
.\ Energy, Mines and 
Resour ces Canada 

CA 'MET 
Can ada Centre 
for Mine rai 
and Ene rgy 
Technology 

Énergie. Mines et 
Ressources Canada 

Cen tre canJ.d ien 
de la tec hnologie 
des minéraux 
et de l'éne rgie 

THE CllAR.t\.CTERIZATION OF COAL DERIVED LIQUIDS 

:t-1.A.Poirie.r and P.B.Van · Bostelen 

JULY 1982 

ENERGY RESEARCH PROGRAM 

ENERGY RESEARCH LABORATORIES 
REPORT ER P/ERL 82-32 (J) 

mszadurs
narrow black



• 

SUMMARY 

Coal derived liquids (cdl) obtained from coal by supercritical gas 

(scg) extraction and by liquid extraction processes were analyzed by a 

battery of techniques. The scg-cdl were process solvent free while the 

cdl from the liquid processes were heavily contaminated with process 

solv ent v1hich could not be removed by ordinary mean s. 

contamina t ion influenced the results of the analysis. 

The solvent 
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I. I r!TRODUCTI ON 

Rayl o Chemic al s L imited was awarded a contract by the Department 

of Energy, Mines and Reso urces (Canmet) for ch aracterization studies of 

coal derived liquids (cdl). Thes e studies inc lu de solvent analysis to 

characte ri ze the solid and liquid products obtained from coal 

liqu efactio n processes. Canmet provided Raylo with the solvent 

analysis scheme to be followed, but did not provide specific pr ocedu r es 

for carrying out the scheme. The scope of this contract does not al low 

for comparison of different solvent analysis schemes. 

Th e individual co rnpo nents v,ere analyzed by other means after 

solvent analysis. The oil was sub-divided into classes of compounds by 

liquid chrornatograp hy. Selected ·components , especi ally those derived 

frorn subbituminous coal by different liquefaction processes, were 

analyz ed further by el eme nt al ana lysis, average molecular weight 

determination and nuc l ear magnet ic reson ance (nmr) analysis. The 

asphaltene ~vas sub-di vided into acidic/neutral and bas ic component s and 

each cornpone nt v1as ana lyzed by nmr. Sel ected asphaltene samples were 

fur ther analyzed by el ementa l analysis and Fou rier t r ansform infrared 

(FTIR). Preasphaltene and insol ub le residues were s i milarly ana lyzed. 

Th e Scientific Authority provided th e cdl samp l es derived fr orn 

coal by solvent extraction procedures while Raylo provided the cdl 

deriv ed from coal by sc g extraction. 
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The data in this Final Report was originally reported in Raylo 

Progress Reports I through IX, covering the work ed performed frorn 

Au gust 15, 1981 to February 15, 1982. This report compiles and unifies 

the data and conclusions previously reported . 

II. BAC~G ROUtlD 

Solvent analysis is a method frequently used to charac te rize the 

solid and liquid products obtained from coal liqu efaction processes. 

Samples are separated into fractions according to their solubilities in 

several so l vents. The solvent analysis scheme outlined in Figure 1, 

separat es the crll into four primary fractions: oil (pentane soluble), 

asphaltene (toluene soluble, · pentane insoluble), preasphaltene 

(tetrahydrofuran soluble, toluene insoluble) and tetrahydrofuran (THF) 

i n sol u b l e mate r i a 1 . 

The sol vent anal ys i s scheme v1as deri ved from li teratu re sources . 

Various other solvent analysis schemes appearing in the li terature 

specify similar operations in a different sequence (1, 2). In som e 

instanc es differe nt solvents are used and the final products a;e 

classifi ed in different ways such as carboid, carbene, asphaltene, 

resin and oil (1). 
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The composition of the oil derived from the solvent analysis 

procedure is of interest since it could be refined using conventional 

methods. The oil vtas separated into saturated, aromatic and polar 

material by liquid chromatography using a dual packed silica 

gel-alumina adsorption column. This chromatography system has been 

applied to the separation of high boiling petroleum distillates (3) and 

has been modified by the Energy Research Laboratories in Ottawa to 

increase the sreed and efficiency of the separation (4). Heavy coal 

hydrogenat ion products have been separated using gradient elution 

through a dual packed adsorption column (5). 

Coal liquefaction processes are often depicted as a sequential · 

progression through a series of intermediate steps from preasphaltene 

to asphaltene to oi 1 (6). Therefore , the production or genesis of 

asphaltene must depend on a set of environmental or process variables 

such as temperature, pressure, solvent and hydrogenation method. These 

quantiti es can affect the nature of the chemical and physical character 

of aspha l tene ( 7). The aspha 1 tene products deri ved from cdl samp les 

were fractionated into basic and acidic/neutral fractions as a 

preliminary step to further study. 
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III. DESCRI PTIO N OF SAMPLES 

The data compiled in this report was obtai ned fro m analysis of the 

samp le s li sted be low. 

A. Scg-cdl 

Pool ed cdl obtained by supe rcritic al tolu ene extraction at 350 to 

450 °C and 1100 t o 1900 psig of Fores t burg subbituminous coal . This 

samp l e was heated to 200° at atmospheric press ure render ing it 

com pletely process solvent free. 

B. Ginger 

Cdl obtained frorn an H-coal process performed on Ginger coal 

(N.S.). This sample is a benzene extract of approximately 14% coal 

li quids in H-donor sol vent. The material \'las heated to 200° at 14 

milli meters pressure prior to solvent ana lysis. 

C. SBRG-I 

Materia l supplied by Sa ndwell Beak Resea rch Group (Mississauga ) 

deriv ed from li gnite li que f acti on exper iment s in a ten kilogram per 

hour deve l opment unit inc lude a li ght product, an intermediate product 

and a heavy produ ct. 

1. Heavy product ana lysis (SBRG-I-H.P.): 
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Fraction Weight % 

\·Jater 2.1 

Distillation 

less than 2os 0 c 2.65 includes water 

205 - 275° 12.48 

275 - 345° 37.80 

345 - 407° 19.80 

407 - 475° 6. 42 

re>idue 20.85 

THF insoluble 8.5 

2. Intermediate product (SBRG-I-}.P.): 

Analysis is similar to that of the heavy product except that water 

content is 26.3 weight percent and THF insoluble is 7.5 weight 

percent. 

Beth thes e samples were heated to 200° at atmospheric pressure 

prier to solvent analysis. 

O. SBRG-II 

Also su pp lied by Sandwell Beak. The sample was derived from 

Albert a subbituminous coal and include a light, an intermediate and a 

heavy product. The total sample contains about 30 to 35% cdl, the 

balance being derived from the solvent, anthracene oil. 
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1. Light product (SBRG-II-L.P.): 

This material corresponds to a light stream condensed from the gas 

phase off the high pressure separation pot and is totally pentane 

soluble. 

2. Intermediate product ( SBRG- II-I.P.): 

This material corresponds to light oil fl ashed off at 180°C from 

the atmospheric separation pot and is totally toluene soluble and about 

85% pentane soluble. 

3. Heavy product (SBRG-II-H.P.): 

The heavy product represents the bulk of the product (about 85%) 

and contains ash, unreacted coal as well as the coal and solvent 

derived liquids boiling at greater than 180°C. This material was 

heated to 200 ° at atmospheri c pressure be fore sol vent ana 1 ys i s. 

E. HA (hydrogenated anthracene oi l) 

This material was supplied by Sandwell Beak and was the process 

sol vent used during prel iminary liquefaction experiments. The actual 

solvent used is very similar to hydrog enated anthracene oil. The 

solvent is a high boiling material having the following distillation 

range s : 

Le ss than 200° 0.5% 

200 - 27 5° 10. 5% 

275 - 345° 34.9% 

345 - 407° 34.9% 

407 - 475° 15.6% 

residue 3.1% 
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This_ mat~rial was heated ta 200° at atmospheric pressure prior ta 

solvent analysis. The material was totally soluble i n toluene and 95% 

soluble in pentane. 

IV. S0LVEfH ANALYSIS 

A. Distillation 

Prior to carrying out solvent analysis, each of the high boiling 

samples described above was heated to 200° at atmospheric pressure. 

The Ginger samp 1 e, however, was heated to 200° at 14 mm. In the case 

of scg-cdl, onl y process sol vents 1'lere removed (shown by gas 

chromatography) making this the only sample which is nearly totally 

coal derived (bibenzyl, detectect · in the oil, is a sol vent derived 

contaminant). All the other cdl samples remained heavily contaminated 

with process solvents. The Ginger coal cdl appears to contain a 

substantial amou nt of tetralin (nmr). The .hea v y products of the 

San d1-1e l l Beak process es l ost ver y litt le wei ght ( about 2%) duri ng the 

heating process. The intermed iate product of SBR G-1 lost an amount 

which cl ose ly resembled the amou nt of water present. The boiling point 

range of the process sol vent shovJS that litt 1 e sa 1 vent wi 11 be removed 

during the distillation step. Materi als boiling at less than 200° are 

usually considered part of the naphtha fraction. 

B. Separation in to Tolu ene Soluble and Insoluble Material 

The method outlined by Mima (8) was used as described. 
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c. Separation into Preasphaltene and THF Insoluble Residue 

The toluene insoluble material obtained in the above step was 

extract ed v-1ith THF in a Soxhlet extraction apparatus for two hours. 

The extraction solvent turned colorless within one-half hour after the 

extraction had started. 

o. Separation into Oil and Asphaltene 

This separation has heen extensively studied by Steffgen (9). The 

toluene soluble material obtained in the previous step was redissolved 

in toluene using a solvent to cdl ratio of three millilitres per gram. 

Pentane \vas rapidly added to the vigorously stirred solution using a 

pentane to toluene ratio of 20 millilitres per millilitre. The 

precipitated solid was collected by filtration through a Soxhlet 

thimble and th e sol id was extracted with pentane for 24 hours using a 

Soxhl et apparatus. 

This procedure di ff ers from the one des cri bed in reference 8 in 

that exhaustive pentane extraction is used. The results obtained by 

these tvio methods l'/ere compared in reference 9. Exhaustive pentane 

extraction decreases the apparent asp haltene content by as muchas 

45%. 

E. Results of Solvent Anal ys is 

The results of the above procedures are tabulated in Table I. The 

recovery of material from the procedure is excellent for all samples. 

The recovery for SBRG-II-I.P. is some\vhat lower than for the other 
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sampl es due to the volatility of the material (boiling point less than 

180°). 

The results show that the scg-cdl are substantially different from 

the other groups. All the scg-cdl are soluble in supercritical 

toluene . Oil makes up about one-half of th e total cdl, asphaltene 

about one-quarter and preas pha ltene and insoluble residue about 

on e-tent h each. 

The other cdl samples contai n relatively much higher amounts of 

oil. These samples, howeve r , are heavily contaminated with process 

so 1 vent. The process sa l vent i s 95% pentane so 1 ub 1 e, as shown by the 

analysis of HA, explaining the high yield of oil. 

The relative amount of asph.altene isolated from the scg-cdl is 

larger than the amount isolated from the other cdl samples. Process 

solvent contamination influences the apparent amount of aspha l tene 

isolated. Taking process solvent con tamination into account, the 

rel at ive amo unt of asphaltene isolated from all sources are similar 

(see Table VIII). 

The yield of preasp haltene and THF insoluble material is very l ow 

for the Ginger-cdl relative to the other cdl. This material is a 

ben zene extract and the r efore the amounts of these mater i al s 1-1ould he 

l ow. 

The Tl-IF i nso l ub 1 e materi al i s hi gh for the SBRG products. This 

can readily be attributed to the method of isolation of these products 

(see above). 
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Comparison of Results in Using Pentane or Heptane for the 

Isolation of Oi l 

Both scg-cdl and SBRG- II-cdl were derived from subbituminous coal. 

The oil component of the cdl vJas i so 1 ated us i ng ei ther pentane or 

heptane. The results are tabulated in Table II. 

The relative amount of oil increased while the relative amount of 

asph alt ene decreased by the same amount in going from pentane to 

heptane for both cdl samples. The amount of oil increase, however, \'Jas 

much l arger for the scg-cdl than it was for the SBRG-II-H.P. cdl. 

There 1-,as a substantial increase in the average molecular 1·1eight of the 

oil obtained with heptane compared with the average rrolecular weight of 

the oil obtained with pentane for the scg-cdl. A similar increase was 

not observed for the oil i so 1 ated from SBRG -II-H. P. cdl. 

Thes e results show that the material defined as asphaltene 

(tolu ene soluble, pentane insoluble) is considerably more soluble in 

heptane tha n in pentane, a phenomenum al so not ed for bitumen der i ved 

asphaltene (10). Th e greater solvent power of heptane has less 

influence on the results of solvent analysis of the cdl conta mi nated by 

process solvent than on the results of solvent analysis of process 

sol vent free cdl. 
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V. FRACTIONATION OF ASPHALTENE 

A method described in the literature (11) was used for the 

fractionation procedure. The method involves redissolving the 

asphaltene isolated above in toluene. More than 98% of the scg-cdl 

redissolved while only 62 to 75% of the asphaltene obtained from the 

cdl derived by solvent extraction processes redissolved. The cdl 

obtained by the solvent extraction processes are contaminated with a 

process solvent which is 95% soluble in pentane. Removal of the 

pentane soluble material reduces the solvent power of toluene for 

asphaltene. Therefore, when the isolated asphaltene is redissolved in 

toluene, a certain portion will not be soluble (Table III). 

The solution was treated with dry hydrogen chloride and the 

precipitated salts were collected. The solvent was removed to recover 

the acid/neutral asphaltene while the collected solid was slurried in 

toluene and treated with 0.3 molar sodium hydroxide solution to convert 
' 

the salt into basic asphaltene. Recovery of the basic asphal tene 

ranges from 62 to 74% of the theoretical amount {11). 

The nmr spectra for each of the fractions were taken in 

pyridine-d5. The integration data indicates that the insoluble 

material is most highly aromatic {largest aromatic/phenolic hydrogen to 

total hydrogen ratio - Ha value) while the basic material is more 

aromatic than the acidic/neutral material. The spectral data is 

generally consistent with the elemental analysis data (see below). 
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VI. LIQUID CHR0MAT0GRAPHY 

The oils obtained from each of the above solvent separations were 

chromatographed on a dual packed silica gel-alumina column using the 

procedure described in the literature (4). The eluant was collected in 

ten millilitre aliquotes. The chromatography was followed by thin 

layer chromatography (tlc). The aliquotes of el uant which showed 

components having similar Rf values were pooled and the solvent was 

removed. The results are tabulated in Table IV. 

The recovery of material is generally very good. The recovery 

from SBRG-II-I.P. is low due to the volatility of the material. The 

recover y for the scg-cdl oi 1 i s al so somewhat 1 ow probab 1 y due to the 

large amount of polar material which results in some of this material 

being strongly adsorbed on the column. 

île showed that a number of distinct classes of compounds, usually 

two, were eluted with pentane. ~ Proton nmr shows that the first 

di st i net cl ass of compounds el uted with pentane has a low Ha value 

showing that these are the saturated compounds while the second 

distinct class has a higher Ha value showing that these are the 

monoaromatic compounds. Bibenzyl appears as a component in this second 

fraction for the scg-cdl oi 1. The separat ion of the se compounds was 

sharp for the scg-cdl oil but not as sharp for the cdl from the other 

processes. île showed that relatively clean separations were obtained 

throughout the gradient elution. 
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The scg-cdl oi 1 shows a different el ut ion pro fi 1 e from the other 

oi 1 s. The amount el uted vlith pentane and 5% benzene/pentane i s 31. 5% 

of the total while for the oils from other sources this amount ranges 

from 61.9% for SBRG-II-I.P. to 84.7% for Ginger. The amount of polar 

mate ri a 1 i s 32% in the scg-cdl oi 1 and ranges from 4 .4 to 14. 4% for the 

oil from other sources. The el ut ion profil es for the SBRG-oil s are 

very similar to the profile for hydrogenated anthracene oil. 

The Ha values for scg-cdl oil fractions are considerably lower 

than for the SBRG materials. The Ha values for the bulk of the SBRG 

materials closely resemble those of the hydrogenated anthracene oil. 

The Ha values for the coal deri ved oil from al 1 the processes pass 

through a maximum Hith the material el uted with 5% benzene/pentane 

{Table IV). After fraction B, the materials become more polar and less 

aromatic. 
/ 

The fa values (aromatic carbon to total carbon ratio) was 

determined by C-13 nmr for fractions Al, A2, and E of the scg-cdl oil. 

These were found to be 0.24, 0.73 and 0.59 confirming the conclusion 

drawn from the Ha values. The fa va 1 ues were not determi ned for other 

samples due to the relatively small amount of material isolated • 

• , . , ,• ·• l '1 
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VII. NMR DATA FOR PREASPHALTENE 

Proton nmr spectra of preasphaltene obtained from the cdl samples 

were ta ken in pyri di ne-d5. The Ha values {Table V) appear to be 

i ndependent of both coa 1 type and process parameters. There are, 

however, differences in the spectra of preasphaltenes isolated from cdl 

derived from co al by liquid extraction and from cdl derived by scg 

extraction {Figures 2 and 3). Figure 3 shows less resolution of the 

signals in both the aromatic and aliphatic regions. Aside from that, 

the aromatic regions are similar. The aliphatic region in Figure 3 has 

a prominent signal at 1.15 ppm which is virtually absent in Figure 2. 

The observed di ff erences probab l y arise from the response of ttie 

cdl to solvent analysis. Toluene contaminated with process solvent 

would have much more solvent power for all classes of cdl than pure 

toluene since process solvents are coal derived {like dissolves like). 

VIII. COMPARISO N OF DATA FOR SUBBITUMINOUS CDL OBTAINED BY DIFFEREiH 

LIQUEFACTION PROCESSES 

The components of subbituminous cdl were analyzed by a variety of 

methods. 

A. FTIR Analysis 

Diffuse refl ectance Fourier transform infrared {FTIR) spectra for 

a number of components were obtained using the facilities at the 

University of Alberta. 
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1. THF insoluble material: 

The scg-cdl THF insoluble material is soluble in supercritical 

toluene since it was extracted by this process. The THF insoluble 

material from the SBRG process came from the vacuum bottoms and 

contains coal or char residues. Figures 4 and 8 are FTIR spectra of 

the scg-cdl THF insoluble material and the SBRG-II heavy product THF 

insoluble material. 

Qualitatively, Figure 4 is very similar to the rest of the scg-cdl 

FTIR spectra (Figures 5 to 7) while Figure 8 is very different from all 

other spectra. 

Figure 4 shows a strong absorbance at 3200 cm-1 indicative of 

hydrogen bonded 0-H and/or H-H stretch, a weak absorbance at 3050 

cm-1 indicative of aromatic C-H stretch, three absorbance bands at 

2880, 2920 and 2960 cm- 1 associ ated with C-H stretchi ng in methyl 

and methylene groups, a weak absorbance at 1700 cm-1 associated 

with carbonyl stretch, a strong absorbance at 1600 cm- 1 probably 

associated with enhanced aromatic ring resonance due to OH substitution 

(12), an absorbance band centered at 1460 cm-1 associated with 

aliphatic C-H bending, a weak absorbance at 1380 cm-1 associated 

with methyl C-C H3 bending, absorbance between 1200 to 1300 cm- 1 

associated with ether linkages and a number of absorbance bands 

appearing in the range of 740 to 900 cm-1 associated with aromatic 

C-H bending. The sharp absorbance at 700 cm-1 is generally 
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associated with CH2 rocking when several methy1ene groups are linked 

together. This absorbance could, however, also be indicative of a 

monosubstituted benzene ring along with the absorbance in the 740 to 

760 cm- 1 range. The 700 cm- 1 absorbance band is well defi ned 

in the spect ra of the materi a 1 s deri ved from coa 1 by supercrit i ca 1 

toluene extraction but is much less intense in the spectra of the 

materials derived by the SBRG process. This observed difference could 

possibly indicate benzyl substitution in the materials extracted with 

supercritical toluene. 

The THF insoluble material derived by the SBRG process {Figure 8) 

shows many of the same absorbance bands noted above as well as bands at 

3690, 3630, 1050, 550 and 480 cm- 1 all of which are associated 

with mineral matter (12). The relative intensity of the hydrogen 

bonded 0-H and/or N-H absorbance is much smal 1er in Figure 8 than in 

Figure 4 and the ratio of the aromatic C-H stretch to aliphatic C-H 

stretch is much greater in Figure 8 than in Figure 4. These 

differences in the FTIR spectra indicate significant differences in the 

structural make-up of these materials. 

2. Preasphaltenes: 

The spectra of preasphaltene {Figures 5 and 9) show considerable 

diff erences in the mate ri a 1 s deri ved from the different li quefact ion 

processes. 

cm-1 \'lhich 

Figure 9 sho1'IS a ver y strong free 0-H stretch at 3640 

is missing in Figure 5. The ratios of the aliphatic 

C-H stretching absorbances {2880, 2920 and 2960) are very different in 
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Figures 5 and 9. The relative intensity of the absorbance at 1600 

cm- 1 is much smaller in Figure 9 than in Figure 5. Figure 5 shows 

a strong sharp absorbance at 700 cm- 1, missing in Figure 9. The 

preasphaltene isolated from the cdl derived from the two liquefaction 

processes are different materi al s, corroborat i ng the nmr data (Figures 

2 and 3). 

3. Acidic/Neutral Asphaltene: 

Figures 6 and 10 are spectra of the acidic/neutral asphaltene 

isolated from the cdl derived by different processes. Considerable 

differences, mainly in the relative intensities of the absorbance bands 

are evident. The absorbance at 3200 to 3300 cm-1 and at 1600 

cm- 1 in Figure 6 are rnuch more intense than those in Figure 10 

indicating that the rnaterial isolated from scg-cdl is more phenolic 

than the material isolated frorn SBRG-II cdl. This is alsoevident from 

the nmr spectra which shows an Ha value of 0.32 for the scg material 

and 0.27 for the SBRG material. Comrnon to the spectra of both material 

is an absorbance at 1700 to 1720 cm-1 probably indicating some 

carboxyl ic acid carbonyl stretching. The position of this absorbance 

suggest s the presence of acet i c ac id res i dues rather than benzoi c aci d 

residues. This absorbance band could also be associated with cyclic 

ketone carbonyl stretchi ng. 

.., J., . • / 
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4. Basic Asphaltene: 

Figures 7 and 11 are the FTIR spectra of the basic asphaltene. 

The basic asphaltene in Figure 11 is contaminated with silicon grease 

somewhat limiting the usefulness of the spectrum. Ot herwi se, the 

spectra are very similar. Both spectra show 0-H or N-H stretching. 

The elemental analysis (see below) of the scg-cdl derived material 

shows that the nitrogen content for the basic and acidic/neutral 

materials are similar (1.84% for basic, 1.77% for acidic/neutral) but 

the oxygen content of the basic material (21.45%) is much greater than 

for the acidic/neutral material (11.59%). This data probably indicates 

that the basic material is amphoteric and could account for the fact 

that considerable material is lost during the fractionation of 

asphaltene into basic and acidic/neutral portions. 

One notable difference between the spectra of the two materials is 

the absorbance band at 700 cm- 1, intense in Figure 7 but weak in 

Figure 11. 

B. Elemental Analyses 

Table VI summari zes the results of the analyses of fractions of 

cdl obtained from subbituminous coal by scg extraction and the SBRG 

process. 

The THF insoluble material from both sources cannot be compared, 

even though the results are tabulated, due to the presence of mineral 

matter in the SBRG material (see above). 
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The SBRG process derived preasphaltene is less aromatic than the 

scg extracti on derived material (lower Ha value and larger H/C ratio). 

Furthermore, the SBRG process deri ved materi al has lower nitrogen and 

sulfur content and similar oxygen content relative to the scg 

extraction derived material. 

The asphaltenes from both sources are simi l ar. The fract ionated 

SBRG asphaltene tends to have a larger H/C ratio than the corresponding 

scg materi al. The total SBRG asphal tene, however, has a lower H/C 

ratio, confirming the nmr data (Table III) which showed that the 

asphaltene which did not redissolve in toluene (38% for SBRG material, 

negligible for scg material) was highly aromatic. 

The largest difference in the rnaterials obtained by the two 

processes occ urs in the pentane soluble oil. The material obtained by 

scg extraction is much less aromatic than the material obtained by the 

SBRG process. This can be attributed to the presence of process 

sol vent (hydrogenated anthracene oil) in the SBRG rnaterial and the 

absence of any process sol vent in the scg extraction deri ved materi al. 

The Ha value fo r the pentane soluble hydrogenated anthracene oil and 

the frac t ionated (by liquid chromatography) hydrogenàted anthracene oil 

are very similar to the Ha values for the corresponding materials 

obtained for the bulk of the SBRG process cdl (Table IV). Process 

solvent contamination makes comparison of the cdl derived from 

subbitumi nous coa l by the two di fferent 1 i quefact ion methods inva 1 id 
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since there is no method for distinguishing between coal derived and 

solvent derived products. 

IX. MOLECULAR WEIGHTS OF OILS 

Table VII summarizes the average molecular weight of oil obtained 

from cdl derived from coals other than subbituminous coal. The 

molecular \'t'eight of all the SBRG process material is very similar. The 

molecular weight of the oil from cdl derived from Ginger coal by an 

H-coal process is higher than for the oil from cdl derived by the SBRG 

process but not as high as the oil derived by the scg extraction 

process. Note that this material had been heated to 200° at 14 ·mm 

pressure prior to solvent analysis. This action will have removed the 

lighter materials resulting in a relatively higher rrolecular weight for 

the oil. 

The amount of coal derived material in the oil can be calculated 

for SBRG-II-H.P. if one assumes a molecular weight of 190 for the 

process solvent (HA), 270 for the coal derived oil (scg) and that all 

the proces s sol vent appea r in the oil af ter sol vent anal ys i s. Lett i ng 

x equal the fraction of coal derived oil in the total oil then: 

205 = 270 X+ 190 (1 - X) 

from which x = 0.19. Therefore 19% of the oil is coal derived. Taking 
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this into account, the THF insoluble material represents 37.5% of the 

coal derived material, preasphaltene 12.2%, asphaltene 13.6% and oil 

32.5%. For a similar analyses of other SBRG-cdl samples see Table 

V III. 

X. CONCLUSIONS 

Solvent analysis is a useful method for the preliminary separation 

of cdl into a number of components. Process solvent, however, strongly 

influences the chemical and physical characteristics of the separated 

components and may lead to the erroneous conclusion that a given 

1 iquefaction process results in high conversion of coal to oil. 

Liquid chromatography of oil on a dual-packed silica gel-alumina 

column results in relatively clean separations of saturated, aromatic 

and polar material throughout the gradient elution. Process solvents 

influence the elution profile of the oil. 

FTIR is a pov,erful tool for analysis of cdl. The amounts of 

individual groups could be determined by computer analysis of the 

spectrum. FTIR could prove to be the tool capable of distinguishing 

between coal derived and solvent derived molecules in coal liquefaction 

processes. 
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XI. EXPERIMENTAL SECTION 

The following fractionation procedure was carried out using cdl 

derived from supercritical gas extraction of Forestburg subbituminous 

coal. 

Distillation 

Coal derived liquids (9.68 g) were placed in a 25 ml tared round 

bottom flask and several weighed carborundum boiling chips were added. 

The flask was fitted with a short path distillation head ~. 50 mm) 

and condensor and heated with an oil bath to 210 + 10°C. The 

distillate consisted of pyridine and toluene (gc analysis), solvents 

used to pool the cdl. Yield of distillate 3.90 g; yield of solvent 

free residue 4.98 g (92% recovery). 

Fractionation into Toluene Soluble and Insoluble Materials 

The residue from the distillation was slurried with 20 ml of 

toluene and transfered to a 25 x 80 mm Soxhlet thimble which had been 

washed v1ith toluene, dried at 100°C for 0.5 hr, cooled and allowed to 

equil ibrate with the atmosphere until there was no further change in 

weight. The distillation flask was washed with four additional 20 ml 

portions of toluene and the \'lashings v1ere transfered to the Soxhlet 

apparatus through the thimble. An additional 100 ml of toluene was 

added to the Soxhl et apparatus and the resi due was extracted for 24 

hours. The thimble was removed and treated as described above. The 

yield of toluene insoluble material was 1.09 g (21.9%). 



1. 

1 
- 24 -

The to 1 uene was removed from the extract by rotary evaporat ion 

followed by subjecting the sample to 0.01 mm vacuum until no further 

weight change v,as observed. The yield of toluene soluble material was 

3.89 g (78.1%). 

Fraction ation into Preasphaltene and THF Insoluble Material 

The tol uene insoluble material left in the Soxhlet. thimble was 

re-extracted in th e Soxhlet apparatus with 100 ml of tetrahydrofuran 

(THF) for two hours. The thimble and contents were dried at 60°C for 

0.5 hour in a vacuum desiccator. The thimble was cooled under vacuum, 

removed from the desiccator and allowed to equilibrate with the 

atmosphere. The yield of THF insoluble material was 0.50 g (10.0%). · 

The THF was removed by rotary evaporation followed by subjecting 

the sample to 0.01 mm vacuum until there 1'las no further change in 

weight. Yield of THF soluble material was 0.50 g (10.0%). 

Fractionation into Oil and Asphaltene 

The toluene soluble material (3.89 g) was redissolved in 12 ml of 

toluene (~- 3 ml toluene per gram of toluene soluble material ). The 

solution 1-Jas vigorously stirred and 240 ml pentane (20 ml pentane per 

ml of toluene) was rapidly added. After the pentane addition, the 

mixture was allowed to stand for 0.5 hour, then the solid was collected 

by filtration through a 25 x 80 mm soxhlet thimble which had been 

washed with pentane, dried at 60°, cooled and weighed. The flask was 

washed with two 20 ml portions of pentane and washings were added to 
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the Soxhlet apparatus through the thimble. The sol id was extracted 

with pentane for 24 hours. The thi mb le was then dri ed as des cri bed 

above. The yield of asphaltene was 1.20 g (24.1%). 

The pentane was removed as described to yield 2.50 g (50.2%) oil. 

Fractionation of Asphaltene into Acid/Neutral and Basic Components 

A portion of the asphaltene (0.80 g) was redissolved in 20 ml 

toluene ·in a glass centrifuge tube. The tube was placed on a rotary 

shaker for one hour and the undissolved solid was centrifuged to the 

bottom of the tube. The toluene solution was decanted from the. solid 

and the sol id was washed twice with an additional 10 ml toluene. The 

solid was dried and weighed to leave 0.013 g (1.6%) of undissolved 

asphaltene. 

Hydrogen chloride was passed through the combined toluene solution 

for four hours. The tube was centrifuged and the toluene solution 

containing the acid/neutral component was decanted. The solid was 

washed twice with 10 ml portions of toluene followed by centrifuging 

and decanting each time. The washes were combined with the solution, 

the toluene removed by rotary evaporation and the solid dried at 0.01 

mm to leave 0.40 g (50.0%) acid/neutral asphaltene. 

The collected solid was slurried in 10 ml toluene and 10 ml 0.3 

rnolar sodium hydroxide solution · was added. The phases v,ere separated 

and the aqueous phase was extracted 3 times with 10 ml tol uene. The 

combined extracts were dried over anhydrous sodium sulfate and tol uene 
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was removed by rotary evaporat ion. The solid was dried at room 

temperature under 0.01 mm vacuum to leave 0.25 g (31.6%) basic 

asphaltene. 

Liguid Chromatography 

The bottom of a vertically clamped 40" x 1/2" O.D. 316 SS tube was 

connected, using Swagelok fittings, to a 4" length 1/8" O.D. SS tube 

f ashi oned into a U-tube. This was connected to a 1/8" uni on tee, one 

inlet of v,hich was fashioned as an injecter port using a neoprene 

septum while the branch was connected to a Model B-100-S Eldex 

Laboratories metering pump with a length of 1/16" SS tubing. The 

bottom of the column ,,.,as plugged with a Pyrex wool plug and 37 grams of 

Fisher Reagent ACS 28 - 200 mesh silica gel activated at 250°C for 20 

hours was packed into the column. This was followed with 47 grams of 

Fisher Certifi ed 80 - 200 mesh Basic Brockman Activity I alumina 

activated at '100°C for 20 hours. The top (outlet) of the column was 

fitted with a r>yrex wool plug and connected with Swagelok fittings to a 

1/16" exit tube. Pentane was pumped through the packed col umn and the 

flow rate was adjusted to deliver 3 ml/min. The chromatography column 

was wrapped with heating tape and the temperature on the outside of the 

column was monitored using a thermometer. 

Oil from scg-cdl was warmed to 50°C using a water bath to make it 

sufficiently mobile and drawn into a syringe. The syringe and oil was 

\-Jeighed. The oil was injected onto the column, pentane was drawn into 
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the syringe to rinse it, the pentane was also injected onto the column 

and the syringe was dried and weighed showing that 0.920 g oil had been 

placed on the column. The pump was started and the oil was eluted in 

succession with 250 ml pentane (fraction A), 300 ml 5% benzene/pentane 

(fraction B), 300 ml 15% benzene/pentane (fraction C), 100 ml benzene 

(fraction D), 50 ml 60% methanol, 20% benzene, 20% ether (fraction E), 

and 100 ml methanol (fraction F). The column was then heated to 100° 

and eluted with 100 ml pyridine (fraction G). The heat was removed and 

the col~mn was eluted with 100 ml toluene (fraction H). Finally 300 ml 

pentane was passed through the column to prepare it for the next 

injection. 

The eluant was collected in 10 ml aliquotes using a Buchler Fracto 

f1ette 200 collecter. The aliquotes were spotted on 20 x 20 cm 0.25 mm 

thickness silica gel 60F 254 plates (Merck) developed with 

pentane/benzene in a 97:3 ratio. The developed plates were viewed 

under long and short wave ultraviolet light. The aliquotes which 

showed components having similar Rf values were pooled, the solvent 

was removed and the residue dried under 0.01 mm vacuum at room 

temperature. The results were fraction Al - 0.140 g (15.2%), A2 -

0.099 g (10.8%), B - 0.051 g (5.5%), C - 0.030 g (4.2%), D - 0.062 g 

(6.7%), E - 0.295 g (32.0%), F - 0.035 g (3.8%), G - 0.019 g (2.1%), H 

- 0.030 g (3.3%). The total recovery was 0.77 g (83.6%). 
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TABLE I 

Resu lts of solvent analysis for vari ous samples of cdl a). 

% of Initial Sample 
Fraction scg-cdl Ginger SBRG-I SBRG-II SBRG-II SBRG-II HA 

H.P. I. p. H.P. I.P. 

THF Insoluble 10.0 0.6 11.0 9.9 15.7 

Pre a spha ltene 10.0 5.0 4.2 3.5 5.1 

Asphaltene 24.1 14.4 7.4 7.5 5.7 1.2 2.0 

Oil b) 50.2 80.1 77 .9 77.9 71. 7 86.6 94.7 

% Material 
Recovery 94.3 100.1 100.5 98.8 98.2 87.7 96. 7 

a) See text for sample description. 

b) For all samples except scg-cdl, the oil is heavily contaminated 
with process solvent. For results taking the quantity of process 
solvent into account, see Table VIII. 



TABLE II 

Comparison of the results of solvent analysis of cdl using pentane or 
heptane for oi 1 extra et ion. 

Fractiona) scg-cdl SBRG-II-H.P. 
Pentane Heptane Pentane Heptane 

Asphaltene 24.1 14.6 5.7 3.4 

Oil 50.2 60.0 71.7 74.3 

Molec. Wt. of oi 1 b) 267 302 205 206 

a) % of total cdl. 

b) By VPO 



TABLE III 

Fractionation and nmr integration data for asphaltene isolated from cdl samples. 

Cdl Samplea) 
Aspha ltene scg Ginger SBRG-I-I.P. SBRG-I-H.P. SBRG-II-I.P. SBRG-II-H.P. 

% Ha % Ha % Ha % Ha % Ha OI Ha /o 

Total 100 0.37 100 -- 100 0.52 100 0.51 100 0.58 100 0.53 

Insoluble 1.6 -- 31.2 0.44 24.3 o. 59 25.2 0.57 -- -- 38.0 0.61 

Basic 31.6 0.37 31.4 0.42 30.2 0.46 41.6 0.53 -- -- 37.4 0.43 

Acid/neutral 50.0 0.32 35.9 0.37 31.3 0.44 27.1 0.36 -- -- 26.6 0.28 

% Recovery 83.2 98.5 85.3 93.9 -- 102 

a) % represents percent of total asphaltene. 



TAl3LE IV --

iquid chromatography and proton nmr integration data of pentane soluble cdl. 

Sourceb, c) 

ractiona) 
scg-cdl Ginger SBRG-I-I.P. SBRG-I-H.P. SBRG-II-I.P. SBRG-II-H.P. HA 
% Ha % Ha % Ha 0/ Ha 0( Ha 0/ Ha % Ha /0 /0 /o -- --

Md) 100 0.24 100 0.46 100 0.67 100 0.70 100 o. 55 100 o. 73 100 0.74 

1 15.2 0.07 28.2 0.11 15.6 0.54 7.0 0.23 23.0 ' 0.39 20.8 0.43 17.4 0.41 
2 10.8 0.33 29.1 0.38 21.2 0.75 21.7 0.69 18.9 o. 79 30.8 0.80 9.9 0.70 
.3 -- -- -- -- -- -- 30. 5 0.88 11.5 0.79 
.4 -- -- -- -- -- -- -- -- 5.7 0.86 

1 5.5 0.28 27.4 0.83 21.1 0.87 14.9 0.88 2.8 0.93 25.2 0.88 21.0 0.88 
,2 -- -- -- -- 10.5 0.86 -- -- -- -- -- -- 24.8 0.88 

4.2 0.19 9.2 0.47 5.6 0.83 3.5 0.63 0.3 -- 4.1 0.78 6.0 0.95 
6.7 0.19 2.8 0.41 3.3 0.65 2.4 -- 0.3 -- 3.8 0.68 3.6 0.96 

32.0 Q.25 4.4 0.30 14. 4 0.57 13.6 0.62 9.1 0.51 11.8 0.60 9.5 0.69 · 

3.8 0.18 0.5 -- 2.1 -- 1.5 -- 0.9 -- 1.8 -- 1.4 0.67 
2.1 0.13 2.9 0.09 1.0 -- 0.9 -- 0.9 -- 1.1 -- 1.5 
3.3 -- 0.2 -- 1.0 -- 0.9 -- -- -- 0.2 -- 0.9 0.13 

: Recovery 83.6 104.7 95.8 97.1 73.4 99.6 96.1 

1) Fractions eluted with: Al, 2, 3, 4 - pentane; B1, 2 - 5% benzene/pentane; C - 15% benzene/pentane; D - benzene; 
E - 60% methanol/20% benzene/20% ether; F - methanol; G - pyridine at 100°C; H - toluene. 

) ) See text for source description • 
. ; ) % i s percent of tata l samp le p 1 aced on co 1 umn. 

f) SM= Starting oil. 



TABLE V 

Proton nmr integration data for preasphaltene isolated frQ~ various cdl 
samples. 

Cdl Sample Ha 

scg {SB) 0.32 
' 

Ginger {NS) 0.32 

SBRG-I intermediate (L) 0.25 

SBRG-I heavy {L) 0.33 

SBRG-II heavy {SB) 0.19 

a) Letters in brackets represent the coal rank the cdl were deri ved 
from: SB= subbituminous; NS = Nova Scotia bituminous; L = 
lignite. 



TABLE VI 

Compa ri son of elemental ana l ysi s , nmr and va pour phase osmometry data for fr actions of cdl dt>ri ved from 
subb i tumi no us coa l by di fferent li quefact ion methods . 

Elemen t al Ana l _)'.s is 
Sam2 le :t Yi eld :te 1!1 tN ts :tO 11/C 0/C Ha '/PO 

Tl\F in solubl e 
scg 10.0 75.11 5. 32 2. 22 0. 77 16 . 58 0.85 0. 17 
SBRG 15. 7 57 . 22 2. 37 0.04 0. 94 39. 43 o. 50 0. 5? 

Preas pha l tene 
scg 10 . 0 76 . 74 6.14 2. 04 0. 77 14. 31 0. 96 0.14 0. 32 
SBRG 5.1 78 .19 7.92 1. 24 0. 30 12. 35 1.22 o. 12 o. 19 

Asphaltene 
scg 24 .1 78.60 6.46 1.37 o. 56 13.01 0. 99 0. 12 0.37 
SBRG 5. 7 78. 08 4. 88 2. 32 0. 50 14 . 22 o. 75 o. 14 0. 53 

Basi c aspha l t ene 
scg 31. 6 70.14 5. 90 1. 84 0. 67 21.45 1.01 0. 23 0. 37 
SBRG 37.4 63.55 5.84 1. 82 0.45 28 . 34 1. 10 0. 33 0. 43 

Acidic/Neut ra l asphâ ltene 
scg 50.0 78.48 7. 53 1.77 0. 63 JI . 59 1. 15 o. 11 0.32 576 
SBRG 26 .6 79.79 8.45 0.79 0. 90 10 . 07 1. 27 0 . 09 0.28 

Oil 
scg 50.2 82 . 64 9.46 0.47 0. 54 6. 89 1.37 a.os 0. 25 267 
SBRG 71.7 90. 51 6. 49 0.73 0. 65 1 .61 0. 86 0 . 01 o. 73 20 5 

Pentane A 
scg 15. 2 82.48 12. 07 0. 12 0. 33 5.00 1. 76 0. 05 0. 07 
SBRG 20.8 87.20 9. 87 0.05 1. 36 0. 43 215 

Pe~tane B 
scg 10.8 86.01 9. 07 0.17 0. 60 4. 15 1.27 0. 04 0.33 
SBRG 30. 8 90 . 92 6. 12 0.04 0. 69 2. 23 0.81 0. 02 0. 80 187 

5:t Benz ene /Pent ane 
scg 5.5 86 . 51 8.94 0.20 0. 86 3.4 9 1. 24 0. 03 0. 28 
SBRG 25 .2 93. 52 5. 57 0. 07 o. 72 o. 12 0 . 74 0. 001 0 .88 196 

Benzene (scg) 6.7 83 .30 8.32 0.74 0. 66 6. 98 1. 20 0.06 0. 19 
15:t Benzene/ Pe ntanc (SBRG ) 4. 1 91. 78 5.63 o. 30 0. 79 1. 50 0. 74 0. 01 o. 78 27? 

MeOII/Et20/Benzenc 3: I : 1 
scg 32.1) 78 . 60 8. 25 1.04 0. 4B 1 I. &3 1. 26 O. 1 I 0. 25 282 
SBRG 11.8 82.34 6. 13 4. 67 o. 79 6 . 07 0 . 11') 0 . 06 0. 60 22fl 

a) Performec1 by Cana di an Mi croanal yt ic al 
b) Obt a in cc1 by di f fc rence . 

Scrv iccs Lt ,t. , Vancouve r, u. c. 
c) Performed at Universi ty of Alberta. 
d) Percent of t ot a 1 cd l . 

11 
Contains mincrdl ma l t er by rT Ill 
Percent of t ol ~l ,1sp h,1 l tc nc. 

g) Percent of lnl ,11 o l l. 
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TABLE VII 

Average molecular weight for pentane soluble oil obtained fran cdl 
derived from coals other than subbituminous coal. 

Sample 

Ginger coal 

SBRG-I-intermediate product 

SBRG-I-heavy product 

Hydrogenated anthracene oil 

a) Duplicate determination. 

Coal Molecular Weight 

Nova Scotia 234 
bituminous 

Lignite 194 

Lignite 197, 200 

192 
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TABLE VIII 

Results of solvent anaJysis for various samples of cdl corrected for 
solvent contaminationaJ 

% of Solvent Corrected Sample 
Fraction scg-cdl SBRG--I-H.P. SBRG-I-I.P. SBRG-II-H.P. 

THF Insoluble 10.0 34.1 36.5 37.5 

Preasphal tene 10.0 13.0 13.0 12.2 

Aspha ltene 24. 1 22.9 27.9 13.6 

Oil 50.2 30.0 17 .8 32.5 

Portion bloal 
derived 1.0 0.125 0.062 0.19 

a) See text for basis of calculation. 

b) Portion of isolated oil which is considered coal derived on the 
basis of average molecular weight - see text and Table VII. 
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preasphaltenes isolated from cdl obtained by the SBRG process. 
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toluene extraction. 
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