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ABSTRACT

One phase of improving understanding of the fundamertal chemistry of coprocessing
involves development of the ability t distinguish between products originating from coal versus
those onginating from petroleum resid. A primary objective of this project was to develop
analytcal techniques to determine the source (coal versus resid) of the various compound .3
found in coprocessing products. A corollary ohjective was to develop an expanded knowledge o:
the detailed composition of coprocessing products. This knowledge will aid in the development
of improvements in coprocessing. guide development of refining methods for coprocessing
liquids and provide information on the quality of coprocessing products. Two approaches were
evaluated tur distinguishing between products onginating from coal and those originating from
petroleumn resid. One was based on the use of carbon isotope ratios and the other was based on
varations in ¢ompound classes in response 10 changes in the ratio of coal to resid in the
coprocessing feed. Other researchers using carbon isotope ratios 10 determine the origin of
products have typically examined distillation fractions. This project involved determination of
the ongin of chemical classes (... sarurates. neutral aromatics, phenols. indoles, etc.) rather
thatt distiliate classes. Mava resid and Iilinois No. 6 coal (with coal feed varying from 2 to 40
percent) were coprocessed in a batch autoclave to obtain products for detailed analysis.

Coprocessing products were separated inwo a number of fractions--first by distitlauon and
then by a compreh=nsive chromalograph:e separation scheme developed at NIPER. The use of
S4roon 1solope ratios to determine the source of particular compound classes was made more
dirficult by substanual isotope fractionauon between compound classes. For examrle it was
found that acid and base fractions are strongly enriched i the cardon-13 isotop? - ev® ina
compietzly petroleum dernived product  Relationships between concentrations ot part .lar
compaund classes and the ratio of cousl and resid :in the feed were established. Asanexam . it
W shown that coal was clearly the dominant sourve of both acids and bases. The acid frac.
consisted primanly of phenols and. 10 & lesser extent, pyrrolic nitrogen compounds (indole
carbazoles' while bases were primanly arcmane amines and pyndine types (quinolines
benzogquinelu: s, etc. ).

Similar technigques were used tor analysis of coprocessing products produced by another
DOE contrucor using 4 conunuous product desziopment umit. Emphasis was placed on
Jetermination of the composiion of the coprovessing resids composiuoen of this matenal 1s of

nrerest as 1 1s the matenad whien faded to re vomvened o the desired distillate range marznal.



I. BATCH AUTOCLAVE RUNS

Most of the analyses in this project were conducted on coprocessing products made in a
senes of batch autnclave runs. Maya vacuum resid (>538°C, 1000° F) and Dlinois No. 6 coal
were used as reactants. After establishing satisfactory conditions for the desired conversion
levels. 3 series of runs was made in which the only variable was the ratio of coal to resid in the
feed. Coal concentration rangea from 2 percent to 40 percent. Procucts from these runs wetc
used for both carbon isotope ratio and detailed composition studies. Analyses of the reactants are
shown in Tabie 1. processing conditions are shown in Table 2, and ihe workup procedure is
shown in Figure 1. A filiration step was included so that the insoluble organic matter (IOM) and
soluble resid could be analyzed independently. At the end of the filtration, the filter cake was
found 1o contain a viscous material which differed from the bulk fikrate. Thus the filter cake was
washed with tetrahydrofuran (THF) to provide a THF soluble fraction in addition to the THF
insolubles (ash and insoluble orga..ic marter [IOM]). As the THF soluble fraction was fourd to
conuain significantly more nondistillable material than the filtrate, the fittrate and THF solubles
were analyzed independently.

Gross reactor yields (except for gases) are shown in Figure 2. Filtrate is, of course, the
predominant reactor product and its extensive separation and analysis is discussed later. At this
point. discussion of trends with changing coal concentration will be limited to the THF
nsolubles (or insoluble organic marter {IOM] since results o presented on an ash free basis).
IOM increases with increasing coal content for the 20, 30 and 40 percent coal runs indicating
coal as the primary source of this product. However, the highest IOM yield was obtained with
the 2 percent ¢oal run. The original Maya vacuum resid is free of THF insolubles so he IOM in
the 2 percent coal run was formed via retrogressive runs. Such reactions may have been
promoted by a poorer catalyst distribution with the low coul concentration.

Table 3 shows the H/C molar rarios for the reaciants, filtrate, THF solubles. and THF
insolubles (IOM).  As anticipated. the filtrate is enriched in hydrogen compared 1o the reactanrs.
The H/C rat:os of the tilirate samples show only a small decline with increasing coal content.
The THF solubles fractions are yuite hydrogen deficient compared 10 the filtrate. A fraction
com,arable 1o this THF soluble fraction, which is distinctly different from the filtrate, is not
found in conventional coal liquetaction. This fraction. soiuble in THF but insoluble in the
coprocessing It ze. presumably results frc o the lower solvency of the petroleumn coprocessing
product compared to more aromanic coal liquefaction products. As anticipated, the THF
wnscubles {1OM) are qunte deficient in hydrogen compared to the other products.



Overall coprocessing yields are summarized in Table 4. Overall yields are relatively
consistent over the range of coal concentrations investigated; the largest changes in yields
accurred between 30 and 40 percent coal. Conversion to -538° C (1000° F) products (100 -
(>538° C resid + IOM)] range from 76 to 69 percent with the lowest conversion obained at the
highest coal concentration. The decreased conversion is, of course, reflected in a decreased total
distillate yield and increased >538° C (1000° F) resid yield. The yield of light distillate (<175°C,
347° F) decreased with increasing coal concentration while the yields of middle (175-350°C,
347-662°F) and heavy (350-5358°C, vu2-1000° F) distillates remained relatively constant.

1. DETAILED COMPOSITION STUDIES

Methods for the exhaustive analysis of complex petroleum products have been developed at
NIPER and are described in detail in a two-volume repont (1). An overall schematic of the
methods which are available for application to a wide vanety of fossil fuel products is shown in
figure 3.

Empiasis was placed on analysis of polar compounds. These types of compounds are
typically present in significantly higher conczntrations in coal! liquefaction products than in
conventional petroleum products. Parmicular emphasis was piaced on analysis of acid fractions;
acid compounds have been found to be particularly troublesom# with regard to both upgrading
and product quality.

Where possible, concentrations of various compound types were related to concentration of
coal in the feed. This included the determination of selectivity factors which provide a nuinerical
estimation of the coniribur+ons of coal or resid to the compound class of interest.

Analysis Light Distillates

Analysis of light distillates (boiling below 17572, 347° F) was limited to a high resolution
gas chromatographic method known as PIAN)D analysis. In this method, individual
hydrocarbons up to about C-12 are quantitated. Compound classes (Paraffins, Isoparaffins,
Aromartics, Naphthenes, Olefins) are reponed based on th{ summation of the individual
compounds.  Table 5 summarizes resuits for the light distillate samples from the four baich
autoclave runs.



Correlations between compound classes and coal concentration, although not strong, are
evident for paraffins, isoparaffins and aromatics. Normal paraffins decrease with increasing coal
concentration while isoparaffins and aromatics increase with increasing coal content.

Analysis of 175-350 (347-66.) and 350-538 © C(1000° F) Distillates

Separation into Acid, Base and Neutral Fractions.

The 175-350 and 350-538° C distillates were processed by no.uaqueous ion exchange
chromatography to produce avid. base and neunal fractions. This procednre was developed a
NIPER for application to high boiling and residual matenials (1). Figure 4 shows the percentage
vields of these fractions from the 175 - 350 ° C dsstillates. Behavior for the heavier distillate
was similar but with higher concentrations of polar matesials.

Both acid and base levels show a relationship to coal content of the copiucessing feed. The
formation of product classes from the coprocessing feed may be represented by a relation for the
linear combiration of petroleum residuum and coal products.

Prod = a*R=s + b*Coal

The terms a and b represent the fraction of residuum and coal converted to the particular
component or product class. If Res and Coal are the weight fractions of residuum and coal in the
reaction feed and Prod is the percertage of a product class in a distiilate class, the values of a and
b may be determined by graphical means as intercepts at Res and Coal = 0. This is illustrated in
Figure 5 in which the coucentrations of a hypothetica' product are plotted against the
coprocessing teed composition. The four points represent concentrations of the product at coal
concentraticas of 2, 20, 30 and 40 wt percent. However, more reliable determinations may be
made by the least squares method. The a and b valuzs may be convened to terms for selectivity
in residue and coal formation of products by the relations:

SR = #/(a+b) . S¢ = bia+b).

The yield of a product class may be represented as relative product yield (RPY) by i€

relation:

RPY =ia+b)2.




Tablc 6 shows values of selectivities SR and SC and RPY for the product classes contained
in the distllates. The selectivities may be considered to show the relative contributions of resid
and coal 1o the product in a reaction mix of equal amounts of residue and coal. Data in Table 6
indicate that for a copiocessing run in which the feed consisted of equal concentrarions of coal
and petroleum resid, 9 percent of the acids in the 175-350° C distillate would have arisen from
the perroleum resid and 91 percent from the coal. Similarly, 59 percent of the neutral fraction
would have arisen from the resid and 41 percent from the ccal, The selectivity values show that
coat is clearly the d~minant sousce of acid and base components in the products. The seiectivity
for these classes to he formed from coal is less pronounced in the higher boiling distillate. In a
similar manner, RFY is the magnitude of that product in the distillate from the same reaction
mix. The RPY values show the higher concentrations of acids and bases in the higher boiling
fraccion.

C’iemical Derivatization/Gas Chromatography/Mass Specrrometry of the Acid Fraction

Detailed analysis of the acids of the 175-350° C distillate of the 20 percent coal
processing product was conducted by derivatization with methyl iodide followed by gas
chromas graphy/mase spectrometry (GC/MS). The alkylation procedure for derivatizing acid
fraciion: is describ.ed »Isewhere (2).

Tabl: 7 show: a list of the ccmpound classes identified und the amount of each class
prew2nt. It is clear that the phenols pred: —inate with all classes of phenols summing to 82.9
percent.  Tnese amounts are approximate only ~ince it was necessary {0 assume uniform.
ionization y eld of the parent 10ns.

Several interesting structurai details were determined in this study. The molecular weight of
the first cycloalkylphenols (M.W. = 134, two isomers) ciearly indicates the hydroxyindane
(cyclopenta) form. In addition, of the nine isomers at M.W. = 148, only one lacked a distinct
methyl loss peak further indicating cyclopenta form. h should be noted that hydroxytewralin
(M.W = 148, cyclohex:t) would have only Iwe isomers. In addition, the bis(cycloalkybphenols
a1 MW, = 174 should have 1wo cyclopenta groups and at M.W. = 188 should have at least one.
From this it may be assumed that a large part of cthe cycloalkyl function in coproce<sing acids
must be cyclopenta.

The acidic nitrogen compounds are a munor but significant part of the coprocessing acids.
Th. threc -ring sysiems, carbazoles wnd benzoindoles, are the dominant types in this class.
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Nuclear Magnetic Resonance (NMR) Analysis of Methylated Acid Fractions

The acid fractions were derivatized with 12CH31 and  13CH31 and the methylated acids
were analyzed by 2-dimensional NMR and other NMR techniques which are described elsewhere
(2).

Three general types of acids are present in the coprocessing products--all of which are
determined by the NMR techniques. These include oxygen acids (phenols, hindered phenols,
and much less prominer:itly, carboxylic acids), nitrogen acids (indoles and carbazoles), and
benzylic or suifur containing acids . Figures 6 and 7 show graphically the number of functional
groups of each type (oxyger acids, nitrogen acids and benzylic/sulfar acids) in the 175-350 and
350-538° C acid fractions, respectively.

Figure 6 and 7 show that phenols increase in prominence wil. increasing coal concentration
while nitrogen acids are much more prominant in the rus w:h 9§ percent petroleum resid,;
generally, nitrogen acids diminich with increasing coal reaciani <onient. henzylic/sulfur acids
are minor contributors in al} cases but are alsu much mare prominent in the Y8 percent petroleum
resid run. Both nitrogen acids and benzyiic/sulfur acids ar2 more promiugat in the higher boiling
distillates.

Anazlysis Base Fracrions

The base fractions isolated from the coprocessing distillates were analyzed by nonaqueous
titration. The solvents used were aceronitrile and acetic anhydride and the titrations were
monitored by special glass electrodes. This procedure determines bases in srong and weak basic
saength classes. Strong bases include azaarenss (e.g., pyridine, quinoline, etc.) and arylamines
(e.g.. aniline, etc.). Titration in CH3CN determines 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, diarylamines, amides. and carbonyl
classes.

No weak bases were aetected in any of the coprocessing base samples. This contrasts
with the composition of petroleum fractions in which weak bases are often significant. It is
por.ible that the coprocessing reaction convens these components to neutral or strong base
mdenals.
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Table £ shows the base class composition on a whole distillate basis. For reference, the
values for die amount of base in the distillmes are included. The yields are shown in terms of
m:tirequivalents 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 previously. It appears that
the leveis of azaarenes increase and arylamines decrease in the higher boiting distilates.

Neutral Class Analysis

The neutral class fractions were further separated into saturate and aromatic subfraci.ons;
results are summarized in Table 9. Separations were carried out on charge transfer and
adsorption type liquid chromatography columns (1). Yields of 175-350° C suofractions were
less satisfactory than those of higher boiling range because of volatility of some ot the
components. To avoid excess loss of sample, the solvent content was left ar about 5 to 7 percent
in each samp :, as determnined by gas chromatographic analysis.

The trends in sarurate and aromatic composition of the 175-350° C neutral fraction appear
somewhat erratic, possibly because of the effect of loss of sample in the 20 and 30 percent cual
products. In both distillate ranges, the 2 perceni coal product appears to have less saturate anu
more aromatic content than might be expected from the wends shown by the other samples. This
may indicate that the reaction mechanisms controlling product distribution may differ somewhat
in the abserce of substantial amounts of coai. The distribution of saturate and aremanc products
in the 350-538° C distillate for the 20-40 percent coal runs appears quite cosstant.

Conclusinns

Coprocessing products made under constant conditions with the exceptior: f watio of coul
resid in the feed were subjected 10 extensive separation and analysis. Changes in product
compositivns with changing feed ratio have allowed a dete' “mnation of the source of particular
compound classes.

In the light distillates (boiling below 175° C, 347° F), correlaiiors beiween compound

classes and coal concentration. although not strong, are evident. Normal paraffins decrease with

increasing coal concentration while isoparaffing and aromatics increase
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In the midile (175-350° C, 347-662° F) and heavy (350-538° CC, 662-1000°F) distiilates,
both acids and bases iacrease with increasing coal concentration. Selectivity factors, which are
art expression showing the fraction of a particuiar compound class wh:ch is derived from coal or
resid, were determined. These ‘actors indicate that coal is clearly the deminant source of both
acids and bases.

Two-dimersional NMR analysis of the middle and heavy cistillates showed that phenols
increase in concentration with increasing coal content while nitrogen acids are much more
prominent in the run with 98 percent peiroleum resid. Generally, nitrogen acids decreased in
concentration with increasing coal content. Benzylic or sulfur acids were minor contributors in
ail cases but were much more prominent in the run with 98 percent petroleurn res:d. Nitrogen
acids and benzylic o: sulfur acids were more prominent in the higher boiling distillates.

Analysis of basic fractions by nonaqueous titration techniques showed increases in both
azaaenes (e.g., pyridines, quinolines, etc.) and arylamines (e.g., anilines, etc.) with increasing
coal content. Compared 10 middle distillates (175-350° C}, heavy distillates (350-538°C) contain
increased levels of azaarznes and decreased levels of arylanines.

Subfractionation of the middle distillate (175-350° C) neutras into saturates and aromarics
showed a general trend for an increase in aromatics with increasing coal content. However, the
run with 98 pereent resid was high in aromatics. This may indicate somewha: 4iffe+ing reaction
mechanisms in the absence of substantial amounts of coal. In the heavy distillate,
saturate/aromatic ratios were - :latively independent of coal concentration. Selectivity values
ind:cate Laat in the heavy distillate, 56 percent of the aromatics would originate trom the coal and
44 percent from the petroleumn resid (with a 1:1 ratio of coa.:resid in the feed). The contribution
of aromatic materials by coal is greater than that indicawed by the selectivity values since the
larger part of he acids and bases (almost entirely aromatic) arise from the coal.

I1I. CARBON ISOTOPE STUDIES

This sectian reviews the use of isotope ratios to determine the source of compound classes
(e.g.. acids, bases, neutrals, aromatics, saturates, etc.) in coproc.ssing products. Selective isotope
fractionation is a complicating factor in the use of carbon isotope ratios to determine the source
of coprocessing products. Other researchers have shown that through the use of appropriate
correction factors to correct for this isotope selectivity, isotope ratios can be used to
quantitatively determine the source of coprocessing fractions obtained by distillation. It is
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concluded in this section that although isotope ratios may provide qualita..ve information on the
source of coprocessing compound classes, that the high degree of isotope selectivity in
campound classes originating from a single feed prohibits the quantitative determination of tne
origin of such compound classes.

Materiais usad in the carbon isotope studies were produced in the batch autoclave runs
discussed in Section I and were separated into compound classes as discussed in Section II.
Carbon isotope raiios were first determined on reactor products with minimal prior separation.
Partial results are plotted in Figure 8. 8'3C values for the fzed materials are included as is the
calculated 813C for the feed blend. Any isotope fractionation complicates interpretation of
isotope ratio data. The severity of isotope fractionation which can occur in coprocessing is
evident even in these initial results (Figure 8). The hydrocarbon gas sainples were much lighter
isciopically (more negative 8!3C values) than the feed or the condensed products. Differerces in
5!3C between the hydrocarbon gas and the feed were 7.5 to 10.5 per mil. This is true even at the
lowest coal concentration (2 weight percent) where nearly all of the gas must have ansen trom
the petroleum: resid. This difference is similar to that reported by other workers. For example,
Winschel et al. (3) repornted thar forced isotope balances indicated that the gases from petroleum
pyrolysis must have isotope ratios 6 to 8 per mil lighter than the respective feedsiocks (although
analysis indicated that the gases were isotopically heavier than the respective feedstocks).

As is evident in Figure 8, there is not a regular trend in 8!3C for the hydrocarbon gases
with varying coal concentration in the feed. The random variations in 8!3C for the hydrocarbon
gases :epored in this work are iikely 1o be related to difficulties in transfer of C2-Cs from the
charcoal trap to the pressurized sample vessel. At the two higher coal concentraticns, 513C for
the hydroccarbon gases is less negative (more coal like) but the very large isotope fractionation
2ffect negates any possibility of determining the source of the hydrocarbon gases by isotope
ratios.

The more negative 813C values for the hydrocarbon gases (depleted in 13C) are balanced by
the surs of the liquid and solid products having 3!3C values less negative (enriched in !3C) than
the feed. In contrast to the hydrocarbon gases, trends in carbon isotope ratios for the remainder
of the reactor products more-less paralleied those of the reactor feed (Figure 8).

813C for the filtrate (the primary reactor product; tended to follow that of the reactor feed

but the overall range in §13C was quite small--varying only from -26.4 10 -26.0. Due 10 isotope
fractionation leaving the condensed products enriched in carbon-13, the filtraie appears to be
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more coal-like than the fzed blend. With an increase in coal concentration from 2 to 40 percent,
the contribution of coal to the filtrate has 1o have increased substantially based on mass balance
considerations; :his magnitnde of increase is not shown by the small change in §'3C.

Significant 1sotopic fractionation aize occurred betweei: the filtrate and THF soluble phase.
The largest difference was in the run with 2 percent coal--an unexpected difference since both of
these fractions must be derived almost entirely from the petroleum resid. The difference
decreased with increasing coal concentration to almost nil in the 40 percent coal run. §!3C for
the THF solubles followed that of the feed--becoming more coal-like with increasing coal
concentration.

The most pronounced increase (becoming less negative) in 513C with changing coal
concentration occurred in the THF insolubles which qualitatively indicated coal to be the primary
source of this fraction.

Each filtrate was distilled to produce three distillate cuts and a resid. Isotope ratio data for
the distillation fractions are plotted in Figure 9. I+tope fractionation is apparent in the 2 percent
coal run with the light distillate (< 175° C) isoto}..cally lighter than the filrrate (-27.08 per mil for
the <175° C distillate versus -26.44 for the filtrate). This end holds for the other runs also with
813C for the <175 ° C distillate 1.08, 1.2, and 1.05 per mil lighter than the corresponding filtrate
for the 20, 30 and 40 percent coal runs, respectively. As is apparent in Figure 9, there is not a
regular trend in 8!3C for the < 175° C distillate with both the 2 and 40 percent coal runs having
essentially identical §13C values (-27.08 and -27.05, respectively). Similarly, the range in §13C
for the 175-350° C distillate is small and the trend is irregular varying only from -26.16 to -
26.45. Except for the <175° C distillate, there is a general correlation between §13C for the feed
blend and the disullation products for the 20, 30 and 40 percent coal n'ns.

A comparison of the measured values of 813C for the filtrate with those recalculated from
the yields of the disiiilation fractions and their measured 3!3C values showed an average absolute
difference between the measured and calculated values of (.10 per mil indicating good accuracy
for the carbon isotope measurements and distillation mass balance. Good carbo.i-13 mass
balances were also obtained for compound type separations discussed below (2).

Each of the distiilates were separated into acid, base and neutral fractions by standard

NIPER methods and isotope ratios were determined for each fraction. Representarive results are
shown in Figure 10. Isotopic fractionation is apparent throughout including the run with only 2
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percent coal. The neutral materials show depletion in 13C while polar marerials are enriched
(less negative 813C). ihe significant range of isotope ratios in products from the 2 percent coal
run dernonstraies the substantial isoiope fracnonation occurring during reaction of petroleum
resid itself.

Neutral fractions were separated by NIPER techniques into saturate and aromatic fractons.
Representative icsults for isotope ratio measurements for the whole neutrals and saturate and
aromatic subfractions are shown in Figure 11. The largest differences between 5!3C for the
saturate and aromatic fractions were observed for 2 percent coal run. As noted previously,
essentially all of the neutral compounds in this product must have originated from the Maya resid
alone; thus the difference in §'3C is refiecting the selective nature of isotope distribution in
products originating from the petroleum resid.

Interestingly, carbon isotupe ratios for saturate fractions from products where 20 to 40
percent coal was added are more negative than those from the corresponding 2 percent coal run.
The trend opposes that of the acid and base fractions as well as that for the coal versus resid.
This may resul: from isotopic fractionation within the coal or a shift in isotopic fractionation
within saturates from the resid in the presence of coal. Furthermore, differences between §13C
for the aromatic and distillate fractions decreases strongly although somewhat erratically with
increasing coal content.

This suggests that coal-derived neurtral products differ from petroleumn resid-derived
materials in selective isotope distribution. A possible explanation consistent with this
observation is that saturates derived from coual may be more naphthenic, having been derived
from aromatics by hydrogenation.

Conclusions

The isctope measurements were shown to be of high quality and generally consistent trends
were observed. Isotope ratios can be used to provide qualitative indications of the source of
various coprocessing compound class fractions. Isotope fraciionation dunng coprocessing is
significant with lighter materials (notably hydrocarbon gases but also, to a lesser extent, <177° C
distillate) being depleted in 13C. Polar materials are significantly enriched in 13C--10 such an
extent that 813C for one of the polur fractions from the 2 percent coal run (where the
contnbution from coal would be nearly insignificant) approached that of coal.



There appears to be no solid basis for making corrections to allow accurats determination of
the o:igin of compound classes in coprocessing products through the use of carbon isotope ratios.
Even within whole distillate classes from the 2 percent coal run, isotopic fractionation makes the
light distillate appear more petroleum-like and the heavier distillate appear more coal-like.
Selective isotopic fractionation between compound classes all derived primaily from a single
feed (2 percent coal ran) was substantial (e.g., difference in 813C of 1.¢ per mul for bases versus
neutrals in the 175 - 350° C distillate). The difference in 813C for similar classes varies with
boiling range of the fraction. ‘there is no basis to 2ssume that this isotopic fractionation would
be constant for variable feeds (resid versus coal or even for different resids or diffarent coals).
Although isotope ratios are qualitatively useful for determining the source of compound classes
and for understanding other facets of coprocessing chemistry, the use of isotope ratios for
accurate and quantitative determination of the source of compound classes does not appear
feasible. If the difference between isotope ratios for the coal and resid were increased
significantly, the situation could be improved.

III. ANALYSIS HR1 SAMPLES

A set of eight coprocessing samples was received from HRI, Inc. Based on run conditions
and preliminary analyses, a set of vacuum still bottoms samples was selected for detailed
analysis. The samples were selected so that processing conditions were constant except for
vanations in feed composition. The samples selected allowed a determination of the effect of
changiny coal concentration and a comparison of results with subbituminous coal versus lignite.

Samples were selected from run 238; in all cases reaction temperature was 810° F, relative
space velocity was 1 and the petroleum resid was hondo. Variable conditions are as follows:

Sample, wi % Coal Coal Concentration, %  Resid Conversion
238-8-5 New Mcusico* 13 93
238-8-9 New Mexico S0 90
[238-10-8 Texas Lignite 33 93

*Subbituminous coal from the McKinley Mine
Thus, 238-8-5 and 238-8-9 vary only in coal concentration and 238-8-5 and 238-10-8 vary

only in the coal feedstock. In all cases the samples funther analyzed were vacuum still bottoms
(VSE). The beizene soluble fractions of the vacuum still bottoms samples were separated by
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nonagueous ion exchange liquid chromatography into five fractions: strong acids, weak acids,
strong bases, weak bases, and neutrals; results are shown in Figure 12, The predominant fraction
(67-81 percent) from the ABN separation is the neutral fraction. Unless there is a predominance
of highly condensed aromatics, this type of material would be expected to be relatively easily
converted into dicrill: e range materials.

All of the polar fractions increase with increasing coal concentration. Comparing runs 238-
8-5 and 238-10-8, (subbituminous coal versus lignite}, there is a significantly larger strong acid
fraction from the lignite run. Weak acids (generally indole/carbazole type structures) are also
significantly higher in the resid fromn the lignitc There are, however, only relatively small
differences in the concenrrations of the basic fractions from the two different coals.

Results for separation of the neutral frac.ion into saturaies and neutral arormatics are shown
in Figure 13. The concentration of saturates is high (70 percent) in the neutrals from run 238-8-5
(33 percent subbituminous coal, 67 percent Hondo resid) and drops markedly (to 25 percent)
with an increase in coal concentration 1o 50 percent (238-8-9). This suggests that the resid is L.¢
source of the saturates--not a surprising suggestion. However, the run with 33 percent lignite and
67 percent Hondo resid (238-10-8) contains 2 much lower ievel of saturates (32 percent) than the
run with the same level of subbituminous coal indicating a role of the coal (or an unreccgnized
variable) in controlling the level of saturates in the neutral resid fraction.

High temperature gas chromatogrzphy showed that both the neutral aromatics fiactions and
saturat=s fractions from all of the runs are extremely similar regardless of the coal concentration
or coal type. ‘

The neutral-aromatics fraction from each samnle was characterized by high performance
liquid chromatography (HPLC) using a sepuration system that gives an aromatic ring-number
distmbution. An analytical-size column packed with a charge-transfer bonded phase
(dinitroanilinopropyl silica or DNAP) was used to study the ring number distribution (1).
Chromatograms were again very similar regardless of the initial coal concentration or coal type
with most material eluting in the 3-ring 10 6-ring region.

The hydrocarbon skeletons of saturated hydrocarbons in ine HRI coprocessing resids appea:
10 be fundamentally different than those of aromatic species. The average molecular weights of
various compound types in a given resid are similar to one another; the overall average molecular
weights for Hondo: subbituminous coal products are somewhat lower than those for the Hondo:
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lignite product. The average molecular weights determined for these resids (<650) are well
below hose of typical straigist-run pers.eum >1000° F resids (>900) (1). Base fractions contain
predom.nantly singie nirogen compou.ads of az- < :ne or aminoaromatic type. Acid fractiosss
contain appreciable quantities 01 pyrrolic benzologs, but surprisingly low concentrations of
compounds with a free OH group. Neutral-aromatic fractions contain minor levels of sulfur
compounds, an unknown proportion of ether or other oxygen-containing species, and major
concentrations of aromatic hydrocarbons containing from 3 to 6 aromatic rings.
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TABLE 1. - Composition of reactants

MAYA Resid COAL

>1000°F ILL. NO.
§13¢C -27.56 -24 .56
C% 84.60 66.56
H% 10.64 4.48
N % 0.57 1.38
S % 4.85 Je0
ASH. % T 10.69
MOISTURE - 4.62

TABLE 2. - Coprocessing conditions

Reaction Temperature 445°C
Reaction Time 60 Minutes
Hearup Rate 4°C/Min
Hydrogen Pressure, Cold 1800 PSI

AT TEMP. >3000 PSI
Catalyst Content 0.1 WT Percemt MO

TABLE 3. - Hydrogen/carbbn ratios for coprocessing products

H/C RATIOS
Coal, Percent 2 20 30 40
Reactants 1.50 1.39 1.33 1.26
Filtrate 1.55 1.55 1.50 1.51
THF Solubles 0.92 097 0.97 1.03
THF Insolubles 0.62 0.66 0.64 0.62




TABLE 4. - Overall coprocessing yields

Coal, Percent 2 20 30 40
Normalized Yields, Wt Percent®
Gases (C-C7, COy, HaS) 85 6.2 7.2 10.7
Distillates
<175°C (347° F) 205 15.5 15.8 7.9
175-350° C (347-662° F) 210 28.3 26.4 276
350-538° C (662-1000°F) 20.1 22.2 25.5 228
Total £76 66.0 67.7 583

Nondistillable

>538° C (1000° F) resic 17.8 249 22.2 26.7
THF Insotubies IOM) 69 29 2.9 43
Total 236 278 25.1 1.0
Total 100.0 100.0 100.0 100.0
538° C+ (1000° F) conversion76.4 722 74.9 69.0

* Based on petroleum resid plus MAF coal. Yields are normalized 1o 100 percent

TABLE 5. - PIANO analysis of light distillates (<175° C) (347° P

Coal. Percent 2 20 30 40

Paraffins 25.60 22.94 21.13 20.50
Isoparaffins 31.28 31.30 31.63 34.60
Aromatics 15.72 15.61 16.93 22.26
Naphthenes 21.85 23.42 23.96 16.92
Olefins 4.90 4.51 4.11 3.28
Unknown (.66 2.21 2.24 2.45
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TABLE 6. - Selectivity and RPY values of distillate subfractons

SR S¢c RPY

[75-350° C

Acids 0.09 0.91 11.58

Bases 0.12 0.88 5.67

Neumal 0.59 0.41 79.18
350-538° C

Acids 0.25 0.75 20.07

Bases 0.32 0.68 71.24

Neutral 0.56 0.44 75.82

TABL™ 7. - Acids of 175-350° C (347-662° F), 20 percent coal product,

analyzed by GC/MS
Compounad Cla 3 Amount, % First M. W. Max. M.W.
Alkylphenois 439 108 122
Cycloalkylphenols 219 134 162
Bis(cycloalkyl)phenols 32 174 188
Phenylphenots 10.6 170 198
Cycloalkylphenylphenols 1.0 196 224
Bisphenols 2.4 186 200
Indoles 22 117 145
Carbazoles/benzoindoies 14.4 167 195




TABLC 8 - Base class composition of coprocessing distillates

Coal, nercent 2 20 30 40
175-350° C
Base Content, % H 25 53 4.0
Azaarenes* G563 0.0848 0.1034 01144
Arylamines* 0.¢153 0.0393 0.0668 0.0584
350-538°C
Base Content, % 4.8 50 7.2 6.3
Azaarenes* 0.1195 0.1300 0.1598 0.16
Arylamines* 00173  0.0250 0.0346 0.03

*Meq per gram of dist:.}ate

TABLE 9. - Naut:al class fracionadon

Coal, percent 2 20 30 40
175-350° C
Saturates 48.0 553 38.9 300
Aromatics 53.2 39.6 55.5 68.0
Recovery 101.2 949 94.4 98.0
350-538°C
Sanirates 26.8 31.2 294 299
Aromatics 74.0 70.7 65.8 69.8

Recovery 100.7 101.8 992 99 8
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WORKUP PROCEDURE
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FIGURE 1. - Workup procedure for coprocessing runs
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FIGURE 2. - Yields of reactor products versus coai concentration
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FIGURE 3. . Schematic for separation and analysis of conventional, heavy,
or synthetic crudes and their products
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FIGURE 5. - Hypothetical yield structure for coprocessing
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FIGURE 6. - Number of functional groups per molecule for the
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FIGURE 7. - Number of functional groups per molecule for the 350-538°C
(662-1000°F) products
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Acid-Base-Neutral Separstions
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FIGURE 12. - Acid-base-aeutral separations of HRI vacuum still bottomns samples
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