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DEVELOPMENT OF ANALYTICAL PROCEDURES FOR COPROCESSING

SUMMARY

Maya crude residue and Illinois No. 6 coal have been processed together

over a range of reactant ratios to produce material for study of the product

composition and of the coprocessing chemistry. The reaction conditions have

been described in previous reports.

Acid fractions have been derivatized to produce _3C tagged products

suitable For NMR analysis. The acids have been identified as phenols and

other oxygen acids, nitrogen acids including carbazoles, and benzylic and

sulfur acids. All of the acid fractions appear to be essentially

monofunctional. Base fractions were analyzed by nonaqueous titration and were

shown to consist of azaarenes and arylamines. Two of the distillates boiling

below ]75° C were analyzed by PIANO capillary gas chromatography.

Maya crude petroleum fractions similar to those obtained from coprocessing

products have been analyzed for carbon isotope ratios. These fractions were

prepared directly from the Maya crude without application of hydrogenation or

other processing chemistry. Trends indicating isotopic fractionation

coprocessing to that reported earlier for coprocessing product_ were observed.

INTRODUCTION

Coprocessing of petroleum residue and coal has been developed as a useful

method for conversion of these low value materials to higher value liquid

products. The conversion of petroleum residue is often improved in the

coprocessing procedures and in addition the coal provides a low cost addition

to the liquid products. In this project the reactants examined ere Maya crude

residue, bp >1000_'F, and Illinois No. 6 coal.

An objective of this study is the development of an understanding of the

contributions of the residue and coal separately to the final products. This

has been approached through detailed separation and identification of the

products and carbon isetope ratio determinations of all significant

fractions. Knowledge of the product composition and the source of the

components from residue and coal can aid in improvement of reaction conditions

and selection of reactants. In addition, it can provide a better under-

standing of the reaction chemistry underlying the coprocessing procedures.



The initial part of this project was preparation of a series of products

from a variety of residue and coal mixtures for further study. The amount of

coal irl the reaction mixtures ranged from 2 to 40 weight percent. Details on

the reactlon conditions and preliminary workup have been provided in previous

reports. The products have been further separated into specific chemical

classes in discrete boiling ranges. Detailed composition results have been

reported on many of these fractions and some results on selectivity in

production of specific chemical classes have also been produced.

Carbon isotope ratio analysis is a potentially effective method for

determining the origin of a conlponent or compound class. The residue and coal

used in this study have a difference of 3.00 6_3C units. If the products can

be shown to have a linear relationship in isotope ratios to the reactant

composition, this analysiscan be important in determining the origin of the

coprocessing products.

This report presents several aspects of the detailed analysis of some of

the polar and neutral fractions.

EXPERIMENTAL

Derivatization of Acids

A procedure h_z:]been_developed for tilespecific alkylation of acidic

functional groups present in petroleum and related products. Samples (weighed

to provide about 0.2 gram of product) were combined with about 2 equivalents

of potassium hydroxide in about 4 mL 1-methyl-2-pyrrolidinone. To this, about

20 percent excess of iodomethane was added. After mixing, it was held at

45_ C for one hour. lt was then poured into water and extracted with ethyl

ether to obtain the product. This method provided a standard procedure for N

and 0 methylation of a wide variety of acidic compounas. Nearly quantitative

conversion was obtained for compounds such as indole, carbazole, phenols,

(including 2--naphtholand 2,6-di-ter_-butyl-4-methylphenol),thiols and

aromatic amides. Also, compounds with benzylic hydrogen activated by

neighboring groups, such as fluorene, and oxindole, were completely converted

to the methylated form,



NMRAna1_sis of Derivatized Acids

l his methylation procedure using _C enriched iodomethane (99%+ _:{CHjl)

was applied to the 175-350 and 350-538" C acid fractions of the coprocessing

products. Samples of the acid fractions were also reacted using normal

iodomethane (i.]% _JCH_I, 98.9% L_CH31). Each sample was dissolved in

deuterochloroform (CDC]j; 99.6% D) using tetramethylsilane (TMS) as the

internal chemical shift reference. Four types of NMRexperiments were run on

13ceach of the H3 derivatized samples using a JEOL GX-270 FT-NMR spectrometer

operating at 270.15 MHz for IH and 67.94 MHz for 13C", a proton NMRexperiment

. I 3 c(45 pulse, 5 sec. pulse delay, 64 pulse summation); a quantitative NMR

experiment (gated-decoupling of protons during signal acquisition, 30° pulse,

20 sec pulse delay, 3200 pulse summation); a DEPTDexperiment (Distortionless

Enhancement by POlarization Transfer with proton Decoupling) to differentiate

the methyl carbon signals (135 '_ pulse (e), 5 sec pulse delay, 600 pulse

summation); a CHSHF (Carbon Hydrogen SHiFt correlation) experiment correlating

the IH chemical shift with the _C chemical shift (:H 1500 Hz, 128 points;
13 i

C: 4800 Hz, 1024 points; 192 pulse summation each H point, 1.893 sec pulse

delay). The first three experiments were also run on each of the _CFI_

derivatized samples.

Base Titration

The base fractions isolated from all of the 175-350 and 350-538 ° C

distillates have been analyzed by nonaqueous titration. Samples of each base

fraction were titrated in both acetonitrile and acetic anhydride with 0.01N

perchloric acid in dioxane as the titrant. The titrations were monitored by a

glass electrode and a Ag/AgCl electrode that was modified for this procedure.

High ResolutionGa s Chromatographic Analysis of Light Hydrocarbons

The distillates boiling below 175° C obtained from the 2 and 40 percent

coal coprocessing reactions have been analyzed by the PIANO method. This is a

capillary gas chromatographic method developed for light hydrocarbon analysis

and provides detailed reporting for the hydrocarbon classes of paraffins, iso-

paraffins, aromatics, naphthenes, and olefins. The reporting procedure is

based on a large library of retention times of identified hydrocarbons and

produces a report showing detailed composition of the sample as well as

summary by class and carbon numbers.



Carbon Isotope Ratios _
q

Carbon isotope ratio analysis on samples of,Maya crude oil fractions were_

carried out by Dr. Michael Engle at the School of Geology and Geophysics,

Energy Center, University of Oklahoma, Norman, Oklahoma.

RESULTS AND DISCUSSION

Acids Analysis

Table I shows the'lH and _:_Cchemical shifts of the _CH_ group for nine

model compounds methylated using _3C enriched iodomethane together with the

methylation yield based on C peak integrals. The uncertainty in the yields

is about +7%. Several of the methylated compounds c:onLdinmethyl podks Fro(li

side products apparently fomled during methylation.. These have been

identified where possible. These were chosen because they represent possible

functional structures present i.npetroleum acidic classes.

Table i

Proton (hH) and Carbon-13 (I:_C) Chem,cal Shifts of Methylated Model Compounds

MethYlation
Compound 6('_C)a, ppm 6(_H)a,ppm Yield, %

Methyl tolyl sulfide 16.5 2.40 95
43.5(4%) 2.63 (DMSO Imp.)

I

9-Hydroxyfluorene (9-methyl) 26.5 1.67 (-CCH3) 95
I ,

(9-methoxy) 51.5 2.73 (-OCH3)
Fluorene (9,9-dimethyl) 27.0 1.46 84

18.0 (6.5%) 1.48 (Imp.)
N-methylcarbazole 28.5 3.75 96
N-methylindole 32.5 3.48 96
N-methyl-N-phenylvaleramide 37.5 3.22 95
N-methylindazole (I-N) 35.0 (80%) 3.95 100

(2-N) 39.7 (20%) 4.05 (rearrangement,)
Myristic acid (methyl ester) 51.5 3.62 gO
2-Naphthyl methyl ester 55.2 3.85 96

achemical shifts referenced to internal TMS, 6(TMS) = 0 O0



Table 2 shows the estimated mean equivalent molecular weights (EW)

obtained for the coProcessing sample acid fractions using nonaqueous

titraLion. Assuming an average carbon:hydrogen ratio of 1"1.5 for these acid

fracLions, the estimated number of carbons per average molecule was calculated

assuming that the compounds are monofunctional in oxygen or nitrogen

content. These average carbon numbers are also shown, in Table 2 for each acid

fraction.

Table 2

Acid Fraction Equivalent Weights and Carbon Number

Coal, percent 2 20 30 40

175-350 ° C
EW 184 173 167 158
Carbon No. 12.5 11.7 11.3 10.6

35O-538 _ C
EW 292 250 248 259
Carbon No. 20.5 17.4 17.3 18.1

The carbon numberwill be used later to calculate the average number of

functional groups per' molecule for the acid fractions.

Figures I-8 show the CHSHF two-dimensional contour plots of the acid

fractions. In these figures the individual peaks are shown as closed contours

of signal height (intensitY) plotted at the coordinates of the _C/2H chemical

shifts referenced to the TMS signal in the upper right corner. The 13C

chemical shift is the horizontal axis, and the IH chemical shift is the

vertical axis. Also shown in each figure are horizontal and vertical

projections of the peak intensity which represent the proton and carbon-13

spectra, respectively, plotted as chemical _,hift relative to the TMS peak used

as internal chemical shift reference. In figure I, the three regions of

inLerest for methylated oxygen, nitrogen and benzylic/sulfur functional groups

present in the acid subfractions are labeled. Based in part on results for

pure compounds in Table I, the oxygen region was defined as the region from

49-65 ppm (_C) and 2.7-4.2 ppm (JH). Similarly, the nitrogen region was

found to extend from 28-49 ppm (I_C) and 3.0-4.4 ppm (_H). The

benzylic/sulfur region extends from 5-28 ppm (_3C) and 1.4-3.0 ppm (IH).



Above the benzyllc/sulfur region is the region from 10-38 ppm (_3C) and 0'5-

1.4 ppm (tri) which contains peaks typical of alkyl carbons. The peaks of

alkyl carbons alpha to aromatic structures can have _H shifts up to 3.0 ppm;

so peaks from these components could interfere with benzyllc/sulfur

assignments, l hese same regions apply to the other figures 2-8.

The oxygen region may be further subdivided into three subregions based on

the _C chemical shift. The methyl esters of carboxylic acids (-COOCH3) have

_C shifts from 49-54 ppm with the primary position being 51-52 ppm (_H

chemical shifts are typically 3.6-4.0 ppm). The methylated phenols or

hydroxyl groups (-OCH3) have i_C shifts from 54-59 ppm (IH shifts are

typically 3.5.-4.2 ppm for aromatic methoxy groups and 3.2-3.5 ppm for

aliphatic methoxy groups). However, hindered phenolic groups (-OCH_(H)) which

have two ortho-substituents exhibit _3C shifts from 59-63 ppm (LH shifts are

_imilar to those of other methoxy groups). These three subregions seem to be

well-defined with essentially no overlap based on the !aC chemical shifts of

many compounds. However, the methylated model compound 9-hydroxyfluorene had
13 I

a C shift for the -OCH3 group of 51.5 ppm with a H shift of 2 75 ppm, both

outside the typical ranges for the -OCH_ groups. A series of 9-n-alkyl-

fluorene-9-ols has pYeviously been identified in petroleum, but may not be

present in these coprocessing Samples.

Within the nitrogen region those methyls attached to amine type nitrogens
I

have H shifts around 3.0-3.2 ppm while methyls attached to nitrogen in

aromatic rings or condensed ring systems have _H shifts from 3.4-4.4 ppm. For
13

example, the methylated model compound carbazole has a CH3 shift of 28.5 ppm

(_3C) and 3.75 ppm (IH). If the ring system has several nearby nitrogens, the
I
H shift of the N-methyls is generally toward the higher end of the range.

l
Within the benzylic/sulfur region, methyl sulfides generally have H

shifts from 2.0-2.5 ppm with aromatic methyl sulfides around 2.4-2.5 ppm. The

_C shifts of methyl sulfides are generally From 10-20 ppm. Benzylic methyls

have tH shifts typically from 1.4-2.0 ppm.

Figure I shows that the 2 percent coal, 175-350 ° C acid fraction contains

substantial oxygen and nitrogen methylated classes with some peaks in the

benzylic/sulfur region. Within the oxygen region the most prominent peak is

that _typical of methylated phenolic groups at 55.0 ppm/3.70 ppm (_C/_H), with

a smaller group of peaks typical oF hindered methylated phenols at 60 ppm/3.65

IIIII_IP



ppm, with several smaller peaks From other methylated oxygen classes of

intermediate nature.

There is a substantial group of methylated nitrogen classes with carbazole

prominent as the peak at the right edge of this region at 28.7 ppm/3.71 ppnl.

N-methyl indole would appear to be outside this group based on the _H shift of

3,48 ppm, but N-methylindazole would appear to be a good representative at

35.0 ppm/3 95 ppm (39.7 ppm/4.05 ppm for the rearrangement product).

N-methyl-N-phenylvaleramide also appears to be an unlikely candidate based on

the _H shift of 3.22 ppm for the methyl protons. The group of peaks at 44

ppm/2.9 ppm is atyp,cal but might be an amine derivative.

The two groups of peaks in the benzylic/sulfur region at 15.5 ppm/2.35 ppm

and 19.0 ppm/2.2 ppm have _C and _H shifts that are representative of

methylated sulfur functional groups. This is the only sample that shows the

probable presence of sulfur functional groups; the others have some peaks in

this region more typical of benzylic derivatives,

For the rest of the 175-350° C acid fraction CHSHFspectra in Figures 2-4,

the trends are the increasing prominence of the methylated phenolic group peak

at 55 ppm/3.7 ppm and the decreasing presence of methylated nitrogen or

benzylic/sulfur peaks. Figure 2 contains two strange broad low intensity

signals at 42 ppm/3.7 ppm and at 55 ppm/4.3 ppm. The appearance of these

peaks is not characteristic of peaks displayed in CHSHFspectra and they are

probably artifacts of some type. A common artifact of the CHSHF experiment

are the "talls" extending vertically in the IH shift direction for prominent

peaks when low contours are used to show weaker peaks. These artifacts are

evident in Figure i and strongly in Figures 2-4 for the phenolic derivative

peaks,

Comparing the 350-538" C acid fraction CHSHFspectra shown in Figures 5-8

with the lower temperature spectra reveals that nitrogen functional groups are

much more prominent in these higher temperature fractions. The carbazole

derivative peak at 28.7 ppm/3.6 ppm is prominent in all the Figures 5-8. The

phenolic derivative peak at 55 ppm/3.7 ppm Is present in Figure 5 and

increases strongly in intensity in Figures 6-8. This peak also appears to

have several overlapping components while the corresponding peak in the lower

temperature fractions was indicative of mostly one component. There isno

evidence of sulfur derivatives in these fractions and possible benzylic

derivatives are most prominent in Figure 6 for the 20 percent coal acids.
7



l he CHSHF experiment is inherently not quantitative; so the intensities or

integrals of peaks in Figures I-8 cannot be used as a measure of the exact

proportions of each acid class present in each sample. Thus the following

treatmen[ Is used to obtain quantitative results, Tables 3-7 show the

functional class integrals, the iintermediate values used in determination of

relative abundance of the classes, and finally the number of functional groups

per average molecule. In fable 3 are shown the _3C peak integrals from the

13 Cquantitative NMRexperiments for both the 13CH_ and I_CH_ methylated

samples of each fraction. The integrals are shown for four regions: the

aromatic region (110-160 ppm) and the oxygen, nitrogen, and benzylic/sulfur

regions previously identified. The aromatic carbon structure has been assumed

to be unaltered by the methylation process; so all integral.s have been scaled

to give the same result for the aromatic region.

Table 3

Quantitative Carbon-13 NMR Peak Integrals

Sample, % Coal Arom. 0 N B/S Total
110-160 ppm 49-65 ppm 28-49 ppm 5-28 ppm

2%, ( Hz) 82 08* 520.27 312.32 108.14 1022.81
( _ H_) 82.08 5.57 15.42 30.11 1.33.18

20_' (_CH3) 82"08 1048'78 _178"89 45"011 135_'76

(_CH3) 82.08 8,35 19.07 27.03 136.53
30%, (_CH]) R2.08 1015.19 57.84 29.91 1185.74

I _CH_) 82,08 10.69 18.18 25.91 136.86
40% _ 3CH3) 82 08 1122 85 69 57 39 92 1314 42' Z " " " " '

( CH_) 82.08 11.63 17.68 25.13 136.52

350'538" ¢
2%, (_CH_) 82.08 103.69 405.51 48.33 639.61

( CH_) 82.08 0.82 16.82 21.00 120.§"
20%, ( CH_) 82.08 322.41 261.61 76.96 743.06

( CH_) 82.08 7.14 21.26 16.90 127.38
30%, ( CHj) 82.08 360.18 209°09 42.45 693.80

( CH:_) 82.08 3.11 15.88 17.73 118.80
40%, ( Ct43) 82.08 439.72 2.38.98 62.59 823.37

( CH_) 82.08 3.14 14,84 15.33 115.39

*The integrals for each sample were scaled to make the aromatic integral the
same, The aromatic region was assumed to be invariant during methylation.

8
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Table 4 shows the relative proportions of the three oxygen subclasses

present in each acid fraction for each temperature cut. As discussed

previously, from a qualitative aspect in Figures i-8 and confirmed here

quantitatively, phenols are the most prominent oxygen functional group,

particularly in the lower temperature fractions. The higher temperature

fractions have higher contributions from hindered phenols and carboxylic

acids, lhe higher coal Contents #esult in more phenolic groups in both

temperature ranges,

'Fable 4

Quantitative Subdivision of Oxygen Functionalities

Coal, percent 2 20 30 40

175-350" C
-COOCH_ 5. I 1.5 0.4 0.5
-OCH_ 75.2 90.2 97.1 94.8
-OCHj (hind.) 19.7 8.3 2.5 4.7

350-538" C
-COOCHj 9.1 3.9 0.8 1.3
-OCH_ 57.3 82.3 87.5 86.6
-OCH_ (hind.) 33.6 13.8 11.7 12.!

The integral values of Table 3 provide the information required to .

determine the amounts of the acid functional groups present in the samples.

In combination with the titration values shown in Table 2, the number of

functional groups of each acid type for the average molecule can be determined

as well as the total number of acid groups. Table 5 contains intermediate

values required in calculation of the number of Functional groups. The values

_3R and 'ZR represent the sum of integrals over all _3C response areas and are

obtained from the last columns of each distillate section of Table 3. These R

values may be represc_nted by equations I and 2 as the sum of functional and
L3

non-functional C.

I) O.OlINcl + O.011Ndl = _'_R (_CH3 derivative)

2) O.OliNcl + 0.99Ndl : _R ('3CH_ derlvative)

9
k



Table 5

Intermediate Values (see text)

Coal, percent 2 20 30 40

175-350° C

_R 1022.81 1354.76 1185.74 1314.42

12R 133.18 136.53 136.86 136,52

X 12.52 11.70 11.26 10.59

Ncl 11198.6 11167.5 11370.4 11207.7

Ndl 908.7 1244.4 1071.4 1203.2

Nd/Nc (,10 _') 811.4 1114.3 942.3 i073.5

X,Nd/Nc 1.016 1.304 1.061 1.137

350- 538_ C

I JR 639.61 743.06 693.80 823.37

I_R 120.58 127.38 118.80 115.39

X 20.52 17.41 17.26 18.07

Nc_ 10431.7 10951.1 10212.7 9766.8

Ndl 530.2 628.9 587.3 723.2

Nd/Nc (,10 L') 508.2 574.3 575.1 740.4

X*Nd/Nc 1.043 1.000 0.993 1.338

In these equations Nc and Nd represent the quantity of i_C contained in

the sample in the coprocessipg acid fraction and in the derivatizing methyl

groups, respectively. The coefficients 0.011 and 0.99 are the natural

abundance of _C and the enriched content of 13CH_I. I is a scaling constant

of undetermined value relating the quantity of _3Cto its NMRintegral

response. Equations I and 2 may be rearranged to determine the values of Ncl

and Ndl :

3) Ncl = ('_R + 0.01124(_2R -3R))/O.OII

4) Ndl = ('_R- '_R)/0.979

I0



l he values of Nd/Nc irl _able 5 are determined from (Ndl)/(Ncl),

Determination of the average number of carbon atoms per molecule are based on

the assumption that the typical acid is monofunctional with a mean formula of

(CxH'i.sxY). Y represents either nitrogen or oxygen and is taken to have

atomic weight of 15, The values of X representing the number of Carbon atoms

per molecule are determined from the equivalent weights of Tab'le 2 by the
i

relations:

5) X = (EW- 15)/13.5

The last now in each distillate section, XNd/Nc, represents the estimate of

the total number of functional groups per molecule for each of the acid

fractions.

Table 6 shows the values for the net enhancement of I_C integral response

due to the derivatization procedure. The numbers shown are the difference

between the _CII3 and the _CH_ integral values over each zone between 5 and

65 ppm for each acid fraction. The sums of these values for each sample are

shown in the last row of both distillate ranges. Ratios of individual

enhancement values to the total of each set (the fractional values of

enhancement) are multiplied by the total number of functional groups per

molecule Lo obtaln the number of specific functional groups per molecule shown

in Table 7,

Tab le 6

Net Peak Integral Values

Coal, percent 2 20 30 40

175-350" C
-0, 49-65 ppm 514.70 1043.43 1005.22 1111.22
-N, 28-49 ppm 296.90 159.82 39.66 5]..89
-B/S, 5-28 ppm 78.03 17.98 4.00 14..79

Total 889.63 1218.23 1048.88 1177.90

350- 538° C
-0, 49-65 ppm 102.87 315.27 357.07 436.58
-N, 28-49 ppm 388.83 240.35 193.21 224,14
-B/S, 5-28 ppm 27.33 60.06 24.72 47.26

Total 519.03 615.68 575.00 707.98

11



Table 7

Number of Functional Groups Per Average Molecule

Coal, percent 2 20 30 40

175-350° C

-0, 49-65 pp;, 0.58 1.11 1.02 1.07
-N, 28-49 ppm 0.34 0.17 0.04 0.05
-B/S, 5-28 ppm 0.09 0.02 0.00 0.01

Total 1.02 1.30 1.06 1.14

350-538" C

-0, 49-65 ppm 0.21 0.51 0.02 0.83
-N, 28-49 ppm 0.78 0.39 0.33 0.42
-B/S, 5-28 ppm 0.06 0.10 0.04 0.09

Total _ 1.00 0.99 1.34

Values for the total number of functional groups generally fa_l near 1.0

and it is probable that all of the coprocessing acids are essentially

monofunctional. The 20 percent coal, 175-350° C sample shows a value of 1.3

in this study. However, in the October-December 1989 quarterly report this

sample was shown by GC/MS study to be almost entirely monofunctional in

composition with only a small amount of bisphenols as difunctional content.

Some errors in the NMR spectra integral values arising from baseline

co:'rectionor in the nonaqueous titration may account for values that are

significantly different from 1.0.

Figures 9 and 10 show graphically the number of functional groups of each

type in the 175-350 and 350-538° C fractions, respectively. Using the

relative data of Table 4 for the distribution of oxygen classes within the

three subdivisions and the results from Table 7 showing the number of oxygen

functional groups per molecule (49-65 ppm), the number of oxygen functional

groups per molecule of each of the three types was determined for eachacid

fraction. These results are shown in Figures 11 and 12 and illustrate the

change in prominence of the three oxygen classes across the fractions.

The results shown in Table 7 and Figures 9 and 10 are somewhat erratic

when examined to determine trends in composition with reactant composition.

However, it is clear that the relative amounts of phenolic and nitrogen acid

compounds are significantly different in the 2 percent coal products from the

12



other coprocessing samples. Phenols dominate ir the other samples while

nitrogen acids are more significant in the 350-538° C samples than in the 175-

350° C distillates. Generally, nitrogen acids diminish with increasing coal

reactant content. Figures 11 and 12 confirm the observations made previously

that phenols are the dominant oxygen class in all cases.

Base Fractions Analyses

The base fractions isolated From all of the coprocessing distillates have

been analyzed b_ nonaqueous titration. The solvents used were acetonitrile

and acetic anhydride and the titrations were monitored by special glass

electrodes.
i ,

This procedure determines bases in strong and weak basic strength

classes. Strong bases include azaarenes (e.g., pyridine, quinoline, etc.) and

arylamines (e.g., aniline, etc.). Titration in CH3CNdetermines both of these

together while titration in acetic anhydride detects azaarenes alone because

arylamines are acetylated in this solvent. Weak bases determined by this

procedure include sulfoxides, diarlyamines, amides, and carbonyl classes.

No weak bases were detected in any of the coprocessing base samples. This

contrasts with the composition of petroleum fractions in which weak bases are

often significant, lt is possible that the coprocessing reaction Converts

these components to neutral or strong base materials. Table 8 shows the

titration results for the samples. The content of the components in the base

fractions is reported in terms of milliequivalents per gram of sample. The

estimated mean molecular weight of each base fraction is shown. The values

shown for the 175-350 C' C, 30 percent coal fraction may indicate solvent

residue in the sample.

13 ¸



Table 8
,

Titration Analysis of Base Fractions

Coal: percent 2 20 30 40

175-350 & C
Azaarenes, meq/g 3.79 3.39 _ 1.95 2.86
Arylamines, meq/g 1.02 i.58 1.26 1.46

EqUivalent M.W. 208 201 312 231

350-538 ° C
Azaarenes, meq/g 2.49 2.60 2.22 2.66
Arylamines, meq/g 0.36 0.50 0.48 0.53

Equivalent M.W. 351 323 370 313

Table 9 shows the results converted to the whole distillate basis. For,,

reference, the values for the amount of base in the distillates are

included. The yieids are shown in terms of milliequivalents per gram of

distillate. Trends in content of both azaarenes and arylamines with coal

content are similar to that of yields of base fractions described in previous

quarterly reports, lt appears that the levels of azaarenes increase and

arylamines decrease in the higher boiling distillates.

Tabl e 9

Base Class Composition of Coprocessing Distillates

Coal, percent 2 20 30 40

175-350 ° C
Base Content, % 1.5 2.5 5.3 4.0
Azaarenes* 0.0563 0.0848 0.1034 0,1144
Arylamines* O.0153 0.0395 0.0668 0.0584

350-538 ° C
Base Content, % 4.8 5.0 7.2 6.3
Azaarenes* O.1195 0.1300 0.1598 0.1676
Arylamines* 0.0173 0.0250 0.0346 0.0334

*Meq per gram of distillate

14



Distillates Below 175° C

Distillates from the 2 and 40 percent coal .products boiling below 175° C

have been analyzed. The procedure, known as the PIANO method, is a capillary

gas chromatographic method developed for light hydrocarbon analysis. Table 10

shows the results for the two distillate samples. The column labeled

Distillate Wt % shows these adjusted to the y!elds of distillate from the

whole liquid filtrate of the coprocessing products. The cnlu_ labeled Mean

M.W. shows the e{timated mean molecular weight of each hydrocarbon class.

Table i0

PIANO Analysis of <175°C Distillates

Distillate, Filtrate, Mean M.W.
Wt% Wt %

2% Coal
Paraffins 25.60 3.635 119.2

Isoparaffins 31.28 4.442 128.5
Aromatics 15.72 2,232 114.8

Naphthenes 21.85 3.102 115.3
Olefins 4.90 0.695 116.7
Unknown 0.66 0.093 -

40% Coal
Paraffins 20.50 1.128 131.8
Isoparaffins 34..60 1.903 139.7
Aromatics 22.26 1,224 118.8
Naphthenes 16.92 0.93.1 126.0
Olefins 3.28 0.180 122.9
Unknown 2.45 0.135 -

Figures 13 and 14 show the distribution of the major hydrocarbon classes

by molecular weight for the two distillates. The most obvious differences are

increase of isoparaffins at high molecular weight and of aromatics with

increased coal content. All hydrocarbon classes show a shift to higher

molecular weight in the 40 percent coal product as shown in both the figures

and in Table 10. This corresponds to the amount of condensate obtained in the

coprocessing reactions. The 2 percent coal reaction produced 10.29 percent

yield of condensate while the 40 percent coal product contained 3.15 percent

condensate.
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Table 11 shows the complete PIANO analysis printout from the 40 percent

coal product. This shows the 217 components detected in this particular

sample. This analytical procedure was developed for petroleum products but it

appears to produce good results with little unidentified material for the

coprocessing products.

Carbon Isotope Ratio Analysis

Earlier work in this project has shown substantial variation in carbon

isotope ratios within the compound class fractions of each coprocessing

product. The full list of ratio values for the filtrate, distillate and

product residue fraction was shown in Table 4 of the October-December 1989

quarterly report.

A series of analogous fractions prepared from Maya crude in another

project study were available for comparison. These fractions were prepared

directly from the crude oil without application of hydrogenation or any other

processing chemistry. The Maya crude oil fractions and the carbon isotope

ratios (6_C)are shown in Table 12. Values for the 2 and 20 percent coal

processing products are shown in Table 13 for comparison. i

The shift in 61_C values for the distillate fractions of the Maya crude

oil clearly correspond to those shown for the coprocessing products. In both

cases, the difference between the whole distillate and the acids or bases was

somewhat greater for the lower boiling distillate. The magnitude of the

differences appears to be comparable for the Maya crude and the coprocessing

Fractions.

The values for the residue Fractions shown in Table 12 are inconsistent

with the trends shown in tiledistillate fractions. The values for these

residue Fractions may not be very reliable since all of the fractions are more
13

depleted in C than the starting residue. This may suggest some

contamination (most likely solvent from the separation) of these fractions.

Additional separations of Maya >1000° F residue are underway. Isotope ratios

for these fractions will be determined to see if this apparent discrepancy can

be resolved.
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_, TABLE Ii

.. P, I. _. N. O.

The Detailed _naly_Is of Pelroleum Hydrocarbon
Samples by Capillary Gas ChromatoOraphy

Componentm Lisled in Chromaiogra_hlc Order

Sampl_ IOz 906LOBB CP6-24 217 Peeks from File: 9087S2Ma
rum on: 7 Feb 199 @ II:4 Normallzed lc: 100 Per'cent

COMPONENT Wt. % Vol. % Mol.%

2-Me_hylpenlane ,004 .00S 00B
n-Hexane .012 .014 @tS
3,3-Dlmethylpentene-1 .041 .@4S 054
Nethylcyolopentane .022 .@23 @34
Benzene .248 .217 4@9
Cyclohexane .@69 .068 106

.044 .050 @$82-Methylhexane
2,3-Olm_thylpentene .022 ,02S 029
3-Methylhexane .092 .102 118
Ic,3-Olmethylcyclopenlane .036 .037 048

lt 3-Dlmelhylcyclopentane .047 . .04B .062
Iti2-Olmelhylcyclopentane .082 .084 .108
_-Heptene-3 .011 .013 .01S
n-Heptane .$46 .BI2 .7@2
t-He,ten@-2 .009 .0@9 .@11
013 .013 .014 .017
Methylcyclohexane .890 .58B .774

.312 .312 .409
Et hylcyclopentane
2,5-O_methylhexane /032 .036 .@36
_,_4-Olmethylhexane .032 .036 .037

lc,2t,4-Trimethylcyclopentane 11B ,i16 133
Ic,_t,3c-Trlmelhylcyclopentan 112 .111 128
2 3.4-Trlmethylpentane 043 .048 @49
0_0 019 .020 02S
Toluene 904 .799 i 264
2,3-01meihylhexane 128 .138 14S

1,2-Trimethylcyclopentane @$3 .0S2 061
_2Methyl-3-ethylpen:ane 036 .038 040
2-Methylhe_tane 972 1.067 i @9B
4 -Me t hy I hap t an@ .2 93 .31 9 33 I

,

3.4-OimethyLhexane .@73 .078 .083
• 3-Meth_lheptane .488 .509 .528

Ic,2t,_-Tr_methytcyclopenlane .838 .535 .817,
It,4.-Olmethylcyclohexane .I14 .11S .131
I ,1-0imethylcyclohexane ,055 ,0S4 .064
2,2_SETrimethyJhexane .307 .333 .309
_c,_-Eihylmethylcyclopentane .313 .313 ,380
Octene-I .684 ,SBS .799
I 1-Ethylmethylcyclopentane .011 .011 .013
lt,2-O_methylcyclohexane ,265 .282 ,3@4

t-Oct@n@-3 ,054 .0S8 .062
n-Octane 3.511 3.B32 3.98@
t-Octane-2 .@51 .@54 .058
028 ,103 .110 ,119
_.-Propylcyclopentane .205 .202 .23_
c-Octane-2 .013 .014 .01S

2,_,S-Trimethylhexane .020 .021 .0202 ,4-Trimethylhexane .231 .240 .232
N_ .02B .027 .032
2,3,3-Oimethylhexene-I .007 .008 .008

-Olmethylcyciohexane .209 .201 .239,4-D_methylheplane .@17 .018 .017
Ethylcyclohexane .989 .967 1,135
n-Propylcyclopentane .773 ,783 ,BB7

_c,3c,Sc-Trzmeihylcyclohexane ,625 .823 .638
_-'Methyl-4-ethylhe_ane ' ,053 .@56 ,054
I,l,3-Trlmethylcyclohexane ,625 .821 ,638
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TABLE ii (contd)

-Trlmelhylcy:lohexane ,291 ' ,289 ,297,3-Oimethylheplane ,042 ,044 ,042
2,S-Dimethylhmptane .196 , .IB7 .IS7

NS ,189 ,186 217
_ 4-Oimethylheptane-1 ,240 ,270 253

,087 .086 100
E_h Ibenzene' 1.914 1.693 2 323

_,4i-Trlmelhylcyclohexane 216 212 220lc, , ,
2-Methyloeiene--1 ' ,169 ,189 174
N8 ,057 ,OSB 098
m-Xylene 1.709 I.$16 2 @73
_-Xylane 1.047 ,933 I 271

3-Dimethylhep!ana ,031 ,032 031

_-O,mmthyth.ptane ,281'344 .300'381 .282'34B
4-Ethylhaptane ,249 ,262 .251
? ,elS ,_16 ,O1S
4-Methyloctane .8S0 .90S .854
2-Methyloctane 1.240 i,332 1.245
? .037 ,040 .037
Nll ,211 ,208 ,216
lc ,2t ,4c-Trimethylcyclohexane ,401 ,388 .409
3-Methyloctane 1,835 1,952 1,843

3,3-01ethylpentane 147 ,149 ,147
? 077 .079 .078

I,_ 2-Trlmethylcyc1ohaxane 125 .1.120 .128o- ylane 2 016 ,75B 2.446
16 @76 .079 .076
17 I 356 1.424 1.362
NI2 983 ,gBB t,003
t-2Methyloctene-3 373 ,420 ,394
Nonen.-I 449 ,472 .458
1-Butylcyclopentane 293 ,288 .299

N1S ,'228 225 ,233
Nl6/t-7-Mathyloctane-3 ,III 109 .I13
t-NoMane-3 ,196 205 .200
2,3-Oimethylheptena-2 .242 272 .256
n-Nonane 7,342 7 844 7.374
I l-Mathylethylcyclohexane .773 735 .788
NI8 ,304 295 .310
? .010 010 ,010
_-Propylbanzena .291 223 .269
crNonene-3 ,239 248 .243

N20 SB2 ,53B ,563
_-Propylcyctohexane 288 ,275 .293
111 330 .',347 ,299
2,2-Dimethytoctane 2?5 .291 ,249

_-Dim_thyloctane 053 .OSB ,04824s , .230 .250
2,E-O_methyloctane I 594 1,638 1,407
I12 I 248 1,302 1,122
n-Butylcyclopentane 230 ,229 .235
N23 173 ,168 .159

114 2,092 2,197 I.894
N24 ,396 .379 ,364
n-Propy 1benzene ,840 .747 ,9@ I
3,6-O_methyloctane ,330 ,344 ,299
3-Methyl-S-ethylheptanm ,542 ,572 .490
? .302 .319 ,274
NZS .333 ,319 .30G

' 1-Mmthyl-3-ethylbenzene 2,741 2,431 2,938
I-Methyi-4-mthylbmnzmnm .902 ,803 ,967
N2B ,42G ,409 .392

2,3-Oimmthyloctane 165 ,171 149
I 3,5,-Tr_methyibenzene 670 .594 718
liS 089 .092 080
N27 141 ..135 130
I16 687 .711 622
II7 3 115 3,227 2 820
S-Mmthyinonane 1 481 1.550 I 341
2-Methyinonanm I 615 1.704 I 462
l-Meihyl-2-ethylbanzmnm I 307 1.138 1 401
3-Ethyloctane 583 .604 $28
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• TABLE 11 (contd)

N28 ,124 ,119 .114
3-Methylnonmme 1.741 1,82@ 1,57B,
3-E_hyl-2-m_thylhaptmnm-2 ,288 .31S ,273
I18 ,150 .ISS ,13S
t-Sulylbmnza6e 2.2B3 2,003 2.172
120 1,75B 1,822 1.592
_-Butylcyclohexanm ,50S .486 .464
121 ,450 ,4BB ,40B
Decan6-1 ,878 ,@81 ,072
123 .595 ,BfS ,539

N3BIOecmnm-I 183 17B 169
12412,3-O_mmthyloctana-2 224 23Z 203
It-Methyl-2-n-propytcyclohaxa 2B@ 249 239
1-Butylbanzana 212 191 204
n-Oecana 7 979 B 3B@ 7 224

099 103 089
I26 242 251 199
N31 264 253 22@
1 2,3-1rlmmthylbenzena 828 71@ 887
I/Methyl-3-i-propylbanzmne 33@ 293 316

243 ,216 233
l-Mathyl-4-i-propylbmnz_ne Z47 ,220 237
I27 1@7 .1tl @88
128 106 . ,I10 087
I29 , I 13B 1,179 938
2,3-O_hydro_ndena 173 .137 188
_ac-Butyicyclohaxmnm 1 361 1.282 1 250
l-Mathyt-2-1-propytbanzane 090 ,079 087,

' _ 289 .253 Z77

3-Ethy lnonana 498 .513 411

N33 ._58 .918 800
131 6BZ .717 570
132 287 .IBB 173

3-O_ethvtbar, zene 389 '.345 374
llMathyJ E__n_propylbenzene 681 .6@6 653
Z33 107 ,111 088
l-Methyt-4-n-propylbenzmnm 321 ,286 ,388
n-8utylbmnzene 142 ,127 ,136
1,3-01methyt-S-athylbanzmne 307 .268 ,29S

I _ , , _1 -Olethylbenzane 127 Ill _

? 744 .649 714
I34 892 ,924 735
l-Methyl-2-n-propylbenzmnm 191 .,.168 183
135 370 .384 305
13"7 373 .387 308
138 523 .542 431
1 ,4-Dzmathyl-2-athylb_nzane 213 ,IBB 2@4
1,3-Dzmethyi-4-ethylbmnzena 182 .162 15B
? 07S .057 065
139 342 ,354 282

1 ,2-Dimethyl-4-ethylbenzene 441 ,387 423
083 .@73 @80

140 04"7 .048 038
I,3-D_mmthyl-2-ethylb_nzmne 07B ,055 073
141 10B .112 089
t42 200 .207 165

095 ,09B 07B
064 ,067 053

l.-Methyl-4-t-butytbenzmna 127 .115 111
1 ,2-Ozmethyl-3-ethytbenzan_ 067 .057 064

,007 ,006 @07
l-Ethyl-2-i-propylbenzmne ,028 .024 024
n-Undecane I.@74 1.107 885

.052 .053 043
_, .008 .009 007
l-Ethyl-4-z-propylbenzmne .015 .013 013
1-MethyI-Z-n-butytbenzenm .020 .@17 @17
1,2,3,S-Tetrmmathytbenzene ,019 ,016 018

,048 ,042 046
.038 .033 037

,_29 ',025 ,@28
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, , TABLE 11 (contd)

? ,024 .021 ,023
143 ,103 ,10_ ,078
63 ,Oil ,009 ,@@BJ

l-_(hy},2-n-propylbenzene ,037 .032 ,032
I Methyl-3-n-bu_y}bmnzenm ,081 .070 ,071
1,3-Ol-i-propylbmnzmne ,035 .030 ,828
? ,031 .027 ,@25
l"'t-Me:hyl-2-(4MP)oyolopen_an ,_22 ,021 ,017

? ' _ ,024 ,023 ,019
1,4-Ol'-l-propyibmnzmnB ,015 .013 ,012

,012 ,011 ,010
? ,019 .01B ,015
Naphthalene ,027 .020 ,027
1,3-Ol-n-propylbmnzene ,013 ,011 ,011
n-Oodmoane ,038 ,03B ,02B

F

2O



TABLE 12

Maya Crude Fractions and Carbon ]sotope Ratios

Fraction a_3C

Maya Crude Oil -27.67
Distillate, 80-350" F (27-177_' C) -27.72
Distillate, 350-650 _' F 177-343 _ C) -27.77

Acids, 350-650_' F 177-343 _ C) -26.14
Bases, 350-650 ° F 177-343 " C) -25.73
Neutral, 350-650" F (177-343 ° C) -27.79

Distillate, 650-1000 c' F (343-538 ° C) -27.71
Acids, 650-I000 F (343-538" C) -26.58
Bases, 650-i000 F (343-538 ° C) -26.36
Neutral, 650-ICI00" F (343-538" C) -27.75

Residue, +1000" F (+538 _ C) -27.60
Strong Acids_ +1000" F (+538 _' C) (to be repeated)
Weak Acids, +1000" F (+538 ° C) -28.07
Strong Bases, +1000 ° F (+538 ° C) -27.97
Weak Bases, 4]000 ° F (+538" C) -27.95
Neutral, +1000" F (+538 ° C) -27.97

TABLE 13

Isotope Ratio Values for Coprocessing Fractions, 6_JC

Coal, % 2 20

Filtrate -26.44 -26,17
Distillate, to 175" C -27.08 -27.25
175-350" C fractions

Whole distillate -26.38 -26.45
Acids -25.88 -24.51
Bases -24.80 -24.19

= Neutral -26.41 -26.68
350-538" C fractions

Whole distillate -26.24 -26.05
Acids -25.64 -25.54

: Bases -25.42 -24.77
Neutral -26.43 -26.34

kesldue >538" C -26.94 -26.14
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In comparing the r_sidue values, it should be remembered that the

coprocessing products were prepared from the Maya >1000" F residue. If the

lack of isotopic shift shown for the Maya crude residue Fractions in Table 12

is valid, the isotopic shift determined for the coprocessing products should

be the result of processing reactions that are sensitive to isotope

reactivity. However, if the shiFt shown for the dist41late fractions

correctly represents the compound classes throughout the Maya crude, the

shifts shown For the coprocessing fractions are directly received from the

parent compouncl Classes and are not the result of processing reactions. The

latter explanation appears more probable.

!
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FIGURE 9. - Number of functional groups per molecule for the
175-350 ° C products.
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FIGURE i0. - Number of functional groups per molecule for the
350-.538 ° C products.



1,5 "-........ '.............

2% Coal

20% Coal

[_ 30% Coal
..,,J

O _ 40% Coal

0 1,0 --
Z
c_
n

0 °

d &_ :::::e e aJ,li
eooe

Z o3 ....ealoq

ale.

U., omoleeeo
_ID • 01_ II |

Z .Bee

w 0.5 -- ., l:;::;

:>" _ ":::
oo t: :'. : :

X III_ 0 |COO ee

0 :,,,,,t; _t:.:_::

I_,::,!.%:o'l_!i!!- eeeq B

•. o1.".-''-I, _ "o'je,oo,
_ }Y)!_iii ! eweeqTqoe e_

• _ o(le ee _e'
Z • "lloeo e,

ql - o,lt e,u,•

U'_,:'£_', o, n.'_"i_._._ - ""'. _ eee.

0 ,, "- '-,,"," _"'_ ,_;_,_,,__; .i:::: ,

-COOC H3 -OCH 3 -OCH3(H) "

GROUP TYPE

FIGURE ii. - Distribution of oxygen functional groups in the
175-350° C products.



FIGURE 12. - Distributionof oxygen functional groups in the
350-538° C products.










