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Introductory

The purpose of this paper is to describe the chief processes
for the hydrogenation of coal, coal tars, bitumen and petroleum, and
to draw some conclusions concerning their applicability to Canadian
fuels.

Information for.this paper has been obtained from & complete
review of technical periodicals, text books and abstracts published
since 1914; from the results of experimental work by the writer on
the hydrogenation of Alberts bitumen, low temperature coal tar, and
peat; and incomplete review of patents; and from communications from
members of organizations engaged in hydrogenation. The subject is not
one which lends itself readily to theoretical analysis; and for this
reason the large numbers of investizators have been compelled to
obtain their data empirically. Most of this data has resulted from
brief programmes of exXperiments, the conditions of which differ
fundamentally from those of the large scale developments. Successful
processes have been developed by the I. G. Farbenindustrie in
Germany, and the Standard 0il Company in the United States. During
the past year the Imperial Chemical Industries Ltd. has been operating
a 10 ton-per-day-plant at Billingham, England. These companies,how-
ever, have disclosed only part of their opcrating methods, and have
kept secret such essential dectails as the composition of the catdlsts,
their methods of preparation, and manner of use. In addition, their
patents are difficult to interpret. Therefore, in preparing the
following report, it has been nccessary to sclect critically from
different sourccs of information. A bibliography of litcrature
references not cited in the text is appended.

In its broadest sensc, the term "hydrogenation" includes
any treatment with hydrogen. Tho hydrogen may react with the pre-
dominating constitucnt of the material trcated, with a constituent
rresent in comparatively small amount, or may not rcact at all, but
by its presence may influencc other rcactions. As generally appiicd
to fuels, the term includes any combination of these influences.

Chemical reactions involved in hydrogenation is illustrated
by the following description of the effect of temperature and of
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under pressure. was also supnlled. The mlxture was passed through
the..three reaction chambers in series' to a separator anf: condenser
from which' the gas was passed’ through a second condenser: aﬂ.scrubber
to the gas holder. The bombs were heated in lead baths to. ensure
close temperature. control. Since 1927, work. has been continued
using both the plant and the laboratory-scale bombs, on a variety
of investizations. Until recently, the plant has been run under
the conditions of ‘the Bergius plant in 1927. Various amounts of
iron oxide and ‘varying temperatures as well as different coals were
tried.  Coal has also been distilled at 430°C. in a current of "
hydrogen at high pressure using iron oxide as a catalyst The, yield
and quality of the oil produced in this was better than that obtained
by passing hydrogen and charge together through the bomb. The new
me thod has not’ been carried out contlnuously.

. Other experlments have concerned the hydrovenatlon of tar
and oils, - the partial hydrogenation of non-coking coals to produce
coklng coals and the productlon of - hydrogen. : : .

C The reports of the Puel Research Board are recelved about

a year after the work has been completed and no detailed description

~has been compiled. However, the conclusions arc frece from commercial
interest and arc based on a large fund of information. In the report
covering the work to March 31lst, 1928 the follOW1n0 statements arc
made: " - - - - - - with our present knowlcdgze it is safe -to assume
that the cost (of producing oil directly from coal) would- ‘be - ‘eon-
siderably greater than the price at present ruling for imported oils
although . 1t should be lcss than the price of 1mportod oils which
ruled in 1917-18"; " - < - - - - < improvemcnts to reduce the cost
.of Working miy be expccted, notably in the cost of hydrogen pro—
duction or in the recovery and rc-use of the hydrogen in thc ~gascous
products of the process". :

COST GALCULATIOHS

‘In 1927 H. Bruckmann who was pr031dcnt of the Erdol und
Kohlenverwertuno A. G. = the oroanlzutlon controlling the Bergius
intercsts - stnted that the cost of trcating one mctrlc ton of coal

by the Bergius process was 71 marks (5). The valuable product
‘obtained from the treatment was 65 per cent by weight of crude oil
which contained 25 per cent of gnsoline, 30 per cent of Diesel 0il,
and 10 -per cent of lubricating oil b“scd on the original coal. Thcsc
,floures were uscd by A. C. Flcldner(lS) to show that the cost of
o-asollne produced dircctly from coal would be about 26 cents per
gallon™® in the refinery in Germony, and about 40 to 50 cents at the

: reflnery in America, ‘Picldner's calculztions were bascd on “the.
assumption that the erude o0il produccd from coal hydroscnatlon womm
be cracked to ylcld 50 per cent of gasollnc. ’ _ ,

Undcr normal conditions gasoline . is Worth 1 to 9 cents
per gallon at the refinery in the United Statcs(IS) The  Standard-
- 1.G. process for'oil hydrogenation, as has been previously noted,

. is expanding. It is apparcnt, thorcforo that cven if the raw
materlal has no valuo the cost of - procossinv cannot be greater

*In quotlnv yhe paper by A, L Fleldncr the wrltor has assumcd thct the
gigures relating to costs are bascd on U.S.gallons. The. cost per
Imperial gallon may be obtaincd by multiplying by 1l.2.




than 9 cents pé313411Qn, U.S.

. ... This apparent contradiction in the estimation of costs,is,
in part, explained by the fact that:the processes of coal and oil
hydrogenation yield different products. In the hydrogenation of
0il & charging stock of low value is-converted to 75 per cent by
widight of gasoline. In the case of coal the yield is only 25 per
cent by weight of gasoline unless further steps are teken(5). For
instance, if Bruckmann's estimate for processing a metric ton of
coal (2,205 pounds) be assumed to apply to the processing of a metric
ton of oil, the cost per Imperial gallon of gnsoline produced is
8.05 cents. .. : - :

It is possible to make an approximate calculation of two
of the most important items of expense in’tke I. G. and Standard-I.
- G. processes, namely, equipment charges and hydrogen cost.

" The cost of large hydrogenation plants, calculated from
the data of different writers, varies betwecen %700. and 52,500 per
barrel of 35 .Imperial gollons daily capacity(16,10,17,5). @f the cost
assumed to be $2,000 per barrel per day and the deprcciation and
maintenance charges to be 15 per cent, the charge per Impericzl
gallon for this item is 2.45 cents. ' ' :

: A rccent review of methods of hydrogen production gives the
cost of hydrogen by the renction of steam with:naturzsl gas as 11.0,
14.1, and 17.2 cents per thousand cubie fecet, when the cost of natural
gas was 5, 15, and 25 cents per thousand cubic feet respectively(18).
Nztural zas can be transported in pipe lines for 2.5 cents per thousamd
cubic fect per 100 miles so that the thrcc costs represcnt the value
of waste natural gas at 200, 600, and 1,000 miles respectively(19).
Where the cost of electric power is 15 dollars per horse-power year,
and the overall efficiency of motor and comprecssor is 50 per cent, the
cost of compressing 1,000 cubic fcet of hydrogen from onc atmosphere
to 200 atmospheres is 1.94 cents for power. Assuminz other charges,i.c.
labour,fixed charges, cte. on the compressor to be 4.0 cents per
thousand, the total cost for hydrogen compressed to 3,000 pounds per
square inch is about 21 cents per thousand. In the production of
gasolino from coal tar,gbout 4 per cent of hydrogen is combined(20).
Assuming an cqual amount to be lost in compression, scrubbing, etec.,

the cost of hydrogen per Iiperial gallon of gasoline is 3.02 cents.

-~ - The combincd cost of the two itcms is, thercfore, 5.47 cocnts
per Imperial gallon. While it is obvious that much of the calculation
was -based on uncertain data, and that therc arc additional items of
coxpense, the figurc shows that it is rcasonable to expect that the
production of gcsoline from petrolcum residues and coal tars can
compctc under some conditions with the distillation and cracking

methods used at present.

Officials of the Imperial Chemical Industrics have statod
that gasolinc could be produced by their process in Eagland for 14
or 15 cents per Imperizcl gallon,of which 4 conts is the cost of the
coal 213. Imported gnsoline ig taxed 16 ccents per gallon so that the
process could be operated commercially at a profit if manufactured
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gasoline were exempt from taxatxon. Since it would benefit the coal-
mining 1ndustry and help to relieve unemployment in England the
process is the centre ?f much interest, B¥ comparison with the cal-
culations of Bruckmann(5) and Fieldner(15) it is seen that the -
.estimated cost 'of the direct production of gasoline from coal has
fallen from 31 cents per Imperial gallon in 1927. to 14 cents in 1931

The Appllcatlon of Hydrovenatlon to Canadlan Fuels

o In ceptral Canada 1t is probable that the process w1ll flnn
be used as an adjunct to the plants refining imported petroleum oils,
*'Since this phase is already developed and in use commercially in the
United States, it may be adopted very soon. The use of lignite and
peat as raw materlals presents interesting possibilities but depends
on further development of an adaption of hydrovenation to these -

materlals.

~In Alberta bltumlnous coal and bltumen are possible raw
materials(22,23,24)," A recent estimate, made by the Alberts Research
Councll(25) of the cost of separating one ton of bitumen from bitum-
inous sand is $4.20. Assuming $1.80 as the cost of mining and
'transportmmg to the separation plant a sufficiecnt quantity of bitum-
inous sand to producc one ton of bitumen, the value of one ton of
bitumen becomes $6.00 — which is greatly in excess of the ‘cost of a
ton of coal. Thercfore, although therc is overy indication that the
cost of hydrogenation Wlll be much lower for bitumen than for coal,it
is ‘difficult to predict to what extent (if any) motor fuel may be
produced: cheaper from bitumen than from coal. Further laboratory znd
large-scale work will be necessary before data concernlng the
comparatlve costs ‘can be obtained.. . _

Hydrogenation is economically poss1ble only on a large scim
Thercfore in the case of smoll-scale developments for obtaining
gasoline from bitumen some combination of topping and cracking pro-
-cesses,using the residue as paving material,would be prcferable to a

small hydroucnation unit.

-+ "In the Marltlme Provinccs "imported petroleum and native
bituminous coal are the principal materlals for consideration. The
coal might be dircctly hydrogenated or, morc probably, carbonized to
coke or semi-coke and tar., The tar could then be hydrogenated to
producc motor fuel. Shale oil, duc to its comparatlvely high ‘cost
of production, is only remotely to. be considerecd as a source of
materlal for hydrooenatlon.

' The hydrogenatlon processes will probably uttain full
development only after the supply of natural petroleum has beccome
appreciably deplcted. However, it is impossible to predict when
commereial operation on any glven material will begin as cstimates
of the rescrve of petrolecum cannot be mede with certalnty, and im-

. provements in hydrogenation arc to be expected. The oxpans1on of the
~ industry to coal and other raw materials will probably be a gradual
“-onec following the development of oil hydrogenatiaon.which, in “tho
Unltod—statog anad. Germany hag already'bofun
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