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ABSTRACT

Chlorine and sulphur present in hard coal evolve during coal blend coking process in the similar range of temperatures and
can interact between each other. These could also competitively interact with other components of a coal matter and crude
coke-oven gas. In the piece of research impact of addition of selected sulphur compounds on chlorine emission in the process
of laboratory coking of coal blends through determination of its content in produced cokes was observed. Significant impact
of increase of sulphur content in the coal blend designed for coking on the amount of chlorine remaining in coke was found.
Impact of increase of chlorine content in the coal blend designed for coking on the amount of sulphur remaining in coke was
also observed. These phenomena show that interactions between chlorine and sulphur compounds do exist in the process of

laboratory coking of coal blends.
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INTRODUCTION

Elemental analysis of hard coals always shows
simultaneous presence of sulphur and chlorine. Sul-
phur content varies within 0.1+11% (Jasienko, 1995)
(in domestic coals within 0.5+2.8%) (Wawrzyn-
kiewicz, 1997), while chlorine content varies within
0.005 to above 1.2% (Hodges et al., 1983) (in do-
mestic coals within 0.006+1.89%) (Rozkowska,
1987). Sulphur is present in hard coal in form of both
inorganic and organic compounds. Inorganic sulphur
is mainly in form of iron disulfide (FeS,), as pyrite or,
less frequently, marcasite. Presence of galena (PbS),
sphalerite (ZnS) and chalcopyrite (CuFeS,) has been
detected in some deposits of hard coal. Low amounts
of inorganic sulphur are also present in form of iron
and calcium sulphates. Organic sulphur, being a com-
ponent of organic coal matter, exists in form of thio-
phenic functional groups, aliphatic and aromatic
thiols, sulphide and disulfide combinations. Elemental
sulphur is present in coals sporadically, in low amo-
unts (Gryglewicz et al., 1995; Jasieniko, 1995; Maes et
al., 1997; Wawrzynkiewicz 1997).

Major mode of occurrence of chlorine in coal, as
distinct from sulphur, is chloride anions in moisture
anchored to the surface of micropores in coal macerals
by organic ionic complexes, such as quaternary amine
groups and alkali carboxyl complexes. Merely in coals
with very high chlorine content (exceeding 0.8%) pre-
sence of crystalline chlorides, mainly halite (NaCl),
was observed (Huggins and Huffman, 1995; Vassilev,
2000).

In the processes of coal carbonisation both chlo-
rine and sulphur show high thermal mobility. During
combustion of coal about 95% of sulphur contained in
coal and about 90+99% of chlorine are emitted to the
atmosphere. Sulphur evolves mainly in form of sul-
phur dioxide (SO,) and chlorine as hydrogen chloride
(HCI) (Osborn, 1992, Luco$, 1995;). During coking
process of coal 30% to 70% of sulphur contained in
coal blend abandon coke-oven chamber as a compo-
nent of raw coke-oven gas — mainly in form of hydro-
gen sulphide (H,S) (Gryglewicz, 1999). In the same
time similar amount of chlorine — from 40% to 60% —
passes from coal to crude coke-oven gas, mainly as
hydrogen chloride (HCI). In temperature< 340°C takes
place binding of evolved HCl with ammonia (NHj3)
present in gas with formation of ammonia chloride
(NH4C1) which is a major chlorine compound formed
in the process. Amount of chlorine that remains in
coke is, to the high extent, dependant on bonds bet-
ween chlorine ions associated in coal’s moisture and
structure of coal under carbonisation. Formation of
inorganic, non-volatile chlorine compounds such as
NaCl, KCl, CaCl,, complex silicates and alumino-
silicates like sodalite Nag[(AlSiO,4)¢Cl,] or scapolite
(Na,Ca)4[Al;5(S1,Al);Si4024(CLCO;)] is of decisive im-
portance. These compounds could be formed due to
crystallization from ordinary water solution after eva-
poration of water, secondary reaction of chlorine ions
contained in structure of coal being carbonised with
components of mineral matter and reaction of HCI
evolving in the process with mineral matter (Mia-
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nowski and Koszorek, 1995; Koszorek and Mia-
nowski, 1999).

Amount of sulphur remaining in coke is also
dependant on forms of its presence in coal being
carbonised. Significant role play also secondary reac-
tions between original decomposition products origi-
nating from organic and inorganic combinations of
sulphur with organic coal matter as well as mineral
coal matter (Gryglewicz, 1999). Simultaneous presen-
ce of reactive chlorine and sulphur compounds in
conditions of thermal coal processing can lead to their
mutual interactions and also to competitive reactions
with components of mineral matter of coal. Such in-
teractions were observed in the process of combustion
of coal. It was observed that increased content of
chlorine in coal lowers SO, emissions, and presence
of sulphur prevents formation of dioxins (Xie et al.,
1999).

EXPERIMENTAL

In the laboratory experiments that were carried
out with the purpose to examine interactions between
chlorine and sulphur compounds, two industrial coal
blends were utilized in coking process. First of them,
marked as MKI (W,=4.4%; A%=8.5%; V®=37%;
SI=3.0; RI=55; C1°=0.35%; S;*=0.57%) was composed
of three coals of the 34 type (hard coal mine: , Kru-
pinski”, ,,Anna” and ,,Szczyglowice”) and used for
production of industrial coke in stamp charging
system. The second coal blend, marked as MK2
(W,'=8.0%; A%=6.4%; V¥=28%; SI=8.0; RI=80;
C1°=0.32%; S*=0.63%) was composed of four coals of
the 35 type (hard coal mine: ,,Borynia”, ,,Zofiowka”,
,Jas-Mos” and ,,Pnidéwek”) and used for production of
blast-furnace coke in top charging system. Selected
organic and inorganic sulphur compounds: hydrate of
iron(Ill)sulphate(VI) Fe,(SO4);nH,0, pyrite FeS;
ferric sulphide FeS, diphenyl sulphide CsH4SC¢H,,
thionaphthene CgH4S elemental sulphur S were intro-
duced in the amount of 1g to both coal blends in series
of laboratory coking experiments. Addition of sodium
chloride (NaCl) in the amount of 0.5g was also
introduced to these coal blends.

The process of laboratory coking of prepared
coal blends was carried out in a reaction vessel (retort)
made of heat resistant steel (diameter 80 mm, height
80 mm) equipped with system for evacuation of
gaseous products. Coal blend in the amount of 200g,
prepared by way of weighing its individual compo-
nents and thorough mixing, was poured into the retort
and compacted with a 5kg rammer. The retort with a
charge was placed in a muffle furnace and the process
of laboratory coking was carried out. The process con-
sists in heating the charge from ambient temperature,
about 20°C, until final temperature of 1000°C is rea-
ched in a charge core. Temperature inside the furnace
was about 1170°C. Temperature of 1000°C in a char-
ge core was reached after 3 hours of heating in the
furnace. The carbonised sample was kept in this tem-
perature for 1 more hour. After that time the hot retort

was removed from the furnace and remained in ambi-
ent temperature for cooling down.

In the result of each experiment solid coke resi-
due was obtained in the retort. Chlorine and sulphur
content were determined in the obtained coke. Deter-
mination of chlorine content was carried out using a
method according to English standards (British Stan-
dard Methods, 1942). This consists in: mineralisation
of 5 g sample with Eschka mixture, treatment of mi-
neralised sample with concentrated nitric acid and
determination of chlorine ions Cl” content using titra-
tion by Volhard method. Determination of sulphur
content was carried out using method according to
Polish Standard PN-81/G-04514.02 (Polish Standard,
1981). This consists in: combustion of 0.5 g sample in
temperature of 1250 - 1350°C in a quartz tube under
oxygene flow, adsorbing of created sulphur oxides in
1% hydrogen peroxide solution and determination of
sulphur content using alkalimetric titration method.

RESULTS AND DISCUSSION

Results of determinations of chlorine and sulphur
content in basic coal blends and in cokes obtained
from these blends, as well as results of determination
of these eclements content in prepared coal blends
containing selected additives of chlorine and sulphur
compounds and in cokes obtained from these blends
are shown in Tab.1 and Tab.2.

Laboratory coking of 200 g of the MK1 coal
blend (coals of the 34 type) containing 0.7 g of chlo-
rine (0.35%) and 1.14 g of sulphur (0.57%) gives 134
g of coke containing 0.42 g of chlorine (0.31%) and
0.55 g of sulphur (0.41%). Thus 60% of chlorine and
48.2% of sulphur contained in coal blend remain in
coke. For the MK2 coal blend (coals of the 35 type),
containing 0.64 g of chlorine (0.32%) and 1.28 g of
sulphur (0.64%), coke yield amounts to 138 g. The co-
ke contains 0.39 g of chlorine (0.28%) and 0.66 g of
sulphur (0.48%). These amounts constitute 60.9% of
chlorine and 51.6% of sulphur contained in coal
blend. Introducing of 0.5 g of sodium chloride (NaCl)
into basic blends, MK1 and MK2, results in increase
of chlorine content in the blends at 0.3 g (i.e. at
42.8%). Cokes obtained from these blends, compared
to cokes from coal blends without additives, are cha-
racterized with increased content of both chlorine and
sulphur. For the MK1 blend with the addition of so-
dium chloride, which contained 1.0 g of chlorine
(0.5%) and 1.14 g of sulphur (0.57%), obtained coke
contained 0.46 g of chlorine (0.35%) and 0.59 g of
sulphur (0.45%), which constitute 46.0% of the a-
mount of chlorine and 51.7% of sulphur contained in
the coal blend. Increase of sulphur content in coke at
7.3% occurred. For the MK2 blend with addition of
sodium chloride, which contained 0.94 g of chlorine
(0.47%) and 1.28 g of sulphur (0.64%), obtained coke
contained 0.43 g of chlorine (0.32%) and 0.74 g of
sulphur (0.55%). These constitute 45.7% of the
amount of chlorine and 57.8% of sulphur contained in
the coal blend. Increase of sulphur content in coke at
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Table 1 Results of determination of chlorine and sulphur content in cokes obtained as the result of coking the
MK coal blend together with selected additives

COAL BLEND MK1 (200 G) COKE OBTAINED FROM MK1
Chlorine  Sulphur . Chlorine Sulphur Remained in
Yield
g content content content content coke
8 Type and amount of chlorine sulphur
~  additive Cag Mg Cs Mg Uk Cal mCll) Cs mgz) E. llEp4)u
Cl S
[%] [g]l [%] [gl Tgl (%] (gl [%] gl [%] [%]
1. None 035 070 0.57 1.14 134 031 042 041 055  60.0 482
2. 0.5 g sodium chloride 050 1.00 0.57 1.14 132 035 046 045 059 460 517
3. 1.0 g ferrous sulphide 035 0.70 0.76 151 130 030 039 060 078 557 517
4. 05gsodiumchloride + 50\ 00 (76 151 130 032 042 070 091 420  60.3
1.0 g ferrous sulphide
3. 05 g sodium chloride + o &y ) 1 07 214 129 031 040 041 053 400 248
1.0 g elemental sulphur
6. 05 g sodium chloride + & )5 (g4 168 132 030 040 041 054 4000  32.1
1.0 g pyrite
7. 0.5 g sodium chloride +
10 g iron(lDsulfato(yry 05 100 066 131 128 031 040 048 061 400 466
8. 05 g sodium chloride + 5 45 160 138 130 028 036 043 056 360  40.6
1.0 g thionaphthene
9. 05 g sodium chloride + 5 & )5 666 131 126 031 039 036 045 390 344

1.0 g diphenyl sulfide

Table 2 Results of determination of chlorine and sulphur content in cokes obtained as the result of coking the
MK?2 coal blend together with selected additives

CoAL BLEND MK2 (200 G) COKE OBTAINED FROM MK2
Chlorine  Sulphur . Chlorine Sulphur Remained in
Yield
g content content content content coke
8 Type and amount of hlori Inh
T additive Ca Mg Cs Ms Ux cq mg” ¢ mg © Eor31)ne suEp4)ur
Cl S
[%] [g]l [%] [gl (gl (%] [gl [%] el [%] [%]
1. None 032 0.64 0.64 128 138 028 039 048 0.66 609  51.6
2. 0.5 g sodium chloride 047 094 0.64 128 134 032 043 055 074 457  57.8
3. 1.0 g ferrous sulphide 032 0.64 083 1.65 140 027 038 087 122 594  73.9
. e
4. 0.5 g sodium chloride 047 094 083 1.65 140 029 041 067 094 436  57.0
1.0 g ferrous sulphide
5. 05 g sodium chloride + o 04 |14 208 138 028 039 045 062 415 272
1.0 g elemental sulphur
6. 05 g sodium chloride *+ 15 (94 091 182 138 028 039 037 051 415 280
1.0 g pyrite
7. 0.5 g sodium chloride +
10 ¢ iron(llsulfato(vly 047 0:94 073 145 137 028 038 053 072 404 497
8. 05 g sodium chloride + 7 (o4 076 1520 137 027 037 040 055 394 362
1.0 g thionaphthene
9. 05 g sodium chloride *+ 7 (o4 073 145 137 027 037 048 066 394 455

1.0 g diphenyl sulfide
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12.1% occurred. This situation shows analogy to the
process of coal combustion in which increasing of
chlorine content in fuel also resulted in decrease of
sulphur compounds emissions (Xie et al., 1999).

In all of the experiments of laboratory coking
of coal blends that were carried out on blends with ad-
dition, in form of individual additives, inorganic and
organic sulphur compounds in the amount of 1 g, fall
of chlorine content in obtained cokes was found. The
additives were chosen this way they contain groups
characteristic to the forms of the relevant element pre-
sent in hard coal. Addition of 0.5 g of sodium chloride
(NaCl) was applied together with sulphur compounds
to the majority of tested blends in order to observe
more clearly the interactions between chlorine and
sulphur compounds in the process under investigation.
The results allow to state that the lowest decrease of
chlorine content in coke was caused, for both coal
blends, by the addition of ferrous sulphide (FeS). It is
the sulphur compound having high thermal stability in
conditions of the process under investigation, usually
formed during carbonisation from decomposition of
pyrite contained in coal.

In case of the MK1 coal blend with additive of
0.5 g of NaCl, chlorine content in coke fell down from
46.0% to 42.0%, i.e. at 8.7%, and in case of the MK2
coal blend, also chlorine enriched, chlorine content in
coke fell down from 45.7% to 43.6%. This is a drop at
4.7% compared to coke obtained from the blend only
chlorine enriched. Higher effect on increasing chlorine
compounds emissions in the process of laboratory
coking of coal blends and thereby on decreasing of
chlorine content in coke, had other additives con-
taining sulphur in inorganic form (elemental sulphur,
pyrite and iron(Ill)sulphate(VI)-9H,0). For the MK1
coal blend with addition of 0.5 g of NaCl, after
introducing above mentioned additives, decrease of
chlorine content in obtained cokes was 13%, and for
the MK2 coal blend, with the same addition of NaCl
the decrease was 9+11% (compared to cokes obtained
from these blends only chlorine enriched). The highest
effect on the amount of chlorine remaining in coke in
the process under investigation had additions of
organic sulphur compounds. For the MK1 coal blend,
chlorine enriched, addition of thionaphthene caused
decrease of chlorine content in coke at as much as
21.7%, and addition of diphenyl sulphide — at 15.2%.
For the MK2 coal blend, chlorine enriched, the drop
of chlorine content in cokes obtained with addition of
the same organic sulphur compounds was 14% in both
cases.

While analysing obtained results it could be no-
ted that introducing sulphur compounds, thermally
unstable in conditions of the process under investiga-
tion (elemental sulphur, pyrite and iron(IlI)sulpha-
te(VI)-9H,0, thionaphtene, diphenyl sulphide), into
coal blends subjected to coking do not result in
increase of sulphur content in obtained cokes.

CONCLUSIONS

Interaction between chlorine and sulphur compo-
unds, present in crude coke oven gas and/or being
components of organic and inorganic coal matter, oc-
cur in conditions of laboratory coking process of coal
blends.

Increasing of chlorine content in coal blends
results in increase of sulphur content in cokes obtai-
ned from these blends. Chlorine content in cokes is
also increasing.

Increasing of sulphur content in coal blend, re-
gardless from its type, results in increase of chlorine
emission during coking process, thus contributing into
decreasing of chlorine content in coke. This effect is
higher in case organic sulphur content is increased.

The observed interaction of chlorine and sulphur
compounds in coking process should be taken into
consideration while establishing composition of coal
blends as this has an effect on quality parameters of
obtained cokes — normalised content of sulphur and
chlorine.
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