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{54} Converting coal into fiquid
products

{571 Coal feed to be subjected to
hydrogenative liguefaction is divided
into two separate and distinct streams
{1, 11} which are separately digested.
The pasting ail of the first stream (1)
comprises haavy residue fraction
derived from tha second straam,
mixed with light cil. The pasting oil of
the second stream Is middie oif (77}
derived from the fractionated

discharga of the first stream, any
shorifalt baing made up from the
discharge of the second stream. A
high degrae of flexibility is possible by
varying the ratio of coal fed to the
respective streams between 3:1 and
1:3, and individual manipulation of the
process parameters within each
siream in respect of pressurs,
temperalure, catalyst, residence time,
pasting vil composition and caal
quality.
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SPECIFICATION
Procass for converting coal into liguid products

The present inventlon relates to a progess for converting coal directly into predominantly liguid
products suitable for making hydrocarbon fuel, by slurrying tha comminuted coal in a pasting oil and
digasting the slurried coal under hydrogenative conditlons at a temperature ranging from about 380 tu 5
about 500°C and a pressure In the range of about B MPa {80 bar} to about 30 MPa {300 bar), if, and 10
the extent necessary, removing non-liquefied solids from the digested slurry, fractionating the digested
slursy by distillation to produce a light oil fraction, a middie oil fraction and heavy or residue fraction, the
friction cutting temperatures {reduced to atmospheric pressure) being about 200 + 50°C betwsen the
light o1l and middie oil and about 400 & 50°C between the middla oil and the heavy or residua fraction {0
and tecycling part of said fractions to subsiantially or ptedominantly provide the pasting oil, and wherein
one part of the coal is slurriad and digested in a flrst straam (I} wherein the pasting oii is composed
substantially of light oif and heavy or residue fraction, Including a heavy or residue fraction derived from
coal slurried and digested in a separate and distinct second stream {1,

A process of the aforesaid type is proposed inour earlier patent application No. 2010897 15
Swriat-No. 47273/78 and corresponding patents and patent applications in other cou ntries, which are :
not to be considerad as prier publications, but which by reference thersto are to be considerad as part of
the present disclosure. As described In thoss aarlier applications, thera sxists a long and techniolagically
important history of prior art which accordingly need not be repaated here.

These prior processes serve 1o produce praducts ranging from compounds which at room 20
temperature ara solid, right down to light liquids, usually with at least a substantial proportion of
gaseous (and usually less desirable) products. In order to attain satisfactory degrees of extraction and
liguefaction, most prior art processes employ hydrogenative conditfons. Such hydrogenative conditions
may partly or wholly be created by the use of @ solvent having pranounced hydrogen donor propartias,
but arc usually due at least in part to the amployment of hydrogen under pressure, with or without an 25
extraneously introduced hydrogenation catalyst.

Difficulties hava been expetienced in prior art processes 1o achieve adequate self-sufficiency in
respect of solvent requirements and/or adequate sclids carrying capacities of the soivent. Solvents
which do not have a desirable solld carrying capacity tend to result in net products mainly consisting of
solld or near soiid products, thara being little or no net product in the highly desirable liquid hydrocarbon 30
ragion, Increasing the hydrogenation rate, either in order fo improve the depth of extraction or to
Increase the yield of liquids has sometimes tended to rasult in excegsive gas vields. There exists & need
in the art for a convenient process which is capabie of producing high extract yieids, particulariy in the
tiquid hydrucarbon rangs, In particular the gasoline and aptionally the diese! fuel range with tow to
modest hydrogen cansumption, very high pressura bsing avoided. At the same time the main produsts 35
should be distillates which can be refined to conventional liquid fuels and chemicals without undue
difficulty.

Preferred embodiments of the present invention are directed to process configurations capable of
canverting substantially all the liauefiable coal components to distillate products, whilst being capable
optionally to be so modified that part of a distillation residue forrned in the process is not recycled but 40
withdrawn as a valuable byproduct having surprisingly superior characterlstics as g raw material for
making premium slectrode coke.

An important advance in the art is propesad in our aforesaid Patent Application 47273/78 (Serial

. No. 2010897} and equivalent applications in ather ¢ountrias. According to that proposal, the coal is

slurried In a solvent system comprising at least 20% by mass of comparatively low boiling fractian, 45
liguid at room temperature and holling not higher than 200°C, more than 10% by mass of a heavy ar
residue fraction, mostiy solidifiable at room temperature, but liquid at the digesting temparature and not
more than 30% by mass boiling between 200 and 450°C. The temporature for digesting the coal is
maintained above the ctitical temperature of components of the fow boiling fraction and the resulting
mixture of solvent system and digestion preducts s fractionated distitlatively sc as to recavar liguid 50
hydrgearbons from such fractioneting, those boiting from 200 te 450°C constituting not less than 50%
of the total liguid hydracarbon net recovery whilst material comprising a fractien befling below 200°C
and a bottom fraction is recycied to the slutrying stage.
More prafarably, in that process the ratio of lighl oil to heavy rasidue in the pasting oil is from 3:1
to 1:3, preferably from 2:1 to 1:2. Within the boiling point range of 200 to 450°C the material 55
distribution pattern of the pasting oll Imass vs temp.) exhbiblts 2 gap or at least a pronouncad minfmum.
The preferred digasting temperature is from 400 10 480°Cata hydrogen partial pressure of from & to
25 MPa {50 to 250 barl, praferably in the prasence of a hydrogenation catalyst, e.g. moiybdenum,
tungsten, iron or cobalt sulphides, e.g. introduced by impregnating the coal with amounts equivalent to
0,1 to 10% ammaoniurm molybdate based on the dry mass of the coal. 60
The afaresaid process as described in the cited earlier patent application is usually conducted as a
single stream process. However, the heavy residue fraction may he used wholly or in part as a raw
material for making premium electrode coke of exceptionally high quality.
In that everit there may be a shortfall of heavy fractlon for recyeling to the pasting oil. Such
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shortfall is then made up by using heavy residue fraction derived from another, separate and
independent coal extraction process stream.

The aforesaid proposal was directed predominantly at the diract production of liquid products
boiling In the boiling range of diesel fuels. Although the process has substantial merit, there are
disadvantages in that the products in the diesel gii bailing range require further hydrogenation, whareby
the final yield of good quality diesel oil is reduced, mostly by the formation of lighter products in the
gasoline bolling range. These latter, howaver, require substantial further treatment such as hydro
treatment and platforming In order to meet gasoline specifications,

Starting from the aforesaid proposal, the present invention sets itself the difficult task of providing
further improvements or sdvantageous modifications in a number of respects and in particular when not
only high tatal yields of liquid in the liquid fuel range are desired, but where it is desired that a
substantial proporiion of that liquid fuel, say In excess of 40%, preferably 50% or more should be
gasvline which should prefarably be of & quality useful without expensive rafining. The prasant invention
c¢an alse be usad to intreduce a novel measura of flexibility in the ratios of liquid fuels in the diesel and
gasoline boiling ranges respectively and in addition still provides the valuable facility for producing a
high grade raw material for making premium alectrode coke of a quality not only equal to, but often
superior to that which is conventionally manufactured from scarce petroleum based raw materials. In
this respact the process according to the present invention offers similar advantages to those of the
process proposed in the aforesaid Patent Application 47273/78 and corresponding applications in other
countries.

fn accordance with the present invention, thare is provided a process a&s set out in the opening
paragraph wherein the pasting ol in the second stream (1) is substantially composed of recyeled middie
oil, incorporating about 50 to 100% of all the middie oil derived by fractionating the digested slurry of
the first stream (1) whilst the pasting oil used for slurrying and digesting the coal of the first stream )
incorporates about 50 to 100% of al the heavy or residue fraction derived by fractionating the digasted
slurry of the second stream (l1), light 0il derived by fractionating the digested slurry of the second stream
(1"} being withdrawn as a product or one of the products,

Although it may be praferrad to distillatively fractionate the discharge of reactor streams (I} and ({1}
saparately, this is not essentizgl. All of this fractionation or (it the fractionation procesds in a plurality of
stages) part of this fractionation may be carried out on combined discharge materials of streams (1) and (II).

Preferabiy all or substantiz(ly all the light oil fractionated from tha digested slurry of the second
stream {11} is recovered as a product.

Light oil withdrawn from stream {11} is of surprisingly good quality and was found to be suitable far
use in gasoline fuel after simple purification treatment, more particularly simple water wash {or where
clfcumstances require a stight alkaline and/or acid wash} or adsorption or aquivalent treatment, without
further chemical modification or furthar refining other than distillation. The llght oil product has a
comparatively high aromatic contant for which reason it Is particularly suitable for being hlended with a
predominantly aliphatic hydrocarbon Ilght oil product for use as gasoline. Such predominantly aliphatic
light il may for exemple be a Fischer Tropsch fraction or a petroleun: derived light refinery fraction.

Whilst a preferred embodiment rantemplates that all or substantially all the light oif fractionated
from the digested slurry of the stream {1} is recycled to the pasting stage of stream (i}, the process can
be 80 conducted that the light oil produced in stream (1) excaeds the amount recycled to the pasting ol
for the first stream {l) and that the excess is withdrawn as a praduct.

Usuaily part of tha middle oil is withdrawn as a product, preferably all or mostly from stream (18],
The middle oi} product is surprisingly found to have a lowaer hetero atom contant and to be therefore
superior as a raw material for making dissel fuel to the middle oii derived from the first stream | and also
to the middie oil which is the main product in accordance with the process of the aforsaid patent
application 47273/78. (Serial No. 2010897), Nevertheless, in order to avoil a shortfall, it will usually be
necessary 1o recycle batween 33 and 100% of the middis oil fractionated from the digested slurry of the
second stream {l1) io the pasting oil of the second stream {in.

Preferahly betwean 50 and 100%, more preferably all of the middle oil derived from stream Nis
recycled to stream {I1}, whilst any balance of said middle il is withdrawn as a product, for example, e.g.
when the middle oils from both streams {i and M} are recoverad by combined fractionation, the total
amount of middle oll recoverad as a product may include betwasn 8 and 45% middle oil derived from
the digested slurry of siream {1},

The dry mass ratic of the amounts of coal fed to the first and second streams (I} and {Ii}
raspectively is normaily in the range of from 3:1 to 1 :3, more particularly in the range of from 2:1 to 1 12,
usualiy in the range of fram 1,5:1 10 1:1.5 and is substantially 1:1 in a preferred embodiment. The
flexibility in these ratios is one of the keys to the flexibility of the procaess as a whole. ft will be readily
understood by those skilled in the art that In large-scale manufacture each Individual stream can be
carded out in a plurality of reactors connacted as a numbar of parallet substreams, each substaam
comprising one or more reactors. Morecver, the basic construction of the reactors for streams (1) and (1)
can be [dentical. Accordingly, the aforesaid ratios can be adjusted simply by chunging the ratio of the
number of reactors used in 2ach stream and with Iittte or no change in the throughput rate through the
individual reactors,
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A further parameter avaiiable for influencing the ralative yields and qualities of different fractions
available for recycling to the pasting oils and as products are tha fraction cutting temperatures between
the various fractions. The nominal fraction cutting point betwean the light ofl and middle cil is 200°C,
but this may be lowered to as little as about 150°C to increass the avallable amount of middle oil at the
expense of light oil, or it can be raised to say 230°C or avan as high as about 250°C to achieve the 5
opposite effect. The light oil generally has an initial distillation temperature of about 70—80°C, but this
can be lowered 1o as ittle as 35°C or raised to as much as abowut 100°C T greater or smailer quantities
of this fraction are requirad.

Similarly the fraction cutting temperature betwsen the middie oil and the heavy or rasidue
fraction, though nominally 400°C, can be kowerad to 370°C or even 350°C or raised to 420—430°C 10
or even 450°C to vary the relative available amounts of the two fractions. This measure of flexibility will
be readily understood by the person skilled in the art having regard to the multiplicity of componants in
sach fraction and the fact that an industrial distillative fractlonation will never be absoiuta, thare always
remaining in each fraction minor amounts—say 1--5%—of compaonants boiing outside each fraction
cutting temperature, 15

it will aiso be understood by those skillad in the art that the quality of coal for both streams I and
{1} can be the same, but that this is not nacassarily so. Where difforent gualities of coal are readily
available, it is possible in a manner which will be readily understood to manipulata the yields of products
in the individual steams and their qualities to some extent by using such different qualitias in the
different streams of the process. In this ragard it is pointed out that as in the case of tha process 20
according to the said patent application, & wide variety of coals can be used, ranging from peat through
brown coal to all kinds of liqusfiable black coal {which term normaliy excludes anthraclte which is
generally not suitable for liquefaction by solvent extraction methods}. For example, whers in a given
area both brown ¢oal and llquefiable black cozl are available, it may be advantageous to fead black coal
to one stream and brown ceal to the other stream. Different grades of coal for use in the diffarent 25
sireams may also be derived from a single coal deposit, e.g. by selective mining or by sorting processes
or by subjecting such coal to different degrees of coal washing.

Tha flaxibility of the process allows for individual adjustment of the process conditions in each
stream in respact of temperature, pressure, residence tims and catalyst considerations, whether
different coals ara used in the feed streams or not, to optimise and/or control and/or adjust the required 30
product distillation. )

Tha residence time will be largely dictated in each stream by the remaining parameters in order to
attain high yields of liquafied products. These residence times are generally in the range of about 10 lo
120 minutes, in particular 20 to 80 minutes, and most frequently from about 40 to about 75 minutes.

As will be understood by the person skilled in the art, severe digestion conditions tend to shorten the 35
residence pericd and vice versa.

The heavy fractions ar residue fractions referred to in the presant specification are the bottoms
fractions, that is to say the residue of the distillative fractionation which is undistillable at the cutting
temparature of the medium ofl fraction. Depending intar alia on the cutting temperature selected, this
rasidue may still contain greater or lesser amounts, say betwaen 5 and 30% by weight of substances 40
which can be distilled off under vacuum (say at 1 mm Hg pressure) before substantial decomposition
sets in. Ususlly this residue Is completely solid or at least piastic at room temperature, typical ring and
ball softening temperatures being from 80°C upwards.

The process may be so conducted that there is no net yield of heavy or residua fraction at alt. Such
residue fraction which is formed in straam (1) is preferably totally recycled to the pasting stage of 45
stream (I}. The heavy residue resulting from the fractionation of the digestion product of stream (I} may
also be quantitatively recycled to the pasting stage of stream {1). Even in that casa there should be
included an appropriate step of inscluble sollds removal in order to prevent the buiid-up of such solids in
the process. That step Is advantageously Included betwoen the withdrawsl of tha digested praduct from
straam () and its subsequent fractionation. Such solids removal can take ptace in any manner known in - 50
the art, although at present preferred methods are sedimantation or supercritical separation. it will not
normally bs necessary to separate solids from the matarial produced in stream (1), and this simplifies
the procass.

A modificatian of the process provides for the withdrawal of some of the heavy fraction products
as a valuable product. This withdrawal preferably takes place from the fractionation products of stream 55
(i), because any heavy fraction if withdrawn from stream (1) is of particularly high gualily for use as a raw
material in the manufacture of elactrode cake, The amount of said heavy fraction product withdrawn
may constitute between 0,1 and 30%, prefarably from 5 to 20%, more preferably from 6 to 12% of the
total heavy fraction produced in the total digestion products of ali streams,

The quality of the heavy fraction as a raw material for manufacturing premlum electrode coke is 60
similar to that manufactured in accardance with Patent Application. The manufacture of electrede coke
from this material proceeds in & mannar known per se,

The fractionation of the products of both streams also yields some yasecus products. These
gaseous products can be reformed into hydrogen for use in the digestion streams.

Similarly, any “unreacted” coal {char) remaining after the digestion may advantageously ba 65
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gasified and reformed into hydrogen.

The splitting of the coal digestion stage into separalte and paralle! process streams makes possihle
an improved contro! of the product spactrum of the process. Thus two digestion streams {1} and {1y,
either ar hoth of which would separately not be self-sufficient in respect of their reéycle streams, may be
combined to obtain such self-sufficiency with a desired product spectrum unattainable by one stream
glone. Sama of the malor constraints impesed on a single stream process by the need for self-
sufficiency are thus remaovad.

The process conditlons of stream {H}, apart from tha intentlonal internal imbalance created within
each individua! stream In respect of solvent recycls sufficiancy, can be substantially in accordance with
any of the prior art pertalning to the manufacture of so-called solvent refined coal, also known as SRC.
which conditions are known to persens skilied in the art and require no description. The reactors for
both streams may he identical. For both streams, as regards the ratia of pasting oil to coal, substantially
the same principles and numerical teachings apply as in the case of the process described in our
aforesaid patent application 47273/78 (Serial No. 2010897). Similarly, as regards the use of catalysts
and pressures, substantially the same holds true except that it is sometimes preferred to use relatively
more catelyst in either aor both streams.

It is possible to use diffsrent pressures in streams (1) and {li), _

Stream (I} can be conductad in any known manner capable of producing middle oil. In accordance
with one modification of the pracess, stream ()} is operated under condltions substantially as known in
the art for the H Coal process, more particularly the syncrude moda of that process, once ayain subject
to possible intentional modifications made to create the aforesaid kind in internal imbalance within each
individual stream in respect of solvent recycla sufficiency.

However, preferably in respect of stream {) the teachings of our application 47273/78 (Serial No.
20108397} and corresponding applications in other countries apply in substance which aarller teachings
are not here repeated but are to be considered part of the present disclosure by reference thereto, again
subjgct to the aforesald modifications in respact of the internal imbalance.

Stream {11} can be conducted in any praviously proposed manner suitable for producing fight oi!
and heavy fractions, including possibly appropriate modifications of the H-coal process, amplaying more
severe reaction conditions than for conventional “solvent-refined coal” (SRC} production.

Also in accardance with the present Invention, there is pravided an apparatus for carrying out the
process as set out above, comprising a first and a second coal digestion reactor for digesting particulate
coal in a pasting oil under pressure, each reactor being preceded by a coal slurrying means and thae
reactors being succeeded by distlliative fractionating means adapted to produce light oil, middle oil and
heavy or residue fractions, means for recyeiing to the slurrying means of tha first reactor, light oil and
heavy or residue fraction derived at least in part from the second reactor, means far racycling to the
slurrying means of the second reactor middie oll derlved at least in part from thae first reactar and means
for discharging as a product light oil derived from the discharge of the second reactor.

Praferably at least part of the fractionating means for the discharge of each reactor are separate
and distinct. More preferably, the fractionating means are altogether separate and distinct for each
reactor.

The following examples serve to iliustrate the present invention by way of working examples with
reference to the accompanying diagrammatic drawings.

Figs. 1 and 2 represent two flow diagrams of process and apparatus embodiments of the present
invention,

Referring to Fig. 1, coal, diagrammatically indicated by heavy arrows, is split into two separate and
distinct process streams diagrammatically denoted as 1 and 11 raspactively, Each stream comprises in
series a pasting stage 27 and 2/, regpectively in which the coal in a comminuted state is pasted with a
pasting oil, followed by a reactor 3" and 3" respectively, in which the pasted coal is digested under
pressure and at high temperature in the presence of molecular hydrogen, followed by a fractionating
stage 4’ and 4"’ respectively in which a distlliative fractionation of the digested ltquid product takes
place. In tha case of stream (1) there is in addition pravided between reactar 37 and fractionating
apparatus 4' a solids separator 5, e.g. a rotary pressure filter, a centrifuge, sedimentation apparatus or a
supercritical flash gvaporator in which all liquid and gaseous products are flashed overhead and wherein
only solids (ash and char} remain behind.

Referring now specifically to the fractionating stage 4' of stream {l), there is produced light oll 6
which s recycled to the pasting stage 2’ to serve as the light oil component B of the pasting oil of steam
{I). In the event that more light oll is produced than is needed in straam (1), such excess light oil may be
withdrawn as a product 67,

As light cil In the present context is to be considared the fraction boiling from about 70°C up to
about 200°C, although for recycling purposes the lowermast fractionating cut may be made at a slightly
different, e.g. slightly higher tempersture, say 80°C. The upper cut point may also deviate somewhat
from 200°C to suit particular process conditions.

The middle oil vield by fractionator 4/, being tha fraction boiling between about 200 and 400
°C + B0, is indicated by 7 and is split into a middle oil product stream 7 and a recycle stream 7'’ which
is recycled to pasting apparatus 2*/ of coal stream {ll), serving as part of the pasting oil compenent C of
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stream {|1). The product stream 7' is optionai.

Tha distlllation residue of fractionating apparatus 4' is recycled as recycle stream 8 to the pasting
apparatus 2' of stream {1}, to serve as part of the heavy component A of the pasting oil for stream (1).
Gptionally part of the heavy fraction is withdrawn at 8/, to serve as a valuable product, superior to
conventional SRC and yialding premium electrode coke, 6

Fractlonator 4 alsn ylelds, withdrawn at 8° H,5, CO, and ammenia which are scrubbed out,
unconnected hydrogen which is recyeled, and CO and C, to C, hydrocarbon gases which are reformed
into hydrogen for uss In the reactors 3’ and 3. The solid carbon and ash withdrawn from saparator 5 is
indicated as 10, It represents accumulated char from both reaction streams (1} and {}I) combined.

Raefarring now specifically to the fractionator 4/ of stream {I1}, there is again produced light oif 10
which in this case is withdrawn at 6” as one of Lthe main products of the process.

Middle cil obtained from reactor 37 is recycled as middle oii streamn 7'*’ to the slurry and pasting
apparatus 2’ of stream (l1) to serve a2s the remainder of pasting oii C. That part of the middle ai! which is
not recycled to 2" is recavered as a high quality middie oi! product 71,

The ron-distilfeble bottoms fraction of fractionator 4" is recyeled at 8" to the slurrying ancl 15
pasting apparatus 2' of stream (1) to make up the balance of heavy component A of the pasting oil.

Here as well, a comparatively smaff amount of C, ta C, hydrocarbon and other gases are produced
and withdrawn at 9’ {o be dealt with in the same manner as the gases at 9.

Referring now to Fig. 2 of the drawings, hare as well the coal feed is split into two separate and
distinct process streams diagrammaticatly denotad as | and | respectively. As in the case of Fig. 1, sach 20
stream comprises a separate pasting section 200 and 200" respectively in which the comminuted coal
is pasted with a pasting oil and from where the pasted coal is fed into separate reactors 300* and 300"
raspectlvely, having the same function as in the cese of Fig. 1. Howaver, the subsequent separating
means are deslgned to serve both streams jointly,

These means comprise a single section 500 where solid residua is ramoved through line 501, 25
Carbonaceous residue in that solid material may be gasified and convertad inte hydroger:.

If it is desired to recover a char- and ash-free heavy fraction, the lguid discharge from solids
remaval section 500 passes through line 503 to a section 600 whare tha mora readlly distiliable
components are distilled off and pass to the distillative fractionation section 400, whilst the heavy
residue is removed through line 601.

The averheads from section 600 psss through fine 503 to section 400, whilst any of the discharge
of section 500 may also bypass section 800 and be fed directiy into section 400 via line 502.

Any discharge from the reactors 300’ and 300" which is not fed via sections 500 and 600 passes
directly into the distillative fractionation section 400 via line 307* and 301",

In general the heavy fraction produced in section 600 is intended as a raw material for the 35
manufacture of electrode coke. For that purpose the heavy fractian derived from reactor 200 of stream
I is substantially supericr to that derivable from stream H. Accordingly. in that event, it is preferably for
the material passing through sections 500 and 600 to ba derivad predaminantly or preferably entireiy
from the discharge of reactor 300’ of stream I. [n that cass the discharge fram reactor 200" will
pradominantly or praferably wholly bypass sections 500 and 600 and be fed directly into the distitlative 40
fractionation section 400 via line 301%,

Thnse products of reactors 3007 and 300" which are fed to the distiliative fractionation section 400
through lines 301" and 3017, 502 and 603 are now fractionated jointly in sections 400 to yield the
following product streams:

Stream 401 which is 2 middle oil stream recycled to the pasting stage 200¢' of stream |l, thereto 45
be pastad with coal for stream |;

Stream 402, a light ofl stream which Is recycled to the pasting stage 200’ where it is pasted with
the coal for stream {; .

Stream 403, being a hieavy fraction which is reayclad also to pasting stage 200", there to bs
pasted with coal in stream {i}; 50

Strearm 404 by which a final middle eil preduct {if any) 1s removed from section 400. This middle
oil may be Identical to the oif in stream 401 or it may bs somewhat different in order to suit
downstream procasses;

Stream 408 by which light ail product is removed from ssction 400. This light oil may be identical
1o the light cil in stream 402 or it may be suitably adjusted in the fractienation column to suit 55
townstream process reguirements:

Strearn 400 is a heavy fraction product which may be somewhat different from the recycled heavy
fraction of stream 4032, The withdrawal of product 406 is aptional, and if it is to serve as an addition for
non-coking or poorly coking coal In coke making, it need not be ash-and char-free,

Stream 407, being hyderocarbon gases {C,~—C,) and other gases which may be used for hydrogen 60
production and recycling or removal,

Even if no heavy fractlon is withdrawn as a product at all, a certaln ameunt of solids separation in
section 500 is necessary, in ordsr to prevent build-up of solids in the system. However, in that case the
solids separation need not be very efficlent.

if the amount of heavy fraction avaliable fram seciion 400 for recyeling via line 4013 is insufficiant, 65

20
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the guantity can be made up with heavy fraction via line 602 from section 600.

A numbar of variations from the flow shest according 1o Fig. 2 ara possible in a manner which will
be readily understood by the person skilled in the art:

Separate solids separation means 500 may be pravided for process streams {1} and {1}, whilst
fractionation sections 60D and 400 serve both process streams: or separate sections 500 and 600 are 5
provided for streams {I} and {11}, whilst saction 400 is combinad for both streams;

or there may be a section 500, a section 600 and a section 400 serving both process streams and
a separate section 400 serving a portlon of either process stream {1} or process stream (I1).

EXAMPLE 1

The coal used in this example is washed Waterberg bituminous ¢oal milled to a powder finer than 10
0.1 mm 10 suit the requiremants of the pump used. A coarsar size, e.g. 0.6 mm is acceptable, depending
on the pumps. The coal is impregnated with a solution of ammonium molybdate and divided into
separate streams | and il of Fig. 1. The coal for both streams, after drying, contained 3,0 mass percent of
Mo0,. The moisture content of the coal Is 2% and the ash content 12%, During the impregnation a small,
stoichiometrical amount of elemental sulphur was added in order to rapldly convert the catalyst into the 15,
sulphide form.

The mass ratio of the coat in streams (I} and (11) is 1:1 and in each case the ratio of pasting oil to
coal in¢luding ash and moisture is 3,0:1. The digestion temperatura in both reactors 3' and 3" is 450°C
and the pressure in both reactors 3* and 3" is 20 MPa (200 bar}, i.e. the pressure at which hydrogen is
fed inta each reactor. The partial pressure of hydrogen inside the reactor is not very critical end drops 20
from the faed end to the discharge. The partial pressure of hydrogen in stream (1) is usually lower than in
stream (l1).

The residence time for both streams was 75 minutes. The following table summarises the
compositions of tha pasting oils for each stream. The cutting temperatures between the fractions were
200°C and 400°C. 25

Compositions of pasting oil in mass %

Stream | Stream I
33%lightollex!  23% middle ol ex|
549% heavy oll ex | 77% middla oil ex I
13% heavy ofl ex Il 30

The fultowing Is a summary of the rasults, bagsed on two streams of 1 00 kg coal each:

The fractionating means 4" of stream {lI) yielded the following volatiles:
Water, CQ,. CO 14 kg hydrocarbon gas C~—LC3 11 kg, light oil 53 kg, middle il 36 kg. The heavy
residue fraction consisting of 41 kg heavy extract similar to SRC, 3 kg unreacted coal and 12 kg ash.
The whote heavy bottoems fraction was passed 1o the pasting stage of stream {1). The total emount of 35
middle oil recycled from the fractionating stage 4*' of stream {I1) back to the pasting stage of stream {|1)
amounted to 229 kq.

The fractionating stage 4' of stream (i} viaelded the following products: water, CO, and CO 13 ky;
hydrocarbon gases (C,—C,) 18 kg; light oil 7 kg; heavy extract {of higher quality than SRC} 16 kg. The
svlids separation stage 5’ yielded 7 kg unreacted coal and 24 kg ash. In addition the fractionating staga 40’
4 yielded 71 kg middle oil, all of which was recycled to the pasting stage of stream (1),

The Interimn recycled streams from the fractionating stage 4' of stream {l} to the pasting stage of
stream {1} represented the following quantities:

100 kg light off and 159 kg heavy fraction,

The total net yield from the 200 kg of coal was as follows; 45
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char 4.1%

7
Whater, CO, CO, 27 kg
Gas {C,—C,) 30kg
light oil 60 kg
Middle oil 36 kg
B high quality heavy extract 16 kg 5
Carbon residue 7%&g
Ash 24 kg
200 kg
In practice the carbon will ba fed into gasification plant for the production of hydrogsn. Similarly,
10 the gas. including CO will be reformed into hydrogen. 10
The light oil collected during thass experiments, when given a single water wash, has a research
octane number {RON) of 91,86.
The middle oil from stream | had a cetane number of 41. The middle oil from stream H was
superior in colour to the middle oil of stream | and has undergene chemical chenges which improve the
15 cetane number. 15
The superior guality of the middle oil of stream || over that of stream | is apparent from the
following analyses.
Midd!e oil, percentage contents
Item detarmined Straam | Stream I
c 85,8 88,9
H 8,8 8.6
N 1,8 0,6
8 0,2 0,02
0 3,4 1,9
phenols 12,5 1,2
EXAMPLE 2
.20 Example 1 is repeated, however, whereas in Example 1 valuable heavy extract is producad, In this 20
example no such materia! is wanted and motor fuels are the only required products.
The condltions are similar to that in Exampla 1, For this example, however, 100 kg coal Is fed to
27" and 162 kg coal is fed to 27, The recycle streams to 2¢ and 2/ respectively, are adjusted to maintain
the same compositions of the pasting oils as in Example 1,
25 The ovarall net yiafds {I + 1) based on total coal {(dry and ash-free basis) in weight % are: 25
Water, +CO, +CO, 13.2%
gas {C,—LC,} 18,4%
light oil 28.5%
middis olf ' 35,9%
30 heavy extract 0% 30
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EXAMPLE 3
The following are typical net vieids when changing the ratio of coal ted to stream (i}; coal fed to
stream (il).
Weight % Based on Total Coal, Dry Asih-Free Basis

Ratio

[H L.ight Oil Middle Ol  {MHeavy Fraction | Gas (C,~C,) H,0 + CO +CO,

3:1 21,56 41,8 - 18,5 13,0

2:1 26,0 33,0 - 18,8 13,1
1.62:1 28,5 35,8 a 18,4 13,2

1571 29,5 33,5 1.4 18.2 13,2

1:1 35,0 21,2 9,2 17,4 13,3

1:1,5 44,3 8.8 15,9 18,5 13,4

1:2 44,0 0.5 221 18,0 13,5

1:3 48,5 - 18,7 15,3 13,6

In the aforegeing, unless otherwise stated

200°C and betwesn middle oil and heavy

have to be modified sllghtly to avoid a shortfali in

catalyst content is stream ! is lowered as follows;

EXAMPLE 4

Example 1 is rapeated with brown casl at a di
is incraased 1o & mass pereent of MoO, bassd on
to 30 MPa (300 bar). The average rasidence perl

The following net yields were obtained from 200 kg coal:

H,0,C0,Co,
Hydrocarbon gases
light oil

middle oil

heavy residue
unreacted carbon

ash

60 kg
20kg
75 kg
25 kg
10 kg
10 kg

. the cut points between light oil and middle oif are
fraction 420°C. In the tase of high ratios of | 1o 1l, conditions
the overali vield of heavy fraction. For thig purpose the

gesting temperature of 410°C. The catalyst content
dry mass of coal. The hydrogen fesd pressure is raisad
od in the reactor is B0 minutes.

Similar results are attainabie, if the hydrogen fesd pressure is lowered to about 8 MPa and the

catalyst content is raised ta about 10%, provided the residence time is increasad to about 120 minutas,

EXAMPLE B

Example 1 is repeated with bituminous black coal at a digesting

catalyst content is 349 by mass.

The hydrogen feed prassure is 20 MPa, whic

residence pariod in the reactors is 40 minutes,
The following net yisids are abtained from 200 kg coal:

H,0, CO, CO,

hydrocarbon gases

60 kg
30 kg

temperature of 4B0OYC. the

h 1= also the pressure in the reaciors. The average

&
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light oil 65 kg

middle oil 10 kg

heavy residue 10kg

unreacted coal 15kg

ash 10 kg 5

In a further variation on this example the rasidence period in stream |l is reduced to 2025
minutes Dy increasing tha catalyst content to 10% by mass, and raising the hydrogen feed pressure to
30 MPa. Under thesa condltions the net yield of middle oil Is lowered to 5—0 kg and the Nght oil vield is
increased ta 70-—75 kyg. .

Further lowering of the residence time requires the use of a more reactive coal and/or some 10
sacrifice in total yields of liquified products.

EXAMPLE S

The same process conditions are used as described In Example 1, but applied to the flow sheeat
according to Fig. 2. The mass ratio of coal fed to streams | and Il respectively is 1.62:1, The residence
tima in both streams is 70 minutes. 15

All streamsg are combinad at 500 except for gases which are separated hy means not shown and
passed directly to work-up section 400. The table A summarises all input and output data of the various
streams:

Tha experiment is repeated, however, In order to produce a nat yield of high grade heavy residue
suitable for electrode coke production the mass ratio of coal fad to streams | and Il respectively is 20
adjusted to 1:1. The Input and output deta are summarised in Table B.
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TABLE A (ali in kg}

Total coal feed 901.3 kg (dry, ash-freed; :1] - 1.82: 1

(ash content 124,8 kg, moisture 21.0 kg)

ftem in H,0, CO, | Hydrocarbon Light Middle Heavy Unreacted
Fig. 2 co, aas oil oil rasidie + ash
2000 13.0 648,0 1296,0 77,8
200 8,0 1200,0 48,0
a0t B4,1 120,5
so2r 684,0 458,56 1133,0 101,89
g 65,9 44,3
3oz 216,8 1060,4 163,0 60,6
501 162,5
502 910,8 1619,0 1298,0
401 12009
402 648,0
403 1298.0
404 318,0
405 252,8
407 139,0 64,8
Total
net yield 132,0 164,8 262,8 319,0 0 162,5
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TABLE 2 (all in kg

Total coal feed 888,0 kg (dry, ash-frea); (111~ 1:1

{ash content 98.0 kg; moisture 16,0 kg)

ltem in H.,Q, CO, | Hydrocarbon Light Middia Heavy Unreacted
Fig 2 CQ, gas oil oil Residue + ash
200" 8,0 400,0 800 108,56
200 8,0 1200
301+ 51,9 74,4
aoz+ 428,4 22,8 699,68 123,5
3o1n 54,8 44,3 216.8 1066,4 163,0 60,8
302+
501 123,5
. 602 3901 257.3 637,0
503 33,3 25,5 62,6
801 82,6
603 38,3 25,5
401 1200,0
402 400,0
403 800 80,6
404 143,2
405 245,2
407 106,83 118,7
Net vlald 106,8 118.7 245,2 143.2 82,6 123,5
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The following advantages have bean obsarved in testing the process,
{8}  the yields of different products can be essily adjusted to the needs of the moment and without
expensive additlonal plant or {(within substantial limits) without materially Impairing the quality.
ib)  Tha processis partleudarly suitable for the simuktaneous manufacture of both diesel fuel and

diesai 0il as compared with the middfe oil produced in the procass accerding to patent application.
Also surprisingly, the light oit fraction is of & quality substantially superiar to that produced In that
patent appiication 47273/78 (Sarial No. 201 08Y7) and can ba used for tha manufacture of
gasoline with very simple refining. This gasofing fraction is particularly superior for blending with
highly aliphatic light oil fractions such as Fischer Tropsch petrol.

{c) ltis possibla optionally to withdraw from the procass substantial yislds of heavy fraction of &
quality superior to conventional SRC far tha purpase of canversion into high quality carbon
electrodes. This can be dane without notawarthy adverse effect on the Qualities of the remaining
products.

{d) The greater extent of hydrocracking and the quality improvements are attained without In zny way
adversely affecting the throughput capacity of the plant in terms of amount of coa processes as
compared with the same size plants as described in our patent application 47273/78 {Sarfal No.
2016897). Indeed, as a result of reduced refinement needs, the vield of final Hquid motor fuel is
improved. .

The appended claims are to be considered as a part of this disclosure,

CLAIMS

1. Process for converting a liguefiabla coal directly into predominantly llquid products suitable for
making hydracarbon fuel by slurrylng the comminuted coal in a pasting oll and digesting the slurried
coal under hydroganative cond!tions at a lemperature ranging from about 380 to about 500°C and a
prassure in the ranga of about 8 MPa {80 bar} to about 30 MFa {300 bar), if, and to the extent
recessary removing non-fiquefied sallds from the digasted slurry, fractionating the digested slurry by
digtillation to produce a tight oit fraction, a middle ol fraction and heavy or residue fraction, the fraction
eutting temperatures {reduced to atmospheric pressure) being about 200 + 50°C between the light oil
and middie ofl and about 400 + 50°C betwesn the middle oil and the heavy or residus fraction and
recycling part of said fractions to substantially or predominantly provide the pasting ofl, and wherein ona

all tha middle o#l derived by fractianating the digestad slurry of tha first stream (1), whilst the pasting oil
used for slurrying and digesting the coal of the first stream (1} incorporates about 50 to 100% of al the
heavy or residue fractian derjved by fractlonating the digested-slurry of the second stream (ll), light oll
derived by fractionating the digested slurry of the second stream (i} being withdrawn as 3 product or
one of the praducts.

2. Process according ta claim 1. whersin the digested slurries of the two streams {1 4 I} are
fractianated separately.

3. Process aceording to claim 1. whersin the digested slurries of the two streams (| + 11} are partly
or wholly combined and jointly fractionated.

4. Pracess according to claim 1 1o 3, whereln substantisliy all the light oif fractionated fram the
digested siurry of the sscond stream {Hl} is recovared as a product,

5. Process according to any one of claims 1 to 4, whergin substantially ail the light oil
fractionated from the digasted slurry of the first stream (1 is recycled to the pasting ail for the first
stream {).

6. Process acoording to any one of ctalms 1 to 4, wherein the amaunt of light oil fractionated from
the digested sfurry of the first stream {l) axceeds the amount recycled to the pasting oi! for the first
stream {1} and wherein the excess is withdrawn as a product.

7. Process atcording to any one of claims 1 to 6, wherein light oil withdrawn from tha fractionatac
digested slurry of the second stream {H} is used in gasolina fuel after simple water wash, slight slkaline
wash or equivalent treatment without further refining othar than distillation,

8. Process according to claim 7, whereln the light oil iz blanded with a predominantly aliphatic
hydrocarbon light oil praduct for uss as gasoline.

9. Process according to claim &, wherein the predominanty afiphatic light oil is a Fischer-Tropsch
fractian,

10. Process secording to claim B, wherein the predominantly aliphatic light oll Is a petroleum
derived light refinery fraction, ]

11. Process according to any ong of clalms 1 to 10 wherein the residence times in both streams
{+ i) are indepandently adjustad to the same ar different durations between 10 and 120 minutes,

12. Process according to any one of claims 1 to 1 1. wherein the middie oil racytled to tha pasting
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oil for the second stream {Il} includes all the middle oil derived from the digested slurry of the first
stream (1),

13. Pracess according to any one of claims 1 to 12, wherein from 33 to 100% of the middla oil
fractionated yrom the digested siurry of the second stream (11} Is racycled to the pasting oi! for tha
second stream {ll}, any balance being recovered as a product,

14. Process according 1o any one of claims 1 {0 11 or 13, wherain the total amount of middle oil
recovered as & product includes from 8 to 45% middle oil derived from the digested slurry of stream (1).

15. Process as claimed In any ane of claims 1 to 14, wherein the dry mass ratio of the amounts of
coal fed to the first and second stream (1} and {#1) respectively is in the range of from 3:1 to 1:3.

16. Process as claimed in claim 15, whersin said ratio is In the range of from 2:1 to 1:2. 10

17. Procass as claimed in claim 16, wherein said ratio is in the range of from 1,5:1 to 1:1,5.

18. Process as claimed in claim 17, wherein said ratio is substantlzlly 1:1.

19. Process as claimed in any one of claims 1 to 18, wherein part of the heavy fraction produced is
withdrawn as a product.

2Q. Process as claimed in claim 19, wherein said heavy fraction product is withdrawn from the 15
digested slurry of the first stream {1).

2. Process as claimed in either of claims 19 or 20, wherein the amount of sald heavy fraction
product withdrawn constitutes between 0,1 and 30% of the tutal heavy fraction avaliable in the
digestion products.

22. Process as claimed in claim 21, wherein said amount constitutes from 5 to 20%. 20

23. Process as claimed in clalm 21, wherein said amount congtitutes from 6 to 12%.

24. Process as claimed in any ane of clalms 18 to 23, wherein said heavy fraction is used for
manufacturing carben electrodes.

25. Process according to any one of claims 1 to 24, wherein hydrogen used in digesting the coal is
produced by reforming of gaseous products of the digestion. 25

26. An apparatus for caryying out the process as clalmed in one of claims 1 to 25, comprising a
first and a second coal digestion resctor for digesting particufate coal in a pasting oll under pressure,
sach reactor being preceded by a coal slurrying means and the reactors being succeeded by distiltative
fractionating means adapted to preduce light oil, middle of! and heavy or residue fractions, means for
recycling 1o tha slurrying means of the first reactor light oil and heavy or residue fraction derived at lsast 30
in part from the resond reactor, means for recycling to the slurrying maans of the second reactor, middle
oil derived at least in part from the first reactor and means for discharging as 2 product light oll derived
from the discharge of the second reactor.

27. Apparatus according to claim 26, whereln the fractionating means for the discharge of both
reactors are combined, 35

28. Apparatus according to claim 27, wherein at ieast part of the fractiunating means for the
discharge of each reactor are separate snri distinct.

28. Apparatus according to claim 23, whereln the fractionating means are altogether saparate and
distirict for each of the two reaciors.

30. Apparatus according to any one of claims 26 to 29, comprising solids separating means 40
interspersed between the first reactor and a distillative fractionating means serving the discharge of the
first reactor.

31. Process as claimed in claim 1, substantially as herelnbefore described.

32. Apparatus as claimed in claim 27, adapted ta carrying out the process of claim 1 substantially
as hereinbsfore described. 45

33. Gasoline whenever manufactured by a process or with an apparatus as claimed in any one of
the preceding claims.

34. Diassl fuel whenever praduced by refining middla oil withdrawn in a process according Lo any
ene of cleims 1 1o 26 or 31.

35. Electrode coke and electrodes whenever manufactured from heavy fraction withdrawn in 5O
accordance with any one of clatms 19 to 24.
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