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ABSTRACT

Gas Chromatographic Disgtillation (GCD) technique, based on ASTM D-
2887 method, has been employed for studying the boiling range distribu-
tion characteristics of the kerosene fraction (150-250°C) and of upgraded
coal-hydogenates. Through this study, the suitability of ASTM D-2887
method as asubstitute of ASTM D-286 has been established for the charac-
terization of coal-hydogenates, derived from abituminous|ndian coal, namely,
Raniganj coal [Raniganj coalfields, (W.B.) of Eastern CoalfieldsLtd,,]. Re-
ported in the present study are the results of characterization of three up-
graded coa hydrogenates (150-250°C), and also alow-boiling (I1BP-180°C)
primary coal-hydogenate, for which GCD technique has been advanta-
geously exploited. Theresultsthus clearly suggest that the ASTM D2887 —
based GCD technique is a useful and superior analytical method for the
precise characterization of boiling fractions of the kerosene fraction (150-
250°C) of upgraded coal-hydogenates and that the anal ytical data may well
prove useful for the selection of catalyst for the liquefaction of coals and
their subsequent upgradation effectively. The GCD analytical datais also
useful for the product yield calculations, material balance, and also for
understanding the correlation between the physical properties of the prod-
uctsin different boiling range of the coal-derived hydrogenates.
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Limited availability of our oil reserves, coupled with
Meachiavdlianismof Oil Producing and Exporting Coun-
tries(OPEC) inarhitrarily deciding toincreasetheprice
of crudeoil, and in the absence of easy and abundant
availability of commercially exploitable alternative
sources of energy in aforeseeablefuture, the need for

clean and environment-friendly production of synthetic
oil fromcoa viadirect coa hydrogenation and/or gas-
ification route (Fischer-Tropsch synthesis) has, espe-
cidly for India, becomemorerelevant and imperative
today and cannot be but over emphasized. Therefore,
simultaneous effortsare on for devel opment of both
“green” coal technologies, and bio-fuels, as also re-
newabl e sources of energy (solar, wind, hydrotherma,
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geothermal, tidal wave etc.), in tandem with recent
renewed tempestuous vigor to harness nucl ear energy.
Nonetheless, till these dternative energy sourcesare
fully developed and are abundantly availablefor com-
mercia exploitation, the predominant dependence of
cod inIndiafor power generation and other industries
shdl continuefor coming severa decades.

One of the proven routes for the production of
“synthetic oil”” from coal is the famous Bergius or, more
commonly, “coal hydrogenation” process, which, de-
fined simply, isthe process of converting powdered
coa mixedwithtar to oil by making carbon inthecoa
combine with hydrogen at atemperature of 450°C
under pressure (200 atmospheres) in the presence of
acatalyst toformoil (mixture of hydrocarbonsfor
fuel)*aP During thiscod hydrogenation process, many
fractionsindifferent boiling range (hydrogenates)-smi-
lar to petroleum fractions, are obtained, after frac-
tionating and refining of which different typesof fuel
(petrol, diesel, ATF, etc.) are produced*. As such,
characterization of different boiling range hydrogenates
isnecessary.

Over the past four decades or so, gas chromatog-
raphy (GC) has played a most important rolein the
analysisof oil. Moreover, with the constant advance-
mentsinthetechnique, especidly withtheintroduction
and decisiveroleof capillary GC, theuse of selective
detection techniques, theversatility of coupled-column
techniquesand, specificaly, theadditiona power of com-
prehensivetwo-dimens ona GC and computer-asssted
dataanalysis, it hasacquired auniqueposition and has
irrefutably becometheanaytical chemists’ forte, par-
ticularly for theanalysisand characterization of differ-
ent componentsin liquid and gaseousmixturesand most
importantly, crudeoil distillation fractions, petroleum
products and petrochemicalsand has been logically
extended to synthetic oil obtained by coal hydrogena-
tion. Theboiling rangedistribution of liquid hydrocar-
bonsin syntheticfuds, likecoa-derived fuds, isavery
important and significant characteristic asitisused to
evaluatemany operationa data, e.g. yield caculations,
material balance, correlation of somephysica proper-
ties, and even for computer s mulation operations. For
the determination of theboiling rangedigtributionin cod
hydrogenation -derived hydrocarbons, such distillation
techniques as ASTM D-86Y, ASTM D11601?, and
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Japanese Industrial Standard, JIS-K 22541 have ear-
lier been made use of . However, these methods suffer
from certainlimitationsinthat they aretime consuming
and requirelargeamount of samples(minimum 100 ml),
because of which the need for devel opment of newer,
efficient, lesstimeconsuming, and lesssample (1 ml or
S0) requiring techniquewasfdt. Subsequently, withthe
advent of smulated distillation by gaschromatography,
which, over theyears, cameto beknown as Simulated
GasChromatography Didlillation (SGCD) techniqueand
designated asASTM D2887%, the aforesaid limita-
tionswereovercomeand gradually it camein vogue
and found wide acceptance. Thus, smulated gaschro-
matography didtillationtechniqueisan andytica method
which advantageoudly replacestraditiond distillation
methods for rapid checking of petroleum products
yields. Inthistechnique, the choice of the stationary
phaseisvery important so asto obtain good agreement
withthered distillation curves. Also, thisphase should
be stable at the maximum temperaturesused. Thisim-
proved technique, besidesbeing fast, accrate, and reli-
able, requiresrelatively amuch lesser timeof analysis,
andavery smdl quantity (0.2 ul) of sample. Thearriva
inthelast few years of very stablemetal capillary col-
umns hasprovided better control of the experimental
parametersinvolvedinthesetwo problems Withthese
columnsthedetermined find boiling point of smulated
digtillation methods has been extended and some pro-
cedures have been defined to usethese methodsin rou-
tineanadyss. Resultsof smulated didtillationareingood
agreement with thephysica distillation. Automation of
these methods has becomefeasiblein recent yearsby
devel oping softwarewhich carriesout theraw datapro-
cessing rapidly, the calcul ation of the SD curve, and
controlsall parameters of the defined procedure. All
these attractivefeatureshave made thessimulated GCD
techniqueareliable, versatile, fast, sengitive, and accu-
rateanaytical tool, especidly for precisely ascertaining
theboiling rangedi stribution characteristicsof complex
liquid mixture sampl eslikevariouspetroleumfractions.
Thesuitability of the GCD technique has been advo-
cated and reported by Kiser and Mdoré¥, whilecom-
paringthesmulated didtillation datawith T.B.P. digtilla-
tion data of H-coal distillates. In yet another study,
Yoshidaet a1 havea so reported the applicability and
superiority of the GCD techniquefor thecharacteriza-
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tion of upgraded liquid fuel obtained from the hydroge-
nation of aJapanesecod, viz., Tetheiyo cod. Theprin-
ciples, systems, as a so wide ranging applications of
GCD techniquefor thestudying theboiling rangedistri-
bution characteristicsof crude oil and different petro-
leum fractions comprising mixture of complex com-
pounds, primarily of hydrocarbons have been reported
by severd investigatorg™4.

At Centra Institute of Mining and Fuel Research
(CIMFR), Dhanbad (India), s mulated GCD technique
has advantageously been made use of for characteriz-
ing awidevariety of gasand liquid samples of coal-
derived products. The present paper seeksto appraise
the adaptability of ASTM 2887-based GCD or SGCD
techniquefor the characterization of boilingrangedis-
tribution of upgraded cod hydrogenates. Theandyticd
results of GSD characterization of thekerosenefrac-
tion (150-250°C) and of upgraded coal-derived lig-
uids obtained from the hydrogenation of abituminous
Indian coal, viz. Raniganj coal (Eastern CodfieldLtd.)
arereported hereinunder.

EXPERIMENTAL

Selection of coal

Asmentioned above, thecod sdlected for thisstudy
wasabituminous, non-coking coa from Raniganj coal
minesof Eastern Codfidd Ltd. Theproximateand ulti-
mateanaysesof thiscoa aregivenin TABLE 1 below:

Thecoa samplefor hydrogenation experimentswas
prepared by crushing the coa lumpsto fine powder by
guartering and coning method.

Preparation of primary and upgraded coal-hydro-
genates

Thenon-catdytic primary and cata yticdly upgraded
(inthe presences of Ni-Mo, Ni-W, and Co-Mo com-
mercial cataysts) coal hydrogenateswereobtained by
batch-wise direct hydrogenation of the powdered
Raniganj coal admixed with tar at atemperature of
400°CinanAutoclaveinthe Cod-hydrogenation Labo-
ratory of the Synthetic Fuel Division of the erstwhile
CFRI (now CIMFR-Digwadih Campus), Dhanbad.
Theboiling rangedistribution characterigtics of the hy-
drogenatesthus obtained were studied by SGCD tech-
nique.

%nafyttaa[ CHEMISTRY [

Gaschromatograph

The gaschromatographs used in the present work
were Perkin-Elmer Auto System XLGC (US make,
Model ASXL-610 N), and Perkin-Elmer GC, model
3920 B).

Experimental detailsof smulated gaschromato-
graphicdistillation (SG-DC) method for coal-de-
rived liquids (hydr ogenates)

Beforerecording thegaschromatographic distilla-
tion chromatogramsof the coa-derived liquids, acali-
bration curvewasdrawn by plotting theretention times
of 7 different pure n-paraffinsranging from C8to c14
against their boiling points, by actudly injecting asyn-
thetic mixture of them on aspecia SED packed col-
umn, (devel oped at CFRI) maintained under experi-
mentda conditionsexactly smilar to thoseused for ana
lyzing coa -hydogenate samples. Thesynthetic mixture
of n-paraffin (BDH make) aswell asth primary and
upgraded cod -hydrogenate sampleswereinjected (0.1
ul) into the gas chromatograph by means of a10 pl
Hamilton micro syringe. Theinstrument used for the
present SG-DC analysis work was a Perkin-Elmer
(USA, model 3920B). The experimental detailsand
theGC conditionsaregivenin TABLE 2.

Theareasof the pesksonthe GCD chromatograms
weremeasured by using aplanimeter. Thecaculations
for theinitia boiling point (IBP) andfind boiling point
(FBP), percent recovery etc. were made by following
the procedure prescribed for ASTM 2887 method”.

A Baired and Tatl ock apparatuswasemployed for
performing the actual ASTM D286 singletheoretica
platedistillation of IBP-180°C of the primary cod-hy-
drogenate. Subsequently, GCD of thesamesamplewas
donefollowingtheguidelinesand procedureof ASTM
2887 for the purpose of comparison.

RESULTSAND DISCUSSION

The calibration curvewith n-paraffins plotted be-
tween boiling pointsand theretention timeisshownin
figure 1. Theboiling rangedistribution curveof thepri-
mary coal-hydrogenate fraction (IBP-180°C), gener-
atedfromitsGCD chromatogram, andtheactud ASTM
D86 ditillation curve of thesamesampleobtained from
thedistributionin Baired and Tatl ock apparatusare de-
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Figurel: Calibration curvewith n-paraffins
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Figure3: Digtribution of different boiling rangehydrocar-
bonsin theprimary coal-hydrogenate (IBP-180°C) deter mined
by actual ASTM D-86 method
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Figure5: Histogram showing distribution of different boil-
ing rangehydr ocar bonsin theupgraded coal-hydr ogenatein
presence of Ni-W catalyst

pictedinfigure2 and 3 respectively. Thedistribution of
different boiling range hydrocarbonsin the Raniganj
Cod-hydrogenates determined by ASTM 2887 (GCD)
isshowninTable-l1l. .Further, thecorresponding boil -
ing range distribution patterns of the upgraded coal -
hydrogenate sampl es obtained with three commercia
cataysts, viz., Ni-Mo, Ni-W, and Co-Mo, dl supported
over duming, areshownin TABLE 4 and a so depicted
ashistogramsinfigure4, 5, and 6 respectively.

It was observed that on the basisof the calibration
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Figure2: Digribution of different boiling rangehydr ocar bons
intheprimary coal-hydrogenate (IBP-180°C) deter mined by
ASTM D-86method and gener ated from SGCD chromatogram

100

T
= E
; B
3 50 A
8
g

X 40 4
.??lii..

258 2t 225 235 245 IGE 285 UL 20
Bailing Point °C

Figure4: Histogram showing distribution of different boil-
ing rangehydrocar bonsin the upgraded coal-hydr ogenatein
presenceof Ni-M o catalyst
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Figure6: Histogram showing distribution of different boil-
ing rangehydrocar bonsin the upgraded coal-hydr ogenatein
presenceof Co-Mo catalyst

cure (Figure 1), the conversion of retention times of
coal-derived liquidsinto their corresponding boiling
pointswas poss blewnhich hel pedin ca culaing the boil -
ing rangedistribution.

It may be seen from the nature of the two curves
that the boiling range di stribution of the sample under
condderation, derived throughtheabove mentioned two
different methods, show agood similarity, though alittle
shiftintheIBP(4°C lessin case of ASTM 86 method)
and IBP (4°C morein case of ASTM D86 method) of
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TABLE 1: Priximateand ultimateanalysesof raniganj coal

(1) Proximate Analysis (Air dried basis)

Element %

Ash 24.2
Moisture 31
Volatile Matter 29.9
Fixed Carbon 42.8

(2) Ultimate Analysis (dmmf basis)

Element %

Carbon (C) 57.7
Hydrohen (H) 381
Nitrogen (N) 1.58
Sulphur (S) 0.40

Oxygen (O) (by difference) 36.64

(3) Calorific Value (kcal/kg)
(dmmf basis)

7900

the samplewasnoticed. A little morethan 55% recov-
ery has been observed within 98°C (b.p.) in case of
ASTM D86 method. On the other hand, a 58% wt
recovery hasbeen foundto betherewithin 93°C (b.p.)
incaseof GCD method. Theactual distribution of dif-
ferent range hydrocarbons present in the sample deter-
mined by GCD isshownin TABLE 3.

Also, the corresponding boiling range distribution
patterns of the upgraded cod -hydrogenate samplesob-
tained withthreecommerdid cataysts, viz., Ni-Mo, Ni-
W, and Co-Mo, all over aluminasupport, are shown
ashistogramsinfigure 3, 4, and 5 respectively.

By the ASTM D86 method of distillation, the
amount of actual IBP-180°C fraction recovered showed
al15% deviation for the corresponding figuresobtained
fromASTM D2887 (GCD) method. Therecovery of
fraction boiling between IBP-220°C (by ASTM D26
method) deviated from the corresponding val ue deter-
mined by GCD method by 12.7%. Thereason for such
deviation in the IBP-180°C may be attributed to the
relative ease of azeotropeformation®.

Asduring the upgrading reactionswith the afore-
mentioned three cata ysts, reaction parametersliketem-
perature, pressure, and duration were kept constant,
the only change expected to be observed in the prod-
uct patternsisobviously dueto the effect of the cata-
lystsitself. From the three boiling range distrinution
graphsof theupgraded cod-hydrogenates obtained with
Ni-Mo, Ni-W, and Co-Mo catalysts (Cf. Figure 3, 4,

Hnalytical CHEMISTRY o

TABLE 2: Detailsof the GC set-up and experimental condi-
tions

Column 2 meter, 1/8” 0.d, ss
: 10% SE 30 on Ch-P (80 — 100 mesh)

initial 44 °C, final 200 °C

Stationary phase

Column temperature

Temperature programming rate : @ 8°C/ min
Injector temperature 250 °C
Detector interface temperature : 250°C
Detector used FID
Detector gas, and flow rate Nitrogen, 30 ml/min
Sample size 0.1ul
Analysistime less than 50 minutes

and 5 respectively), itisapparently clear that al the
three productsare dmost having asimilar pattern un-
der the set of reaction parametersused for upgrading.
Thismay bedueto thefact that the set reaction param-
etersthat were chosen might not be the optimum for
the best cata ytic activity of the catal ysts used. How-
ever, thereissomeorigind variaioninther actud yieds
(wt %) corresponding to the boiling rangedistribution,
asshowninTABLE4.

From acomparison of datainTABLE 3and 4, itis
observed that pattern of distribution of boiling range of
cod-hydrogenates changesatogether in that wherethe
maximum recovery (96.5%) of coal hydrogenatesis
obtainedintheboiling rangeBP-180°C, themaximum
recovery (in therange 74.5-82%) in the presence of
catalysts shifts, in general, to the boiling range 180-
250°C, being maximum for Ni-Mo catayst, followed
by 76.5% for Ni-W catalyst and 74.5% for Co-Mo
catalyt. Itisimportant to observefrom Table-1V that
incaseof Ni-Mo catayst, therecovery isdistributedin
the boiling ranges < 180°C and > 250°C too, being
significant 12% intheformer less (6.0%) inthelatter.
Contrary to this observation, therecovery in case of
Ni-W catalyst is seen to have been restricted to the
boiling ranges 180-250°C and > 250°C only, being a
maximum of 76.5% in the former and 23.5% in the
latter. Furthermore, therecovery of the coal-hydroge-
natesin caseof Co-Mo catdyd isinterestingly observed
to havebeendistributed in al thethree boiling ranges,
i.e. IBP - 180°C, 180-250°C, and > 250°C, being
maximum 74.5 % for the < 180°C fraction, followed
by 24% for the > 250°C fraction and aminuscularly
small (mere 1.5%) for the< 180°C cut. Thevariation
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TABLE 4: Boilingrangedistribution of upgraded coal-hy-
drogenatesby SGCD (wt%)

Recovery (wt %) in the boiling range

Coal-htdr ogenate distribution

different catalysts < 180°C 180-250°C > 250°0C
Ni-Mo 12.0 82.0 6.0
Ni-W 0.0 76.5 235
Co-Mo 15 745 24.0

TABLE 3: Distribution of different boiling rangehydrocar-
bons in the Raniganj Coal-hydrogenates determined by
ASTM 2887 (GCD)

Boiling range distribution
IBP-180°C  180-224°C  Residue > -224°C
96.5 18 17

Fraction
% wt recovery

inthe % recovery of the coa hydrogenatesand ashift
intheir boiling ranges might possibly beduetotheac-
tivity, selectivity and specificity of theindividual cata-
lysts (Ni-Mo, Ni-W, and Co-Mo) used for the
upgradation of coa hydrogenates.. Therefore, thedis-
tribution pattern of the coal-hydrogenatesin different
boiling rangesstudied by SGCD method isa so hel pful
intheselection of different catalystsfor obtaining spe-
cificproduct yied.

To summarize, the technique of Simulated Gas
Chromatographic Digtillation (SGCD) has advanta-
geoudy been used for studying the preciseboiling range
distribution characteristicsof different fractionsof both
non-cata ytic and cataytic bituminous Raniganj cod hy-
drogenation (coa-hydogenates). Whilethe maximum
yield (96.5%) for the non-cata ytic hydrogenationisob-
tained inthe boiling range IBP-180°C, the. maximum
yield (74.5-82.0wWt%) in case of cata yticaly upgraded
hydrogenates getsshifted tointhehigher boiling range,
i.e. 180-250°C.

CONCLUSIONS

Theimportant conclusionsdrawn from the experi-
mental resultsof thisstudy areencapsulated bel ow:
(1) Simulated Gas Chromatographic Distillation

(SGCD) isauseful, rapid, efficient, accurate, and
superior andytica techniquefor studyingthepre-
ciseboiling rangedigtribution characteristicsof dif-
ferent fractions of non-catalytic and catalytically
upgraded coa-hydogenates.

—— Fyll Peper

(2) Themaximum recovery of the coa hydrogenates,
obtained after hydrogenation of bituminous
Raniganj coal without any catalyst, is96.5 wt%,
whichisintheboilimgrangelBP-180°C ; there-
coveryintheboiling ranges 180-224°C and Res -
due > -224°C is very small, being 1.8 and 1.7
wit% respectively.

However, therecovery of coa hydrogenatesinthe
presenceof different catalysts, ingenerd, ismaxi-
mum in theboiling range 180-250°C, being 82.0,
76.5 and 74.5 wt% with Ni-Mo, Ni-W, and CO-
Mo catalystsrespectively.

The analytical data obtained from the SGCD
method isuseful inthe sdection of catalyst for the
liquefaction of coals and their subsequent
upgradation effectively. The GCD andytical data
isalso useful for the product yield calculations,
materia balance,and also for understanding the
correlation between thephysical propertiesof the
productsin different boiling range of the coa-de-
rived hydrogenates.

3
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