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Abstract

Carbochlorination of {ly ash with phosgene and mixture of CO, Clz were investigated.
The results obtained with pure chlorine, and/or chlorination mixtures were presented.

[. INTRODUCTION

There is a huge incentive to treat power plant fly
ash as a useful hy-product rather than a waste
matenial. About 70% of the solid waste derived from
the combustion of coal is fly ash and increased
reliance on coal combustion will produce significant fly
ash storage and disposal problems.”

Fly ash 1s currently used as a low-cost construction
material landfill but  additional
cost-effective uses for this inexpensive material are
desired.

The use of polymetallic ores will become more

and for cover,

important as the world’s supply of primary ores is

depleted. Aluminum, for example, is produced today

from bauxite via the Bayer-Hall process but in the

future will be derived from lower grade ores containing
larger amounts of silica and other metal oxides.”
Different recovry methods will be required, such as
carhochlorination, which produce a mixture of volatile
metal chlorides. When using phosgene, COCL, the
following general reaction is applied:

MO, ¢ vCOCl: == » x MClgym + vCO:

The volatile chlorides can be recovered from the
cffulent gas stream and separated to yield high-purity
procucts.

To apply this method, carbochlorination reaction rate
and product composition data are needed for reactor
and product recovery svstem design.m

The carbochlormation of metal oxides in flv ash
requires an oxvgen sink and chlorine source such as

. . 4~20)
carbon  monoxide and chlorine, or phosgene.
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II. EXPERIMENTAL METHOD

Carbochlorination of fly ash was proceeded under
The sample was situated on the
ceramic boat m limited amount to protect the mass
transport  limitation, usually sample
approximately 2g. Sample was heated in furnace to

following conditions:

weight i
work temperature and kept at this temperature 20 min.
in argon(Ar) atmosphere. Afterwards, the sample was
exposed to chiorination gas for  different period of
time. After reaction time argon was introduced again,
the sample was devolatilized at working temperature
for 10 min. and cooled in argon to room temperature.
Each samples were analyzed by DTA to determine the
amount of morganic matter and some of the samples
were analyzed in Free-Col Laboratories in Pensvlvania.

The fly ash used was from Kentucky power plants.
Table 1 shows the chmical composition of fly ash used
to experiment carbochlorination of this process.

A schematic flow diagram of the apparatus used
to study the carbochlorination of fly ash is shown

in Fig. 1.

Table 1. Chemical composition o fly ash

Constituents : Si0O:  ALO;  Fex0O3 TiO:

Composition(%) 498 ' 206 164 ' 21

III. RESULTS AND DISCUSSION

1. Temperature influence on the conversion

of inorganic compounds

A strong temperature dependence of effectiveness of
chlorination was expected. The effect of {emperature
on inorganic material removal from fly ash s
presented in Table 2 and Fig. 2 Samples were treated
10 minutes at various temperatures with phosgene.

The of
compounds on temperature in

400-1100°C is almost linear.
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Fig 1 Schemetic flow diagram for carbochlorination of fly ash
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Table 2. Iflect of temperature on conversion of
morganic material in chlorination o fly

ash with phosgene.

Temperature of conversion of norganic

chiorination 1] compounds
1 100 0.06M1
2 600 028X
3 | 20 (3.5540
4 1000 07162
) 1100 0.7374

2. Chlorinatton mixture influence on the

conversion of norganic compounds
To of

hetween phosgene and CO+Cl: mixture, we reacted

compare  effectiveness chlorine  sources
flv ash with two substances at 1000°C as increasmng
the residence time from 5 to 60 minuites. Talele 3.
and Fig. 3 are shown the fact that the effectiveness of
phosgene on conversion of inorganic compouds of fly
ash is more strong than the case of CO+Cl: mixture.

3. Chlonnation with phosgene

Results obtained in - experiments of chlorination at
1000°C with phesgenc

Fig. 4

are presented in Table 4 and

0.8
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Fig 2 Influence of temperature on conversion of

inorganic material in chlorination of fly ash
with phosgene at 10min,
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Table 3 Conversion of norganic components in iy

ash
time of conversion of inorganic
chionnation compounds

[min]  (COCL - 1) (phosgene)
1 ) 0729 0.74492
2 30 (6912 07124
3 10 06835 0.7Mb
1 5 05515 0.57%)
5 2 0.2402 02632
5 0 0.0000 0.0000

The effectiveness of individual compounds increases
with time of chlorination and vatues reach higher than
ROP¢.

more

Effcctiveness of removal of alumina. silica is
9. of

compounds  removal is supposed to he due to the

than High  effectivencss norganic
effects of intimate contact of carbon and  inorganic
species in fly ash and phosgene decomposition i situ
i the chlorination reactor.

4. Chlorination with phosgene and CO mixture
of

depends on the restdence time of chlonnation and the

Effectiveness morganic  compounds  removal

tvpe of chlorination medium. The influence of carbon

0.8
E’ 0.64
g 0.44
§
§
z§ 0.2 —-—
CO:Ci2 = 1:t
Phosgene
o9 10 20 0 40 0 6
time, min
Fig. 3 Conwersion of inorganic components in fly

ash. Chiorination  with

phosgene at 10XT°C
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Table 4. Effectiveness o removal of individual
inorganic compound by chlorination with
~ phosgene at 1000°C

effectiveness n (%]
dmefmn] 2 5 10 2 3

Ay 657 U5 Bl V4 %8

Si0, 634 0 T4 B3 M7 92
TiO» 655« 8T &85 KT B3
Fe:0s 565 87 &2 91 89l

2 8 ——
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Fig 4 Influenec o time on effectiveness
individual inorganic compounds removal by
chlorination with phosgene at 1000°C.
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Fig 5 Ifluence o CO mele fraction on
effectiveness o removal o indivdual

inorganic compounds in chlorination with
phosgene- CO mixture at 1000°C. 5 min
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Table 5. Effectiveness of removal of individual
inorganic compounds in chlorination
with phosgene-CO mixture at 1000°C,
3 min

effectiveness 7 [9%]

mol fraction of CO 00 05 | 089

AlLO: 95 929 | &3
Si0; B4 80 77
TiO: 28 6 | 8l
Fe:(s 87 812 | 8l

monoxide concentration on inorganic species removal

5 minutes is presented in Table 5

for residence time
and Fig. 5.

It is well known that AlOs. SiO: and TiO: cannot
he reduced hy CO to Al Si Ti unlike FeOs
Therefore excess CO will supress the reduction of
oxides by carbon (hecause the reduction s an
equilibrium reaction).

2. Chlorination with CO+ Cl

Effectiveness of chlonnation of fly ash hy CO - Cht
mixture (molar ratio 1'1) was mvestigated at the same
experimetal conditions as chlonnation with phosgene.

Experimental results  are presented in Table 6 and
Fig. 6.

The high effectiveness of inorganic compounds

Table . Iffectiveness o removal of individua!
inorganic compounds in chlorination with
CO-Clz mixture at temperature 1000°C.

effectiveness 7 [%]

time [min] 2 5 10 0 &0

ALO; B0 %8 WY 970 Wiz
S0, 79 Em2 W6 893 W3
TiO: T3 M9 B2 W3 1
RO, B8 Q@4 W6 B 707



effectiveness of removal, %

0 10 20 30 40 50 60
time, min

Fig 6 Influence o time on effectiveness of
removal of individual inorganic compounds
in chlorination with CO-Clz mixture (1:1)
at 1000°C.

removal (approximately 80%) was obtained already at
residence time 2 minutes and temperature 1000°C. The
most high effectiveness of the process is achived m
aluminum oxide. Conversion of silica. titanium and iron
oxides respectively is lower than in chlorination with
phosgene.

Dispite this the mixture of CO and Ck in molar ratio
1’1 can be considered as highly cffective in norganic
compounds removal from fly ash.
effectiveness  of

Influence of CO concentration on

removal  of  inorganic  compounds 1s  presented in
Table 7 and Fig. 7.

The maximum effectiveness of the process was
observed at molar ratio CO and Cls, 1)1

Table 7. Effectiveness « removal of individual
inorganic compounds in chlorination with
CO-Cly mixture
( restdence time 5 min, temperature 1000°C

7 [%]

mol fraction of CO 00 05 067

effectiveness

Al 8.3 %.8 76.3
Si0y 819 872 £6.9

TiO, DY 9 63.6

FesOr 45 924 €N.7
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Fig. 7 Influence o (€O mole fracion on
eflectiveness  of removal o  individual

inorganic compounds in chlorination with
CO-Clz mixture at 100°C, 5 min..

The mteresting result is the lower effectiveness of
chlorination of inorganic compounds at CO mol fraction
0667 as pure chiorme.

This phenomenon can be explained by the lower
partial pressure of chlorine in the reactor.

IV. CONCLUSION

1) Experimental results indicate that to achive high
conversion of inorganic material in the fly ash
require  sesidence  time  approximately 510
minutes and temperature 1000°C.

2) The rate of removal of morganic material from
concentrated fly ash for phosgene and CO/ClL
mixture 1s comparable.

3) The many problems and difficulties envisaged for
the carbochlorination  of  low-aluminum  and

non-bauxite ores requires much basic and applied

research with usful reference to the established

processes for titamium and other metal oxide.

The actual development of a carbochlonnation
should be

foreseen In a wider technological scenario in

process for non-bauxite materials

which  the tadiional view of  separate
monometallurgies would twm to a chloride-

metalhurgy  of  general use  for  processing

polymetallic oxide ores.
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