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INFLUENCE OF ANHYDRITE AND GYPSUM
ON THE YIELD AND COMPOSITION
OF KUKERSITE SEMICOKING PRODUCTS

Usually not being a preponderant ingredient of fossil fuels mineral part, calcium
sulfate is nevertheless its quite common constituent. The effect of sulfates on the
kaustobioliths thermal decomposition has not been, to our knowledge, investigated
except few cases [1-3]. In this work, natural anhydrite and its hydration product
were used as representatives of sulfates characteristic of fossil fuels. One can assume
that interaction of anhydrite with water results in considerable desintegration of the
former accompanied by a growth of its specific surface not achievable by mechanical
pulverizing. It is an interesting possibility to get information on the influence of
mineral matter dispersion degree on thermal destruction of the fossil fuels organic
matter. Gypsum loses its hydration water on heating at temperatures below 200 °C
and owing to that water as such cannot essentially interfere with kerogens thermal
decomposition processes normally starting at 300-350 °C.

Characteristics of the kukersite-shale concentrate used in this work are presented
in Table 1. Sample of anhydrite originated from the Kustin seam (East Siberia,
region of the river Nizhnya Tunguzka) contained (wt. %): CaO 38.5, SO, 54.6, H,0
0.13; its mineralogical composition, according to X-ray analysis® data, was
(wt. %): anhydrite 92.8, gypsum about 0.8. The analytically dry material obtained
from anhydrite (grain size up to 0.1 mm) after its storing under water for two
months contained (wt. %): CaO 36.3, SO, 51.8, H,O 11.9; anhydrite 43.1, gypsum
56.9.

Thermal decomposition of model mixtures prepared from kerogen concentrate,
anhydrite and its hydration product ("gypsum") was performed in Fischer retort
using the standard procedure. Since the effect of anhydrite desintegration resulting
from its hydration on the kerogen thermal degradation is probably more pronounced
in the region of high concentrations of mineral additive in the initial mixture for
semicoking, experiments with gypsum were carried out mostly in this region. The
shale oils obtained were dephenolized using a 10 % aqueous sodium hydroxide
solution and thereupon separated into chemical group compounds by thin layer
chromatography on silica gel with n-hexane as an eluent. Thin layer fractions as well
as gaseous products were analyzed by gas chromatography in columns of different
polarity.

It became evident that gypsum is indeed much more active in depressing oil
formation than anhydrite: with decreasing kerogen content in the mixture with
anhydrite and gypsum from 50 to 10 % shale oil yield, kerogen basis, decreases
correspondingly by 2.5 and 11.2 % or by 5 and 23 % relatively to oil yield from
fifty-fifty mixtures (Fig. 1). The same applies to the yield of the oil chemical group
compounds (Fig. 2) determined on the ground of data on group composition of the
oils obtained (Table 2). Thus, with decreasing kerogen content in the initial mixture

"Carried out by K. Utsal.
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Table 1. Characteristics of Initial Mixtures of Kukersite Concentrate with Anhydrite
and its Hydration Product (Gypsum™), Yield of Semicoking Products, wt. %

Index Kukersite Kukersite + anhydrite Kukersite+gypsum
concent-
rate
Sample number
1 2 3 4 5 6 7 8 9 10
Initial model mixtures
Analytical moisture W* 1.6 1.6 1.4 1.1 0.8 0.6 0.5 4.6 7.7 9.2
Ash 4* 9.3 223 | 36.7 | 49.9 | 645 | 79.1 | 89.8 | 474 | 72.8 | 88.3
Organic matter (100 - 4% 90.7 71.7..1.63.351750.1:F435.5/| 20.9 1 "10.2 | 52:6 1 27:2%1"11.7
Semicoking products
yield, dry material
basis i 49.0 424 | 333 | 26.8 | 19.2 | 10.5 5.2 26.0 | 12.8 | 4.6
Sk 4.9 e BEb i TGO i b e R R TR g 1 R
Pyr‘ogene-nc W‘““'. 212 27.6 | 39.7 | 54.5 | 73.3 | 853 | 92.0 | 58.9 | 78.9 | 90.9
SO 249 |254|23|157]| 58 | 30| 1.7 | 94| 55|30
Gas and losses (by difference)
*! Partially hydrated anhydrite.
2 Only traces of mineral carbon dioxide have been detected.
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Fig. 1. Dependence of the kukersite semicoking products yield, kerogen basis (Y), on the
content of the latter (OM) in the mixtures with anhydrite (7-4) and gypsum (5-8); 7 and 5 -
shale oil; 2 and 7 - gaseous products; 3 and 6 - non-volatile residue (semicoke); 4 and 8 -

pyrogenetic water
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from 50 to 10 % the yield of the oil neutral heteroatomic compounds on the kerogen
basis drops by 1.7 % (relative) in the case of anhydrite and by 10.3 % when using
gypsum, that of aliphatic and naphthenic hydrocarbons correspondingly by 3.6 and

24.1 %.
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Fig. 2. Influence of the kerogen content in starting mixtures (OM) with anhydrite (I and 3)
and gypsum (2 and 4) on the yield, kerogen basis (Y), of neutral heteroatomic compounds (7
and 2) and non-aromatic hydrocarbons (3 and 4) contained in shale oil

Table 2. Characterictics of Semicoking Oils

Index Sample number according to Table 1
1 2 3 4 5 6 7 8 9 10
Density p,* 0.966 | 0.966 | 0.964 | 0.966 | 0.967 | 0.969 | 0.971 | 0.966 | 0.967 | 0.963

Chemical group
composition, wt. %:
Hydrocarbons:

Aliphatic and
naphthenic 158 | 147 | 150 | 17.0 | 13.2 | 145 | 147 | 150 | 16.2 | 14.7

Aromatic 2625 1 2679 26.4 | 26 29" 25.6 1™25.95 25.0/ | 252 || 27.7 | 269
Heteroatomic
compounds:
Neutral and basic 454 | 46.1 | 43.2 | 41.7 | 454 | 43.7 | 46.1 | 43.8 | 42.8 | 48.8

Acidic (mainly
phenols) 127351512501 15:4° | °15.1- ] 15.8: | 15:9:'] i14.2 | ‘160 ] ®13:3™]* 9.6
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As to the individual chemical composition of oils on the basis of their gas
chromatographic analysis data, there are no considerable qualitative changes in
connection with mineral additive concentration variations in model mixtures but some
quantitative changes take place. It is typical that the ratio of low-boiling compounds
to the heavier ones increases with increasing the content of mineral compounds in
the starting mixture (more extensive secondary reactions of oil transformation)
though in the case of n-alkanes (Fig. 3) the curve is similar to that of semicoke yield
(Fig. 1) and inverse as compared with the total gaseous products yield (Fig. 1) as
well as that of carbon dioxide and hydrogen sulfide among these (Fig. 4).
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Fig. 3. Influence of the kerogen content in starting mixtures (OM) with anhydrite (I and 3)
and gypsum (2 and 4) on the concentration ratios (CR) of n-alkanes (C,,-C,,) : n-alkanes (C -
Cys) (I and 2) and 2-methylnaphthalene : phenanthrene (3 and 4) in the oils obtained
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Fig. 4. Dependence of some gaseous products yield, wt. % kerogen basis (Y), on the latter
content (OM) in mixtures with anhydrite (/ and 3) and gypsum (2 and 4); I and 2 - CO,;
3 and 4 - H,S
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Table 3. Composition of Gaseous Products’, vol. %

Com- Sample number according to Table 1
pound

1 2 3 G 5 6 7 8 9 10

co, | 393|376 369 | 329 | 29.4 | 31.4 | 301 | 328 | 31.9 | 392
co |106| 55| 87 | 124|105 | 124 | 130 138 | 148 | 145
T L i L L b e a7 sl i 5 i
H, i) Dpasile perd? 2@ re g0 ecmpipans s epEdiac
CH, | 142|142 | 129 | 175]| 138 | 149 | 174 | 171 | 19.7 | 15.4
cH, | 96 | 106 90 | 90 | 97 | 89 | 80 | 89 | 87 | 7.0
eh, =48 T4s | a8 k31 1 86T . 42 1 18 1@l 45 134
el T I e Pl Tas I 2 Pl Fid T eed 15 1713
G, 1-19:] 27 | S ISP NS SO0 TR 2 Py
el as ] 49 a6 T a0 ) sefia | appas) 471 54
el il 0 18] a2 G f 2e ¥ 13 et iE i

* Air-free gas basis.

It was somewhat unexpected that anhydrite considerably promotes gas formation,
especially generation of carbon dioxide and, in the lesser degree, hydrogen sulfide
when the starting mixture for semicoking contains about 50-80 % of kerogen (Table
3; Fig. 1 and 4). At that, the intensity of gas formation is reciprocal to the yield of
the solid residue organic matter (Fig. 1). Therefore, it is probable that some
interaction between calcium sulfate and the kerogen thermolysis products takes place;
these reactions seem to be favoured in the region of a certain optimal organic matter
to mineral additive ratio. For example, it is known that carbon dioxide and calcium
sulfide are formed when calcium sulfate is heated with coal. As a result of the
reaction of calcium sulfide and acidic compounds of oil, hydrogen sulfide can be
generated:

Caso, + C—» CaS + CO,

H* L» H,S

It has been also established [4] that interaction between anhydrite and hydrogen
sulfide leads to formation of elemental sulfur that is known as an effective
dehydrogenation agent for organic substances (Vesterberg’s reaction); this in its turn

_results again in hydrogen sulfide formation:

CH

n'm

CaB0," +. HE e § ——m' W8

!
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Thus, if there is enough organic hydrogen in the system, extensive calcium sulfate
transformation is expected. Indeed, by determining the sulfates sulfur content in solid
residues (in the case of samples 3 and 4 correspondingly 6.7 and 7.3 %) it has been
shown that a considerable portion (here 62-63 %) of calcium sulfate is converted into
some non-sulfate products.

It is quite possible that there are also other pathways of sulfates transformation in
presence of thermally decomposing organic material, mechanism of these processes
obviously needs further investigation.

To sum up, the above-described experiments confirmed that the dispergation degree
is of considerable importance in determining the shales mineral matter influence on
the yield and composition of its semicoking products. Likewise it became evident
that the anhydrite effect on the kerogen thermolysis process is of specific character
as compared with that of a series of other minerals; calcium sulfate itself is
transformed in these conditions to a remarkable extent.

A. H. CYMBEPI, K. 5. YPOB

BJIMSAHHE AHTHJIPUTA H I'HIICA HA BBIXOJI H COCTAB
IMPONYKTOB ITOJIYKOKCOBAHH A KYKEPCHTA

Pesrome

B nponoipkeHHe cepud pabOT MO HU3YYEHHIO BIMSHHUS MHHEPAJIbHOH YaCTH TOPIOYHX
CIIaHIIEB Ha TEPMHYECKYIO NECTPYKIIHIO UX OPraHHYECKOr0 BEIMECTBa ¢ MPUMEHEHHEM
MOMEIbHBIX cMeced (Tabia. 1) McclIe0BaHO BO3NEHCTBUE NPHUPOMHOrO aHTHOPHTA H
MOJIYY€HHOTO €ro 0OBOJHEHHEM I'MIICa Ha BBIXOJ M COCTaB IMPOIYKTOB IOJYKOKCOBAHHS
KeporeHa KykepcuTa. ITOCKOJIbKY IPH IHOpPAaTAallUHd AHTHAPHUTAa MOXHO OXHIATh €ro
3aMETHOM JIE3WHTErpallii, CONPOBOXIAMINEHCS POCTOM YHEJIbHOW IOBEPXHOCTH,
NpEJICTaBIsAETCS HHTEPECHAs BO3MOXHOCTh H3YYHUTh BIMSHUE CTEIEHH IHCIEPCHOCTH
MHHEPAJIbHOI0 MaTepHajla Ha TEPMOJH3 KepOTreHa.

YcTaHOBJIEHO, YTO I'MIIC NEHACTBUTEILHO MONABISLET CMOJO0OPa30BaHHE CHIIbHEE, YEM
aHTHIPUT (DHCYHKH 1 u 2). TIpH 3TOM B IDYIIIOBOM XHMHYECKOM COCTaBe MOJIYYEHHBIX
CMOJI C YBEJIMYEHHEM KOJIMYECTBA MHHEPAIbHOM NOOABKM B HCXOMHOH CMECH JIJIs
MOJIYKOKCOBaHHS 3HAYUTEJIbHBIX M3MEHCHHM He OTMedaercsa (Ta6a. 2), HO B
WHIMBHIYaJIbHOM XMMHYECKOM COCTaBe CONEpXKaIOUXCS B CMOJIaX YIVIEBOIOPOIOB
BO3pacTaeT pOJb HU3KOKHUIIAINMUX COCOUHEHHUH (pHc. 3).

AHTUOPHAT 0OYCIOBIMBAET YCHIEHHOE ra3oo0pa3oBaHHe B 006jacTH 50—80 %-HOro
COEepKaHUA KepOreHa B MOMEJIBHOH cMecH (Tabu. 3; pHc. 4), YyeMy CONYTCTBYeT
NpeBpaleHHe YacTH cyJbdaTa B IPOAYKTHI, HE COIEepXallue cyabdaT-HOHA. BbIcKa3aHO
NPeaNoI0XKeHHE, YTO STO BbI3BAHO B3aHMOJIEHCTBUEM CyJibdaTa KaJIbIHs C IPOAYKTaMH
TEPMOJECTPYKIIMH KePOTre€Ha, B YaCTHOCTH C CEPOBOIOPOIOM.
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