %o NERHRIEOHEE
‘ 4 (2) BRI v OFEEL A, FEo®ms
BHEIEEEES & 6, OBBRERD D LRADLS TS,

S =138 1/1/ Trererrerreersesnivenersssusseneeann (3)

$838 b 7 R &ML s DIRTE D T SUEHE D\ TR CH
BRI of. B LB Fig. 1
TR, AP0S4 BECHLDOREFOAZE, L&
OB OB EF. ARERE 0cm OEEET,

Wire
Glass cylinder ‘/O\\/ :
Gradyation 3
Material  , Goniometer
. Woodlen box
- l;g‘
gren
\ ) )
" , Material
| Roller : ; 400 :
! .
< 300 > é )
, T
A ' v B
Fig. 1. Measuring instrument for repose
angle. '
. 80
_ B Bt P ——
///i i » [T
9§ /; ,/ .. \\
70 P i — 120
~ Tp e i
< | =
5 — 2t N <
N -----2-2 h g
X - 2-3 N
g : IS
2 S
8 b 3
S 50 110 §
a2 PN i 2
)
RN
40 ) Jpp—
N B
o . 0
300 3 g 5 23 47 46

Kiln Llength (m)

Travelling velocity and repose angle
of material along the kiln.

Fig. 2.

EEFIAL L. BBEEANE -V VEBTEEE
CF-HECE LTRSS, EEORTHIEL,
AR LT a7 GO ) 3 & T OERA 2 7K

5. ZOAEE 20, TH5. B IXEERSE OPFESN
4em CERE BT ANEZET CREO IV H TAE
B OEBTHEKA. Mhd 10 EOREIEDFEEE RO
7-. Fig, 2 TV BRIBo ERRE BOHEE, T

DfE%E (3) RIRAL TRBEEE v OZ/L 3 fl27R

Lic. &HERD 0 B5RENE, BARR—EOLE» D
FOHBRDOF VBRI Y ) OFBIEER, 2R
LR O E OREIRE X b LS O E RO ARTE
PEE I, PR AREKEIRETS. Bk
DEEIC X o TRKD DNIFREROREH & FlEiE
2o OZALH% Fig. 3 WRY. —RTRERZEARE
AEBESORDIERCARE Y. BELILCREABIRA
HLFEOREHRATREER &0, SOTRTHECAS
LR T A OBEBEHRBR R E RO CTHUTH#ALE
ROV L 75 5. Uieds2 T HeRIBR SR o ok

w“\

ey



%yym@ﬁﬂ@@%;wﬁg%ﬁ' _ 1863

ZOX'
/N
AN 2-1
3 W\ ] | T 2-2
SHAENSNT | ——- 2-3
\1
™ \
NG YA
= 7 N A
2 AN o IS
SN ) =
S — ] N
3 Ny — =T :‘z’_
N . ¥
3 3 ' S
S v : J
5 NN T T T e
‘ \<:>\/:./—-j:
1 T
053 ¢ 23 PP
Kitn = Llength (m)
Occupation ratio and depth of mate-

Fig. 3.
: rial along the kiln. '

SEERIAS I, FORHE X & FEHESRIE REm O MY & 7
4. FOBECHRIERENAMTH I LFEETRECE

THb. HERERESH SRR ORELZEC LT

HEERTHHH, EBREEH OF AR OIRERI M
OERPEETHDOTEHLROIEEZ L T 5 T LR
EOFERHEA L. ' :

(3) FERT LEOED)

Fovr NOFRBSBICE L CURBOREAPEERE
REB LML, BEAIWEONE, NTHE,
FoIR, BEREN T S EDOTREINEGHBD, Fibv
OB U TR RN R D R EREEERD,
F VL OEERIC & B R0 CREWC X S RITHSE D H\ .
Fig. 4 1B F Vv CHR S AR ORESfE, K
B LREADERERLLLOT, —RCHTROHE

T !
\\‘ 1 Y . ’
r \\ ‘\‘ s @ ‘45
Ny I¥] .
e
\\\ . /* o
e Br i re
80 SN g 0S
~ | T A 103
R} el b4 g
36‘0 :'-——;: \ 35 b
8| | | —1s \__./ 1§
- ! R ‘Cokes . : =
g ! 1 H
£ o— —= Nat.cokes 30
B b |
P
2 - | Db :
S ah I T |
[T N B
v Ao | . :_J—' :
I H ! T
H H ! H
oy { H | Sy P i 1 H A—
5 9 4 2 7 05 025 05 0] 007 oM
Grain size (mm)
Distribution of grain size and repose

Fig. 4.
: angle on the kiln material.

Photo. 1. Belt type segregation of pellet
ball in the rotating glass cylinder.
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Removal motion of material particles
in a bed, which flows through an
inclined rotary cylinder.
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’ the material along the kiln and the
distribution of material temperature.
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