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ABSTRACT 

When spcaking of the largc coai deposits, 
comparati v c to U1e o i I and natural gases oncs, it is 
obvious the fact. that. lhe vcry way U1ese primary 
energics are used today shall 11ot be mankind, u11Iess, 
ilie coai consumptio11 is i11creased and some 11ew 
dircctio11s are fou11d, vicwi11g a superior capitalization 
of them hy co11ventio11al e11gi11eering procedures. 

This work paper focuses especially 011 the mai11 
solvcnts that i11ducc dcgradatio11 of coai intricate 
structure as wcll 011 my researches co11cerning 
complcx capitalization of coai , i.e. to get coai retined 
solutio11s, a raw material in the powcr industry. 
Accordingly, an autoclave witi1 a shaking system was 
employed in which tJ1e special coai of the Jiu Valley, 
Romania, was dissolutc in the prescnce of some 
hydrogcn giving substances and catalysts in different. 
working conditions, reaching thus a dissolution output 
of ahout 90'Yt) compared to the combustible mass. 

11 is also emphasized the part played by the 
hydrogcn giving substances in ilie process of coai 
dissolution as wcll the reactions that prevent the birili 
of some polymcrs such as semi-coke or coke. 

Thc coal-rclined solution was with ilie help of a 
chromatograph analyzcd and ti1e gravimetric 
composition was rcvcaled on tJ1c basis of I.R. spectra; 
thus it was cnncluded that the component C14 was 
predominant (54 1.7,, ). 

Thc properties of U1is solution are similarly to 
tl1ose of oil , solution from which liquid fuels, such as 
pctrol, Diesel oil, etc. can be obtaincd through 
chemical processing. 

INTRODUCTION 

Thc complcx of substanccs called coai is made 
up of an organic mass or C, H, O, N, S and an 
inorganic mass of mineral substances that are turncd 
into oxides and watcr by hurning . 

The chcmical structurc of coai is quite 
complex, as X - rays spectra and infrared spectra 
show, coai is madc of condensatc polyaromatic 
macromolcculcs with unrepcated monomcr units 

(branches, parts), coai is to dissolute into some 
solvents, more or less depending on the treating 
conditions (fig. 1). 
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Fig. 1 Pitcoal structure,after H.H. Storch and Morchin 

A good so1vent that dissolutc coai implies certain 
conditions: 

- it should hc a good physical solvent for ilie 
liquefaction products; 

- it should be ahle to transfer hydrogen; 

- it should have hydrogen giving compounds; 

- it should have few hydrogen consumers; 

- solvent quality index should be > 10. 

A good dissolution also implies that the 
characteristics of the solvent should integrate into an 
optimum range (Table I). 
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Table I Optimum Range For The Characteristics Of 
Solvent Viewing A Good Dissolution. 

Charac.tcristics of snlvent Range 
Optimum 

valuc 
Content of hyc!roc.en (%) 8.00- 9.60 8.80 
C I H ratio 0.78-0.97 0.87 
Aromatic hyc!rogen (%) 2.75-4.3 3.55 
Hyc!rogen in a position (%) 1.60-2.25 1.88 
Hyclrogen in B posit ion (% ) 1.60-3.55 2.55 
Hyc!roc.en in 8 position (%) 0.60 - 1.25 0.90 

As ilie literature and the lab dissolution testing 
say, the solvents have been divided into: non -
specitic and specific solvents efticient at Iower 
tcmperatures where U1e physical processes prevail and 
reactive solvents of chemical degradation efficient at 
high temperatures. 

The non - specific solvents dissolute a small 
percentage of coai at a temperature around 100° C. 
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Some of the solvents in this category are 
organic compounds with low bailing point such as: 
methanol, propano!, bitanol, acetone, chloroform, 
ether, carbon tetrachloride, etc. but the solubility of 
t11e Jiu Valley special coai is between 4% and 12%. 

The coai extract is a wax of vegetal origin that 
isn't an important part of the coaly substance; it is an 
extract with no commercial importance. 

Among the above - mentioned alcohol's, 
methanol can work as a hydrogen donor in the 
presence of a base; tl1e following ionic mechanism is 
proposed. 

H-C-OH+OH----7H-C-O+H 20 (1) 

H -C -O+coal~C = O+coalH (2) 

coalH +H -C-OH----7H -C-O+coa!H2 (3) 

Thus, tl1e hydrogen given by tl1e donor helps to 
coai dissolution. 

These solvents are also called solvents with a 
small out put. 

The specific sol vents can dissolute around 15 -
20%, coaly substances at temperatures of about 200° 
c. 

Some of the sol vents in this category are the 
primary aliphatic amines with or without aromatic 
substitutes or hydroxyls, pyridine and other 
heterocyclic bases. 

• According to the results, the primary amines 
are better solvents than the secundary and tertiary; this 
mobility decreases as the number of methyl groups 
connected to the amino group increases. 

Generally the nitrogen compunds are better 
than the oxygen compunds. These properties depend 
on the nucleophilic properties given by the pair of 
electrons from tl1e atom of nitrogen or oxygen that 
turns solvent into a polar tluid. 

The results obtained after the dissolution of 
coais with different contents in carbon show 

ever higher dissolution outputs when the content in 
carbon is lower. 

REACTIVE AND DEGRA TING SOLVENTS 

The degrating solvents extract less coaly 
substance in comparison with the reactive ones that 
can extract up to 70% or more, depending on the 
conditions imposed to the dissolution. 

After extraction, the solvents can be almost 
totally recovered unchanged aut of the solution. 
Examples of such solvents are: phenantrene and 

phenantridine. The heavy oil is also recovered from 
the coai solution in totality. 

For the case of the degrating solvents, coa! 
dissolution reaches a maximum at a certain 
temperature, after which there appears a decreating 
due to solvent degradation, as a result of 
polymerization camed aut during extraction (table II). 

Table II Dissolution Of The Jiu Valley Special Coai 
ln Degrating Solvents 

PERIOD 

COAL TOBE COAL 
SOLVENT KEPT TYPE 

AT 400°C 
ffiNVERSION 

(min) 
2 18 

@]J 4 25 
10 20 

THEllU (naphthalene) 20 15 
VALLEY 30 10 
SPECIAL 2 15 

COAL 

~ 
4 20 
10 18 
20 16 

(phenantrene) 30 14 
2 13 
4 21 

C2oH42 10 19 
(dodecane) 20 17 

30 16 

When using phenantrene for coai dissolution, 
the free radical of carbon takes hydrogen out of 
phenantrene, thermically obtain under the form: 

Carbon- Carbon ---.2 Carbons· [6] 

The radical of phenantrene who takes an atom 
of hydrogen from another part of the coai fragment 
gives birtl1 to another radical of carbon. Thus, the 
phenantrene shall play the part of a hydrogen transfer 
agent ora hydrogen transferor, otherwise, hydrogen is 
transferred among parts of coai. 

When pressurized hydrogen is added to these 
solvents, the coai solubility increases due to the fact 
that the dissolute hydrogen stabilizes the fragments of 
coai. 

The reactive sol vents dissolute coai through 
chemical reactions with it at temperatures around 400° 
C. 

The extract differs from a chemical point or 
view from the ones obtained with degrading solvents. 
During the process or extraction tl1e solvent is 
changed essential. The residue plus have extraction 
the solvent is heavier than the initial coai, which 
means that a part of the solvent is stuck in the cxtract. 

The reactive solvents interact with coai or with 
parts of coai, increasing dispersion, volatilization and 
conversion in soluble products. 
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A thcrmal degradation in soluhle fragments and 
reactions of oxygen transfer occur in this situation. 
These solvents donate 

hydrogen to coai or to coai fragments or act as 
hydrogcn transfer agents. 

Tetraline has proved to be the most cfticient 
reactive solvent and that is why ali thc testing for the 
dissolution of the Jiu Valley special coai were carried 
out in the presence of this solvents. 

EXPER~ENTALPARTS 

With this end in vicw, an autoclave without a 
shaking system was used (fig. 2), where there were 
introduced 20 g of the Jiu Valley special coai, coking 
medium oil as a solvent in the absence of the 
hydroge11 giving substance and catalyst, at different 
maceration periods (table III). 

2 

Legend: 

1 
~4 

1- pressure gauge for recordings of pressure; 2-
thermocouple (Fe-const.) for recordings of 

temperature; 3- tap for hydrogen inlet; 4- tap 
for gases outlet; 5- electric oven . 

Fig. 2 Autoclave for Coal Dissolution 

Tablc lii Results of the Jiu Valley Special Coal Dissolution in Autoclave 

Quantity Coking Hydrogen 
Temp Mace-

Dissolution 
No. Coai typc medi um giving Catalyst output 

(g) oil (mi) substance 
(o C) ration 

(%) 

1 20 60 
-

2 20 60 -
3 20 60 

-
4 The.liu 20 80 

i----

5 Vallcy 20 80 
~ special coai 6 20 80 
r--

7 20 80 
~ 

8 20 80 
~ 

9 20 80 

According to the centralized data, it can be 
noticcd that the dissolution outputs of the Jiu 
Valley spccial coai are low in the absence of a 
hydrogen giving suhstance and ofthe catalyst. 

A solid I liquid ratio greater than 1:3 isn't 
worth as it is inefficient on coai dissolution. The 

sarne thing may be said about the maceration period 
that should be no more than an hour. 

-

-
-

-

-

-
-

-

-

- 400 1/2 55 
- 420 1/2 57 
- 440 112 coking 
- 420 1 59 
- 420 2 59.2 
- 420 3 60 
- 420 1/2 55 
- 420 1/1 57.6 
- 420 3 59 

If the coking medium oil is replaced with other 
solvents: light oil, tar, heavy oil, the dissolution output 
are< 40%. 

With the view to increase the coai dissolution 
output the dissolution process was repeated in the 
presence of the said solvents with Tetraline as a 
hydrogen giving substance (table IV). 
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Table fV Dissolution of the Jiu Valley Special Coai in lhe Presence ofTetraline 

No. 
Coai Quantity 

Solvent Tetraline Catalyst 
Temp. Maceratlon Dissolution I 

(g) ~C) period (h) Output typc 

1 20 Light oil 20 -
2 20 Heavy oil 20 -
3 20 Tar 20 -
4 20 Medium oil 20 

s- 20 Ligbl o ii 20 -
20 Heavyoil 20 6 

c---
7 20 Tar 20 - 8 20 Medium oil 20 

r--
20 Light o ii 20 9 TheJiu r--

10 Valley 20 Heavy oil 20 
r--

11 spccial 20 Tar 20 
r--

12 coal 20 Mediumoil 20 
r--

20 13 20 Light o ii 
r--

14 20 Light oil 20 

~ 20 Heavy oil 20 
r--

20 Heavy oil 20 16 
r--

20 17 20 Medium oi1 
r--

18 20 Medium oil 20 
r---

19 20 Tar 20 
r--

20 20 Tar 20 

The dissolution output increases with about 
10% in the presence of the hydrogen giving 
substance (Tctraline) and using the coking medium 
oil as a solvent. Here too, if the maceralion period 
is of 2 and 3 hours respectively, the dissolution 
oul'tmt is ve~y less increased. 

To draw a conclusion, the optimum 
liquefaction temperature is of 400-420° C and 

4/ 

5/ 

- 400 1/2 47.8 i 

- 400 1/2 56 

- 400 112 59 
- 400 112 70.23 

- 420 1/2 48 

- 420 1/2 57.5 

- 420 1/2 6 1 

- 420 1/2 71.5 

- 440 1/2 semi-coke 

- 440 1/2 semi-coke 
. 440 1/2 semi-coke 
. 440 1/2 semi-coke 
. 420 2 50 

- 420 3 50.2 

- 420 2 58.2 
. 420 3 58 

- 420 2 73 

- 420 3 72.5 

- 420 2 62 

- 420 3 62.6 

the maceration period is between half and one hour. 
The coai turning into semi-coke takes placc at 440°C 
due to the process polymerizatioo, as a result of 
recombination of radicais amoog them. 

Considering that shaking plays an important part 
in coai dissolution, equipment with ao autoclave and a 
shaking system was designed together with a micro 
reactor where the catai yst t11at is to bc used is 
introduced (fig. 3). 

1 

'l product of. 
r~::~ction 

Legend: 

L- motor ; 2-stirring system ; 3- pressure gauge for recordings of pressure; 4- thermocouple for recordings of 
temperature (Fe-const.); 5-microreactor with catalyst (MoS2) 

Fig. 3 Laboratory Installation Equipped With A Shaking System 
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This install ation was employed in the 
dissolution of the Jiu Valley special coai, when 
using a MoS2 cataiyst (table 5). 

TABLE V Dissoluti on of the Jiu Valley Special Coal in the Presence ofMOS2 

No. Coai Quantity C.M.O. 
type (g) (mi) 

I J.V.S.C. 20 20 
2 J.V.S.C. 20 20 
3 J.V.S.C. 20 20 
4 J.V.S.C. 20 20 
5 J.V.S.C. 20 20 
6 J.V.S .C. 20 20 
7 J.V.S.C. 20 20 
8 J.V .S.C. 20 20 
9 J.V.S.C. 20 20 
10 J.V.S.C. 20 20 
II J .V.S.C. 20 20 
12 J.V.S.C. 20 20 
13 J .V.S.C. 20 20 
14 J.V.S .C. 20 20 
15 J.V.S .C. 20 20 
16 J.V.S.C. 20 20 

J .V.S.C. -- the Jtu Valley spectal coai 
+ -- presence of catalyst 
C.M.O. - coking medi um oil 

Tetraline 
(ml) 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
40 
40 
40 
40 
40 
40 

It can he noticed the fact that Tetraline is a very 
good solvent to turn coai into a retined solution 
compared to other hydrogen 

non-gtvmg suhstances such as: antracene, 
naphthalene, phenentrene, etc. 

Tetralinc may be uscd as a model of hydrogen 
giving solvcnt as it has a simple structure, it is 
cfficient and a vai lable to donate hydrogen in certain 
conditions. 

The hydrogen contained by Tetraline is donated 
to the radicais obtained through coai cracking, giving 
a risc of the H I C ratio in the obtained products, 
compared to thc initi al coai. 

The reactions that take place are show as it 
follows: 

Catalyst Temp. Maceration Dissolution 
(MoS2) (o C) Period (h) Output(%) 

+ 400 112 82.3 

+ 400 I 83.4 

+ 400 2 83 
+ 400 3 84.2 

+ 420 1/2 84.2 

+ 420 1 84.6 

+ 420 2 85 

+ 420 3 86 

+ 440 1/2 Semi-coke 

+ 440 1 Semi-coke 

+ 400 112 84 

+ 400 1 85.2 

+ 400 2 86 

+ 420 112 85.2 
+ 420 1 86.3 

+ 420 2 89.8 

aromatic radical 

carbon - carhon~-----<·~ 2 carbuns • 

2 carbons • hydrogen coa! H ---+· 
The more the hydrogen giving substance is able 

to transfer hydrogen , the more the output of coai 
dissolution is increased. 

S.C. PETROBRAZI S.A. analyzed the coai 
solution and the following composition was found: 

Coai solution Common crude oi l 

Viscosity 
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Metais 

Ni 40ppm 25 ppm 

Cu 2,5 ppm 2,5 ppm 

Fe 75 ppm 65 ppm 

Ash 0,06% 0,08 % 

Thc following fractions have hcen ohtained 
through the fractional distillation of the coai solution: 

Co-products CI-C2 

Fraction 56-175° C 

Fraction 175-300° C 

12% 

50% 

14% 

According to the distillation points, liquid fuel s 
of tl1e following types are ohtained: petrol, Diesel oil 
and a fuel oil type residue, fuels also resulted after 
crude oil distillation. 

A chromatographic analysis of the resulting 
gases shows a high content in H2 and CH4 . 

CONCLUSIONS 

The dissolution of the Jiu Valley special coai 
depends to a great extend on the existence of a hydro 
aromatic organic compound called hydrogen giving 
substance and of a solvent who plays the part of a 
transit agent of hydrogen fr om the giving substance to 
coai, to prevent recombination of radicais that would 
leoo to coke formation. 

- A series of physical and chemical fac tors are 
involved in Lhe process of coai dissolution such as: 
petrography compounds, pressure, temperature, 
catalysts , ratio between solid and liquid , maceration 
period, etc, t~tctors that contrihute to the cracking of 
the complex structure of coai with the formation of 
some compounds with a smaller molecular mass. 

- A ca talyst fell out on an alumina support, reaching a 
dissolution output of 82-89%, plays a very important 
part in coai disso lution. 

- The characteristics of lhe product resulted after the 
coai di ssolution is similar to the ones of are product 
that is turned i11to fuels such as : petrol, Diesel oil , etc ., 
through the process of distillatio11. 
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