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ABSTRACT- OQil shale from Ellajjun area southern region of dan
hydrogenated at different conditions. The impadeofperature on weight
loss and product distribution was investigated. Experimental runs
were conducted at different temperatures. Hydrog@s introduced after
purging to the retort with nitrogen thus; to avoakidization during
heating process. A circulating coolant at’@ cooled the products. The
non-condensable gases were released to the opersplere whereas the
condensed liquid collected and sent for simple apheric distillation at
laboratories of Jordan Petroleum Refinery.

The rate of weight loss was increased as the testyer increased and
the total oil yield increased with increasing temgiare at constant
hydrogen flow rate. The increasing of reaction temagure resulted in
more volume distilled.

The effect of temperature on product distributibthe produced shale oil
was investigated, the increase in temperature teduincreased the
kerosene and residue amount, and a decrease irani@int of diesel,
mean while it has no effect on the gasoline — tiapfraction.

The sulfur content of the liquid product was infloed by the presence of
hydrogen in reaction environment. The amount ofusulvas increased
with the increase of temperature at constant hgdroflow rate.

KEYWORDS: Oil Shale, fixed bed, Sulfur, Distillation, Hydraplysis.

INTRODUCTION

The recent souring in oil prices to more than U$ Tas enacted several
countries to look into the economics and the w@ilan of oil shale deposits. The 2005
Energy Act by the United States of America has githe green light to researches and
designers to focus their attention on huge depo§iégnerican oil shale. It has become
duty on the onus of governments that have largegardeposits of oil shale to explore
the various exploitation methods. In China, asxanmple, Fushun Qil Shale Retorting
Plant — camento operation in 1992 under the management ofFilighun Bureau of
mines. Its 60 retorts annually produce 60 000 twieshale oil to be sold as fuel oll,
with carbon black as a by-product.
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Jordanian oil shale deposits are generally of qgié®d quality, with
relatively low ash and moisture contents but exoeptly high sulfur content (up to
9% by weight). Gross calorific value (7.5MJ/kg) amitlyield (8-12%); the reserves
are exploitable by opencast mining and are easibessible. There are extremely
large proven and exploitable reserves of oil shaléhe central and northwestern
regions of the country. The proven amount of oidlshin situ is reported bye
National Resurces Authority, Government of Jordan to be 40 billion tons; proved
recoverable reserves of shale oil are 4 billiorstanith estimated additional reserves
of 20 billion tons.

Several researchers using fixed bed fluidizedreedtors [1-6] have studied
pyrolysis of Ellajjun oil shale. Those workers hased nitrogen to drive out the
generated hydrocarbons and volatile matter away fhe reaction zone.

In this research, we have investigated the infleeof hydrogen presence as
sweeping gas during kerogen decomposition reactamsthe product distribution of
oil shale hydropyrolysis in 380 — 62D temperature range. The boiling range and
volume percentage of shale oil fractions distilleécatmospheric pressure, compared
with fractions produced under the influence ofog&n sweep gas.

If a technology can be developed to economiaatover oil from oil shale,
the potential is tantalizingly enormous. If the t@ning organic material could be
converted to oil, the quantities would be far beyaal known convectional oil
reserves. Oil shale in great quantities exists a@vade: including in Australia, Brazil,
Canada, China, Estonia, France, Russia, Scotlaudh &\frica, Spain, Sweden and the
USA.

The term "oil shale" is a misnomer. It does nattam oil nor is it commonly
shale. The organic material is chiefly kerogen, #ral "shale is usually a relatively
hard rock, called marl. Properly processed, keragambe converted into a substance
somewhat similar to petroleum. However, it has gote the "oil window" of heat
(nature's way of producing oil) and therefore, ¢éochanged into an oil-like substance,
it must be heated to a high temperature. By thiegss the organic material can be
converted into a liquid, which must be further meged to produce an oil which is said
to be better than the lowest grade of oil producaeh convectional oil deposits.

There are two convectional approaches to oil spabeessing. In one, the
shale is fractured in-situ and heated to obtairgand liquids by wells. The second is
by mining, transporting, and heating the shalebtou& 500°C, adding hydrogen to the
resulting product, and disposing of and stabilizthg waste. Both processes use
considerable water. The total energy and water iregpents together with
environmental and monetary costs (to produce gbibla significant quantities) have
so far made production uneconomic. During and vaihg the oil crisis of the 1970's,
major oil companies, working on some of the ricrakshale deposits in the world in
western United States, spent several billion dsliarvarious unsuccessful attempts to
commercially extract shale oil.

Oil shale has been burned directly as a very Iate, high ash-content fuel in
a few countries such as Estonia, whose energy etpnemains dominated by shale.
Minor quantities of oil have been from oil shalesgveral countries at times over many
years.

Perhaps oil shale will eventually find a placettie world economy, but the
energy demands of blasting, transport, crushingtilg and adding hydrogen, together
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with the safe disposal of huge quantities of wasaterial, are large. On a small scale,
and with good geological and other favorable cood#, such as water supply, oil
shale may make a modest contribution but so fatesba remains the "elusive

energy".

Oil retorted from oil shale through heating theioral raw material. The part
of the raw rock that contains and considered tdaheesource of shale oil is called
kerogen. Kerogen is the residue of organic andgawaic compounds which deposited
as rock due to high heat and pressure, in othedsyitris defined as insoluble organic
matter in sedimentary rocks. Kerogen suggestedageemolecular weight of over
3000 and its empirical formula isydHz00SNsO11; these molecules tied up to each
other by oxygen and sulfur cross-linking.

Hydrogenation is a chemical reaction in which tumstded bonds between
carbon atoms reduced by attachment of a hydrogen & each carbon. Numerous
important applications are found in the pharmacalfind petrochemical industries. In
addition, hydrogenation could be partial i.e. iragiag the hydrogen atoms attached to
the carbon atom that means reducing the numbernshturated bonds in the
compound undergoing hydrogenation.

In petroleum industry, the importance of hydrogemanates from the ability of
hydrogen atoms to replace sulfur atoms in sevefflirscontaining compounds found
in crude oil. The desulphurization unit presenceeiimeries is imperative to alleviate
the effect of sulfur on the nickel catalyst thaedisn the various refinery processes.
Hence, pyrolysis of oil shale under the influen€éydrogen environment could have
indirect impact on the quality and type of produceédmicals.

EXPERIMENTS

Oil shale sample from Ellajjun area southern regiddordan was studied
and investigated in this research work.

Oil shale samples under investigation, were gdnaled sieved to the particle
size (q) in the range 0.5 — 3 mm. All samples used asivedeafter crushing to the
appropriate size.

All experiments conducted in a stainless ste@diked reactor. A 600 g of oil
shale sample was electrically heated in 80&astume cylindrical retort. Nitrogen gas
feed rate was maintained until about ZD@hen hydrogen was switched on at 108 cm
per minute flow rate. The hydropyrolysis runs weonducted in 38 and 620°C
temperature range. To fractionate shale oil inngpk atmospheric distillation, 500
cm® needed for each temperature. The required quesitidi oil for distillation
collected at 470, 520 and 520 temperatures. The evolved hydrocarbon and the non
condensable gases were cooled through coolantaaatat 2 + 2C. The light gases
vented to atmosphere and the collected liquid diftiwarbon taken for distilled.

RESULTS AND DISCUSSION

Weight Loss And Yield Results

This work involved measuring the total weight lagil shale samples with
temperature. Several experimental runs were coadut calculate the total weight
loss of samples in a fixed bed retort. 600 gramsilaghale used in each run. The sizes
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of particles in this investigation were selecteddzhon mass transfer and diffusion free
limitation reaction.

Figure 1 indicates the variation of total weight loss airgction of retorting
temperature. As it can be seen, the kerogen l@ssased with increasing the reaction
temperature. Total weight loss is based on their@igsample weight as received
before retorting and the weight of the spent shideshown in the figure, the total loss
of sample varies between 11% and 22% in the studiege of reaction temperatures.
This total weight loss includes loss of intermolecuwater, volatiles and liquid
hydrocarbons. The studied experimental temperatuegs in the range of 380 and
620°C.

As reported by several workers [7], the total patcweight loss of the oil
shale is divided into three regions. The loss tdrimolecular water is the characteristic
of the first region, which lies below 25C. The water is associated with the mineral
clay of the shale oil sample, and it is liberatadting the heating process. The
hydrocarbon evolution region lies in the range 260to about 530°C, at which
hydrocarbons content of kerogen are destructivesfilldd during retorting, and
finally, the mineral decomposition of calcium canbte and dolomite stage, which
occur in 530°C - 810C temperature range.

The effect of reaction temperature on the oil yislthdicated irFigure 2. It is
quite clear that increasing the pyrolysis tempegatin presence of hydrogen
atmosphere increase in the oil yield, in addititme oil yield increases with the
increase the total weight loss of the kerogen; &kand co-workers [8] reported
similar results. The oil yield is measured as theoant of collected oil in each
experiment with respect to Fischer Assay measurenidr increase in shale oil is
linear in the studied experimental conditions.
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Figure 1: Effect of temperature on the total weight loss of oil shale.



HYDROPYROLYSIS OF OIL SHALE 1617

90

70

50

% Oil Yield

30 T T T 1
350 450 550 650

PyrolysisTemp.°C

Figure 2: Effect of pyrolysis temperature on shale oil yield.

The oil yield dependency on the total kerogen Weigss is indicated in
Figure 3. As it can be seen, the oil yield was increasetth wicreasing total weight
loss of sample. In addition, it is clear that tlmgalt oil yield was increased with
increasing temperature in conjunction with incregsiveight loss. The maximum oil
yield was obtained at the highest experimental t¥atpre in this work.
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Figure 3: Relationship of oil yield with total kerogen weight loss .

Shale Oil Distillation

In order to distillate the shale oil produced dgriretorting, three selected
temperatures were chosen for distillation restiftsesa minimum quantity of 500 ém
is necessary for simple atmospheric distillationpaptus. The three selected
temperatures were 470, 520 and 880 The true boiling range is shownFHigure 4.
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As it can be seen, the general trend of the insrgamlume percent with temperature
is obvious for all the temperatures. The initiailing point varied from 108 to 11%C,
which is a function of the retorting temperatur@n the other hand, the end point
where 80% of the volume were distilled varied fr866 to 366°C. The variation in
the initial and final boiling temperatures is inr@spondence with the retorting
temperatures. It is clear from the figure, that ¥bume percent distilled at 52C is
lower than that for 470 and 54Q. This behavior is attributed to secondary cragkin
reactions that are taking place at higher temperatun addition, the presence of
hydrogen in the surrounding environment enhancegel pihoduction of lighter
hydrocarbons. This, results in more of gaseous ywtsdleaving behind heavier
hydrocarbon components of higher boiling rangehasvs in Fig. 4.
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Figure 4: Volume percent distilled against distillation temperature.

Further analysis of the hydropyrolysised producidicates that 5% by volume
of the distilled oil lies in the gasoline-naphthtadtion. The gasoline-naphtha fraction
is characterized by - 140°C boiling range. On the other hand, the keroserne cu
constitutes 45% of the total fractioned amount tferacterized b%40-250°C boiling
range. The diesel makes up the 30% of the produckoine while 20% was residue
with boiling temperature higher th&i0 °C.

Figure 5 shows the effect of hydrogen presence in the i@aaone on the
product distribution. As it can be seen, the swegepas has no effect on the amount
of gasoline and naphtha produced, while hydrogessguice as sweeping gas has
increased the amount of kerosene by 50%. On thizazgnthe amount of diesel was
decreased by 50% compared with similar experinhezgaditions in presence of
nitrogen. The shift in the product distributionatiributed to the effects of hydrogen
during retorting on the rate of weight loss durkeyogen decomposition and its role
during secondary reactions. In addition, the effeicsweeping gas on the residue
indicated in the figure.
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Figure 5: Product distribution of the produced shale oil.
Sulfur

It is known that the generated shale oil duringntang of oil shale contains
high percent of sulfur. The sulfur content was dateed using x-ray fluorescence.
The obtained sulfur content weight percent valfithe produced shale oil for same
reaction temperature at different sweep gases w@ehicFigure 6. The weight percent
of sulfur in the produced oil has increased with tfature and type of sweep gas used
in the experiment. As it can be seen, the hydrggesence in the reaction environment
has leached more sulfur from the kerogen compaitdnitrogen and combine steam
with nitrogen. Nitrogen is inactive inert materigthile steam in presence of active
catalyzing components of the oil shale such as,SM30; and other oxides catalyzes
reactions of sulfur transfer and other hydrocarbesctions of kerogen to shale oil.
These reactions are enhanced in the presenceid# asteeping gas such as steam and
hydrogen. The increase in sulfur content of shdl@® shown inFigures 5, 6 is in
accordance with increasing activity of the sweepgas, nitrogen; nitrogen-steam
mixture hydrogen.

CONCLUSIONS

Hydropyrolysis of oil shale can be conducted #edent reaction temperatures
under the influence of hydrogen sweeping gas. Ehetion environment has a direct
effect on the amount of oil produced and affectdhenproduct distribution. The total
weight loss of samples was increased with the atoiuid, added; in addition, higher
reaction temperature gave higher kerogen decomposite.

In simple atmospheric distillation, fraction of keene was increased by 50%
when using hydrogen as carrier gas compared withggn sweep gas. This increase is
associated with a decrease in diesel fraction atremohhigher residue.

Organic sulfur in the produced oil is more in these of hydrogen sweeping gas
compared with nitrogen and water vapor sweepingjunes
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Figure 6: Effect of sweep gas on the weight percent of sulfur in shale oil.
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