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methods, as is done for liquids. A solute-solubility parameter can be 

assumed to have exactly the same value as a solvent-solubility parameter 

in the ideal case in which the solute and solvent mix in all proportions 

without enthalpy or volume change and without specific chemical inter

actions (102). More generally and practically, a variety of approaches 

is used, corrmon between them being the fo 11 owing two: 

(1} Intrinsic viscosity. The intrinsic viscosity of the solute is 

measured in a s-eries of solvents, and the value of the solute

solubility parameter is taken as equal to that of the solvent 

in which the solute-intrinsic viscosity has a maximum value. 

(2) Polymer swelling. The swelling of a slightly cross-linked 

analog of the polymer of interest in a series of solvents is 

studied, and the polymer is assigned the o value of the liquid 

which gives the maximum swelling coefficient. 

This last method is simple and convenient experimentally, but 

suffers from two serious drawbacks: 

(i) Because of the use of specific solvents in the swelling 

measurements, one cannot avoid steps or breaks in the solu

bility-parameter continuum. 

(ii) As the Flory-Rehner equation for swelling of cross-linked 

polymers indicates (104), the degree of polymer swelling de

pends not only on the solubilty parameter of the solvent but 

also on its molar volume. And again, because of the use of 

specific sol vents in the swe 11 ing measurements, breaks cannot 

be avoided in the molar-volume continuum. 
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These two disadvantages of the regular polymer-swelling method 

result in significant scatter in the experimental data, so that solu

bility-parameter va 1 ues for nonvolatile solutes cannot be determined 

with any accuracy. 

Using the same polymer-swelling principle for the determination of 

solubility parameters, Lawson et al. (J05) developed the so-called· 

"Solubility-Parameter Spectroscopy", which eliminates effectively the 

disadvantages of the regular polymer-swelling method. In this method, . 
six specific solvents (1,3 perfluorodimethyicyciohexane, 2-methylpentane, 

cyclohexane, cyclohexanone, 2-hydroxyethyl methacrylate or hema, and 

water), carefully selected to satisfy a number of criteria (103), are 

used to prepare five overlapping solvent systems and seventy-one solvent 

pairs covering the range of solubility-parameter values from 5.8 to 23.2 

Hb at a step of 0.25 Hb per pair. The molar volumes of the solvent pairs 

change in a regular fashion from high molar volumes at low cS values to 

low molar volumes at high cS values. Because one of the two solvents in 

each of the five solvent systems is the same as one of the two solvents 

in the preceding system, steps or breaks in both the molar-volume and 

the solubility-parameter continuua are avoided. The making of this so

called "Mark III solvent system 11 is depicted in Figure 11. 

The solubility-parameter spectra of three polymers (fluorosilicone 

rubber, polyurethane and a styrene-butadiene copolymer) obtained by the 

polymer-swelling method using the above solvent system (103) are de

picted in Figures 12, 13 and 14, respectively. It is clear from these 

figures that experimental scattering in the swelling data is completely 
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eliminated in the Solubility-Parameter Spectroscopy, thus enabling the 

solubility parameter to be determined accurately. It should be noted 

also that the method is a spectroscopic method in the true sense of the 

word, because one can develop a library of single solubility-parameter 

values for known monomers and use it for identifying specific peaks on 

the solubility-parameter spectra of unknown polymers like, for example, 

the so-called soft and hard monomeric blocks in the polyurethane molecule 

(see Figure 13). 

6.3 Solubility parameter of coal 

6.3.1 Introduction 

Cohesive energy densities and solubility-parameter values for coals 

and related materials have been calculated by van Krevelen (J06) using a 

group-contribution method first proposed by Small (107). The results of 

these calculations are depicted in Figure 15 as upper and lower bounds 

for the (single) solubility parameter of coal as a function of its rank 

(carbon content). As can be seen from this figure, the solubility 

parameter of coal shows a distinct minimum at about 88.5% carbon content. 

If a solubility-parameter value is to be assigned experimentally to 

a coal sample by the polymer-swelling method, then it must be established 

that a cross-linked system exists in coal and that the theory of swelling 

is applicable. Physical methods of analysis including NMR spectra, 

hardness, creep properties and dilation and the close correlation between 

the behavior of coal and a system that has undergone trifunctional poly

condensation (106) have demonstrated that, indeed, coal has properties 
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normally associated with a cross-linked system (108). 

Sanada and Honda (109} studied the equilibrium swelling of coal in 

various solvents. For brown and bituminous coals, the equilibrium de-

gree of swelling was found to increase with increasing solubility param

eter of the solvent, reacting a maximum at about 6 = 10.8 and then de

creasing with further increase of 6. Strongly coking coal and antttracite 

did not swell at all in the solvents tested. In agreement with van 

Krevelen's prediction, they found that cohesive forces in coals show a 

distinct minimum at about 85 to 87% carbon content. 

Kirov et al. (108) compared coal-solubility parameters evaluated 

both indirectly, by van Krevelen's method, and experimentally, either by 

the polymer-swelling method or from solubility measurements. Reasonable 

agreement was found between the 6 values for a coal of 88% carbon content; 

but with decrease in rank, the values obtained by van Krevelen's methods 

increased, whereas the values from the experimental methods remained 

approximately constant. 

Finally, Yen et al. (110) obtained solubility-parameter spectra for 

raw and extracted coals employing Lawson's method (105) and used them to 

demonstrate the feasibility of a novel coal-conversion process, where 

low-molecular-weight species can be released from the relatively H-poor 

portion of the coal. 

6.3.2 Solubility-parameter spectroscopy on raw and chlorinated 
PSOC 190A coal 

Solubility-parameter spectra of raw and chlorinated PSOC 190A coal 
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samples were obtained using Lawson's version of the polymer-swelling 

method. The experimental procedure involved suspending approximately 

one gram of coal, 50 x 100 mesh size, in 10 ml of each of the seventy

one solvent pairs and allowing the system to reach equilibrium swelling 

for five days. The weight increase of the coal because of swelling was 

then determined and plotted against the solubility parameter of the 

solvent pair. 

The solubility-parameter spectrum of the raw PSOC 190A coal was ob

tained this way and is depicted in Figure 16. The spectrum shows two 

distinct peaks, one at 6 ~ 10.7 Rb and one at 6 ~ 15.2 Hb. Using van 

Krevelen's calculations (Figure 15), one can identify the first peak 

(10.7) with a coal material very rich in carbon l~90% carbon content) 

and the second peak (15.2) with a coal material more or less representa

tive of the PSOC 190A coal as a whole (~70% carbon content)_. 

The spectrum of the raw PSOC 190A coal can be utilized to explain 

the results of the experimental study on the extractive action of various 

solvents and solvent mixtures on this coal during chlorinolysis (Section 

5.2.3). Those results indicated that, while CC1 4 (6 = 8.6), H20 

0 = 23.2) and a 50/50-by-volume MeOH-H20 mixture (6m = 18.9) show very 

little extractive action on coal during chlorination, methanol (6 = 14.5) 

displays moderate extractive action and a 50/50-by-volume MeOH-CC1 4 
mixture (om= 11.5} displays a very significant extractive action under 

similar chlorination conditions. 

In the solubility-parameter spectrum, CCl 4 and H20 are remote from 

the two peaks and they show very low swelling. Therefore, they are 
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expected to display a low degree of coal-solvent interaction and this 

is, indeed, the case in the very low extraction yields obtained when 

coal was chlorinated in these two solvents. 

For the Me0H-H20 and Me0H-CC1 4 mixtures, though, the solubility

parameter spectrum gives approximately the same degree of swelling 

(160-170%). Therefore, one should expect the same extraction charac

teristics towards coal by these two solvent systems during chlorination. 

But this result is not the case because, as discussed already, Me0H-H20 

yields almost no extract in coal chlorination, and MeOH-CC1 4 yields a 

very significant amount of extract. 

The apparent failure of the solubility-parameter approach can be 

overcome if one assumes that the ruo peaks on the solubility-parameter 

spectrum of the raw coal represent ruo different mechanisms of coal-

so lvent interaction. The first peak (6 rv 10.7) corresponds to a coal 

constituent (either petrographic or chemical, see Section 6.4) for which 

the dominant interaction path with the solvent is extraction, that is, 

dissolution prevails over swelling. The second peak (o rv 15.2) corre

sponds to a coal constituent for which swelling, prevailing over dis

solution, is the dominant solvent-interaction path. These assumptions 

are totally supported by the results of the chlorinolysis experiment 

with pure methanol. Methanol, with a solubility parameter very close to 

the second peak ( ~ swe 11 ing path}, shows a very high degree of coa 1 

swelling (rv260%), but the extraction yield under chlorinolysis conditions 

is substantially less than the extraction yield for the CC1 4-MeOH mixture 

(Table 13). 
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For comparison purposes, the solubility-parameter spectrum of a 

* chlorinated PSOC 190A coal sample, 50 x 100 mesh size, was also ob-

tained and is depicted in Figure 17. The composite picture for spectra 

of both the raw and the chlorinated coal is depicted in Figure 18. 

Reference to Figure 18 shows two characteristic differences between the 

spectra of the raw and the chlorinated coal: 

(i) The two distinct peaks present on the spectrum of the raw 

coal have been more or less washed out on the spectrum of 

the chlorinated coal so that for the chlorinated coal there 

exists a wider range of solubility-parameter values (10 - 20 

Hb) for solvents showing approximately the same degree of 

swelling (~200%). 

(ii) For the chlorinated coal, the dissolution part of the spec

trum has increased and the swelling part has decreased when 

compared with the corresponding parts on the spectrum of the 

raw coal. 

The two characteristicdifferences between the spectra of the raw 

and the chlorinated coal give another good indication of the validity of 

the assumption made on page 11~ because they demonstrate nicely two 

well-known facts in the literature of chlorinated coal (37), namely, 

that chlorinated coal is much more soluble in a given set of solvents 

than raw coal (the dissolution part of the spectrum increases) and that 

chlorinated coal is more condensed th~n raw coal in terms of the number 

* Chlorinated in carbon tetrachloride at room temperature. Weight in-
crease because of chlorination: 39.6%. 
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of cross-linkages between molecular chains per unit volume (the swelling 

part of the spectrum decreases}. 

6.4 Discussion 

The discussion in Section 6.1.2 suggests that solubility-parameter 
. 

spectroscopy of coal may be a valuable tool for further studies in the 

fo 11 owing areas: 

(1) Coal characterization. Determination of single solubility-

parameter values for model constituents of the coal matrix 

(mainly petrographic, like vitrinite or fusinite (110) but 

also chemical, like anthracene) will eventually lead to iden

tification of the peaks on raw-coal spectra with specific coal 

materials and will provide a better understanding of the coal-

solvent interactions. Lawson's current work on obtaining the 

solubility parameter for pure vitrinite (1111 can be extended 

to other coal macerals and bears the implication that the 

types of coal-solvent interactions (swelling, dissolution, etc.) 

are determined by the various petrographic entities in the coal 

rather than by its chemical structure. 

(2) Coal treatment. High-resolution solubility-parameter spectros

copy can be used to obtain additional information about the 

history of any coal treatment, like the chlorinolysis or the 

coal-pump process (J12). Determination and analysis of the 

solubility-parameter spectra of the coal, both raw and pro

cessed, is important as a measure of possible changes in the 
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petrography and the ch.emi ca 1 structure that occur due to 

various treatments. 

(3) Coal processing. The solubility-parameter spectrum can also 

be utilized as an additional screening tool for solvent 

selection in any coal beneficiation process that uses a 

solvent (chlorinolysis, extraction, liquefaction, etc.).· 

Solvents with solubility parameters close to the peak values 

on the spectrum will cause maximum swelling or maximum disso

iution of the coal material and this condition will have a 

direct effect on the efficiency of the beneficiation process. 

Maximum swelling may increase the desul furi zati on efficiency of 

chlorinolysis by providing an alternative path for the reactant 

(chlorine) to reach the reactive sites of the internal surface of the 

coal. These sites would otherwise be very difficult or impossible to 

reach through the network of micropores because of the severe pore 

blocking occurring during coal chlorination (Section 3.3). The alter

native path involves transfer of the reactant with the solvent through 

the swollen coal material, that is, through the solid coal structure. 

Of course, maximum swelling can work also in exactly the opposite way 

from the one just mentioned, by further closing down the micropores 

because of excessive pore-wall expansion, thus further reducing the mass

transfer of chlorine to the reactive sites of the coal surface. But, 

either way, swelling will have significant effect on the chlorinolysis 

efficiency. 

Maximum dissolution, on the other hand, is of great importance in 
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extraction and liquefaction processes. Angelovich et al. (113) have 

stressed the importance of the (nonpolar) solubility parameter of the 

solvent in determining the liquefaction yield in the liquid-phase 

catalytic hydrogenation of coal. Fong and Pichaichanarong (101) ob

tained maximum yields in methanol-toluene-supercritical extraction of 

the PSOC 190A coal when they used mixtures of the two solvents having 

effective solubility parameters close to the peak values on the 

spectrum of Figure 16. 
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Chapter 7 

SUMMARY AND RECOMMENDATIONS 

7.1 Summary and conclusions 

7.1.1 Chlorination of coal 

(1) The slurry-phase chlorination of coal in carbon tetrachloride at 

2s0 c was examined. Chemical reaction was found to be the rate-

determining step for coal particles less than about 150 µ in 

diameter. For larger particle sizes, a transition from chemical 

to intraparticle-mass-transfer control was observed. 

(2) The chlorine taken up by the coal is either chemically bound in 

the organostructure, physically adsorbed in the pores, or "dissolved" 

in molecular configuration in the solid matrix. The amount of the 

physically adsorbed or dissolved chlorine in chlorinated coal is 

believed to be small. The total chlorine uptake, Q, in the PSOC 

190 coal for the -400 mesh particle size (where chemical rates 

prevail) was very satisfactorily described by an Elovitch-type 

equation: 

with 

dQ = A e-BQ 
dt 

g of chlorine 
A ~ 3· 7 (g of raw dry coal)(min) 

B ~ 30 4 g of raw dry coal 
· g of chlorine 
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The equilibrium value of chlorine uptake for the 2s 0c reaction 

in carbon tetrachloride was determined to be about 
g of chlorine 

o. 34 g of raw(dry)PSOC 190 coal · 

(3) The chlorination reaction results in extensive fracturing and 

size reduction of the coal particles and also in significant loss 

of porosity as revealed by a steep decrease in the nitrogen

surface area of the coal after chlorination. After one hour of 

chlorination of the PSOC 190 coal in methyl chloroform at 6o0 c, 

almost 89% of its original surface area (10.6 m:) became inacces

sible for nitrogen adsorption. The loss of porosity is probably 

a result of swelling at the pore walls because of the considerable 

chlorine uptake in the coal matrix and decreases with increasing 

reaction temperature. The effect is independent of the amount of 

chlorine taken up by the coal. Chlorine uptake for the PSOC 190 

coal was higher fo.344 9 chlorine) in the chlorination in carbon 
\. g coa 

tetrachloride at 6o0 c than at 30°c (o.334 9 ~h~~~~ne) , but the 

resulting surface area of the chlorinated coal at 60°c (i5.8 m:) 

was more than twice that at 3o0 c (7.0 m:). The reduced blocking 

at higher temperatures can be explained by the significantly in-

creased intrinsic reaction rate at higher temperatures. Chlorine 

is readily consumed at the entrance of the larger pores before 

diffusing into the apertures and causing extensive blocking. In 

contrast, at low temperatures, chlorine has enough time to diffuse 
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into the smaller pores before being completely reacted, so that a 

more uniform and severe blocking of the pores occurs. Surface areas 

obtained using carbon dioxide as the adsorbate show different trends 

in slurry-phase chlorination of coal from those obtained by nitrogen 

adsorption. A sample of the PSOC 190 coal chlorinated in carbon 

tetrachloride at 60°c showed a 75.9% decrease in available supface 

area using nitrogen adsorption and a 5.5% increase using carbon

dioxide adsorption. This result seems to support the possibility 

that co2 adsorption in coal includes direct permeation through the 

coal matrix, and, of course, this adsorption component is not 

affected by pore blocking. 

7.1.2 Model-reaction studies 

(1) The chlorination of iron pyrite in an organic solvent is a mass

transfer-limited reaction because of the very small solubility of 

the reaction products (Fec1 3, s2c1 2) in the organic phase. The 

inability of the organic solvent to dissolve appreciable amounts 

of FeC1 3 results in the fast formation of a FeC1 3 layer on the 

pyrite surface which prohibits the exposure of fresh pyrite for 

further chlorination. The situation is improved considerably by 

the use of solvents like methanol or water in which the chlorination 

products are readily soluble. Under the same reaction conditions 

(60°c, 2 hours), the extent of pyrite chlorination was only 1.6% 

in carbon tetrachloride but it was 35% in a 50/50 volume mixture 

of methanol and carbon tetrachloride. 
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(2) The aqueous chlorination of iron pyrite is a thermodynamically 

favorable, very exothermic (6H0 = -390 Kca1
1) reaction with a mo e 

low activation energy and with liquid diffusion of chlorine as 

the rate-controlling step. The reaction can be described by 

first-order kinetics: 

where 

x 
t 

k 

dX = k[Cl J 
dt 2 

=pyrite conversion (%). 

= reaction time, min. 
. -1 = rate constant~ min . 

[C1 2J = concentration of molecular chlorine in the 

aqueous solution, cm
3 ~hlorine 
cm water 

Reduction of the experimental data gave the following Arrhenius 

expression for k: 

lnk = 12.97 - 7 ,~~4 , 

T = reaction temperature, °K. 

(3) Sulfones are the final products of chlorinolysis (T < l00°C) for 

the more stable organic sulfur compounds (dibenzothiophene, phenyl 

sulfide). They can be obtained in high yields through oxidation 

at higher-than-room temperatures in the aqueous chlorination of 

the corresponding sulfides. Slurry-phase chlorination of dibenzo

thiophene in water at 70°c gave the corresponding sulfone as the 

only product in very high yield (~94% of the theoretical). 
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Chlorination of the aromatic nucleus was not observed in aqueous 

chlorinolysis of either dibenzothiophene or phenyl sulfide at 

temperatures below 100°c but it was significant for both compounds 

in carbon-tetrachloride chlorination even at room temperature. 

(4) More severe reaction conditions have to be applied to carry the 

oxidation of the organic sulfur beyond the sulfone state, to . 

breaking of carbon-sulfur bonds, and eventually to complete desul

furization. Of special interest among these conditions are those 

of hydrolysis reactions of the oxidized sulfur at temperatures 

higher than 200°c. An alternative desulfurization path also exists 

which involves rupture of carbon-sulfur bonds at the state of the 

sulfide rather than of the sulfone and leads to the same final 

chlorinolysis products. Complete desulfurization under uncatalyzed 

chlorinolysis conditions was demonstrated only for simple aliphatic 

sulfides. Aqueous chlorination of tert-butyl sulfide at 60°C and 

up to a point of slight chlorine excess over the stoichiometric 

requirement for complete desulfurization resulted in 60% conversion 

of the sulfide to water-soluble sulfate ions. 

7.1.3 Coal desulfurization by chlorinolysis 

(1) Pyritic sulfur can be easily and almost quantitatively removed from 

coal under mild chlorinolysis conditions. Aqueous chlorination, 

for example, of the PSOC 276 coal, a high (2.60%) pyritic-sulfur 

coal, for two hours at 3o0c resulted in 98% removal of pyritic 

sulfur. 
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(2) Under the same reaction conditions (60°c, 2 hours), aqueous 

chlorination of the PSOC 190 coal gave significant (~28%) 

organic-sulfur reduction while PSOC 276 coal showed no organic

sulfur reduction at all in spite of comparable pyritic-sulfur 

reductions and chlorine uptakes for the two coals. This result 

is probably due to a higher portion of organic sulfur existing in 

stable thiophenicand aryl-sulfide forms in the PSOC 276 coal than 

in the PSOC 190 coal. It also suggests that there is an upper 

limit on the amount of organic sulfur that can be removed from 

coal under mild chlorinolysis conditions, namely, atmospheric 

pressure and temperatures less than l00°c. 

(3) Under similar reaction conditions, aqueous coal chlorinolysis is 

superior (in terms of level of desulfurization) to the chlorination 

in an organic solvent followed by hydrolysis of the chlorinated 

coal, in agreement with the results of the model-reaction studies. 

Higher-than-room temperatures in aqueous chlorination are to be 

preferred because they favor increased sulfur removal from coal 

and also significantly reduced uptake of chlorine in the organic 

matrix. The increased sulfur removal is a result of higher desul

furization rates in iron-pyrite chlorination at higher temperatures 

(paragraph 7.1.2) and of higher organic-sulfur removal because of the 

temperature-promoted hydrolysis reactions. 

7.1.4 Solvent effects in coal chlorinolysis 

(1) The solvent-solubility parameter, defined as the positive square 
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root of the solvent's cohesive energy density, that is the po

tential energy per unit volume, can be used along with solubility

parameter spectra of raw coal (Figure 16, page 118) to predict 

possible swelling and extractive actions on coal during chlorin

olysis. Matching of the solubility-parameter values for the 

solvent and certain peaks on the spectra will lead to either 

maximum swelling or maximum dissolution of coal in processing. 

Thus, the solubility parameter can serve as an additional screening 

tool for optimal selection of solvent systems for a given coal-

beneficiation process. 

(2) Methanol displays remarkable capabilities both in terms of 

selective sulfur extraction from coal and high liquefaction yields 

of coal material when combined with other solvents in certain 

beneficiation processes like chlorinolysis or supercritical 

extraction. Chlorination of the PSOC 190 coal in a 50/50 volume 

mixture of methanol and carbon tetrachloride for two hours at so0 c 

resulted in 36% of the coal material being dissolved into the 

CC1 4-MeOH phase (compared with ~5% in the absence of the chlorin

ation reaction) and 1.42 times more sulfur in excess of the 

extraction yield passing into this phase than remaining in the coal 

matrix. The selectivity of sulfur extraction was even higher 

(3.98 compared with 1.42) when the same coal was chlorinated in 

methanol alone under similar reaction conditions. 
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7.2 Recommendations 

The research work analyzed in Chapters 2 - 6 covered the basic to pi cs 

in the coal-chlorinolysis area. Various aspects of this research can be 

explored further and studies of new specialized topics can be initiated. 

The following suggestions illustrate possible research areas for future 

work in the coal-chlorinolysis project (Jl4): 

(1) One can study the effect of the combined attack of chlorine 

with other gaseous oxidizing agents, like nitrogen dioxide, 

on the extent of coal-chlorination and sulfur removal. In 

particular, the possibly large perturbation effects that the 

presence of trace quantities of oxygen in the gaseous stream 

may generate (115) should be examined. On the other hand, 

chlorinating agents like so2c1 2 or liquid chlorine may be 

considered as well. 

(2) Similarly, one can study th.e effect of catalysts (especi.ally 

iron and aluminum compounds} in chlorine-promoted desulfuri

zation of coal, as well as the role of certain additi'ves, such 

as peroxyacids (116}, present in low concentrations in the 

liquid phase of a coal-water slurry. 

(3) The effect of certain physicochemical parameters of the 

solvent system, such as interfacial tension on coal or volume 

expansivities (~~)P and (~~)T , on the desulfurization 

efficiency of chlorinolysis should be examined further (26). 

Mixed solvents may provide a more complete set of character-
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istics needed for process optimization. The delaminating 

action of methanol on the coal matrix (Section 5.2.3} can 

be possibly extended to other similar solvents, like acetone. 

Pretreatment of the coal with such solvents may yield a 

material more susceptible to the chlorination-desulfurization 

attack (117). 

(4) It would be interesting to obtain kinetic curves on chlorine 

uptake for various coal-particle sizes (Section 2.3.2) at 

chlorination temperatures higher than 25°C to determine 

whether a change in reaction mechanism (from chemical to mass

transfer control), like the one observed by Ball and Mitchell 

(38), takes place at these higher temperatures. 

(5) Chlorinolysis pressures higher than atmospheric may prove 

beneficial both in maintaining the (solvent-assisted) struc

tural integrity of the coal matrix, leading to improved mass

transfer rates (20,26 .~l, and in promoting desul furization 

reactions beyond the su 1 fone stage {_Sec ti'on 4. 2. 3) . 

(6) One can also determine directly the overall rate of penetration 

of the reacting species (Cl 2) in the coal particle. The mech

anism of this penetration involves pore diffusion or permea

tion through the solid coal matrix or a combination of the 

two. The use of the SEM/EDAX microprobe is particularly 

suited for such a study. One can subject a chunk of coal on 

the order of centimeters to chlorinolysis conditions, cut 
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suitable cross-sections and analyze for chlorine-concentration 

profiles. This work should also prove useful for determining 

the chlorine effect on iron and sulfur compounds at the same 

time because many elements can be analyzed at once. Alter

natively, normal-size coal particles (100 x 200 mesh) can be 

suspended in a matrix which is then cut to expose some parti

cle cross-sections. Because the larger chunks may exhibit 

different swelling tendencies with respect to chlorine than 

the particles, the latter method may be more representative 

of the true situation (114,118). 

(7) One can study the chlorine types in chlorinated-coal extracts 

by carbon 13 - NMR and other analytical techniques. Presence 

of aryl chlorides would indicate additional difficulties in 

the dechlorination step. The aliphatic/aromatic chlorine 

ratio is therefore an important parameter which should be con

sidered toget'her with desulfurization in optimizing the 

chlorinolysis conditions. 

(_8) Finally, chlorinolysis of sulfur compounds under controlled 

conditions may provide additional information on their 

relative susceptibility to chlorine attack and on the role of 

certain reaction parameters, like temperature, solvent and 

catalyst present, in enhancing the yield of desulfurized pro

ducts. These controlled conditions may include model

reaction studies (Chapter 4), chlorinolysis of solutions of 

SRC I and SRC II coal products in tetrahydrofuran, or even 
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desulfurization of fuel oil in emulsion-phase chlorination. 

Sul fur compounds of various organic-sulfur fonns (R-S-R 1 
, 

I 

R-S-Ar, Ar-S-Ar', R-S-+l, Ar-S--H, R-S-S-R, thiophenes, etc.) 

. (.'<\. ..... ..... -;:::.() and at various sulfur-oxidation states /'' /S=O, /S~ 

...... ~a 
/s~0 , etc.) should be considered here. 

OH 
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