I.C. 7hhe

Synthesis of Liguid Fuels by Hydrozenation of Ceoal

Ixperiments in Small Autoclaves

Pata cbiained in the absence of high-pressure hydrogen show that 50l
vents for biltuminous coal may be grouped into three classes: The VETY good
solvents 1, 2, 3, h-tetrahydrc~5=hydroxynnphthalene and O—cyclohexylphenol
the moderately effective solvent tetralin; and the less effective solvents @
dicyeclohexyl, 2-methoxy-1-cyclohexylbenzene, diphenyl, naphthalene, cresol
and c-phenylnhenol. This classification of solvents on the basis of theip
effectiveness can bé correlated with the chemical structure of the solventg
The least effective grouo of solvents can dissolve 20 to 30 percent of the
coal at 4og® C. Avparently the only requirement for this sction is that the
sclvent be a high-beiling aromstic compound or a hydrosromstic compound thy
is only slowly dehydrogenated under these conditions. If the solven can
function as a good hydrogen doner, its effectiveness ig enhanced. Tetralin
is easily dehydrcgenated and accordingly gives moderately good liquefaction
resutts. If, in addition to a hydroarcmatic ring, a sclvent DPUESEESEs an
aromatic hydroxyl -group, this solvent is an extremely effective vehicle for.
liguefying cecal.  Such solvents are G-cyclohexylphencl and 1, 2, 3, L tetry
hydro-5-hydroxynaphthalene. '

In the group of less-effective solvents, the hydrcaromatic compounds ar
generally supericr to the corpletely aromatic compounds., The effectiveness
of tetralin and the other hydroaromatic solvents is almost certainly due to
their ebility to act as hydrogen dqnors to the coal substancs. In pure com-
pound studies, it has bean shown?0/ that tetralin can readily hydrogenate
anthracene. I+t wag of considerable interest in the present instance to learn
the extent of the hydrogen transfer from c-cyclohexylphenol to cocal. At the
cenclusicn of one solvation experiment, the ¢yclohexylphensl-phenyiphencl
fraction was separated from the reaction mixture by distillation at atmes-
pheric pressure aznd the ultraviolet zksorption gpectrum of this mixture de--
terminsd., The spectra showed the conversion of 9 percent o-cyclohexyiphenol
to ¢ -phenylohencl which corresponded teo a hydrogen consumption of 1.L per-

ent by the dry, ash free cozl. This sm2ll consumption of hydrogen was very -
effective in producing liguefaction of thes coal. '

The effectiveness of g small guantity of hydrogen available from a hydro
gen donor like tetralin is 11lustrated by ancther seriss of solvation cxperi-
ments. In this group of experiments the sclvent consisted of o mixture cf
tetralin and cresci in varying proporticns. In each sxperiment, 160 grams
of solvent mixture was hested with L0 grams of coal for 0.5 hour at Loo® o.
Ths results are shown in figure 19, Thess results show that the addition
of small quantities of cresel fto tetralin or the addition of small quanti-
ties of tetralin to cresnl resuits in highor liguefaction than that cbteined
with the pure solvent alone. The additien of srall amount of tetralin to
erescl appears to have o rarticularly great effecit. This effect can be as-
cribed to the influsnce ~T the swall but effective giantity of hydrogen
furnished by the tetrnlin.

(9/ Orchin, M., Bydrogenaticn of Anthracone by Tetralin: Jour. Am. Chem.
Soc., vel. €6, 19k
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I.c. 7hké

" The effectiveness of a small guantity of hydrecgen in producing coal
liguefaciicon is probably dus to *he hydrogenolysis of soms peculiarly sus-~
ceptible linkeges in the coal structure., Thermal trestment alone does not
sever these bonds to produce g Iiguid nrod”c*; but if the coal is mads to
consune ebout 1 t¢ 2 percent hydrogen, a completely liquid preduct can be
cbtained. The hydrog enolyzed Londs are very proba bly carbon-to~oxygen bonds,

i

his]

The effect of an hpdroxyl group in the solvent is indeed striking. 1,
2, 3, Lotety ahydronsphthalene gives about 20 percent liquefaction; 1, 2, 3,
k-tetrahydro-5-hyd droxynaphthalens gives 35 percent liguefaction. The methyl
ether of cy cloqexgﬂpﬁeﬂo1 {o “uthuxvcvc‘ohexylbeazene) gives 29 percent
liguefaction; o-crelohexylrhencl glves 82 percent liquefacticn. The effec-
tiveness of the hydroxyl groun is provably rel uaa to 1ts h; dr’381 bonding
properties,

The effect of concentration of the H}droyylated solvent in a mixture
used for the solvation of ceal is shown in teble 31. In these experiments,
a mizture of various concentrations of o eyclohexyiphenol in the methyl’
“ether of c-ecyclohexylphenel was used as the vehicla. The results show that
a large excess of the hydrexylated solvent must be present to obtain good
liguefaciion of ccal.

- . . o] L . .
TABLE 31. - Sclwvation experiments at 400~ C. (0.5 hour), using varicus
concentrations of O-cyclohexyizhenol {(R-OH) in
2-methoxy-l-cyclohexylbenzane (R-0-CHz)
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The solutic : i yelohexylphenul are quite stable o
periment such a solltion we pt in air at 45° feor 19 days. Jhrlﬁb this
time, virtually rié ﬂatv; al ; - The word "solution” is used in
' the sense that no meter = >d from.the scluticns by ordinary
centrifugation or filtraticn icroscople examination of these solutions
at Log magnification showed them to be substantiglly free of se¢lid pariicles.
It is conceivable that the "solutions” are cclloidal dispersions.il

In the nresence of hi: gh-pressurs hydrogzen, the degree of 11
_Obta’nfd with hydroaromatic compeunds was gubstantially the same
With the corresponding arcmatic compound. Uﬂdvr sclvetion conditicn
SVer, the hydrcarometic compound in each instance gave superior resu
is 2pparent that, under solveticn condil t10¢o, a hvdrobcn-daqcr v»hic
Superior to a cowpl@telv aromatic vehicle, while, under anrocenauian

?‘7E‘E;Eﬁlen, D. J. W., Fuel: Vot 2k, 1945, p. 99. This is an article of

Specizl interest in connection wzbh the colloidal nature of coal.
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conditions, the high-pressure hydrogen serves as whe principel source of
hydrogen, and the hydroaromatic feature of structure of the vehicle is np
ionger essentisl for good Jiguefacticn results. The higher consumption gr
hydrogen observed with the aromatic pertaer of cach pair was due e hydrs.
genation of the arcmatic vehicle. That the hvdroaromau_c feature of gtruca
ture ig without significance in hydrogenation experiments 1s alsc shown by
& comparison.of resulis with cresol under solvatipn and hydrogenation cendi.
tions. The presence.of'high—pressure hydrogen increasad the liguefaction
Trom 32.1 percent to 91.7. :

Although under hydrogenaticn conditions it does not appear tc meake mach
difference whether an aromatic, a hydrecaromatic, or a naphthenic compound ig
used, considerable.advanﬁage is to be gained from u ing raterzal a5 & vehicle
that contains an arcmatic hydroxyl group ' :
Detailed data have been obtained on the efficiency of zinc ant_nonv and
tin-zinc-antimony mixtures ss catalyszis in the conversion of bituminecus ceoal
to heavy oil.  In the presence of tin and ammonium chloride, which is the
catalyst usuplly employed for 71que*act4oq of bituminous coal, the production:
of benzene-scluble material is guite rapid, but the conversion of this ma-
terial to a petrcleum ether-scluble oil is a slow reaction. This is illus-
trated by figure 50 from which it is seen that the rate of diszppearance of
asphaltic material (npnevede soluble, petroleum ether-insoluble) is -slow at
temrperztures below about LQO C. The e efficiency of new catalysts in acceler-
ating conversion of asphalitic raterlals tc petroleum ether-soluble clil is
best-studied at témperatures below 470 ¢. In figare 51, the efficiencies
at hl5“ . of 1 percent tin metal, 1 percent zinc-antlimony alloy, and 0.5
percent tin metel.rlus 0.5 nercent of zinc-antimony al‘oy are shown. It is
apparent that tin is & good liguefaciion catalyst but a relatively moor one
in accelerating asphalt conversion, whereas the reverse is true for zinc-
antimeny alloy, which is a poor. llquefactlon catalyst but which greatly
accelerates asphalt conversion. " The ternary catalyst ceantaining tin, and
zinc-antimony hllhv is very efficient for bo*h liguefacticon and asphalt
conversicon.

1 and Identificetion ¢f Constituents of Synthetic Liguid Fuels

The steps in the separation and identification of synthetic liquid-fuel
components ars: Primary distillation; separation of distillation fractionms
into types of compounds by solvent extraction or by adsorption cn zlumina or
silica gel; precision distillation; enalysis of lower-boiling consitituents by
‘spectrometric methods; identification of higher-boiling constituents by meas-
uremerts of density; refractive index; and preparation of pure derivatives of
known melting peint. The laboratoriss in which these procedures are con-
ducted are the rprecision dfstillation laberatory shown in figure 52, the
5pectrom¢tric laboratery, figure 23; and the organic leboratory; figure sk,

The limitations of atmospheric pressure distillation were clearly recog-
nized as 2 resulg of work con the characterization of light 0il from coal
hydrogenaticn.i2/

72/ Kaplan, E. H., Storch, H. #., and. Urchin, M., Hydrogenation ond Ligue-
faction of Coal. Part V. Characterization of: L gh+ 01 1 Bureau of
Mines Tech. Paper £90, 1945, 18 pp.
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T.C. 7hb&

For the characterization of high-boiling cils from both the

Tropsch and the coa?—hv roegenatiosn yrocesses, rrecise vacuum dist

essential. To establish satisfactory standards for vacuum distilistioen,
cgeveral paire of compounds whose boiling peint and other physical properties
giffer only to a small degree are beling investigated. Cyclohexyl—cyclu— _
pentane plus n-dodecane ccnstituted one pair and another was tridecane plus
dlcyclonﬂva.»3/ Because 2 study of the vaypor pressures of the pure com-
. peunds and of mixtures showed that these twe pairs were not entirely satis-
factory as standards for precision vacuum distillaticn, further werk is
plannad on the study of pairs consisting of hydrocarbons and the corres-
nonding deutrocarbons.

Fischer-
illation
1 on

1
18
T
I

Foer the identificaticn of narrow b0111n3 fractions conta:n?ng only one
type of hydrocarbeon, their characteristic physical constants, nemely,. melting
voints, refractive Indices, infra- r°d7¥/ andg ultra-viclet absorstion spectra,
ars detérmined. In addition, the preparaticn of chemical derivatives, such
as the complex compounds of aramatﬂcs with 2-4-7T-trinitreflusrencne, ;D/ is

useful for identification purposes.

Identification of compounds in ccal hydrogenation oils and an under-
standing of thes nrobable mode of formation has been aided by a study of aro-
matic cycleodehydrogenation of substituted aromatic ccmnounas.:é s,

Recent precision distillation and infra-red spec trcmetric WCTE on
Fischer-Tropsch products showed +that all of the straight-chain paraffins up
to those contalning 20 carbon atoms were preseni in the distillable fraction
{gbout %5 percent of the total preduct). About 10 percent of branched-chain
paraffins, chiefly those with & methyl group in the 1 or 2 position, was
present.

A new and very rromising X-ray diffraction procedurs for detﬂrHLnlqg
the extent of branching of Fischesr-Tropsch products using not mere than 1
ce, of sample is being developed. All normal aliphatic organic compounds,
such as hydrocarbons, a¢CPh“ Al ids In the liguid state, nhave
molecular dismeters {(or- "B ra el 28 determined from the diffracticn
pattern) between 4.34 ard L, ngstren s, with the exception of ths

zi/ Crchin, M., and Feldmen, J., The Iscmerizaticn of Dicyclohexyl: Jour.
Am. Chem, Soc., vol. A8, December 19h8, pn. 2737-2733.

Z&/ Friedel, R. 4., McKinney, D. 5., The Infra-red Absorphicn Spectra of
j¢q11d and CGaseous Merpholine: Jour., Am. Chem. Soc., vol. 59, 1947,

. op. BCL-607.

13/ Orchin, M., and Woolfolk, . o., Molecular Complexes with 2-L-T-trini-
troflusrenons:  Jour. Am, Chem. Soc c., vol. 68, 1946, pp. 1727-1729,
vol. 6%, 1947, pp. 1225-1227.

'Zé/ Crchin, M;, Synthesis of Flucrene and Its Derivatives: U. 8. Patent

- 2,41k 3118, January 154%7.

1/ Orahln, N., und Regzel, L., Arcmati ¢ Cyclodehydrogenati on, Part V. A
Synthesis of Fluoranthene: Jour. Am. Chem. Soc., vol. 62, 1947,
op. 505-50%.
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first three or four merbesrs of the series. Branched compounds, such as 2,
2, 4-trimeth¥lpentane, have Bragg spacings of £.00 Angstrom units) less
highly branched hydrocarbons having intermediate spacings. The Bragf sSpac-
irigs of straight-chain and branched chain hydrocarbons were plotted against
the ratio of the numbers of carbor atoms in the branched chaine to the total
mmber of carbon atoms. The data ars well-represented by a smocth curve, )
which will be used as a standard for determining the degres of branching of
Fischer-Tropsch products which are available in only very small amounts from

catalyst testing expsriments.

Chemicel FEngineering Research, Design of Speeial Instruments and Equipment,
and Cost Estimates on Synthetic Liguid Fusl Processes

‘Experiments to Frovide Dazta for the Design of Fischer-Tropsch Pilot Plants

The dats necessary for (mathematical as opposed to "intuitive') design
of Fischer-Tropsch pilot plants are: A knowledge of the chemical nature of
the rate-determining step in the synthesis, the temperature and pressure .
coefficients of the rate, complete data on the composition of the reacting
system al. several points along the path of the gases through the catalyst
bed, the heat evolved during the synthesis, and adequate knowledge of the
laws governing heat trensfer 1n the particular process being considered.
Some of these data, such as the temperaturs and pressure coefficients of the
syntheslis rate, have been obtainsd from recent measurements in the physical
chemistry and catalyst-testing laboratoriss. FProof of the nature of the
rate-determining step is not yet aveilable. TFor the intezrnally cooled
Tigcher-Tropsch converter, analysis of the composition of the reacting sys-
tem at geveral points in the §-foot catalyst bed is underway. Selection
and improvement of the mathematical analysis procedures also are being
cenducted.

An analytical coriterion was publishedﬁ@/ for the choice of individual
components in systems of many constitusnts snd relations derived78/ which
form the basis for systematic calculation of the equilibrium composition of

s such systems as, for exampls, the squilitrium obtained in producticn of sym-
thesis gas. 'Thess calceuletions are also of value in the study of the compo-
sition of the Fischer-Tropsch reacting system at intervals along the catalyst
Led. Expressions were derivedﬁﬁ/ for the temperature distribution in an
adisbatic catalytic converter, 2s, for sxample, in  the hot-gas recycle
Process .. oo

Fuels and Lubricants Missicns

~ Although the major portion of the work of the Fuels and Lubricants Mis-
sions to Germany was completed before the end of June 1946, five men romained

78/ Brinkiey, 5. B., Jr., Hote on the Conditions of bauilibrium for Systems

T Many Constituents: Jour. Chem. Phys., vol. 1%, 1546, pp. 563-56k4.

79/ Brinkley, S. R., Jr., Czlculation of the Equilibrium Composition of Sys- .

) tems of Many Constituents: Jour. Chem. Phys., vol. 15, 1947, rp.107-110

80/ Brinkley, $. R., Jr.,Heat Transfer Between z Fluid and a Forous Solid
Generating Heat: dJour. Appl. Phys., vol. 18, 1947, pp. 352-585.
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or were sent to Germany during 1847 to direct the sectivities of several
grouns of German fuels and lubricants technologists who are leading experts
in their fisids. These technolegists have been compiling sumzary reports

i 1o’
zen by th Fischer-Tropsch DIOCEES3, production of synthetic iubricants, and
‘hse of additives for improving the performance of motor ruels. Some of their
reports are now being edited by the Joint intelligence Objectives Agency.
Others are now available from the Publications Board, United States Depart-
ment of Commerce, and because of the broad scope of the ipvestigations £.4d
the intsrest in the formation scme reports have peen published by the Bureau

of Mines.21/82/

T
cf progress in hydrcgenation of al, syathesis of carbon monoxide and hydro-
[~3

of catalyste, fuels, and lubricants were distributed for analysis
f the Sample Anaiysis Groups working vnder
stute and the Bureawu of

] The 1ibrary of Foreign Synthetic Liguid Fuels information has been moved
from Washington to the Rureau of Mines at Pittsburgh, Ta. Arrangements have
peen continuzd with the Library of Congress for providing coples of microfilm
reels to these who cannot conveniently make use of the library facilities.
There are now 1,375 ssparatlse reperts prepared by 11 different groups, &ll

-
relating to scme phase of synthetic 1iguid fuels snd their production.

Ei7qh§éragher, W. F., and Horne, W. A., Trtorrogation of Dr. rler and Staff
1. G. Farbenindustrie A. G., Ludwigshafen and Cppau: Bureau of Mines
3 Inf. Circ. 7376, 1946, 27 pp.
8/ Hoircyd, R., Report on Tnvestigations by Fuels and Lubricants Teams at
- the T. G. Ferbenindustrie, &. G., Works, Ludwigshafen and Oppaui
Rureau of Mines Inf. Circ. 7373, 1946, 75 pp.
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