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ABSTRACT

The extraction of Gan (Qanakkale), Soma (Manisa) and
Tungbilek (Tavsanli) lignite samples were investigated in a) Soxh-
let extractors, b) a 1 1t autoclave. Benzene, hexane, benzene-
ethanol mixture, toluene, tetrahydrofuran (THF) and pyridine
wefe used as solvents and the effects of particle size, siphon
number, solvent.to ligﬁite ratio (S/L) on extraction yields were
investigatéd in Soxhlet extractors. It was observed that as the
boiling point of fhé/extracting solvent (except for THF and ben-
zene-ethanol mixture), the particle size of lignite saﬁplgs, |
the: siphon number,lthe rank (except for pyridine extraction) and
the lignite to solvent ratio increaséd, the Soxhlet extraction

>yield.increased also.

The extraction in the autoclave was done with tetralin

and a) under N,

was fixed at 325‘@, the maximum_possible safe operating tempera-

pressure, b) under H2 pressure. The temperature

tﬁre.of tha autoclave, The effect of pressure, solvent to lig-
nite: ratio and.reaction time on the extraction yields were de-
termined using Tungbilek (&aV§an11) lignite samples under N,
pressure., It wés observed that the‘extraction yields increased
as the extr?ction timé, the solvent to lignite ratio and pressure

increased and decreased’as the % carbon (daf) increased in the

'
"t
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lignite sample.

The extractions under H 'pressura:(hydroliquefaction)

2
were cafried out at a fixed reaction time of 60 min, pressure of_
60 atm and solvent to lignite ratio of 10. The yields of extrac-
fion under H2
sure. but were slightly hdigher.

pressure showed a similar trend as under N2 pres-
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SOXHLET CIHAZINDA VE OTOKLAVDA
GAN, SOMA, TUNGBILEK LINYITLERININ
'HIDROJEN VEREN VE VERMEYEN COZUCULERLE

OZUTLENMEST : S

OZET

¢an (Canakkale), Soma (Manisa), Tungbilek (Tavsanli)
linyit niimunelerinin &ziitlenmesi a) Soxhlet cihazinda, ve'
b) otoklavda incelenmigtir. Qﬁéﬁcﬁ olarak bénzen, heksan, benzen-
etanol karlglﬁl, toluen, tetrahidrofuran (TﬁF) ve ﬁiridin kulla-
n11m1§t1r. Tane buyuklugunun, sifon saylslnln ve ¢ozicii/linyit
oraninan dziitleme verimi lizerindeki etkisi 1ncelenmi§tir. Cozli-
cii kaynama noktasi (THF ve benzen-etanol karigimi harig), linyit
tane bﬁyﬁklﬁéﬁ, sifon sayisi ve linyit/g¢ozlici orani arttirildak-
¢a, bdziitleme veriminin arttigi tesbit edilmistir. Piridinle 8ziit-
rlemenin haricinde, linyit yasi arttikga vgrimin de arttiga ga;

rilmiistir,

Otoklav igindeki sziitleme tetralinle ve a) azot, b) hi-
drojen basinc1 altinda yapilmistair. Sicaklak 325 C de sabit tu-
tulmugtur. Tungbilek (Tavsanli) linyit niimuneleri azot basinci
altinda 6zﬁtleﬁérek, basincin, g¢béziicii/linyit oraninin ve reaksi-
yon siliresinin Ozilitleme verimi lizerindeki. etkisi incelénmigtir.'
Varimin reaksiyon siliresi, gazucﬁ/linyit orani ve basingla arttiga,
fakat linyif niimunelerinin karbon yiizdeleri ile azaldaigar tesbit

edilmistir.
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Hidrojen basinci altindaki ozlitleme ¢alismalari boyun-
ca, reaksiyon siiresi 60 dakika, ¢oziicii/linyit orani 10 ve basing
60 atmosfert'de sabit tutulmustur. Hidrojen atmosferindeki oziit-
leme verimlerinin, azot basinci altindaki Oziitleme verimlerine

oranla az da olsa daha yliksek oldufu goriilmiigtir,
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CHAPTER 1

INTRODUCTION

The change in the world energy situation influenced
the revival of interest in coal conversioh technology. Processes
are being continuouslyldeveloped to convert coal into clean
gaseous and liquid fuels. The coal conversion is presently very
expensive because it requires compléx technology. Research is
done to develop coal conversibn technologieé economically com-
petitive with pefroleum, because the coal reserves are much larger
" than those of oil and natural gas, and coal is considered to be

the main fossil fuel of thg future.

Turkey.has large lignite reserves but they are used as
fuel without any pretreatment. In order to develop an economical
coal conversion technology suitable for Turkish lignites, a
bétter understanding of the behaviour of lignités and the para-

meters affecting their conversion are required.

The~purpoée of this work is to study the parameters
affecting the lignite extraction with non-donor solvents in
Soxhlet extractor‘ahd a hydrogen donor solvent ( tetralin ) in a

batch autoclave under N, or H, pressure.

2 2
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CHAPTER 2

LIQUEFACTION OF COAL

The modern chemical industry before 1940's was based
upon coal Which was burned to produce steam and electric power.
Also, carbon and hyarogen bf coal were used for production of
organic chemicals, and carbon  of coal was used’for ﬁroducfion of
.indrganic chemicals (Dauphiné, 1978). In the‘late lth's the
size, growth rate and raw material base of the chemical industry
changed completely. Coai as a fuel could not compefe with natu-
ral gas and fuel oil which were'produced at much lower pricesf
So, the coal-based chemical technology was reﬁlaéed with petr-

oleum~based chemical techhblogy (Dauphiné, 1978)Q

Nowadays, the.problem'is to produce fuel and chemical
feaedstocks to the large and continuously increasing chemical in-
dustry. The change in the world energy conditions and the finite
nature of the petroleﬁm reserves are the major reasons for the .
revival of interest in coal conversioﬁ technology in fecent

yvears (Dauphiné, 1978).

The disadvantage of coal as a fuel is in its being a
solid with transportation and burning probleéms. It gives off
sulfurdioxide, soot and flyash on combustion (Dauphiné, 1978). In

-2-



converting the coal to clean'gaseous and liquid fuels, nitrogen
and sulfur in it can be recovered as valudble‘by-products (Wise,
1971). Also, the fuel obtained may be easily stor&d, handled and
used. So, it can be deduced that the purpose of all the processes
that convert coal into a liquid substitute for crude oil or a
product derived’from crude: 0il, is to produce easily transport-
able fuels, br chemical feedstocks low in sulfur content and free
of ash,‘thus at the same: time satisfying the pollution regula-
tions (Yavorsky, 19733 Wise, 1971l; Seapan, 1981). The production
of liquid fuels from ¢oai requires a complex and quite difficult
technology. High temperature and pressures are required and the
equipment neéessary for bperation under these cbnditions and in
corrosive medium, are very expensive (Dauphiné; 1978). So, this‘

is the reason for the coal ligquefaction plants to be so expensive,

In the long run, coal is bound to substitute petroleum
and natural gas because the coal feserves are much larger than
‘the petroleum énd natural gas reserves, as shbwn in Fig. 2.1. It
is reported that petroleum will remain availéb;e to the chemical
industry af fair costs until after 1990 and it will remain the
preferred source of fuel and raw materials (Dauphiné, 1978). for
some time., In Fig. 2.2 anticipated_ﬁorld production of petroleum

and coal (Falbe, 1980) are shown.

The lignite reserves of Turkey are estimated as 8.0
- billion tons ahd that of bituminous coals as 1.5 billion tons
(MTA,'1982); Presently, in Turkey, lignites are utilized in ther-

moelectrical-centrals, light industries and domestic heating
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without any technological pretreatment; Turkish lignites have
high contents of moisture, mineral matter and sulfur (Nakoman,
1971} TKI,1973) and because of this‘reason pretrgatment'is ne-‘
.cessary to keep the environment clean, Valuable gas and liquid
products may be obtained by liqﬁefying,iignites.'They could Tre~
place the petroleum derived products. Turkey has a relatively
low producfion of petroleum but a great demand for clean fuel oil

"and transportation oil. As a result, there ié'a“heavy dependence
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on fofeign»oil sources which is not desirable for many reasons.
From this point of view, development of lignite conversion téch;
nology.in Turkey, appears to be a necessity. Thé véluable bitu—
minous coal resérveé in Turkey are reportéd to be just-enough on-
1y for metallurgicai industry (MTA, 1982). For this reason they
can not be qoﬁsidered to be used for conversion to liquid and’
gaseous producfs. But lignites seem to be just suitable, and

the research and development should be concentrated on the con-

version of lignites.

Ha&ever, it must be pointed out that coal lingféction
technologies do not produce fuels and chemical feedstocks as e-
conomic;l as technologies based .on petroleum. Nevertheless this
work is baseﬁ on the better understanding of the behaviour of

Turkish lignites under extraction and hydroliquefaction conditions.

2.1 CHEMISTRY OF COAL

2.1.1 Rank of Coal

Coal is a mixture of macromolecules which are nof fe—
peating monomers as in polymers., It is a complex and variable
material. Coal can be 6onsidéred as # cross-linked high polymer
composed of condensed aromatic aggregates and connecting links

(seapan, 1981).

A useful method of characterization is the rank system



of classificatiqn. This type of classification is baséd on the
extent of coalification of the original plant, the remains of
which have been metamofphosed to peat,'lignite, low-rank and
high-rank coals and antracites (Wise, 1971; Macrae, 1966)._The»
me tamorphic develoément corresponds to an enrichment process in-
creasing the carbon content of the cgal. Classification is as

follows (Seapan, 1981):

Peat —w=Llignite or ;-Subbituminous-——»Bituminous-——»Anthracites

Brown coal coal coal
v vIncreaSing‘fank —
— Increasing carbon, decreasing H and 0 — -

The higher the rank, the higher the percentage of carbon i;, and
the lower the contents of hydrogen (H), oxygen (0), volatile mat-
ter (VM) (Taupitz, 1977) are. Heat content, which is nearly cons-
tant for the higher ranking coals is also useful as a rank para-
me ter for’lignites. The:hydrogen cantent is normally fairly cons-
tant (~5%) thfough all ranks up to anthacite (Petrakis, 1980).
For coals lower than bituminous rank, moisture contént‘dedreases
with increasing rank; a similar decrease in oxygen 6onten£ is re-
ported (Petrakis, 1980). So, it can Be obsérved‘ﬁhaéimany compo-
nents'cap serve as rank determiners but the §omm§n ones ére car-

bon content and the C/H ratio of coal (Karr, 1978; Petrakis, 1980).



The rank of coal doesn't define completely its proper-
 ties. Diffarept coals of the same rank may have variations in
their chemical compositions (wWard, 1974). Variations in elemen-.
tal analysis complicates theAclassification.and also determina-~
tion of chemical nature of coal. True rank can not alwvays be de-
termined because of different formations of this sedimentary ér-.

ganic rock called coal (Taupitz, 1977).

2.1.2 Chemical Composition of Coal

Coal is formed from plant matter and different amounts
of minarél substance: the organic macerals and the inorganic
crystalline minerals (éeépan, 1981). The macerals form the cém—
bustibleipart of the coal, while the minerals form the ash., Ma-
cerals are divided into three groups (Taupitz, 1977): vitrinite,
exinite and inertinite (Seapan, 1981)., Vitrinite is oxygen-rich,
exinite is hydrogen-rich and inertinite is cérbon-rich (Petra-
kis, 1980). The ma jor constituents of coal Minefals are iron, si-
lica and,alumina.'The,presence of coal minerals can accelerate
vliéuefaction reactions in coal processes (Guin, 1978). They ca-
talyse the hydrogenationiﬁf the donor solvent in coal extrac-

tions (Guin, 1978).

A significant difference between crude oil and coal is
that C/H ratio is higher in coal (Fox, 1974). Coal has a typical
H/C ratio of about 0.8. To change to liquid form this ratio need

be increased to 1.8 or to around 2.0 (Crynes, 1981). Another im-



’portént difference is in the form of confaminants. Elements
such.as S, N, 0 are common to both of them but coal has a dif-
ferent type of‘contaminants, nameiy ash, The Ash’is the most im-
porﬁant contaminanf because it is the most difficult to Iremove
and it is present in 1arge amounts ranging from 5 to 30 per

cent (Fox, 1974). Another very important contaminant which is
present iﬁ iarge amounts*is‘sul£ﬁ£; Dﬁring the processing of
coal sulfur can be removed as hydrogen sulfids using'hydrogen

gas (Ruethar,'l977)g_

Typical‘élemental analysis of coal of various ranks
are shown in TABLE 2.1l. The chemical composition of coal is.

usually repreéented‘in terms of its "proximate" and/or'“ulti-

TABLE 2.1 CHEMICAL COMPOSITTON OF COALS WITH DIFFERENT

RANKS (ward, 1974)

Medium i High : High
Anthracite volatile volatile volatile Lignite
' Bituminous A.Bituminous B.Bituminous

c_ 93.7  88.4 84,5 80.3 72.7
_H_ 2.4 5.0 5.6 5.5 4.2
_0_ 2.4 bol , '~7,o 11,1 . 21.3
N_ 0.9 1.7 1.6 1.9 1.2
s 0.6 0.8 1.3 1.2 0.6
H/C 1 0.31 0.67 0.9 0.82 0.69
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‘mate" analysis. Moisture and mineral matter are considered as

foreign substances and the coal analysis is presented on the
dry basis, dry and ash-firee (daf)-basis and dry and mineral

matter-free (dmmf) basis (Seapan; 1981; Petrakis, 1980).

2.2 TYPES OF LIQUEFACTION PROCESSES

Coal is the largest potgﬁtial soﬁrce_of'substitute li-
quid fuels. Coal can be liquefied by exposing it to hydrogen gas
or a hydrogen donor solvent under pressure and in many proces-
ses in the presence of a catalyst (wise, 1971). Coal can ;150
'be distilled‘by heating ét-high temperatures such that its vo-
lat;le compdnents'aré separated énd then, condensed and collected
as liquids (.Swabb, 1978). The net result is to i) add hydrogeh,
ii) také awéy carbon or iii) break the coal down to individual

carbon atoms and rebuild.

The overall objectives of liquefgction processes in-
clude the increase of atomic H/C ratio of cda1 from 0.8 - 0.9
(Dauphine, 1971) to 1.1 for primary coal liquid, 1.6 for an aro-
matic gaspline—and 2.0 for some other type of liquid produét
(Wise, 19713 O'Hara, 1980) by adding hydrogen. Thevoxygen,,sul-
fur and nitrogenvcontents must be reducad‘tp nearly zero level
and the inorganic material including ﬁnconﬁérted coal mustvbe

“totally removed (Seapan, 1981).

The products derived from coal could compete with
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pexroleum'derived products in two markets. One of them uses low
ash and_low sul fur boiler.fuels used for clean‘elecfric pow;r
and industrial steam generation. The other market uses high
grade fuels such as gasoline, methanol, diesel oil, heating oil

and chemical feedstocks (Fossil Energy Research Program, 1976).

The most important methods of liquefaction are (O'Hara,
1976; O'Hara et al., 1977; Fossil Energy Reéearch Program, 1976):
1) pyrolysis, 2) indirect liquefactien, 3) solvent extraction

and 4) direct liquefaction by hydrogenatien.

Coal is heated to high teﬁperaturevin absence of air,
and thus gas, tar and char are produced (Sinha et al., 1978).
Gas is used as fuel. Tar can bé‘hydrogenéted to obtain low sul-
fur éynthetic crude. Char can be gasified using steam or steam
and air to produce synéas (Hé+CO). The syngas can 5§ treated to
remove contaminants such as hydrégen sulfide and used to produce
electricity, methanol or ammonia and also 1i§uids by Fischer-

Tropsch technology (O'Hara, 1976; Simeons, 1978).

'Overall conversion and product quality are dependent
on rate of heating, temperature and hydrogen conteﬁt of the at-
mosphéré of pyrolysis (Taupitz, 19775. In normal pyrolysis, good
recoveries are obtainqdvat low or high temperatures by quick re-

moval of vapors by a stripping gas. In pressﬁre pyrolysis'on the
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other hand, less liquid products are qbtained because high pres-
sure is unfavorable for gas formation. The products have high

content of carbon and lowicontent of hydrogen (Taupitz, 1977).

2.2.2 | Indirect Liquefaction

The conditions of process are so severe that almost all
the éxistihg chemical bonds are broken. In thé'pfesence of oxygen
, and steam; neyw chemical bonds are formed and simble gaseous mo-
lécules of hydrocarbbns, hydrogeﬁ ahd carbon monoxide are pro-
duced (Lurgi, 1978). The mixture of (H2+CO) is:used to produce
liquid hydrocarbons by Fischer-Tropsch synthesis. Liquid hydrp-
carbons can also be produced from (H20+CO)_mixture by Kolbel En-

gelhardt process,

Fischer-Tropsch synthesis is being used today by the
South African Coal, 0il and Gas Corp., Ltd. (SASOL) in Sasolburg,
South Africa (Swabb, 1978). Coal is gasified with steam by the
Lurgi technology to produce carbon monoxide and hydrogen which
are then used to produce liquid hydrocarbons (Féx, 1974 ; Hammond,

1976; Gillmore, 1972).

C2.2.3 . Solvent Extraction

The separation techniques used in the early days of or-

ganic chemistry were distillation, crystallizatibn and solvent
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extraction (Wwise, 1971). Among them, only the last one could be
applied to coal, a nonvolatile and noncrystaL;iné material.
Solvent extraction is'déne with succesive different solvents.
These extractions are bas§d on the'property of some solvents to
break wegk bonds in coal and they are used:for étudyingythe éom-

position of coal (Seapan, 1981).

Oele and coworkers (1951) distingulshed the follow1ng

groups of operations in the study of coal extraction:

1) Nomspecific extraction: a few percent of coal is dissolved at
températures lower than 100 C. Extract consists of resins and
waxes (Seépan, 19813 Oele, 1951). The extract obtained is not

typical of the structure of coal.

2) Specific extraction: 20-40% of coal is extracted at tempera-.
tures lower than 200 C. The nature of extract is nearly the same

as the parent coal and the insoluble coal (Seapan, 19813 Oele,
1951).

3) Extractive disintegration: .the temperatures are higher than

200 °c. This operation is also called solvolysis (Seapan, 1981).

4),Extractive chemical disintegration: hydrogen donor solvents

are used at temperatures higher than 300 °C.

2.2.3.1 Solvent Classification

Solvent for the diqsolution of coal can be divided

into the following three categories (Hard, 197&):
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(l) those that dissolve small fractions of the coal by simple

solvation processes,

(2) those that break up coal structures by donating hydrogen,

(3) those that cause a redistribution of hydrogen and are usual-

ly coal derived products,

Another classification of solvents with respect to

their effects on coal is suggested as follows (Wwise, 1971):

(1) Nonspecific solvenfs:_they extract only traces of materials

at temﬁqratures up to about 150 °C,

(2) Specific solvents: they are defined by Dryden (1951) as sol-
vents diss@lving appreciable amounts ‘of coal at temperatures be-
low 250 °C, by a process of'physical solution. These -solvents are
capable of dissolving the-lobsely cross—linked or uncross-linked

macromolecilar structure (Seapan, 1981),

(3) Degrading solvents: these are good solvents at high tempera-
tures ( 450°C). The solvent may be recovered unchanged from so-
lution., Their action depends on the thermal degradation of the

coal to smaller and more soluble fragments,

(4) Reactive solyents: these solvents dissolve coal by reacting
chemically with it. The properties of the extracts are different
from those of the extracts obtained with degrading solvents. The
sbl#ent-free extract and residues weigh more than the parent
coal, indicating the severe chemical changes occurring_during

the extraction process,
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(5) Highly reactive solvents: they cause high degradation of the

coal to smaller molecules.

2.2.3.2 The Action of Solvents on Coal

Specific Solvents. They are not commonly investigated

by coal technologists because of the low extract yields compared

with those obtained with degrading solvents (Wise, 1971). Also,

many of them, pyfidine for
commercially._nyidine can
ding onithe rank (Dormans,
yields of variodus coals in
sents the ratio of extract

in the coal.

%E/C

example,‘are too expenéive tq be used
dissolve 2 to 35% of the coal depen-
1960). In Fig. 2.3 the extraction
pyridine are shown. Here, E/C repre-

to coal and C the content of carbon

60 - & Results of this work C- CGan
® Results of Dormans (1960) S- Soma
----- Extrapolation T- Tungbilek
40 _
20—
oT % T T , 2R
75 80 85 90 100
| gc (daf)
Figure 2.3 Results of extraction of vérious coals with

pyridine
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TvoAgraphs comparing the extraction yields of pyridine and ben-

zene-ethanol mixture are shown in Fig. 2.4 and Fig..2.5.

%E/C

60 - X Pyridine
® Benzene-ethanol mixture
Lo_
r—X X X X
/
!
204
Re ® ©® —C> —")
’ ]
7
y
0 T T T T T
0 v 6 12 18 24 - 30 36
‘ time (hr)
Figure 2.4 Relation between pyridine and benzene-ethanol

extraction yields and extraction times (Ouchi,

1965)

A decrease in extraction yield with very high rank coals, are
given by Dormans (1960) and vanKrevelen (1961)(see Fig. 2.3).
For good solubility a paraﬁeter characteristic of coal, Sp, es-—
timated from the chemical analysis of the coal and known atomic
parameters of coal, should be egual or nearly equal to a para-
me ter 55 characteristic of;the solvent (vankrevelen, 1965).
Fig.‘é.G shows that ethanolamine should be a~gcod solvent for

'low rank coals but pyridine Should‘be'better for higher rank coals,
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.40 - X Pyridine, ®Pyridine (this work)
®E/C e Benzene-e thanol, ®Benzene-ethanol( this work) -
30- G- Can ' T- Tungbilek
) S~ Soma
204 X oS / \
\ ®

10- : $>'X - 09\
< Y

L, £ TS

SR I . |

o 70 , 80 S0 %c (daf) "100

Figure 2.5 - Yields of p&ridine and benzene-ethanol extraction

' of different coals (Ouchi, 1965)

30 b

\ Ethanolamine

26 _\'—

/
. . A
22 Pyridine \”\"“_,J’
- Benzene
18 | |
70 ' 80 90 100
%C (daf)
Figure 2.6 Comparison'of sdlubility parameters of various

coals and specific solvents (Wise, 1971)
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The same behaviour can be deduced from Fig. 2.7 where it can be
observed that ethanolamine is a good solvent for coals with
carbon contents of 75-83% but for carbon contents of 87-90%,

pyridine is the better solvent (Dormans, 1960).

704 ' »
%E/C : o o ~—— Ethanolamine

- 60

50

40

3019

20+

107

N
o+—X T 1 >
0 80 85 96
%C (daf)
Figure 2.7 °~  Extraction yields of pyridine and ethanolamine

as a function of the rank of coal (Dormans, 1960)
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Degrading Solvents, The mechanism of the action of

degrading solvents on coal is complex and much of the work has
been done with tar-oil fractions which contain many'differént
chemical compounds. One example to this type of solvents is an-

thracene oil (wise, 1971).

Reactive Solvents. Hydregen transfer to coal can take

place from these hydrogen donor solvents. The extent of hydrogen
doﬁation of a particular solvent is dependent on its molecular
s tructure. Compounds containing ring nitrogen are observed to be

very effective (wise, 1971).

Coal is‘dissociatéd‘by thermal deccmposifion into free
radicals which are stabilized by hydrogen atoms from a donor mo-
'lecule (Seapan, 1981). The activity of a spent solvent can be
restored by hydrogen under pressure. Theepresencé of catalyst is
not neceéséry because hydrogen gaé is very soluble in such spl—
Vehts and transfer to coal cén take place eaéily frdm diésolved
hydrogen (Wise, 1971). A general represeﬁtation of the attack of
coal b& H-dqnors is shown in Fig. 2.8. Coal can both accept and
dbnate hydrégen just as tetralin, which can convert to decalin -
and naphthalene (Kang, 1977). The H-donor attacking the coal may
add hydrogenvforming hydroarbmatic rings and»éliminating éulfur,

oxygen and nitrogen from the coal structure as st, H20 and NH3

(wise, 1971; Ruether, ;977).

Hydrogen donor solvents are effective at high tempera-



H _ LIQUEFACTION :
Sol
SOLVENT HYDROGENATION

Tetralin ) _ Naphthalene
(Donor Molecule) -  (spent Solvent)

+ DONOR H LIQUEFACTION
Hypothetical ' Liquid Product
Coal Fragment
Figure 2.8 Hydrogenation of coal by a hydrogen donor solvent,

tetralin (Furlong, 1976)

tures where degradation of cdalvcan occur. The contact at high
témberatures between cqél and solvent must be just enough for the
éoal to absorb solvent and bgqéme a gel. Then, the gel structurg
breaks down to forh the coal solution. But if the contact time
is foo iong,>polymerization wili occur and loss of solvent will

be observed (wise, 1971).

2.2.3.3 Extraction Parameters

It has been shown in literature that both physical and
chemical procésses are involved in the dissolution of coal (ward,

1974). The solubility of coal is not oniy_a function of its'ge-
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neral structure and chemical functionality, but depends also on
physical and chemical interaction of coal with the solvent (Ward,
1974). Therefore, coal liquefaction process is a COmplex inter-
action (Neavel, 1976) involving 1) physical breakdown of the
particles, 2)‘thermally induced bond rupture,rateé, 3) compéti—
tion: between recombination and donor hydrogen stabilization. Go-
Jumbic et al. (1950) congidered the physical nature of a com-
pound fq be more important thamn the chemical one in determining

its effectiveness as a solvent,

Kreulen (vankrevélen, 1961) believed tﬁat solid coal
.is'made up of micelle nuclei encased in protéétivé.oleophyiic
layers and embedded in an oili medium. This was an explanation
for the surface tension effects'of solvents, the influence of"
temperature apd rank on fhe extraction &iéld. So, coal was re-
garded as a colloid. Arbund 1930'5? ﬁore and more workers on
this shbject believed that coal extracts are colloidal systems.
Kreulen (vanKrevelen, 1961) defined thé‘organosols as a dis-~-
persed phaSe of micelle nuclei (humic sﬁbstanées prbfected by
a layer made up of bitumen), and of a dispersion medium (moie-
cularly dissolved‘part of coal, the oily bitumen). Kreulen
further explained that the micellé nucléi énd the protective
layer can not be quantitatively separated by solvents because
of fhe strong coherence egi;ting 5etween them. He also repofted
fhat fhe mean éize'of the micelle nuclei incréases with‘rank
and the organosols are unstable because the protective layer:

merge gradually into the dispersion medium. The stability is go-
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verned by the micelle-liquid interfacial tension. So, stability

increases as the surface tension of the solvent increases.

Dryden (1951), reported that Kreulen's concépticn put.
undue stress on the physical charactef of the sélvent. He con=
cluded that the most important factors are the chemical proper-
ties of the solvent. Dryden stated that a good solvent always
contains a nitrog&n or oxygen atoﬁ possessing an unshared pair
of'electrons, and all the other things being equal, nitrogen
comp0undé are better solvents than the oxygen compounds. The
most favourable solvents are found to be those that contain at
least one primary-amino group at£ached to metpylene and he tero-
. cyclic bases, sych as pyridine. The results obtained by Kamiya
et al. (1981) sugges}ed thét'three-ring aromatic_compounds are
bettér solvents than two-ring aromatics because coal fragments

are more soluble and reactive toward freeAradicals.

Effectiveness of a solvent depends on the prope;ties
of coal to be ext:acted, especially on the rank (Darlage, 1975;%
Golumbic, 1950). According to Golumbic (1950), as the oxygen
and volatile matter in coal decreases, rank increases and the
.yield’of pyridine extract increases. OXidation of §oal before
and/or during the extraction may occur and it lowers the extrac-

tion yield (vanKrevelen, 1961). Mineral matter content is also

important (Given, 1975) and it affects the yield in various ways.

Other important parameters in extraction are tempera-

ture, pressure, solvent to coal ratio, particle size, drying of
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coal samples. The extraction treatment with specific solvents is
done near the boiling point of the solvent because it has been
determined that yields do not increase at higher temperatures
(Dormans, 1960). So, extraction in solvents with higher boiling
témperatures leads to increased yields. This is not the same
with reactive solvents, The thermally induced bond rupturé step
in the extraétion_process in this case, is more important., In
general, ihcreasing the reaction température increases the ex-

tractien yield (vankrevelen, 1961).

Increasing pressure of the extraction medium results
in increased conversion -(Blessing, 1977) and in rapidly increa-

ing oil yield (Severson, 1977).

Dryden (l951) showed that solvent to coal ratio has
no influence: on the final extraction yie;d; Experimentsldone by
Néavel (1976) indicated no effect on extraction rate or ultimate
extraction yield in runs with a tetra;in to coal ratio of more
than 2/1. But, according to Severson et al. (1977) the yields

increase with increasing solvent to coal ratio.

It is reported that pérticle size of the coal samples
has no influence on the final extraction yield-(vankrevelen,
1961); but.according to Oele et al. (1951), the particle Size
affects the percent éxtraction vailues which are directly related
with the effectiﬁeness of ;olvenf. The yield of extraci décreases
with decrease in particle size for effective solvents. JUSt the

opposite may be observed for less effective solvénts. The rate
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of extraction can be increased by grinding (vankKrevelen, 1961)
and may be independent of pa:ticie size (Curran, 1967). Oele and
coworkers (1951) showed that the yield of extract can be in-

creased by grinding the coal sample to less than %p.

In the case of specific éolvents, drying of coal and
refining the solvent ffoh water tends to increase the yield
(vanKreveien,vl96l). This is not the case fior reactive solvents.
Small amounts of water in'the system can play the role of a ca-

talyst during the extraction (Oelert, 1976).

Wynne-Jones (Dryden, 1951) stated that coal extrécts'
afé férAfhe greater part ih‘molecularly dispersed state but
larée particles of cdlloidal diménsiohs are also present. Also,
Pierrbn (1960) calls'attenﬁion to the possibilityAéhat extract
" yields for certaiﬁ coalsAmay be: high_dﬁe to colloidal dispersion
of coal iﬁ the sblvent. It is Curran et al.'s (}967) opihion
that coal extracts are true solutions and not colloidal mixtures,
Bréwnb(vankrevelen, i96l; Harrison, 1975) concluded that the ex-
tracts and the undissolved residue céntainad similaf chemicai

s tructures.

2.2.4 Direct Liquefaction by Hydrogenation

There are mainly two;types of hydrogenation of coal
(Lurgi, 1978): (1) Addition of hYdrogen can be realized direct-

1y using hydrogen gas at high pressure (120-330 atm) and high
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tampefature (350-475 °%) (Lurgi, 1978), (2) Hydrogenation is done
by slurrying the coal in the coal-derived solvent; then, it is

mixed with a hydrogen éontaining gas-and reacted by'high tempe~
rature and pressuraé. The reactions can be noncatalytic, pseudo-

catalytic or catalytic (O'Hara, 1976).

When the coal is heated to 325-350 C, the rupture of
links becomes significant and it increases rapidly with increase
in teméerature@ Most processes are conducted at temperaturéé‘
around 475-500 °C (wiser, 1978). A scheme is given by Ignasiak
and Brown (1980) showing the major reactions taking place during
H-doﬁor liquefaction of c§a1 (Fig. 2.9). it is believed that so-
lubization of coal with formation of oils,‘aSphaltéqes and pre-
asphaltenes or asphaltols (Farcasiu, 1977) is a resﬁlt of
cleavage of a limited number of co%alént bonds (whitehurst, 1977).
The: éoal dissolution is fast éhd requirés very little hydrogen
‘consump tien (Whitehurst, 1977). The preéence of hydrogen gas in
~the early stages of cénve;sion is not critical but a good hydro-
gen-donor solvent must be presént (Whitehurst, 1977). It appears
that cleaved bonds are stabilized by internal hydrogen dispro-
portionation (Ignasiak, 1980). Breakages are in general at hete-
roatoms such as sulfur, nifrogen‘and oxygen Whichbmay be split
out as gases such as hydrogen sulfide, ammonia and water:(Ruether,
1977). The fragments formed in the solubilization stage may reso-.
1idify when cooling bccurs, because of recombination of them. To
form producﬁs with smaller molecular weights, longer reaction
times are to be used (Ruether, 1977). The fragments (called>
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free radicals) are stabilized by reacting with a H-donor com-
péﬁnd which is usually the solvent. Compounds within coal itself
can also stabilize the free radicalé byva prdcess called as
autogenéous hydrogen transfer (Neavel, 1976). Two fragments may
also réact with each other by repolymerisation and larger mole-
cules resisting to further breakage result. The role of the sol-
vent is said to bevnot explicitly unders tood because the reac-
tions are numerous and they all occur simultaneously (Gangwer,
1981). The typical'and most fregquently used hydrogen donor sol-
vent in coal liquefaction‘studies is tetralin (Wise, 1971,
vanKrevelen, 1961; Guin,'l978; Cronauer, 1979). The net hydro-
genation of coal during H-donor liquéfaction involves the ad-
ditiop cf hydrogen present as H2 to the organic sfructu;e via
the donor solvent. The overall heterogeneous reaction sequence

is described by:

T == DN « H

where DN behaves as a reactive intermediate. Here, T, DN and N
represent tetralin, 1,2-dihydronmaphthalene and naphthalene,
respectively. Also, it has been shown that tetralin thermally
dehydrogenates to naphthalene aﬁd rearranges‘to methylindén in
either the presence or absence of free radicals. The free radi-
cals usuéily aécelerate-these reactions which cohpete‘with ole-
fin forming reactions (Cromauer, 1979). ‘When reactions were

performed in fhe 300-400‘@ temperature range, adducts have been
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shown to occur equally wlth tetralin and mesitylene. They, both
are reported to be stable up to hOO C This fact suggested that
stabilizatlon occurs by abstractlon of hydrogen by free radicals.
So, Cronauer‘et al. (1979) stated that'during'low temperature
reactions, adducts form between good donor.solvents (ﬁetralin,
for eXampie) and abceptor free‘fédicals; Equations below illus-

trate the competition between C»and H- (Cromauer, 1979):

Benzyl
radical Tetralin
‘ CH

©§H+ | __»©3+ )
Of. |CD)| — @-

Benzyl free radical can abstract hydrogen atom from tetralin,
leaving a‘free radical which can combine.with another benzyl
.radical. When reactions are performed around 450 C, cleavage

occurs as represented below (Cronauer, 1979):

@5©~ - — oD

+

| CH, Br
V+2© <——2©
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Breaking of C-C and C;O bonds accounts forithe
fblloﬁiqg (Gatas{ 1979): a) evolutign of some light products di-
. rectly from coal matrix, b) productinn of hiéhly reactive inter-
mediates able to abstract hydrOgan froh molecules like tetralin
or from coal itself, c) further reactions between highly reactive

intermediates resulting in larger molecules,

Thé-main objective of hydroliquefaction is the geneQ
ration of liéuid products. But 1arge‘amounts of gaseous products
are formed too (Seapan, 19813 Gillmore, 1972). The nature of
productsAié difectly-related tg.the amount of hydrogen added.
Mosf Qf hydrogen added fovcoal, come from hydrogenvdonor solvent,
The: hydrogen gas at high ﬁressure is used to regenarate the ef-
fectiveness of spent solvent (Wiser, 1978). The gaseous products
'are mainly light hydrocarbons, hydrogen sulfides, carbon oxides
and water vapor. The liquid products are mixtures of polynuclear
hydroéarbpns. They are sulfur, nitrogen and oxygen containing
organic compounds. In addition, trace amounts of ash and mineral
matter are present which act as nucleus upon which the'précipi—
tation oflcoal fragments can occur (Kang, 1977). The undissolved

coal and the mineral matter form the solid residue (Seapan, 1981).



CHAPTER 3

EXPERIMENTAL

Coal éxtraction work performed here can be classified
as: 1) Soxhlet éxtréction, 2) Autoclave extraction and hydro-
liquefacfion.;ln the'Séxhlet extraction part, Gan (Canakkale),
Soma (Manisa), Tungbilek (Tavsanla) .lignites have been extracted
‘with différent typgé of solvents and the effects'of particle size,
‘siphon number, solvent to lignite ratio‘(S/L) on the extraction
vields were observed. The autoclave extraction and hydrolique-
faction of the same types of lignites used in Soxhlet extractions,
were done using tetralin as solvent. Either N2 or H2 gas was used
as the pressurizing medium. The effects of pressure, solvent to
lignite ratio,‘reaction time: on the yields were observed. The re-
sidue-from one run was extracted with hexane, benzene and pyridine
and the oil, aSphéltene and preasphaltene percentages were deter-

mined. For the same run, gas analysis was done by an Orsat Analyzér.

3.1 APPARATUS USED

3.1.1 Soxhlet Extraction

-30-
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The apparatus used in this part was Soxhlet extractor
with bulbed condenser, manufactured by Teknik Cam. Heating mantle
and pyrometer were used forvheating and temperature control. The

power was controlled with a powerstat. The apparatus is shown in

Fig. 3.1.

. 1= Soxhlet Apparatus
2~ Powerstat

‘3- Pyrometer

4~ Heating mantle

Saxhlet extraction apparatus

Figure 3.1

'
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. 3.1.2 Autoclave Extraction and Hydroliquefactiqn

A schematic diagram of the high préssure autoclave

used, is given in Fig. 3.2.
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Figure 3.2 High pressure autoclave
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l- Double thermocouple,
2- Magnetic stirrer with'cooler, .
3= Purge valve with condenser,
L- Angle valve with pressure condenser,
5= Stirrqr speed regulating box,
6~ Belt, |
7- Minimum-cortact manometer (O-latm),
8- Maximum-contact manﬁmeter (0-400atm),
9~ Heating jacket; | |

10— Cdoling aif purge valve,

ll~ Supporting frame.

The autoclave was a conventional 1 1t stainless Cr-Ni-Mo-steel
bafch éutoclave‘manufactﬁred by AndreésAHofér of West Germany.
Its maiimum workiﬁg bressﬁre and temperaturé are 325 atm and
350‘@, reépecfively. The vessel, 80 mm.in diameter and 235 mm in
‘depth is seamlessly forged, af one end with hemispherical botfom,
at the other end with screwed-on flange, with eight necked-down
bolts screwed on the flange and pre-screwed straight cover, On
cover there is one double thermocouple tube (6 mm i.d.), one -
pressure gauge tube with ﬁressure gauge 0-400 bar indicating
renge, one fine regulating valve with dip tube, 2 mm i.d., for
the gas inlet or outlet, two lateral lifting bolts to be screwed
off, one auxiliary equipmenf tube and two other fine regulating

valves, one of them containing a high pressure cooler.
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The autoclave is equipped with supporting frame and
heat protection jacket. The electric heating is built-in in this
jacket'with a heating capacity of approximately 4.2 kW. In che
if needed, an air cooling system can be used for cooling. The .
air inlet prcssure is controlled by a minicum—ccntact manome ter

as shown in Fig. 3.2. A maximum-contact manometer controls the

autoclave. inher pressure.,

The permanent magnet revolving agitator (Type bR“l) is
drlven by 0.5 KW motor. The maximum speed attainablevby agitatcr
is>2700 rpm but the'SPeed of the driven motor is in the range of.
155 to 1400 rpm. The speed is adjusted by a control knob on the
ébeed regﬁlating bhox. The motion is transferred from motor to the
magnetic agitator by a V-belt pulley on a V-belt. The water
-cooliné systém on the stirrer was operated when operating tempe-
ratures exceeded 300 °C. The stlrring speed is measured by a ta-

chometer with a reading range of 0-5000 rpm.

Aﬁ Fe-Ko DIN double thermo-couple was used for tempe-
rature readings which are analyzed by the electronic_PD/PID
(proéortional-differential / proporticnal-integral—differential)
type continuous regulator. The pressure, temperature and stirring
.speed controlling device has a visual fault ihdicator and a sound

alarm (ring buzzer). -
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3.1.3 Solvent Removal and Gas Analysis

The solvents were removed from the lignite extract
solution such that extract amount could be weighed and yield
calculated, Tetrahydfofuran, pyridine and tetralin were removed
from extract solutions using a #acuum rotary evaporator,
Rotavapor-M,.manufactured by Biichi Laboratory-Techniques Ltd.
of Switzerland. The apparatgs cohnected to the vacuum system is
schematically shown in Fig. 3.3.‘The other solvents, hexane, ben-
zene:, benzene-ethanol mixture and toluene, were rémoved by one

stage atmospheric distillation.

'The residue of run done under H_, pressure of 75 atm was

2
extracted with hexane,  benzene and pyridine in the Soxhlet appa-
. ratus, previously described. Analysis of gas products of the same
run were performed with an Orsat analyzer. The gas product was

analyzed far carben dioxide, oxygen and carbon monoxide, only.

The Orsat analyzer is shown in Fig. 3.4.

3.2. MATERIAL USED

3.2.1 Lignite Samples

The lignite samples of Can (Canakkale), Soma (Manisa)
and Tungbilek (TaV§anll) were obtained from MTA. The proximate
and ultimate analysis of samples are shown in TABLES 3.1, 3.2

and 3.3. Hydrogen, nitrogen and carbon analysis were done at
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Figure 3.4 Orsat gas analyzer

I.U0. Eczacilik Fakiiltesi. Oxygen percentage was calculated by
difference. The moisture, ash and heating values shown in

TABLE 3.4 were given by MTA.

The lignite samples were first grewnd to the desired
mesh (e.g. 60, 80, 100, 120) dried in air oven at 105 T for
fime intervals previeusly determined for each coal and then
stored in a dessicator. The drying time vaiues ﬁefe determined
as explained in App. l; The.dryingbcurves thuscohstructed are
shown in Figs, A.l1.1, A.l1l.2, A;l,B. The sulfﬁf and volatile mat-

ter contents were determined by "TS363" and "TS711“ methods of TSE.
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TABLE 3.1 PROXIMATE AND ULTIMATE ANALYSIS OF

GAN (CANAKKALE) LIGNITE SAMPLE

Coal, Coal, ) Coal,
as received moisture free mois ture and

ash free

Proximate analysis,%

Moisture 21.57 - ) -
Volatile matter 47.86 61.02 ) 78.43
Fixed carbon 13.16 , 16,78 21.57
Ash 17.41 22.20 -
Total , 100.00 100.00 100.00

Ultimate analysis,%

Hydrogen 5.48 3.93 5.05
Carbon 45.10 57.50 73.91'
Nitrogen ' - | - ' ‘ -
Oxygen | © - 29.52 13.19 16.95
Sulfur ' ’ 2.49 . 3.18 4.09
Ash | ' 17.41 22,20 ‘ -

Total | 100.00 ~  100.00 100.00
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TABLE 3.2 PROXIMATE AND ULTIMATE‘ANALYSIS OoF

SOMA (MANISA) LIGNITE (+18 LAVE) SAMPLE

Coal, Coal, Coal,
as received moisture free moisture and

ash free

Proximate analysié,%

Mois ture . ‘ , >19,37 - -
Volatile.mattar 32.14 | -39.86 : 51,68
Fixed carbon 30.05 37.27 48.32
Ash ‘ 18.44 22,87 -
Total ' 100.00 100.00 100.00

Ultimate analysis,%

Hydrogen A 6.61 553 7.17
Carbon | 46.00 57.05 73.97
' Nitrogem - - -
Oxygen- - 27.97 13.33 - 17.28
Sulfur 0.98 l.22 1.58
Ash ) ' 18.44 22,87 -
Total 100,00 100,00 100.00

# Washed lignite sample



TABLE 3.3 PROXIMATE AND ULTIMATE ANALYSIS OF

TUNGBILEK (TAVSANLI) LIGNITE (+18 LAVE),SAMPLE

Coal, _ Coal, ' Coal,
as received moisture free moisture and

ash free.

Proximate analysis,%

Moisture - 15.58 - -

| Voiatile matter 32,12 38.05, . 52,67
Fixed carbon ' 28.86 34,18 47.33
Ash . 23.44 27.77 -
Total “ © 100.00 100.00 100.00

Ultimate analysis,%

ﬁydrogen - 6,01 5.08 7.03
Carbon 53.95  63.01 ~ 88.48
Nitrogen ' - ‘_, -
oxygen '.  15.27 1 2.37
Sulfur . | 1.29 1,53 2.12
Ash . o 23.44 27.77 3 -

Total SR 100.00 100,00 ‘ ' 100.00

¥ Washed lignite sample
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TABLE 3.4 - HEATING VALUES OF LIGNITE SAMPLES USED
GAN SOMA TUNGBILEK
Lower heating value 5011 4851' 5551
(Kcal/Kg) '
Higher heating value 5242 5082 5766
(Kcal/Kg) | -
.3.202 Solvants ‘

.

The solvents used in the Soxhlet extraction part were
specific and nonspecific solvents with normal boiling points as

‘given in TABLE 3.5. Boiling point of benzene-ethanol mixture

TABLE 3.5 BOILING POINTS OF SOLVENTS USED (Perry, 1973)
Solvent 'Boiling point (°C)
Benzene-ethanol 55-6"
Te trahydrofuran 65=-6
Hexane 68.7
Benzene 80.1
Toluene . 110.8
Pyridine 115.4
Ethanolamine 172.8

Tetralin - 207.2
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( 7/3 v/v ), was determined experimentally. The H-donor solvent
used in autoclave extraction and hydroliquefaction was tetralin.

Its boiling point is also shown in the same table.

3.2.3 Chemicals of Orsat Analyzer

Carbon monoxide was absorbed in acidic cuprous chloride
solution. Oxygen and carbon dioxide were determined by absorp-~
tion in alkaline pyrogallol solution and strong caustic potash

solution, respectively (Thorpe, 1945).

3.3 ~ EXPERIMENTAL PROCEDURE '

3.3.1 Soxhlet Extraction

All extractions‘were performed using two Soxhlet
exﬁraction apparata at the same time, Each run-wasvperformed
twice to reproduce the results. The lignite samplg was weighed
in é paper thimble and placed into the Soxhlet apparatus. The
watef cooler system was then operated after having checked all
thé connections. The'powerstaf was adjusted such that fhe_heater
temperature:reachea andvslightly exceeded the boiling tempe-
rature of the extractioq solvent in the flask and thus the

boiling rate was sufficient for the required siphdn number.

At the end of the extraction, the wet lignite resi-
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dues'were_dried in an air oven at 105° until constant weight.
The dried thimbles containing unextracted lignite were weighed

and the weight difference and the % (C-R)/C value was determined.

-Thé.residue of one autoclave hydroliquefaction run
(run under H, pressure of 75 atm at room temperature)’was ex—
tracted With.hexane, benzene and pyridine, successively. The
solids were extracted to exhaustion., The wet solids obtainedv
afterxr extraétion with each solvent, were dried.in air oven at
lOS‘b to constant weight. The o0il, asphal tene and preasphaltene
yields were then calculated. The'liquid p:oducts obtained were
taken to rotary evaporator to separate the solv;nt from extract.
The;extraqf oﬁtained was weighed and percehtage yieid was cal-

culated.'

3.3.2 Autoclave Extraction and Hydroliquefaction

For each run 500 ml of,tetraiin.was used in the reactor.
The. previously ﬁeighed amount of iignite sample was added and
the unit was sealed by tightening the bolts to the correct po-
sitions indicéted by the arrows on the ﬂolts and screws. The
reactor was then flushed with nitrogen at low pressure ( 2 atm)
all valvés but the purge valve being ciosed. The air in reactor
was blown out in this manner for 10-15 @inutes; Then, N2 or Hz
- was sent to the reactor. As stated eafiiqr, the extraction study
was carried ﬁut separately, both under N2 and'szpréssufe. Méan-

while, all the valves and joints were checked for leakage at the
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intended reaction pressure,

Aftar pressurizing the reactor, the‘témperafure and

. étirrer speed were set to 325‘b'and 750 rpm, respectively} Thep'
heating and stifring of the»feactor were: stafted and the stirrer
cooler was turned on. The temperafure‘was set by uéing the tem-
peraturerset‘knob on the controller; The’stirfer speed was ad-
jJusted manually by the control wheel on the speed regulating
box. The: other controller setting values, Xp (proportional band),
HP (maximub powgr) and Limit (1limit alarm) were determined pre-
fipusly byjtestihg the temperature vélues versus time using ‘
tetralin ﬁnder nitfogen presSuré in the reactor, ﬁesults of.the.,
exﬁeriménté performed to determine the optimum settings are gi-~
ven in Figs. A.2.1, A.2.2, A.2.3. With the chosen settings,

‘the desired épérating temperature (325 °) was reached after 65
minutes. The autoclave was operated at this temperature for 60
minutes for all runs except for runs 10, 11, 12 in which
reaction times were changed to see their effects on extraction

yields.

ﬁhen reaction period was achieved, the reactor vessel
was cooled overnight to room tempéréture\and opened, The con-
tenté werg-removed and passed through thimbles. fhe solids were
washed out twice with fresh solvent (tetralin).vThe solids were
dried ip'airvoven at 105° until constant weight. The solvent
‘in extract solution was separated from the extracf by a rotary

evaporator. The percentage of yield was calculated.
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For the runs performed under H2 pressure, the‘nitrogen
present in reactor was purged out after the leakage tests were
finished. The reactor was vented to atmospheric pressure. All
the other valves closed, the. hydrogen valve was opened and the
reactor was flushed with hydrpgen at low pressure for 15 minutes.
Then, the reactor was pressurized with H2 to the desired reac-

tion pressuré and the experiment was started.

3.3.3 = Solvent Removal and Gas Analysis

The extract solution from each run was transferred to
the evaporating flask of rotary evaporator and the vacuum pump |
was started. The vacuum pressure was adjusted by a purge valve,
The evaporating flask, half of which is submerged in an elec—
trically heated water bath, ﬁas continﬁously rotated by a
driving unit. The temperature of water bath and thé vacuum pres-—
sure were adjusted so that the solvent couid.evaporate as rapid-
ly as possible. The extract thus obtained was weighéd and the

yield was calculated.

Gas analysis inkOrsat analysisAdah'be summarized as
followS.'Known amounts of gas samﬁles were taken in burette and
then péssed successivély through the absorbing'solutions (see
Section 3.2.3). The difference in volumesvof gas in burette be-
fore énd after the experiment, gave the volume of gas component
absorbed. The amount of gas‘abSOrbed by each solution was recor-

ded and results were given in volume percent (Thorpe, 1945).



CHAPTER U4

RESULTS AND DISCUSSION.

4.1 SOXHLET EXTRACTION

Experimenﬁs were deéigned to study the effects of
particle size;'Siphon numbef, solvent to lignite ratio (S/L)
'and action of different solvents on thé percent extréction yield
using three different types of lignites. All the results are
reported on two bases: % E/C (peréent extract/dry lignite sample)
and %.(C-R)/C (percent dry lignite sahpié minus residue, all.
over dry lignite sample). % E/C may exceed its true value be-
cause the extract contains solvent in the free or polymerized
form. On the other hand, although % (C-R)/C is independent of
retained solvent in the extract, its value is dependent on gés
losseé and on retained solvent in the residue. Négﬁtive results
" will be obtained for % (C-R)/C when the weight of residue ex-
ceeds_thaf of dry cdal sample because of sol&ent refention in
résidué>(wise, 1971). As a result, this work is based on % E/C

calculations.

The results of particle size effect afe shown in

-6~
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TABLE 4.1 and Fig. 4.1. The curve drawn in Fig. 4.1 was obtained

by linear regression. Pairs of rumns 3-4, 10-11, 12-13 and 14-15

TABLE 4.1 QUANTITATIVE RESULTS OF SOXHLET EXTRACTION

Run Solvent Lignite Particle  Siphon S/L %E/C %(C-R)/C

size, mesh number

1 P C 60 8 20  3.75 3.61
2 P ¢ 60 16 20 4.73 k.52
3 P o 60 16 20 4.63 4.12
4 P c 60 . 16 20 4.68  4.27
5 P C 60 21 20 4,79 5.13
6 P c 60 28 20 7.18 6.93
7 P c . 66 28 10 7.52 6.93
8 P -G '60 - 28 15  7.61 7.05
.9 P | c 60 28 25 .‘7.28 7.4
io P ¢ 80 16 20  4.26 k.75
1 P ¢ 80 16 20 4.22 3.99
12 P o 100 16 20 3.70 3.10
13 P o 100 16 20 - 3.82 3.70
14 P o 120 16 20  3.29 2,15
15 P ¢ 120 | 16 20 3.40 3,51

P- Pyridine, (- Gan
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%E/C

4.5 |

3.5

3.0 ’ T —
. Lo - 80 120 »l60
' mesh
Figure 4.1 Effect of particle size on extract yield of
Gan (Canakkale) lignite using pyridine as solvent

(siphon number =16, S/L =20)

were perfbrmed at the same conditions to measure the reproduci-
bility of resuité. The reproducibility was observed to be within
3% of %E/C, but poor reproducibility was observed for %(C-R)/C,

due to the high solvent retention in residue. Decrease in yield
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is obserjgd as particle size decreased. Similar behavior is also-
reported in literature (Oele, 1951). Extractions were done for a
time period of 7 hr, ﬁbt toveihaustion. So,vthe results obtained:
are not the final extraction yields. Nevertheless, they give an
~indication about the effects of various parameters on the ex-

.traction yields,

The second parameter studied, was the siphon number.
The power supplied to the heater could be varied and it was
adjusted to obtain the required siphon rate. The values for
siphon numbers obtained during 7 hr extraction runs and thé re-
sults of extraction yieldg are reported in TABLE 4.,1. A graph
showing thé relationAﬁetweén yield and siphon ﬁumber is gifen .
in Fig. 4.2. It is seén that extraction yield increases with
siphon numﬁer. The curve in this figure was obtaine& by least-
squares method, It can'be deduced that the yield increases with

the contact time between lignite sample and fresh solvent,

There are contradictory results about solvent to coal
ratio effect in the literature (Darlaée, 1975; Neavel, 1976;
Severson, 1977). Experiments done in this work showed that yield
decreéses with increase in solvent to lignite ratio, when Can
(Qanakkalé) ligﬁite.samples were extracted with pyridine for
7 hrs (runs 6, 7, 8, 9 in TABLE 4.1), The effect of solvent to
lignite ratio on extract yield is also shown in Fig. 4.3. The

curve was drawn using linear regression method.,
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3 f‘ yl‘ - ; T
o 8 16 24 32 4o

siphon number

Effect of siphon number on extract yield of
Can (Qanakkale) lignite using pyridine as solvent

(particle sizez 60 mesh, S/L: 20)



%E/c

Figure 4.3

_51-

9
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\
7 o
6 I T T T
5 10 15 20 25 30

Effect of solvent to lignite ratio on extract
yield of Can (CGanakkale) lignite using pyridine
as solvent

(particle sizesz 60 mesh, siphon numbers 28)

It is stated that the effectiveness of a solvent de-

pends on the rank of the coal (Darlage, 1975). Carbon percentage

on moisture and ash free basis (daf) is commonly used to define

the rank of the coal. In this work also, ranks of lignites were

~determined according to the carbon contents of lignites. The

rank increases as follows: Can — Soma — Tungbilek (sée TABLES

3.1, 3.2, 3.3). In the literature it is reported that extraction

yield increases with rank (vankrevelen, 1961; Golumbic, 1950).

The effect of rank on the extraction yield was studied by ex-
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traction of Gan, Soma and Tungbilek lignite samples with dif-
ferent solvents. The results showing the effects of rank and
the boiling points of solvents on the %E/C and %(C-R)/C, are.

‘given in TABLE 4.2.

TABLE 4.2 . QUANTITATIVE RESULTS OF SOXHLET EXTRACTION

(RANK AND SOLVENT EFFECTS)

Run Solvent Lignite Particle. Siphon 'S/L %E/C %(C-R)/C .

size, mesh number

16 B-E

c 60 E 25  17.05 17.87
17 B-E s 60 E.- 25 19.78 19.93v
18 B-E T 60 E 25 17.95 18.05
19 THF c 60 E 25 5.32 T7.53
20 THF s 60 E 25 6.52 10.00
21 THF; T 60 E 25 6.19 9.08
22 H G 60 E 25  1.13 1.01
23 H s 60 E 25 2.02 1.98
24 H T 60 E 25 1.78 1.53
25 B ¢ 60 E 25 2.56 2.81
26 ¢B S 60 E 25 3.11 3.67
27 B T 60 E 25 2.99 3.48
28 TO ¢ 60 E 25 5.71  3.08
29 fo | s 60 E 25 9,02 4.23
‘30 TO T 60 E 25 = 6.00 3.46



TABLE 4,2
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QUANTITATIVE RESULTS OF SOXHLET EXTRACTION

(RANK AND SOLVENT EFFECTS) (continued)

o]

® = n o« 'E -]

Pyridine,.

‘Ethanolamine:,

Can,
Soma,
Tungbilek,

Exhaustion.

Run Solvent Lignite Particle Siphon S/L  %E/C %(C-R)/C
size, mesh number

31 P’  ¢ 60 E 25 9.80 6.76
32 P s 60 E 25 9.28 5@37
'33 P T 60 B 25 11.85 7.35
34 EA o 60 E 25 204.62 -
35 EA S 60 E 25 'i -i -
36 EA T 60 E 25 161.00 -
B-E - Benzene-ethanol mix ture,
VTHF - Tetrahydrofuran,

~ Hexane., |
B - Benzene, .
TO =~ Toluene,
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Benzene-e thanol mixture ( 7/3 v/v ), tetrahydrofuran,
hexane; benzene, toluene, pyridine and ethanoiamine were ﬁsed
to extract Gan, Soma and Tungbiiek lignite'samplas. The results
giﬁen in TABLE h.é show higher yields in extraction with sol-
vents having higher boiling points (see also TABLE 3.5), with
the. exception of benzene-~ethanol mixture and tetrahydrofuran.
Fig. 2.5 shows the relation between pyridine and benzene-etha-
nol extraction yields and rank of Various‘;ignites extracted.
The r&éults obtained in this work‘are also plofted~on the
same figure for comparison. Results bf this work for pyridine
fit the curve taken from literatﬁre, bﬁt the benzené-éthanol
extraction.yields obtained in this work are higher than the
values reported by Ouchi et ai;b(l965). The results of extrac-
tion by pyridine of this work aré élso compared agaist the re-~
sults reported by vanKrevelgn.(l961) (see Fig. 4.4). As it is
seen, the data of this work agree with-vanKrevelen's data. The
yields obtained with benzene-ethanol mixture and tetrahydro-
furan (see Fig. 4.5), which are higher than those reported in
literatﬁre (see Fig. 2.5), may Ee,due to inefficient separation
éf solvent from the solvent-extract solution., The solvent re-
moval from extract solutions obtained in ruﬁs 16, 17, 18, 19,
20 and 21 of TABLE 4.2 were accomplished by simplé stage‘dis-
tillation. This type of solvent removal has;poor efficiency
because a considerable amount of solvent remains in the extract.

Large yield values are obtained here because of unremovable

solveant.
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%E/C ¢ - Gan —— van Krevelen
' S - Soma ---- extrapolation
T - Tungbilek
30 -
20 _
10 - Co
So
7
/
7
7
0 E
i I I L I 7
70 75 80 85 90 95 100
| %c (daf)
Figure 4.4  Extraction yields with pyridine

(van Krevelen, 1961 )
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The effects .of other solvents on extraction yields

are shown in Fig. 4.5,

#E/C. ® Benzene-e thanol APyridine. ©Benzene
' » Tetrahydrofuran .X Toluene © Hexane
20 4 S- Soma T- Tungbilek
. ® :
@
15 -
10 - &
A
>
£
5 ol
0]
, 8]
© ®
° T T [, L ]
.70 s 75 80 85 T 90 95
| %C (daf)

Effect of solvents on extraction yields as a

 Figure 4.5
' function of %C
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It is éeen thaf hexane, benzene and toluene are not effective
solvents but ﬁyridine is a good omne, Pyridine,effecfiveness
increases as %C increases (from 73.97 to 88.48%). Just the con-
trary can be observed for all the other solvents. Figufe 4,6
illustrates the effect of sdlvents on extraction yields as a
functionvof H/C ratio., Yield increases when H/C:incfeases,
(with exception of pyridine). Benzene extraction yields varied
in the range of 2.56 to 3.11 % (run 25, 26, 27, TABLE 4.2).
These low yields agree with the results given in iiteréture

(vankrevelen, 1961).

Figure 2.7‘shows that ethanolamine is a good solvent
for lbw rank coals. Ethanolamine extraction has been attempted
but attack of the thimble by this solvent waé observed during
the extraction donme in runs 34, 35 and 36 (TABLE 4.2). Also,

a great retention of solvent in the residue and extract was
ébserved.-This is the reason for such high yields obtained in
runs 34 and 36. Run 35 has been attempted but for each time
‘destruction of thimbles was observed and the run couldn't be
continﬁed. However, decrease in yield with increase in %C in

lignite is reported in literature (Dormans, 1960; vankrevelen,

1965).

The duration of runs 16 through 36 (TABLE 4.2) was
determined by the pefiod required to obtain a colorless extract,
a critefia which has been uséd by many others (Farcasiu, 1976;
Ouchi, 1965; Darlage, 1976).‘The extract.as removed from Soxhlet

apparatus varied from dark brown (extraction with pyridine) to
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25
%E/C ® Beﬁzéhe-ethanol x Toluene C- Can
¢ Tetrahydrofuran’ tlBenzene' S~ Soma
A Pyridine ® Hexane T— Tung¢bilek
- //8
15 _
10 7
5
. ) = [1] —
. ® O
i O)
0 T T -A T T T
(¢] c7 _ ‘ T 8 9 -2 s 10
L : H/Cx10 :
Figure 4.6 Effect of solventé on extractipn yi6lds as a

function of H/C ratio



-59-

colorless (‘extraction with hexane) solutions. Examination of
’pyridine extract solution showed presence of:a very small a-
mount of collqidal material ﬁhich showed visible signs of pre-
cipitate formation after several weeks. The precipitate for-
mation in solutions is attributed to the presence of free ra-
dicals in the coal (Dormans, 1960)., The extract and insoluble
residue shows affinity for the solvent. It was reported that
in the application of solvents like pyridine, a-surplus of 10
to 15 percent in the~weight'balaﬁce based on the original coal
is not exceptional (Oele, 1951). As it is seen in TABLE 4.2,
%(C-R)/C values and %E/C values for the same run do not agree
Bééause of_thelentrapment_of solvént‘molecules both in porous

s tructure of coal and extract. Prolongeé heating of extraction
‘residues and extracts produced no weight chaﬁges, as it is also

observed in literature (Darlage, 1975).

4,2 AUTOCLAVE EXTRACTION AND HYDROLI QUEFACTION

"The: extraction in autoclave were performed using te-

tralin under a) N, pressure and b) H, pressure. The lignite

2 2
samples from Gan (Ganakkale), Soma (Manisa) and Tungbilek (Tav-
sanli) used in p;eviouvaork, were also usgd heré. Although it
is reported that hydrogen transfer is bettervat.femperatures
higher than 4quC (Wise, 1971), the temperature in this work

was kept constant at 325 C because it was the maximum safe tem-

perature that could be used in the reactor. The effects of rank,
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reaction time, solvent to lignite ratio and pressure on the
%E/C and %(C-R)/C values for the experiments carried out in the

autoclave using N, gas are shown in TABLE 4.3.

TABLE. 4.3 RESULTS OF TETRALIN EXTRACTION OF LIGNITE

SAMPLES UNDER A) N, , B) H, PRESSURE

Run Gas Lignite Time = S/L Pressure at %E/C %(c-R)/C

16 60 10 131 20.11 15.22

N

(min) 325° (atm)
1N, ¢ 60 10 119 . 21.76 13.28
2 N, s 60 10 119 19.43 . 6.73
3 N, T 60 10 119 ©11.03 - - 2.17
4 N, T 60" - 7 119 9.89 - 4.43
5 N, T 60 b 119 7.52 - 8.95
6 N, T 60 2 o119 | 4.32 - 9.23
7 N, T 69' 10 92 - 10.75 - 2.36
8 N, T 60 - 10 59 10.72 - 4.19
9 W, T 60 10 5 ©10.60 - 7.15
10 N, T 45 10 119 10.90 -11.38
1 N, T 30 10 119  10.40 -12.73
12 N, T 15 10 119 C9.75 - 5.96
13 H, c 60 10 119 23.15  20.20
14 H, S 60 10 itg 19.83 1k.89
15 H,, T 60 10 119 12.51  10.01
H s |

G- Qan, S- Soma, T— Tungbilek



Effect of rank is obsery_ed at the end of the first
three runs in TABLE 4.3. It can be seen that decrease in yield
occurs with the increase in rank. The %C content of Tungbilek
is given as 88.48% (see TABLE 3.3). It is reported in literaturé
that the yields decrease quite abruptly for coals with carbon
contents between 87 and 90% (YanKrevelen, 1961). Here, Tungbil’e.k.
lignite falls into this'regioﬁ. The results given in runs 1, 2

and 3 of TABLE 4.3 are plotted in Fig. 4.7.

P= 60atm ¢~ Gan
SQ 1 time= 60min S~ Soma v
¥E/C s/L= 10 ' T- Tungbilek
Solvent- Tetralin
40 4 Gas- Nitrogen
30
¢
®
20 1 SO
10 | . Teo
o}
] i T 1
60 70 80 ’ 90 100

%C (dar)

Figure 4.7 Effect of rank on extract yield
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The results obtained in this work, shown in runs 3,
4, 5 and 6 of TABLE h.j,_Qigagreevwith the observation of Neavel'
(;976) (see Secti§n72,2.3.2)_but agree with that of Severson et
al. (1977) who repo:ted that yields increase with increasing
solvent to coal ratio. From the shape of'the curve given in

Fig. 4.8 it can be deduced that beyond solvent to lignite ratios

greater than 10:1, yield will not significantly increase.

20

‘ P= 60atm
%E/C' , time='6qmin‘
R Coal- Tungbilek

15 4 Gas- Nitrogemn

lo'_~ /

v/////’/’/’Q - '
0 A
5 -]
0 1 T T T T
0 2 4 6 . 8 10 12
s/L
Figure 4.8 Effect of tetralin to lignite ratio on

extract yield
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Negative values for %(C-R)/C -are obtained as seen in
TABLE 4.3. This means that the weight of residues are higher
thénkthﬁse of dry iignite samples. This is because of entrap-
ment of,tétraliﬁ in the residué; The entrapment is obsérved
(see TABLE 4.3) to decrease (sméller absolute values of %(C-R)/C)
with increase in solvent to lignite ratio. Because of the higher
yield and tﬁe lower solvent entrapment, the solvent to lignite

ratio for the rest of experiments was fixed to 10:1,.

Pressure is also an important parameter in extraction.
Iﬁcreaging preséure rqsulted in inCréased-yields (see TABLE 4.3)
as reported also in li£érature (Lurgi, 1978). The extraction
yields are plotted against preségre at the reaction temberature
(325°C) and the curve obtained shows that increasing‘pressure
:beyond the preséures used in this study, will increase the yield

 further (see Fig. 4.9).

Reaction time was also varied and its effect on yield
is presented in Fig. 4.10. Further increase in time wéuld not
‘affect the yield<much,'éo reaction time was safeiy fixed to
60 min. Comparing the %(C-R)/C results given in runs 3, 10, 11
and 12 of TABLE 4.3, it cén befdeduced'that entrapment‘of te-
tralin is lowest for run 3, which was performed at reaction
time of,60 min. Fixing the reaction time of the rest of’experi-

ments to 60 min, is again justified by this result.

. In the experiments vhere H, gas was used, pressure

2

and témperaturé were set to fixed values of 60atm (measured at
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11.5
%E/C time= 60min
- Coal- Tungbilek
11.3 7 Solvent- Tetralin
~ Gas- Nitfogen _ :
- T=325% ' '
11.1 S/L= 10 ~ ‘ ///

10.9 7.

10.7

10.5 T T » ‘

o . 4o 80 = . 120
' P (atm)

Figure 4.9 Effect of pressure on extract yield

room tamperature)'and 325 C, respectively. The yields given in
runs 15, 14, 15 of TABLE 4.3 show the same trend observed with
N2 gas: they decrease as the %C of.coal increases. The yields
are slightly higher when H2 gas is used~iﬁstead of Nz.gas. It
is reported in literature that hydrogen effect is mnot very im-
poftant when reaction temperatures are low for intemsive bond
breakage to occur (Ignasiak, 1980). Increase of 1.39, 0.40 and

1.48% in yields were obtained for Gan, Soma and Tungbilek lig-

nite samples, respectively, when Hz‘gas was used instead of N2
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Figure 4.10 Effect of reaction time on extract yield

gas (see Fig. 4.11).

Run 16 in TABLE 4.3 was performed at 75 atm (meaéufed
at room temperature) and' 325 °C using Sqma‘(Manisa) lignite. The
extract yield obtained was slightly hiéher than that obtained
at 60 atm (see run 14, TABLE 4.3). The residue of this ruﬁ was
extracted with hexane, benzene and pyridine iﬁ a So#hlét appara-
tus. The results givgn.in-TABLE L4 .4compare the oil, asphaltene,
asphaltol and residue yields of lignite extracted in Soxhlet

apparatus with yields of residue of lignite reacted with tetra-
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Figure 4.11 Effects of hydrogen pressure on the yield

as a function of %C

1lin in autoclave at 325‘b and uﬁder hydrogen pressure of‘75afm.
The % oils, % asphaltene, % asphaltol and % résidue results ta-
buléfed in the first column of TABLE 4.4 afe calculated using
the resuits obtained by»Soxhlet>extraction of Soma lignite using
hexane, benzene and pyridine (see runs 23, 26, 32 of TABLE 4.2)
and kéeping in mind @hat oils are hexane~soiubles,,asphaltenes
are hexane insoluble but benzéne soluble,»asphaltols are benzene

insoluble but pyridine soluble and the residue.is pyridine inso-

luble.



-67~

_TABLE 4.4 OIL, ASPHALTENE, ASPHALTOL AND RESIDUE YIELDS

OF SOMA (MANISA) LIGNITE SAMPLE AT 325 T

% with respect Lignite extracted in Lignite extracted
to lignite Soxhlet apparatus’ with tetralin
samplé used . - in autoclave

Oils 2.02 _ 4.51

Asphal tenes - 1.09 ] 5.89

. . > ¥k

Asphaltols . 6.17 S _ © 30.55

Residue | - 94,63 o . 39.09 |

Tetralin extract — . 20.11

A i
Total ' : 103.91 : 100.15

I

Higher than 100 because residue could have trapped solvent in it

2 Using the residue left after hydroliquefaction -

Gas product of the same run was analyzed in an Orsat appara-
tus for carbon dioxide, oxygen and carbon monoxide contents,

The results are shown in TABLE 4.5.

‘The main sources of error in autoclave wofk are as-—
sociated with the transfer of liquid and solid products from

the autoclave. Also, coal‘liquefaction experiments conductedv
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TABLE 4.5 ORSAT ANALYSIS OF GASES FROM RUN 16 OF
TABLE 4.3
co, o,  co
Volume % 2.5 1.4 5.7

in autoclave required long periods of heat-up (65 min) and
cool down (overnight) during which, reactions could have occured.
However, all the runs were performed in the same manner to pro-

vide uniformity.



CHAPTER 5

'CONCLUSTION AND RECOMMENDATIONS

5.1 CONCLUSION

The tendency of éxtracfion yields obtained in this
study‘agrea in generai.with literature. The Soxhlet extraction
yields increased as the size of particles of lignite samples,
the siphon number, the lighite to solvenf ratio and the %C in
lignite sample increased. In ggneral, increased extraction
yields were observed for extraction with solvents of higher

boiling points.

The autoclave extraction yields, using N, gas and te-

2
tralin, increased as the réaction time, the solvent to lignite
rétio.and the pressure inéreased,»but they decreased as the %C
of lignite Samples increased. Thg autoclave extraction yields
ﬁsing Hzigas and tetralin show a similar trend, but they are

slightly higher than those obtained using N, gas and tetralin.

2
The yields of oil, asphaltene and asphaltol products obtained
from extraction of residue of hydroliquefied Soma lignite are

higher than those obtained from Soxhlet extraction of ligniter

sample itself. B
-69—
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3.2 RECOMMENDATIONS

1)Attack of thimbles by ethanolamine was observed during
Soxhlet extraction. Therefore, the digestion method should be
used for this type of extraction. By this.method»thé lignite is
extracted in a batch reactor at the boiiing température (or
higher) of sqlvent. This shortens the time of extraction but

the increase in yield thus obtained will be small (Dormans, 1960),

2)The solvent removal should be done only with rotary
evaporator., Simple distillation unit is inefficient to remove

significant amounts of solvent,

3)A more efficiént method should be developed for the

transfer of solid and liquid products from autoclave,

h)Prehydrogeﬁation of H-donor solvent may increase its
hydrogen donor activity. Guin's (1978) results show that 20%

additional coal dissolution occurs in prehydrogenated solvent,

5)Reaction should be performed, if possible, at higher
)

temperatures,
6)Higher pressures may‘be applied to increase the yield,

,7)Reactions under carbon monoxide pressure should be
tried in autoclave. Results of Oelert et al. (1975) show that
yield with carbon monoxide is almost twice of that obtained

under hydrogen pressure,

's)More elaborate gas analysis should be done to determine
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the constituents of gas formed in the autoclave,

9)More developed product characterization methods need

to be employed. In general, clay-gel chromatographic methods

" can separate and assign resonable structures to products. The

fractionation of coal products by succesive elution in solvents
on a silica gel column éauses seéaration into chemically diffe-
rent fractioﬁs, Also, high resolution mass spectfometry can in
general separate and identify the formula of almost all ﬁetero—
atomic components containing one or more O, S and N atom per
molecule. Different analysis methods applicable to coal solu-
tions are given in literature (Farcasiu, 19773 Liphard, 1980;
Mair, 1978; séhillei, 1977). Tt is reported that mass spectro-
metry can be abp;ied directly to unséparated samples but better
results are obtained whén it is combined with other separation
methods and spectromgtric methods such as GC, IR and NMR (Far-

casiu, 19773 Aczel, 1977).
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App.1l COSTRUCTION OF DRYING CURVES FOR LIGNITE SAMFLES

The weight of coal sample changes with time when

dried in air oven at 105 €, due to loss in weight of sample

resulting from loss of moisture. After a while, the dried coal

reacts with the oxygen in atmosphere and the weight loss of

sample decreases. Finally, the oxidation products are released

and the weight difference increases. Therefore, the time re-

quired for drying of coal is the time corresponding to the ap-

pearance of the first peak of drying curve. The drying times

of lignite samples-from_gan, Soma and Tungbilek were determined

to be 20 min, 40 min and 40 min respectively (see Figs. A.1l.1,

A.l1.2 and A.1.3).
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App.2 DETERMINATION OF AUTOCLAVE CONTROLLER SETTINGS

Tests.were done to determine the optimum contfbller -
settings., The adjustable controls were pfopdrtional band (Xp),
maximum power (Mp) and limit alarm (Limit). The proportional
band was slowly reduced from maximum (fully clockwise) until
nb bYcling of temperatufe above and below set point was ob-
tained. The éptimum resfonse was obtained.at 5% Xp. This value
for proportional band is also suggeéted in the inst;uction ma-—
nual as satisfactory in mos t cases, Alarms could be set to eope-~
rate between 1% and 10% of scale span away fﬁom thé set point
by means of this control. in this work the Limif value was ad-
justed to 1%. Turning the Mp control anti-clockwise, will limit
the maximum power that can be applied, The test runs were car-
ried out in autoclaye containing only tetfaiin in nitrogen gas
at atmospheric pressure. Temperature§ ﬁere-recofded as a func-
tion of ﬁime, and different curves were obtained. From Fig.
A,2.1 it cah be observed that time neceséary for‘heating the
'gutoclave to 275°%C is"quite long because of low valué of MP

setting.

AFigure A.2.2 shoﬁs the tempefature vefsus time curve
obtained for the test run done with 75% Mp at the same tgmpe-
rature set value of 275°C. The required temperature was reached
in a time period of only 45 minutes and no-f}uqtuatiops in tem-

" perature were observed.

The temperature at which the autoclave was operated
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in this work was 325 °. For this reason, another test was done
at the same controller settings but with the set temperature of.
325‘@. The results are shown in Fig. A.2.3. The required tem-

perature was attained in a short time interval without any fluc-

- tuations,

o
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Figure A.2.1 Test results of controller settings (1)
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