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Abstract — The reactions between iron oxides, suchas a -Fe O, Fe 0, and FeO and NH,Cl were thermo-
dynamically and experimentally investigated in order to find the possibility of NH 4CI being an alternative
chlorine source and of the selective recovery of NH _ from NH Cl.

The chlorination of « -Fe 0 was best among the three n'on 0x1des Under N flow rate—30cm3/mm,
reaction time=1h, the optunum reaction temperatures were 300 °C for (!-Fe203 and F6304, and 350°C
for FeO, respectively, and the NH 4C] ratio to the equivalent is 2.5 for & -Fe20 3 and Fe304, and 3.5 for
FeO, respectively.

Under above mentioned conditions, the conversion of iron and the recovery of NH3 were all over 99%
for F6203 in both cases, however 85.44% and 86.35% for Fe304 and 84.34% and 85.47% for FeO, re-
spectively.

In this chlorination, iron (1) oxide and iron(IlI) oxide were converted to iron (II) chloride and iron(II)
chloride, respectively.
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Fig. 1. Standard free energy changes for the

reactions between iron oxides and NH,CI.

S@ALH 2 HCl g o) BUEIAE a-Fe,0,7}2F 150
T olslell4l, Fe,0,7} o 250TC olstollH, FeO &
ok 7207 o) shollA] ZHzt gksEibimel el 7he3k
t}, o]g] 3 A 3= NH,Clg 2 ¥l diagram(14)
o Wtz wl NH,Cl 2 & 150C oldoll4] -3l 5
o] HClg 7t A4 Sl 2g Faubgity KIS 7HeE %
9] 410°C ol Ato] obetx ML= Foll ol sl gkEk
k4ol A4 ol 7453e ouldel, 2ol (@

oo gEp{biel fHEbol s A= BIEAL
#ro] = ko] A4 9l HOol o A
5 Eolste FtgHaiibg oz o I
a 5Ae o AAa 9l

HS @), ®L Fe,0, ¥ FeO2 7% Felll)7t
B ik slo] Fe(M)EftHre] ElEE 455 vebd
Aoz oS ube NHClsol #aisle] HClg ol
A A EE 150TCe|4 e 2xoldE Yol bl %F
% of % glown Fig. 29 partial pressure diag-
gramolAx AEH & olch, o] A& 600K ol A
HEE(L HClg o Abelel A 7hed A& ubg
2 Axd A7 dojA R(O5) o2, Fer} FeO7t
M) et 2 dEik =171 faids HClLy & 5

shgeof od4ast w3 (1) 325
-254 a-Fe,O, FeCl,+H,0
A-SO-
£
i‘an Fe,O0, FeCl,+FeCl,+H,0
e
50
£.-354
FeO F
a0 Fe eCl,+H,0
Fe FeCl,+H,

¥ T T . — T

-3 -2 -1 00 1 2 3 4
log Pyc (atm)
Fig. 2. Partial pressure diagram for Fe-O-HCI
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Table 1. Chemical analyses of iron oxides.

Iron Total Fe(%) | Fe(ll) (%)| Fe (Il
analytical | theoretical | analytical total Fe
Oxides
a-Fe, 0, | 70.05 69.94 - -
Fe,O, 70.91 72.36 26. 14 0. 369
FeO 74. 08 77.73 72.76 0. 982
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Fig. 3. Schematic flow diagram for the roaction
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Table 2. Results for the reaction between a-Fe,0, and NH,Cl,5, .

NH Cl Ratio 1.0 2.0 2.5 3.0
to the
Equivalent a g B-a a B 18-a o B p-a a B B-a
Temp
250 28.5129.45 [ 0.94 | 33.42 | 33.81| 0.39 [38.53 [ 38.67 | 0.14 | 36.51 | 36.61 | 0. 10
300 54.44 | 55.52 | 1.08 | 86.32 | 87.03| 0.71 [99.72199.86 | 0.14 | 95.88 | 95.98 | 0. 10
350 50.81 | 52.38 | 1.57 | 81.68 | 82.64| 0.96 {89.39 [ 90.75 | 1.36 | 75.34 | 76.27 | 0.93
400 46.83147.93 | 1.10 1 73.32 | 74.52| 1.20 |79.51|80.56 | 1.05 | 70.32 | 71.41 | 1.09
450 41.92 | 43.54 | 1.62 | 63.50 | 64.93| 1.43 |73.17 | 74.72 | 1.55 | 64.62 | 65. 781 1.16

a . Conversion to FeCl, (%)
B : Recovery of NH, (%)
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Table 3. Results for the reaction between Fe, O, and NH,Cl g, .
250 300 350 400
total Fe(ll){ total Fe(ll )] total Fe( )| total | Fe(l)
Fe Fe(l) total Fe Fe Fe(lD total Fe] Fe Fe (D total Fe| Fe Fe(ll) total Fe
1.0 27.81 [10.46( 0.38 {45.19 [ 16.72 | 0.37 (40.95) 15.66] 0.38 |38.48 | 14.84 0.37
0 38.80 | 14.36| 0.37 |73.56 | 27.74 | 0.38 |69.48| 26.71| 0.38 [64.17 | 24.83 0.39
2.5 40.53 | 14.81( 0.37 (85.44 {31.81 | 0.37 {77.21| 30.46{ 0.39(73.32|27.36 0.37
3.0 35.76 [13.49} 0.38 [78.62 (29.38| 0.37 {73.46| 27.51| 0.37 |66.75 | 25.63 0.38
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ekt ol Fe(l) defe] 7 W Hakg
Aspolet, 2 AR WAEF #re A Fe(ll)
Heh o ﬁi{t%i %EL»E o total Fe%yoll o3 ol
o 8 (L)L 0.97~0.9824 2 AFAE
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Table 4. Results for the reaction between FeO and NH,Cl .

Temp.(T) 300 350 400 450

conversion| ¢y 4] Fe total , e(ll) ltotal Fe(ll) | total Fe

ratio 'E?q_ ) Fe Fe(ll) toti}lge Fe FellD }tt)tglF)e Fe Fe(l totalHF)’e ;'e Fe(ll) tot:lHF)'e
1.0 42.31 [41.36 | 0.98 [45.76] 44.58| 0.97 140.42{39.66 | 0.98(40.35{ 39.14 | 0.97
2.0 62.54 [60.98 | 0.98 {67.56| 66.27| 0.98 |59.12(57.35 | 0.97|57.52{ 56.19 | 0.98
2.5 70.14 |67.95 | 0.97 ]75.69| 73.68| 0.97 166.51|64.71| 0.97]64.17 | 63.18 | 0.98
3.0 75.98 |73.86 | 0.97 [81.50| 79.23| 0.97 {73.62|71.94 | 0.98|7L.34 | 69.31 | 0.97
3.5 80.63 |78.21 | 0.97 |84.34|81.54| 0.97 [76.91|74.88 | 0.97|75.36 | 73.24 | 0.97
4.0 75.52 [73.82 | 0.98 |79.56| 76.97| 0.97 |69.82|68.13 | 0.98(62.33| 60.16 | 0.97
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