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A Study on the Reaction between Chromium Ore and
Alkali during Roasting in Rotary Kiln

Toyoshi ASANO

Synopsis:

The reactions between Cr ore and Na,COj; during roasting were studied using a rotary kiln (10000
mm in length and 700 mm in diameter). The followings are results obtained.
Both of the optimum roasting temperature and the optimum basicity of the raw material were quite
The conversion rate of Cr(ll) to Cr(W) was raised
The best conversion of Cr(ll) to Cr(W) was obtained when
the weight ratio of filler to Cr ore being 4 to 1. Considerations on heat balance was made for pro-
ducing one ton of NayCr.0;-2H,O by the rotary kiln.

Among the many items of heat output, it was recognized obviously that the loss of heat by radiation

similar to those of the laboratory experiments.
by increasing revolving speed of the kiln.

and convection from the surface of kiln depended largely upon the capacity.
The following equation represents the relation between the loss of heat per ton of NayCr,O;-2H,O
by radiation or convention and dimensions of kiln.

where E : Loss of heat per ton of Nay,Cr,O;-2H,0O by radiation and convection from the surface

of a kiln with inner diameter ¢s, and outer diameter d,.

E :{(cl/dl)/(fz/dz)}EO

E, : Loss of heat per ton of NayCr,O;-2H,O by radiation and convection from the surface

of a kiln with inner diameter ¢;, and outer diameter d,.

(Received Aug. 20, 1969)
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Fig. 1.
Table 1. Specification of the rotary kiln used.
Diameter of the shell 700 mm
Length of the shell 10 000 mm
Inclination 4/100
Rotating speed 1'/5-5/6 rpm

Lining Chamotte £34
Roasting temperature 1 000~1 100°C
Temperature of waste gas 350°C

Motor power 51P

S, BOARE R EOEREZHVTWS.
FEEHERBo—F VXNV TH o bROTIVH Y LS
ABERLTIRV, XV OEiEE, TR ORME, A
TREETR & DIRFERMMN S 0 AgHED Cr;03 @ Cr(W)
~NOELRBIC RET S EBO I A B TE D
T, Ao zihsET 5.
2. 8 B H &%

2.1 ®

70 LEEREA S UFED CrOg 49-49, Si0, 66424,
FeO 12-049, MgO 16°129,, Al,O; 7°69% LK%
BIDH0%MBPMLT 80 % v ¥ =B RIH O,
IHE PV T AT CaO 71-0%, FMH AR
X0 Bons ) vh—bs o aBEE2/KCHBL
THRONICFELZEL S LTRVW.
2.2 n—4avFnr

ATV e —2 ) F 043 Fig. 1 TRl D
DT, FOFELOHFEE D Table 1 5k L 7.
2.3 BERZE
BAEINERNE, v —42 9 30 0fEst EEEEIC X
DXV HREBHTILIEIV. NAERIEESTTCIY >
=Ll oTHRE DEIEENS. v—2 Y F000Di%
EHBITEL LT3 2 AT o/, F o NESOIREE
X, BH/SN—F—ITERT 5 BRI D OBl E I
X DIEIL . IBERIE IR B D EREE S
XEiRET, BEARREYBE-HED UYL BERE

The schematic sketch of the rotary kiln used in this experiment.
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. Effect of rotating speed of the rotary kiln
on conversion ratio of Cr(Il) to Cr(¥),
maximum charge weight of material per
day and ratio of heavy oil used to charged

material.
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Fig. 3. Effect of ratio of weight of filler to that of

chrome ore on conversion ratio of Cr(Il)
to Cr(V), consumption of heavy oil, result-
ed weight of Cr(W), ratio of charged
material to consumption of heavy oil and
weight of material charged.
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Fig. 4. Relation between conversion ratio of Cr(Il)
to Cr(V) and distance from the feeding end
of the rotary kiln at various temperatures,
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Table 2. Consumption of raw materials per ton of Na.Cr,0;-2H,0.
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Consumn;:)tion per ton of Na,Cr,O;-2H,0O

Item
Chrome ore 1120 kg
Sodium carbonate 990
Slaked lime 670
Filer 4 480
Heavy oil 809
Table 3. Heat balance for Na20r007 2HQO when produced by the rotary kiln.
Classification Notauon Item ‘ Base on calculatlon ‘ kcalX103
A, Combustion heat of oil 809 kg 8090°0
Heat inp it A, Reaction heat l 638°6
Total \ 87286
B, Sensible heat for clinker 6315 kg 14720
1 000°C —20°C
B, Sensible heat for exhaust gas 350°C —20°C 15520
B, Scnsible hcat for moisture in raw material 350°C —20°C 5057
B, Sensible heat for dust 350°C —20°C 14-4
. ‘ By Evaporation heat for moisture 232-4
Heat outpt : Bg Decomposition heat 9504
i C, Radiation heat at the shell Surface temp.;125°C) 1 5515
: C, Convection heat at the shell 1330-5
C,; Radiation heat at the chamber of clinker Surfacc temp.;100°C| 281-7
C, Convection heat at the chamber of clinker ! 234-5
Unknown heat loss ‘1 603-9
Total 87286
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H,: 2Ca0+85i0,=2Ca0-Si0O,— 30 895 cal!1%>
Si0; & (M) =1120x0"066/0-060=1 226
U H =30895x1-226=37-8% 103 kcal
H,: 2Ca0 +Fe,03=2Ca0-Fe,O3—7 400 calt91
Fe,O; (M) =1120%0-12/0-07185=1 880
U Hy=74%x1-880=13"9x 103 kcal
Hy: 3Ca0+ Al,Oy==3Ca0-Al,0;— 3 700 kcal1919
ALO;E (M) =1120x0-076/0° 10194 =856
C Hy=3"7x856=3"17x 108 kcal
H,: 2Na,O-+Cry;03+ 0,=2Na,CrO,—161 920cal'®
Cr(l)—Cr(W) Dizifikz 95% &35.
CryO3 8 (M) =1120%0-49x (1/0-1520) =3 605
U H =161-9%3605=583"7 x 10® kcal
Ay=H,+ Hy+ Hy+ H=638"6x 103 kcal
B;: Na,Cr,0O;-2H,0 t ¥ 7- h iR EEM#ET Table 2
X 7260kg T, ZHNHBEKRINT 6135kg 0r Y
vh—Lisote. ) A —OHENE 0°3
B =6135x (1 000—20) x0-3=1"472x 10? kcal
B,: {fifiEimoMaiix C 86°5%, H 11:5%, S 1-0
%, Oy 0°5%, N, 0-39
Bml»HAKT S
CO,=809x0°865x 44/12=2799 kg
Na,CO; D53 H O
CO,=670x44/106=278 kg
S Ao CO,=27994278=3077 kg
A 2 DRk COy 11:0%, O, 5°19%,
N, 8369,
PEH 2 OFEHEIREEIT 35 1) D 7
=22-4/0-044%3077/0-11 =14 240 m?
P 2ho> CO; OERBEIRREDZ Y
=14240%x0"11=1 566 m3
PEH 2rpd Oy FRALIKARD
=14240%0°051 =726 m3
HEH Ao Ny ORLEIRIED T
=14 240 0°838=11 933 m?
HEA Zh s A 350°C, WIBESIZH51 % Ny, O,
CO, Oi#EE #4154 0°315, 0326, 0°452,
(kcal/Nm3)1D r 4%
N. DBz
[1933%0°35x (350—20) =1 240 448 kcal
CO, DFfzh:
1 1566 % 0452 x (350 — 20) = 233 584 kcal
O, DOFEER: 726 % 0326 (350—20) =78 103 kcal
SR 2 BB
=1 240 448233 584 + 78 103 =1 - 552 x 103 kcal

By FEEM A OIKGTIE5%, 7o 2gia1E 1%
FHEM D7k 5y =4 480 X 0-05=224 kg
2o LgEEROKS =1120x0:01=12 kg
Ca(OH). X dK5r=670x18/74=163 kg
B OB X 54 pkk
=809x0°115%x18/2=8"37 kg
S kE=1236 kg
CHEH AR DK G DFAER
=1236x 124 x (350 —20) =505"7 x 103 kcal
By BVRFESITIZ XD TH v ~O%AFEENT 1000
°C BT Uy b s akbbni. Eoh
T2y b —EARBC WL T8TEA% TH D .
COMEDEEL A bRE LI BEF03 LTDE
& 2~ OFEBL
=7 260x (0-89—0°87) x0°3x (350—20)
=14-43108% kcal
Bs: K DIKZEEENT 584 keal/ kg9
IK5y DFEFE L = 584 X 399=232"4 X 103 kcal
Bg: Ca(OH),=CaO+H,O+26°5 kcal
THA K D 5 i Eh
=26-5x1000/74 x670= 2399 103 kcal
Na,CO3=Na,O+CO;+ 760 kcal
."Na,CO; DofiEh
=761 000/106% x 990=710x 103 kcal
.Be=(239°9-+710) % 103=950-0x 103 kcal
Ci: v—42Y) —FVoOv= )VIROKEM, BE, X
HRExFNEN S, E, T, L LERE T, Rfillx A &
Tt
C,=4"95E{(T,/100)*— (T5/100)¢}Sh ------ (1
U VENEERIE THDHDTER 0°95, T, % 125°C
(HESRERAS 200°C, #E A ERHS 50°C, 3Eig 125°C, 398
°K), S# 22m?, h#% 83hr (Ko —4 ) F Vo OKE
1INa,Cry,O,;-2H.O Hpg 270kg T, Iz | t AFEd
2 %V ORI 83 he THo7.) &L, BB
el (1D o FoAR 30
C,=4"95x%0-95{(398/100)+
—(293/100)4}22 % 83=1 552 x 103 kcal
Co; Co=a(T,—T3) Sh woveeveivniennnen(12)
a; HWH=2-3x YT1—T21=23% ¥105
Co=2°3 ¥/105 % 105 22 3 83=1330"5x 103 kcal
Cy; Cy=4-95E'{(T,'/100)*— (T:/100)4} S A --- (13)
20 n—WrEORE, R, Kz,
E, T), 8 *+5%. E' KL THH5»5 08, T
i 100°C,  (373°K), &' i 5°20m2 T DL DfER
(I3) AU fUA T I
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