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Kinetic Study on Preparation of Iron Fine Powders by Hydrogen
Reduction of Ferrous Chloride Vapor

Hwa Young Lee and Bung Gyu Kim
Metals Processing Research Center Korea Institute of Science & Technology, Seoul 136-791
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= & <33 (Ferrous Chloride) 78] T8 434 dh-4-& 59 vlyA P8we] P445T oigh o)l #jais 4
P Fstg). AR A7 TE 958 20stel P V)9 Salzkaql & BghEhe] MRS RR FYAITIZ el
o5 Tegdubs Fabe] AR} §A Bk e (HOD 7has A fct. A4 E 2EDe uhgd Folo) 4X8 &
7140 A7) E oj 48l st en, dutpa rtas Ftda T FFAFI o) F PAT ez 27 WgEd dA
o] & A4tstgct. We-Sx4 ] whgEol thsbe] 1A} ub3- (Ist-order reaction) o|it WA 7|9k FubA|l GErkart
Hyargd wfo] SR A= k=7,879%xp(-53,840/RT)dm*/ mole.sec 2 2 ¥ A)En, o|af}2] A5}t =] 53.84k]/molec]d
o} A¥gte] TEM A1zl 2ald =y s 0.1~ 1.0mol™, 9825 2 riafedolle 27 d%% 82 e 7o 2 vjepych

Abstract A kinetic study on the preparation of iron powder by hydrogen reduction of ferrous chloride vapor has been
carried out both experimentally and theoretically. For the preparation of iron powder, fetrcus chloride was vaporized
and transported to a reaction zone by Ar gas used as carrier, Ferrous chloride vapor and hydrogen were mixed and sub-
ject to a reduction reaction at high temperature to produce iron powder and HCI gas. Iron powder was collected with or-
ganic solvent at the end of reaction zone and HCI gas was also absorbed in a caustic soda solution to determine the con-
version ratio of ferrous chloride. For the development of rate equations, 2 1st-order reaction and equilibration of ferrous
chloride vaper with Ar gas were assumed. According to the results, the rate constant, k could be expressed as k=7,
879%exp(-53,840/RT}dm>?/ mole.sec and the activation energy was found to be 53.84k]/mole. From TEM observation,
the particle size distribution of iron powder produced was found to be in the range of 0.1~ 1.0 which was not signifi-
cantly influenced by reaction temperature or gas flow rates.
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Cross-sectional Area: S
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Linear Velocity of Gas Vv

Fig. 1. Schematic diagram of differential mass balance for a re-

action zone.
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Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Effect of reaction temperature on the conversion ratio of
ferrous chloride.
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Fig. 4. Effect of vaporization temperature on the conversion
ratio of ferrous chloride.
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Fig. 5. Effect of Ar flow rate on the conversion ratio of ferrous
chloride.
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Fig. 6. Bffect of H; flow rate on the conversion ratio of ferrous
chloride.
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Fig. 7. Vapor pressure of FeCl. depending on temperature,
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Table 1. Calculation of Cao for each condition.
A\ N t. CAQ at STP, Il'l()le/(:ll’?('l;:i
T:rl:xoni?atﬁ)rr; Vapor Pressure Ar 4.50cm/s Ar 8.33cm?/s Ar 8.33cm?¥/s Ar 11.5cm’/s
pe H, 4.50cm*/s H, 2.17cm’/s H, 450cm™/s H. 450cm?/s
1023K 0.0316atm 0.000716 0.00113 0.000925 0.001022
1053K 0.0526atm 0.001205 0.00188 0.001552 0.001712
1098K 0.1013atm 0.002380 0.00366 0.003042 0.003343
Table 2. Calculation of Rate Constant, k, for each reaction temperature.
Reaction Temperature d[HC11/dt linear velocity, v Csa rate constant, k
pe (mole/sec) {cm/sec) {mole/dm?) (dm*/mole.sec)
823K 0.587x10°* 4314 0.00484 323
973K 1.163x10°° 5.100 0.00409 9.32
1073K 1.635x10°% 5.624 0.00371 16.44
1173K 2542 %1078 6.149 0.00339 32.86

vaporization temperature 1098K, Ar 8.33cm?/sec, H. 4.50cm?/sec
$=9.621cm® v=1431cm/sec at STP, L=20cm, Ceo=0.01458mole/dm’ at STP

Table 3. Variation of d{HC1]/dt with Reduction Conditions.

a) from Fig. 3
Reaction Temperature FeCl, used (mole) d[HCI]/dt, exp. {mole/sec) | d[HCl1/dt, calc. (mole/sec)
823K 0.01242 0587 x10°3 0563x107°
§73K 0.01312 1.163x107® 1.285x107°
1073K 0.01270 1.635x107° 1.883x107°
1173K 0.01258 2542 x10°° 2.500x 1073
b} from Fig. 4
Vaporization Temperature Fe(l, used {mole) d[HC1]/dt, exp. {mole/sec) | d[LHCL]/dt, cale. (mole/sec)
1023K 0.01258 0.507 x10°°® 590x10-¢
1053K 0.01242 0.833x10°*® 0.985x 10"
1098K 0.01270 1.635x10°* 1.883x10°°
b) from Fig. 4
Vaparization Temperature FeCl; used (mole) d[HC1}/dt, exp. {mole/sec) i d[{HCI1/dt, cale. (mole/sec)
1023K 001258 0.507 x 1073 0,580 103
1053K 0.01242 0.833x10°* 0.585x10°*
1098K 0.01270 1.635x10°° 1.883x10°F
¢) from Fig. 5
Ar flow rate (cm?/sec) FeCl: used (mole) d[HC11/dt, exp. {(mole/sec) | d[HC]/dt, calc. (mole/sec)
450 0.01299 1.667 x 10°% 1.867 x 107F
8.33 0.01270 1.635x 10°¢ 1.883x107°°F
115 0.01304 2.033x 10" 1.717x10°®
d) from Fig. 6
H: flow rate {cm®/sec) FeCl; used (mole) d[HC1]1/dt, exp. {mole/sec) | d[HCl1/dt, cale. {mole/sec)
217 0.01258 1.343x%10°* 1.365x10°*
4.50 0.01270 1.635x10°¢ 1.883x107°
833 0.01283 2.250x 1073 2.100x10°¢

2 £ AL Yol FET B (1) L SEAGA
(10) 9} eb 4 of38 Bshr] fstel 2 APz
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olgstel ABR AN 43 ¥l Boich
Table 3& 7 AP2AIA A& d[HCL /dt 4z o1
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Fig. 9. X-ray diffraction pattern of iron powder.
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Fig. 10. TEM observations of iron powder depending on reac-
tion temperature. (Vaporization temp. 1,098K, Ar 8.33cm?/sec,
H. 4.50cm?/sec) a) 973K b) 1,073K ¢} 1.173K
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Fig. 11. TEM observations of iron powder depending on gas
flow rate. (Vaparization temp. 1,098K, Reaction temp, 1,073K)
a) Ar 833cm?/sec, H: 2.17cm%/sec b) Ar 11.5cm*/sec, H, 4.
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