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ARSTRACT

One phase of improving understunding of the fundamental chemistry of COPIUCESSInG
involves development of the ability to distinguish berween products oniginating from coal versus
those orginating from petroleam resid. A primary nbiective of this project was te develop
analytical technigques 10 determine the soures {coal versus resid) of the various compnund types
found in coprovessing products, A corollary objective was to develop an expanded knowledge of
the detailed compositien of coprocessing products. This knowledge will aid in the development
of impraovements in coprovessing, guide development of refinng methods for coprocessing
liguids and provide information on the quality of coprocessing products. Two approaches were
evaluated for distinguishing between products originating from coal and those onginating from
perrcleun resid. (e was based on the use of carbon isotope Tatios and the other wus based on
variations in compound classes in response to changes in the ratio of coal 10 resid in the
coprocessing feed. Other researchers using varbon isorope Tatios to determine e crigin of
products have rypically examined distillation fracticns, This project involved determination of
the crigin of chemical classes (2.8, sallraies, neutral aromatics, phenols, indoles, etc.) tatbler
than distillate ¢lasses. Maya resid and Hlineis No. 6 coal {with coal fred varying from 2 to 40
percent) were coprocessed in o bch autocluve 1w obn produers for detailed analysis.

Coprocessing producis were separated into 8 number of fractions--first by distillation and
then by a comprshensive chromatographic separation scheme developed s NIPER. The use of
carbon isotope Tativs 1o determine the s0UICe of particular compound classes was made mom
difficult by substantial iso10pe fractipnation between compound classes. For example it was
Found that acid and base fractions are sirongly enriched in the carbon-13 isotope - even in 4
completely perrnleum derived product. Relatinnships between concenmrarions of particular
compaund ¢lasses and the Tatio of coal and Tesid in the feed were established. As an cxample, it
was shown that coal was clearly the dominant source of both acids and bases. The acid Jractions
consisted primarily of phenols and, 10 a lesser extent, pymolic mtrogen compounds (indoles and
carbazoles) while bases wers prirmarily arpmatic amines and pyridine types (quinelines,
benzoquinalines, B1¢.).

Similar techoiques were used for analysis of coprocessing products produced by another
OE coniractor using a continucus Croduct development unit.  Emphasis was placed on
determination of the composition of the coprocessing resid; composition of this material is of
interest as it is the material which failed 1o be converted 1o the desired distillate range material.




I. BATCH AUTOCLAVE RUNS

Most of the analyses in this project were cunducted on coprocessing products made in a
series of batch autoclave runs. Maya vacuum resid (25387°C, 1000° F) and Ikinois No. 6 coal
were used us reactants. After establishing satisfactory conditions for the desired conversiun
levels, a scries of runs was made in which the only variable wus the ratio of coal o resid in the
feed. Coal congentration ranged from 2 percent (o 4 percent. Products from these runs wers
used for both carbon isotope ralio and dersiled composition studies. Analyses of the reactants are
shown in Table 1. processing conditions are shawn in Table 2, and the werkup procedure i
shown m Figare 1. A filratign step was included so thart the insoluble organic martter (10M] and
soluble resid could be analyzed independently. Ag the cnd of the filration. the filter cake was
found to congain a viscous material which differed from the bulk filtrate. Thus the Flter cake was
washed with tetrahydrofuran (THF) to provide a THF soluble fraction in addition (o the THF
insolubles (avh und ingoluble organic matter [IOM]). As tha THF soluble fraction was found to
contain significantly more nondistiflable marerial than the filirate, the filtrate 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 ils extensive separation and analysis is discussed later, At this
point, discussion of trends with changing coal concentration will be Hmited to the THF
nsolubles {or insoluble orpanic mater [IOR] since reselts are presented on an ash free basis).
IOM increases with increasing ceal content tor the 2i), 30 and 40 percent coal muns indicaring
coal as the primmary source of this product. However, the highest IOM yield was obiained with
the 2 percent coai min. The original Maya vacuum resid is free of THF insolubles so the IOM in
the 2 percent ¢oal run was formed via retrogressive runs, Such reactions may have been
promoted by a poorer catalyst distribution with the low coal concentration.

Tablz 3 shows the H/C molar rutios for the reacrants, filirate, THF solables, and THF
insolubles {IOM). As anticipated, the filirate is ctiriched in hydrogen compared 1o the tesctants.
The HA ratios of the filirate samples show only 4 smafl decline with increasing coal content.
The THF solubles {ractions are quite hydrogen deficient compared w the filee, A fraction
comparable to this THF soluble fraction, which is distinctly diffetent from the filrate, is not
found in conventional enal liquefaction. This fraction, soluble in THF but insoluble in the
coprocessing filtrate, presumably results from the lower solvency of the petroleum COPTOCERSing
product compared to mot¢ aromatic coal liquefaction products.  As amlicipated, the THF
insolubles (M) are quite deficient in hydrogen compared to the other produsts.



Overall coprocessing yields ure summarized in ‘Fable 4. Overall vields are relatively
consisient 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 [1040 -
(»538° C resid + TOM}] range from 76 to 6% percent with the lowesi conversion obtained ar the
highest coal concentration. The decreased conversion is, of course, reflected in a decreased rotal
distiliate yield and increased >538° C {100KF F) resid yield, The yield of light distillate (<1757C,
347° F) decreased with increasing coal concentration whilz the vields of middle (175-350°C,
147-662°F) and heavy (350-538°C, 662-1000° F) distillates rermnained relatively constant.

1. DETAILED COMPOSITION STUDIES

Vethods tor the exhaustive analysis of complex petreleum products have been developed at
NIPER and are described in detail in a two-volume repon (1). An everall schematic of the
methods which ate available for application to & wide variety of fossil fuel produsts is shown in

figre 3.

Emphasis was placed on analysis of polar compounds, These types of compounds arc
typically present in significantly bhigher concentmutions in coal liquefaction products than in
conventional petroleum products. Particular empflasis was placed on analysis of acid fractions;
acid compounds have bean found to be paricularly (roublesome with tegard 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 numerical
estimation of the contributions of coal or resid 10 the campound class of Interest.

Analysis Light Distillates

Analysis of light distillates {(boiling below 175" C, 347" F) was limited to a high resoludon
pas chromatcgraphic method known as PIANO analysis. In this methed, individual
hydrocatbons op o about C-12 are quantitated. Compound classes (Paraffins, Ispparaffins,
Aromarics, Naphthenes, Olefins) are reported based on the summation of the individual
compounds. Table 5 summarizes results for the light dimtillate samples from the four batch
augoclave mins
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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 (347-662) 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 nonaqueous ion exchange
chromatography to produce acid, base and neutral fractions. This procedure was developed at
NIPER for application to high boiling and residual materials (1). Figure 4 shows the percentage
yields of these fractions from the 175 - 350 © C distillates. Behavior for the heavier distillate
was similar but with higher concentrations of polar materials.

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

Prod = a*Res + 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 percentage of a product class in a distillate 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 concentrations of a hypothetical product are plotted against the
coprocessing feed composition. The four points represent concentrations of the product at coal
concentrations of 2, 20, 30 and 40 wt percent. However, more reliable determinations may be
made by the least squares method. The a and b values may be converted to terms for selectivity
in residue and coal formation of products by the relations: _

SR = a/(a+b) ; Sc = b/(a+b).

The yield of a product class may be represented as relative product yield (RPY) by the
relation:

RPY = (a+b)/2.
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Table & shows values of selectivities Sg and S¢ and RPY for the product classes contained
in the disnliates. The selectivicies may be considered to show the relative contributions of resid
and coal to the product in a reaction mix of equal ameounts of residue and coal. Data in Table &
indicate that for a coprocessing run in which the feed consisted of equal cangentrations of coal
and peauleun resid, 9 percent of the acids in the 175-330° C distillate would have arisen from
the petrolenm resid and 91 pereen from the coal. Similarly, 59 percent of the neutral fraction
would have arisen from the tesid and 41 percent from the coal. The selectivity values show that
coal is clearly the dominant source of acid and base components in the prodects. The selecuvity
for these classes to be formed from coal is less pronounced in the higher boiling distillae. Ina
simnilar manner, RPY is the magnitude of that product in the distillate from the same teaction
mix. The REY values show the higher voncentrations of acids and bases in the higher boiling

fraction.
Chemical Derivatization/Gas Chromatography/Mass Spectromemry of the Acid Fraction

Detailad analysis of the acids of the 173-330° C distillate of the 20 percent coal
processing product was conducted by derivarization with methyl iodide followed by gas
chromatography/mass spectrometry (GC/MS). The alkylation procedure for derivatizing acid
fractions is described elsewherc (2).

Tahle 7 shows a list of the compoond classes identificd and the amount of each class
present. It is clear that the phenals predominate with &ll classes of phencls summing 10 82.9
percent. These amounts are approximate only since it was necessary to assume uniform
jonization vield of the parent jous.

Several intetesting structural details were determined in this sudy. The molecular weight of
the first cycloalkylphenols (MW, = 134, wa isomers) clearly indicates the hydroxymndane
(cyclopenta) form. In addirion, of the nine isomers at MW, = 148, only one lacked z distinct
methyl loss peak further indicating cyclopenta form. i should be noted that hydroxytemratin
(WM.W. = 148, cyclohexa) would have gnly Iwa isomers. ln addition, the bis(cyclealkyl)phenols
ot MW, = 174 should have twa cyclopenta groups and ut MW, = 188 should have at least one.
From this it may be assumed that a large pan of the cycloalkyl function in coprocessing acids

must be cyclopenta

The acidic nitrngen compounds &re a minor but significant part of the eoprocessing acids.
‘I'he three-ring systems, carbusoles and benzoindeles, are the dominant types in this class.
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Nuclear Magnetic Resonance (NMR) Analysis of Methylated Acid Fractions

The agid fracrions were derivatized with 12CH3I and 13CH31 and the methylated acids
were analyzed by 2-dimensional NMR and other NMR technigues which are described clsewhere
(2],

Three general types of acids are present in the coprnceassing products--all of which are
determined by the NMR techniques. These include oxygen acids (phencls, hindered phenols,
and much Jess prominently, carboxylic acids), nimogen acids (indvles and carbazoles), and
benrylic or sulfur conteining acids . Figures 6 and 7 show graphically the numnber of functional
groups of each type {oxygen acids, nitrogen acids and benzylic/sulfur acids) in the 175-350 and
330-338" C acid fractions, respectively.

Figure 6 and 7 show that phenols increase in prominence with increasing coal concentracion
while nitrogen acids are much more prominent in the run with 98 percent petroleum resid;
generally, nirogen acids diminish with increasing coal reactant contznt, Benzylic/sulfur acids
are riner contributars in all cases but are also uch mure prominent in the 98 percent petroleurn
resid ran.  Borh nirogen acids and benzylic/sulfur a¢ids are more prominent in the higher bolling
distiflates.

Analysis Base Fractiong

The base fractions iscluted from the coprocessing distillates were analyzed by nonagneous
tittation. The solvents used were acetonitrile and aceric anhydride and the titrations were
mynitored by special glass elecoodes. This procedure determines bases in strong and weak hasic
swength classes. Strong bases include azaarenes (e.g., pyridine, quinoline, etc.) and arylamines
(e.g., aniline, ¢ic.). Titration in CH3CN determines both of these together while timaton in
accTic anhydride detects azaarenes alone because arylamines are avetylated in this solvent. Weak
buses determined by this procedure include sulfoxides, diarylamines, amides, and carbanyl

clarirs.

No weak bases were detected in any of the coprocessing base samples. This contrasts
with the compasitien of petrofeum fractions in which weak bases are often significant. It is
passible thal the coprocessing reaclion convenls these components e neutral or strong base

maierials.



Table § shows the base cluss compasition on a whole distillae basis. For refesence, the
valaes for the amount of base in the distillates are included. The yields are shown m terms of
rrilliequivalents per gram of distillate, Trends in contant of both azaarenes and arylamines with
coal content are similar ko thar of yields of base fractivns described previously. Tt appears that
the levels of azaarenes increase and arylamines decrease in the higher beiling distillates.

Neurral Class Analysis

The neutrad class fractions were further separared into saturate and argmatic sabfractions;
results are summarized in Table 9. Separations were carried oul on charge transfer and
adsorption type liguid chromasography columos (13 Yields of 175-350° C subfractions were
less satisfactory than those of higher bailing range because of volatility of some of the
comnponents. Tn avoid eacess loss of samplz, the selvent content was left at about 3 o T percent
in each sample, as determined by gas chromatographic analysis.

“The trends in samrate and aromatic composition of the 175-330° C neutral fraction appewr
sumewhat erratic, possibly because of the effect of 1oss of sample wn the 20 and 30 percent coal
products. In both distillate ranges. the 2 percent coal product appears to have less samerate and
Mmore argmatic content than might be expected from the mends shown by the other samples. This
may indicate that the reaction mechanisms comnerolling product distribution may differ somewhuat
in the absence of substantial amounts of coal. The dismibution of saturue and aromatic products
inthe 350-338° C distillate for re 20-40 percent coal runs appedrs quitc constant.

Conclusions

Coprocessing products made under constant conditions wich the exception of ratio of coal to
resid in the feed were subjected to extensive scparation and amalysis. Changes in product
compositions with changing feed ratia have allowed u Jetermination of the source of particular
compound classes.

In the lght distillates (builing below 1759 C, 347° B3, comzelanons between ¢ompound

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

increasing coal concentrution while isoparaffins and aromalics increase.
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In the middle {175-330° C, 347-562° F) and heavy (350-538° C. 662-1000°F) distiltarcs,
bnth acids and bases increase with increasing coal concentration.  Selectivity factors, which are
an expression showing the fraction of a particular compound ¢lass which is derived from coal or
resid, were determined. These factors indicate that coal 15 clearly the dominant source of both

acidy wrd bases,

Two-dimensionga]l NMR analysis of the middle and heavy distillates showed thar phenals
increase in concentration with increasing coal ¢ontent while nitrogen acids are much maore
prominent in the tun with 98 percent petroleum resid. Gencrally, nitrogen acids decreased in
concentration with increasing coal content. Benzylic or sulfor acids were minor contributors in
all cases but were much mere prominent in the run with 98 percent petrolenm resid. Nitrogen
acids and bengylic or sulfur actds were more pruminent in the higher boiling distitlates.

Auvalysis of basic fractions by nonagueous titration tmchniques showed increases in both
azaarenes (e.g., pyridines, guinolines, ¢1c.} and arylamines (e.g., anilines, ete.) with increasing
¢oal coment. Compared to middle disdllates (175-350° C), haavy distillates (350-538°C) contain
increased levels of azaarenss and decreased levels of atvlamines,

Subfractionation of the middle distillate (175-3507 C) neurrals inle suturates and aromarics
showed a general wend for an increase in aromatics with increasing coal content. However, the
rum with 98 percent resid was high in aromatics. This may indicate somewhat differing reaction
mechanisms in the absence of sebstantial ampumts of coal. In the heavy dismillate,
saturale/aromatic ratios were telatively independent of cozl concentration, Selectivity vahes
indicate that in the heavy diatitlate, 56 percent of the aromatics would eriginate from the coal and
44 percear frem the peroleum resid (with a 1:1 rado of coal:resid in the feed). The contribation
of aromatic materials by coal is greater than that indicated by the selectivity values since the
lurger purt of the acids ang bases (almost entirely arernatic) arise from the coal.

{Ii. CARBON ISOTOPE STUDIES

This section veviews the use 0f isotope ratios to determine the source of ceompound classes
{e.z.. acids, bases, neatrals, aromatics, sahrates, £1¢.) in coprocessing products. Selective isotope
[ractionation is & cemplicating factor in the use of carben {sotope rarios to determine the source
of coprocessing products. Other researchers have shown that through the use of apprupriate
correction faclors to comect for this isotope selectivicy, isotopa ratios can be used to
quantitatively determine the source of coprocessing fractions obtaincd by distillation. Tt i3
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concluded in this section that although isotope ratios may provide qualitative information on the
source of coprocessing compound classes, that the high degree of isotope selectivity in
compound classes originating from a single feed prahibits the guantitative determination of the
origin of such compound classes.

Materials used in the carbon isotope studies were produced in the baich autoclave runs
discussetl in Section T and were separaied in1o compound classes as discussed in Section IL
{arbom isotope ratios were first determined on reactor products with minimal pricr separation.
Partial results are plotted in Figure 8. 813C velues for the feed matenials are included as is the
caleutied §13C for the feed blend. Any isotope fracdonation complicates interpretation of
isotope Talio data. The severity of 1sotope fractionation which can aceur in coprecessing 18
svident sven in these initial results (Figure 8). The hydrocarbon gas samples were muich lighter
isotopically (more negative 813 values] than tie faed or the condensed products. Differences in
513 between the hydrocarbon gas and the feed were 7.5 to 10.5 per mil. This is tue even at the
Iowest coal conceniration (2 weight percent) where nearly all of the gas must have arisen from
the petrolenm resid. This difference ig similar 1o that repored by ether workers. For example,
Winschel et al. (3) reported that forced is0tope balances indicated that the gases from pemoleum
pyToliysis must have isotope ratios 6 to 8 per mi} lighter than the respective feedstocks (althouyh
analysis indicared chat the gases were isotopically heavier than the respective feedsiocks).

As is evident in Figare 8, there is not a regular mend in 813C for the hydrocarbon gases
with varying coal concentration in the feed. The random variarions in 513C for the hydrocarbon
gases reperted in this work are likely Lo be relared to difficulties in wansfer of C2-Cs from the
charcoal trap to the pressurized sample vessel. At the rwo higher coal concentrations, 33C for
the hydrocarbon gases is less negalive (move coal like) but the very large isoiope fractionation
effect negates uny passibility af determining the source of the hydrocarbon gases by 1sotops
rahids.

The more negative 813C valuey for the hydrocarbon gases {depleted in 13¢CY are balanced by
the sum of the Liquid ant solid products having §13C values less negative (enriched m 13C) than
Uie feed, 1n contrast 10 the hydrocarbon gases, irends in carbon isotope raties for the yemainder
of the reactor pruducts more-less paralleled those of the reactor fewd (Figure 8).

513C for the filtrare (the primary reactur product) tended to follow that of the reactor feed
but the overall range in §!3C was quite small--varving only from -26.4 to -26.0. Due to isotope
fracTionation leaving the condensed products enriched in carbon-13, the filirate appears 10 be
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more coal-like than the feed blend. With an increase in coal concentration from 2 1o 40 percent,
the contribution of cual to the fiirare has 1o have increased substantially based on mass baiance
censiderations; this magnitude of increase is nat shown by the small change in $13C.

Significant ispropic fracticnation also octumed between the filtrate and THE soluble phase.
The largest difference was in the run with 2 percent coal--an unexpected dilference since both of
these fractions must be derived almost entirely from the petrolenmn resid. The difference
decreased with increasing coal concentration to almost nil in the 40) percent coal run, 313C for
the THF solubles followed that of the feed--becoming more coal-like with increasing voul
Crmoeniration.

The most pronounced ingrease (becoming less negative) in §13C with changing coal
coneentration accurred in the THF insoiubles which qualitatively indicated eoal 1o be the primary
sgurce of this fraction.

Each filirate was distilled to produce three distiliate cuts and a resid, [sotope ratic data for
the distillation fractions are plotied in Figure 9. Isotope fractionation is apparent in the 2 percen;
coral run with the light distillate (< 175 C) isotopically lighter than the filorate (-27.08 per mii for
the <175% C distillae versps -26.44 for the filtrate), This trend holds for the other Tuns also with
B¢ for the <175 © C distillate 1.0, 1.22, and [.03 per mil lighter than the corresponding Hitrate
for the 20, 30 and 40 percent coal runs, respectively. Ajs is apparent in Figure 9, there is not a
regular trend in 813C for the < 175° C distillate with both the 2 and 40 percent coal runs having
essentially identical 813C values {-27.08 and -27.05, respectively), Similarly, the rangs in 813C
for the 175-350° C distillace is small und the trend is irregular varying only from -26.14 to -
26.43. Exvept fur the <175° C distitlace, there is a general correlation berwegn $13C for the feed
blend and the distillation products for the 20, 30 and 40 percent coal mins,

A comparison of the measured values of 813C [or the filirare with those recaleulated from
the yields of the distillation fractions and their measured 8'3C vaives showed un sverage absoluts
difference between the measured and calculated valoas of .10 per mil indicatin £ good accuracy
for the carbon isotope measurements and distillation mass balange. Good carbon-12 mass
balances were also pbtained for compound type separations discussed below {2,

Each of the distillates were separated into acid, base and neutral fractions by standard
NIPER metheds and isotope ratios were determined far each fraction. Representarive tegults are
shown in Figure 10. Isotopic fractionarion is apparent throwghout inchuding the run with oniy 2



percent coal. The neutral materials show depletion in 'C while polar materials are enriched
(less negative 813C). The significant range of isotope ratios m products from the 2 percenl coal
run demonsirates the substantial isotope frachonation ocourring during reacrion of petroleam
resid itself.

Nentral fractions were separated by NIPER techniques into saturate and aromatic fractions.
Repregentative results for isotope satio measurements for the whole nevirals and saturate and
aromatic subfractions are shown in Figure 11. The Jargest differences between .813C for the
saturate and arpmatic fractions were observed for 2 percent coal Tun, As noted previously,
essentially alt of the neural compounds in this product must have originated from the Maya resid
alone; thus the difference 3130 ig reflecting the selective nature of isofope distribution in
products originating from ihe peroleurn resid.

Interestingly, carbon isotope rativs for saturalc fractions from products where 20 to 40
percent coal was added are more ne gative than those from the corresponding 2 percent coal tun.
The trend opposes that of the acid and base fractions as well as that for the coal versus resid.
This may result from isotepic fractionarion within the coal or a shift in isotopic fractionalion
within saturares from the resid in the presence of coal, Furthermore, differences between S13C
for the aromatic and disdllate (ractions decseases soongly althoogh somewhat eraticaily with
increasing coal cantent.

This suggests that coal-derived neatral products differ from petroleum resid-derived
materials in sclective isotope diswribution. A possible explanaticn consistent with this
abscrvation is tha saturates derived from coal may be mare naphthenic, having been derived
from wromatics by hydrogenation.

Conclusions

The ISotoPE MeasUrements were shown [d be of high quality and generaily consistent rends
were observed. [sorope Tatios can be uscd 10 provide qualitative indications of the source of
vatious cuprocessing compound class fractions. Isotnpe fractionation durng coprocessing i3
significant with Lighter materials (notably hydrocarbon gases but alse, t a lesser extent, <1757 C
distillae} being depleted in 13C. Polar materials are significantly enriched in 13C--to such an
extent that &13C for ene of the polar fractions from the 2 percent coal run (where the
capuribution from coat would be nearly insignificant, approached that of coal.




There appears to be no solid basis for making corrections to allow accurate determination of
the origin 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 primarily from a single
feed (2 percent coal run) was substantial (e.g., difference in §13C of 1.6 per mil for bases versus
neutrals in the 175 - 350° C distillate). The difference in $13C for similar classes varies with
boiling range of the fraction. There is no basis to assume that this isotopic fractionation would
be constant for variable feeds (resid versus coal or even for different resids or different 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 HRI 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
variations in feed composition. The samples selected allowed a determination of the effect of
changing 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, wt % Coal Coal Concentration, % Resid Conversion
238-8-5 New Mexico* 33 93
238-8-9 New Mexico 50 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 further analyzed were vacuum still bottoms
(VSB). The benzene soluble fractions of the vacuum still bottoms samples were separated by
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nonaduecus ion exchange liquid chromatography into five fracrions: swrong acids, weak acids,
atrong bases, weak bases, and neurrals; results are shown in Figure 12, The predominant fraction
{67-81 percent) fram the ABN separation is the neuvtral fraction. Unless there is a predominance
of highly condensed aromatics, ths type of material would be expected to be relatively easily
converted into distillate ranpe materials.

Al of the pelar fractions increase with increasing coal concentrarion. Comparing runs 238-
8.5 and 23R-10-8, (subbituminuus coal versus lignite), there is u significantly larger strong acid
fraction from the lignite run. Weak acids (yenerally indele/carbazole type srructures) are also
significantly higher in the regid from the !ignitc. There are, however, only relatively small
differences in the concentrations of the basic fractions from the two different coats.

Results for separation of the neutral fraction inte saturates and neutral aromatics are showr
in Figure 13, The concentration of saturates is high (70 percent) in the neutrals from nin 238-8-3
{33 percent subbituminous coal, 67 percent Hondo resid) and drops markedly (to 26 percent)
with n increase in coal concengration (0 50 percent {238-8-9). This suggests that the resid is the
source of the SEUTAES--NOL 4 SUrprising suggestion. However, the run with 33 percent lignite and
67 percent Hondo resid (238-10-8) contains a much lower level of saturares (32 percent) than the
run with the same leve! of subbituminous coal indicating 4 role of the coal (rt an unrecognized
variable} in controlling the level of saturates in the neutra! resid fractien.

High remperature gas chromatography showed that hath the neutral aromarics fractions and
saryrares fractions from all of the runs are extremely similar regardless of the caal concentration
or coal rype.

The nevtral-uromatics fraction from each sample was characterized by high performance
liquid chromarography (HPLLO) using @ separation system that mives an aromaric ring-number
distribution.  An amalytical-size colomn packed with a charge-transfer bonded phase
(dinitroanilinopropyl silica or DNAP) was ased o stady rhe Ting number distribucion (1.
Chromatograms were again very similar regardless of the imnal coal concentration or coal type
with must matetial eluting in the 3-ring to &-ring region.

The hydrocarhon skeletois of saturaied hydrocarbons in the HRI coprocessing resicls appear
to be fundamentally different than those of aromatic species. The average molecular weights of
varipus compound types in a given resid are simnilar 10 one another; the overall average molecular
weights for Hondo: subbituminous ceal products are somewhat lower than those for the Honda:
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lignite product. The average molecular weights determined for these resids (<650) are well
below those of typical straight-run petroleum >1000° F resids (>900) (1). Base fractions contain
predominantly single nitrogen compounds of azaarene or aminoaromatic type. Acid fractions
contain appreciable quantities of 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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TAEBLE 1. - Composition of reactants

MAY A Hesid COAL

>1000°E ILL. NO._ £
Bl -27.56 2456
C% 84,60 KA. 56
H % 1064 448
K % Q.57 1.38
5% 4.85 250
ASH, & 1{h69
MOISTURE e 4.62

TABLE 2. - Coprocessing condifions

Reacripn Tempetature 445°C
Reacrion Time &0 Minuies
Heamp Rate 44 Min
Hydrogen Pressure, Cold LR0) PSI

AT TEME. 3000 P51
Caraly st Comgens 0.1 WT Percent MO

TABLE 3. - Hydrogen/carbon ratios for coprocessing products

H/C RATIOS
Coal, Percent 2 20 30 40
Reac:ants 1.50 1.39 143 1.26
Filtrae 1.53 1.55 1.50 1.51
THF Solobles 092 Q.97 087 1.03
THF Insolubles 62 0.56 0.64 .62
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TABLE 4. - Overall coprocessing yields

Coal, Percent 2 20 30 40
Normalized Yields, Wt Percent*
Gases (C1-C7, CO2, H3S) 8.5 6.2 7.2 10.7
Distillates
<175°C (347° F) 20.5 15.5 15.8 7.9
175-350° C (347-662° F) 27.0 28.3 26.4 27.6
350-538° C (662-1000°F)  20.1 22.2 25.5 22.8
Total 67.6 66.0 67.7 58.3
Nondistillable
>538° C (1000° F) resid 17.8 249 222 26.7
THF Insolubles IOM) 6.9 2.9 2.9 4.3
Total 23.6 27.8 25.1 31.0
Total 100.0 100.0 100.0 100.0
538° C+ (1000° F) conversion76.4 72.2 74.9 69.0

* Based on petroleum resid pius MAF coal. Yields are normalized to 100 percent

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

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
QOlefins 4.90 4,51 4.11 3.28
Unknown 0.66 2.21 2.24 245
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TABLE 6. - Selectivity and RPY values of distillate subfractions

Sp S RPY

1753-3307 C

Acids 39, 0.0 11.58

Bases 12 0.58 5.67

Meamal 0.50 0.a1 7918
350-538° C

Acida 0.25 .75 24.07

Bases 0.32 (.68 724

Neutral .56 0.44 75 82

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

apalyvzed by GC/MS

Compoung Class Amount, % First MLW. Max, M.W.
Alkylphenols 439 108 122
Cyecloalkylphenals 2.4 134 162
Bisicycloalkyliphenols 32 174 188
Phenyiphenols 0.8 17U 198
Cycloalkylphenylphenals 1.0 195 224
Bisphenols 2.4 186 200
Indoles 22 117 145
Carbazoles/twnzoindoles 14.4 167 195
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TABLE 8 - Base class composition of coprocessing distillates

Coal, percent 2 20 30 40
175-350° C
Base Content, % 1.5 2.5 53 4.0
Azaarenes* 0.0563 0.0848 0.1034 0.1144
Arylamines* 0.0153 0.0395 0.0668 0.0584
350-538°C
Base Content, % 4.8 5.0 7.2 6.3
Azaarenes* 0.1195 0.1300 0.1598 0.1676
Arylamines* 0.0173 0.0250 0.0346 0.0334
*Meq per gram of distillate
TABLE 9. - Neutral class fractionation
Coal, percent 2 20 30 40
175-350° C
Saturates 48.0 55.3 38.9 30.0
Aromatics 532 39.6 55.5 68.0
Recovery 101.2 04.9 944 98.0
350-538°C
Saturates 26.8 31.2 290.4 299
Aromatics 74.0 70.7 69.8 69.8
Recovery 100.7 101.8 99.2 99.8
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WORKUF PROCEDURE
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FIGURE 1. - Workup procedurs for caprocessing runs
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CHEMICAL/PHYSICAL SEPARATIONS
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