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have been sssumed to repressnt possible intermedistes in the Fischer-Trodsch ITocegs
The reaction of acefylene with lrcon pentacarbonyl in agueous alkali ef room tampera-.
ture and atmospheric pressure has yielded a stable complex with the mrobsble
sbructure

(1T)

The ilron complex (II) diffsrs from (I) in that it contains 2 hydrogens bonded +o
metal, 1 of which has been shown to be acidle, The fact thet this hydrogen iz re-
placeasble by alkali may provids information concerning the role of alkeli 1in the
Fischer-Tropsch process. Complex (II) 1s an unusual entity, as it contains, in on
molecule, catalytic metal, alkyl substratce, end hydrogen and carbon monoxide naceg
sary for chain lengthening.

In an attempt to find a hydrogenation resaction that ocecurs in the tresence of
large emounts of carbon monoxide, benzhydrol wag rescied with synthesis gas in the
rresence of catalytic emounts of dicobalt octacarbonyl, A quantitetive yield of
diphenylmethane was obtained without side-reactions according to the following
eguation:

E
! Co
CgHs = C - Cgls + Hp = CGRSCHCEHS + Hp0
i d p
On 100-300 atm,
800-18¢° ¢.

The kinetlcs of the reduction of benzhydrol snd paranuclesr-substituted benzhydrols
at 150 0 300 atmospheres of synthesis ges and 95° to 180° C. was studied. Poler
golvents and electron-releasing substituents in the para positionsg of benzhydral in
creaged the reuction rates, TFurther study of the pature of the elschtrom transfers
In this homogeneous system should yileld informetion concerning the nature of hydro-
gen trangfsr in heterogeneous systems.

Synthesis of Tiguid Fuels by Hydrogenstion of Coal

High-Temperature Coal Hydrogenation

The single-step process for direct conversion of cosl to gasoline differs from
the conventional process in thet the liquid- and vapor-phase steges sre combined 1B
one unit operating et lemperatures above 500° ¢. wilth a lerge guantity of active
catalyst. The combination of high temperasture, pressure, snd catalysi concentration
should produce a low-boiling recyele oil smd thus improve the overall yield of
Hquid by minimizing losses of oil during removal of solids. Continuous, bench-
scals egquipment was used for exploratory work, and a pilot plant was built for
developing operating techmigue and reactor desigm.
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Bench-scale work was dirscted toward o study of the effect of fiow rates of zas
‘and paste upon the extent of reaction snd type of products. These experiments were
L epformed in a 32-foot coil of 1/8-11'1011 inside diameter wound in & helix of Y-inch
dlsmeter ., Rock &prings, Wyo., coal, impregnaled with 1 percent molybdenum after
peutralization with sulfuric ac3d, was used. Coal pasie was Dpreparsd by mixing in
*a collold mill {see fig. 7) 40 welght-percent of coal with €0 of oil huvicg a dis-
11lgtion range of 250° to 312° ¢, All tests were mede by passing the reactents
phrougzh the coil without racycling &b 535° 0. and a pressure of 8,000 P82, An
aigntfold change in peste ratc abt constent gas flow did not siTect conversion or
type of products. About 95 percent of Lhe coal was converted wo Jliguids and gases.
‘ Yields of gescline, based on moisture~ and ash-free feed, smounted to 17 vercent and
' of residual oil (boiling sbove 204° C.) end hydrocarbon gemses to approximately (3 ang
T percent, respectively., The troduct 0il hed an apprecigbly higher boiling range

" than the original vehicle oil; its 90-percent point was about 350° ¢, The 0° to
160° C, cut contained about 15 percent paraffins, 23 percent nephthenes, ) percent
benzene, end less then 1 percent asphaltenes. A sixfold chenge in gas velocities =t
a constent paste rate gave essentislly the same resulta. However, gas veloeities
did affect the gasoline content of the product oil, which Increased wiith decrease in
gas veloeities. Apparcntly these changes were dues primsrily to hydrogeneiion of
vehlcle oil rathor than coal, Results obbeined when vehicle 0il slons was hydrogen-
ated indicate a similar relationship between gasolins content and gas rate. Thus,
the heavier Pfractions of oil must be produced from coal. Recycle studies will be
pade to evaluste mroperly the ylald of products from coal,

The data gupport the [following hypothesis on the events ovcurring in the tubular
reactor: Slug Tlow of cozl-oil slurry probahly occurs at the Inlet of the reactor .
Vohicle oil is vaporized almost immediately. The vapors attain a velecity comparsble
to that of hydrogen and ars hydrogenated in thc vapor phase to gasoline and higher
iling hydrocarhens. During flashing, ccal is converted in a malter of secomds to
imary products, such as msphaltenss and heevy oils. These fractions are pushed
fchrwgh the tube snd form a rather thin film on the walls, Here, they undergo hydro-
genation to lighter fractions end are sweyh oub as vapor. A steady-state film should
f:hus be egtahlished, Lhe thickness of which should be a funclion of peste rais.
Hence, in this unit virtually 20 control of contact time of product oil wilth hydrogen
can be achieved.

The present work indicates that coal can be rapidly converted into rimary prod-
Nects by direct hydrogenation at elevated temperaturcs. Components of thege primary
m&terials, puch as asphaltenes and heavy oil, wiil be separately hydrogenated uvnder
dentical conditicns to detocrmine more closely the course of this reactiom at high
temperatures.

: Lttempts have been made to operate the high-temveralure process in a pilot
Plant to outajn datas under steady-state recycle conditions. The available liguid-
Phage pilot plant was modified; the present plant has a reactor with 3-inch inside
Qumeter and is designed for operation at 8,000 p.s.l.g. end 3525° C. The same coal,
shicle oil, and catalyst types were used ss in bonch-scale studles. Hourly flow
Iates were about 235 pounds of paste and 500 cubic feet of gas. The wajor difficulty
8 been discipation of the high heat of reaction. Unsuccesgsful abttemphtes wers msde
0 moderats this Aifficully by establishing a longitudinal temperature gradient in
th‘?-"__ resctor, by lowering catalyst concentration, and by using & hlgher molecular-
ight wehicle 0il, Irternal cooling by recycle hydrogsn in conjunction with sxter~
bal heating resulted in moderately successful operation at 480° to 510° €. with
Tosults similur o0 those obbtained in the bench-scale unlt, Howcver, the temperature
28 not uniform throughout the reaction zones, Operations were limited in thal only
the upper third of the reactor could be utilized as reaction space, whoereas ths
Ower two-thirds served as a prehesbter. Cold hydrogen was injlectsd Into the reaction



Figure 7. - Colloid mill.
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gpace by means of & high-pressure booster compressor {see fig. 8) eutomatically con-
grolled by the temperature of the 1eaction zone, The height of the reasctiom zone
could not be increased without obtaining excesslvely high-temperaturas {above

7000 0.). Apperently this reactor 1s inadequate for both prehesbing the reactants

. o the initial reaction temperature (425° ¢.) and then dissipsting the heat of re-
setion . Control of teompersture Is difficult to maintsin in a single reactor, pri-
parily because no cleer line of demarcation sxists betweer the hesting and cooling
gones. This difficulty cen probsbly be solved by using Two separste systems, a
eheater and a reactor, which are belng designed. Reactemte will be hesled rapidly
' o L25% C. and discharged into an insulsted reactor provided with inlets for injJect-
© yng cold gas., Thus, the heat of reaction will be the sole source of heat in the

" gecond unit, and excess heab will be removed by cold hydrogen. kxternal furnaces
 will be employed only for minimizing hest losses.

An economic evalustion of the high-temperature coal-hydrogenation orocess wWas
pade by the Cil-Shale Engineering 3rench at Rifls, Colo, The cost study was based
on modifying a modernized Bsrgius coal-hydrogenation plant on which past evaluations
. pave been made. It included an anelysis of the independent effzet of major irocess
" yariables on the ecoromics.

Structure ot Coal

.Prepara‘tion ot Conllike Chars

Cellulose and sucrose ure xnown to form coasllike chars on being heated to
eleveted temperatures. Cher formsd by heating cellulose to Loo® C. has en infra-

' red spsctTum thut closely resembles that of coal. Work has been gtarted on the

- format icn of comllite chars from other compounds to detormine the structural re-
 quirements for forming such chars and to study the mechanism of their formation.
.Thig investigation may contribute informstion on the process of coalificetion and
‘on the structurc of coal.

A11 carbohydrates studied formed chars on heating:

Arabinose A H-corbon aldose
Glucose A G-carbon aldose
Fructoss A f-carbon ketose
Sucrose, meltose Noureducing dissaccharides
Raffincse A nonreducing trisaccharide
Cellulose A glucose polymer

Chars formed at 400° C. had infrered spectra similar to coel; those formed wt 300° @,
Were not completely coallike.

When the carbenyl group in glucose or fructose 1is hydrogenated to s hydroxyl
group, no char is formed on hesting. Incsitol, & seturated f~carbon-ring compound
with 1 kydroxyl group on each carbon, also doegs not form a char. Thus, the presence
of a carbomyl group or an inciplent carbonyl group is necessary for charring of
carbohydratelike materlials. That the properiy ol forming coallike chers ig fairly
8Decific was shown by the fact that, of a large number of compoonds structurally
similar to the carbohydrates examined, only Those with 1 hydrozyl group per carbon
and 1 carnonyl group per molecule formed a char on heating. Lignin, which is not

& carbohydrate but may have been derived from celluloss, also Torms a cosllike char
On hesting.

The seme rolsbionship betwecn structure wnd char formation has been found upon
Charring by acids. The mechanism of such charring of organic materials is being
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~gtudied beceuse the mode of cyclizatlon or polymerizetion to coalllks materisls mey
pe followed spectrophotometrically in the presence of dllute zcids at low tempera-
‘pures. The origin of the gsses evolved on pyrolysis or acid treatment is being
‘traced with ths aid of radioactive swgars.

Fxperimentsg on heating snd hydrogenation of sugars indicste further the im-
portent role of carbonyl. In the first experiments, sucrose was hydrogenated for

' hour at 400° =snd 450° €. and en initial hydrogen Tregsure of 2,500 p.s.d.z. with
.1 percent tin plus C,5 percent ammonium chloride as the catalysts. The mroducts
‘were quite similar to those obtained from hydrogenation of coal. Asphalts apd hzavy
‘oils from coal and suger hed virtually the ssme Infrared spectrej the heavy ofls had
yirtually the same ultraviolet spectra. Mmss, infrared, snd ultraviolet spectra for
lght oll from coal and sugar all were similar. The principal differences were the
‘higher phenolle and slightly higher arvmetic content of the coal product.

5 Hydrogenetion of sucrose with copper chromite st 250° C, for 3 hours at 2,500
'_"p.s.i 8. gave only water-soluble, oxygenated compounds. When sucrose was hydrogen-
ated under thege conditions or with tin and ammonium chloride, bonzZene and water-
Ineolubles amounted to about 50 weight-percent of the initial charge, Other prod-
ucts were carbon dioxide, hydrocarbon geses, =mnd water. Identical products wore
obtaeined in the mregence of ethancl. The residus hed an ultimate compositlon similar
to lignite end en infrared spectrum similar to thst of anthraxylon. Apperently,
copper chromite prevents polymerization and charring of sucrose at 250° C, and cato-
lyzes 1ta hydrogenation to watexr aod slcohols, Furthermore, a sucrose char Tormed
‘8t 250° €. could be hydrogenated at 400° ¢. with tin and smmonitm chloride, with re-
sulty comparable to those cbtained when sucrose is hydrogensted directly at 400° C
Witk the game catalysts. Hydrogenatlion of sucroge to o0il, water, and gases thus
8Ppears to be a two-stege process, coalification or condensation followed ¥y hydro-
genolysis of the coelified meterial,

Arabinose, fructose, sorbliol, and inositol were hydrogenated in the presence

of tin chloride for 3 hours at 250° C. and an initiasl pressure of 2,500 p.a.d.g.
Results with the two sugars were virtually identical and similar to those previcusly
obteined with sucrose. Yilelds amounted to 50 percent char, 9 to 11 percent carbon
dioxide, 4 to 5 percent hydrocarbou gases, and 34 to 38 percent water., The infrared
gpectra of the chars resembled that of coal, Sorbitol yielded only water and CXYEen-
ated compounds; inositol did not react,

Infrared Spectre

g The infrarsd spectra of many coal semples have bsen exsmined, and several
Structural assignments have been msde in addition to those reported in the litera-
¢. Because of interference from minerals in the coal, spectra ere usually ob-
tained from anthrexylon instead of whole cosl. Bituminous anthraxylons of the seme
Yark from various parts of the world produced the same infrared spectrum; those of
Ufferent rank produced slightly different’ apsctra. GSpectra of coal-hydrogenation
“Phaltene, retrolsum esthalt, and gilsonlte were generally similar to ceal spectrs;

the differences Indicated guentitative but not gualitative varistions in chemical
Thes.

The course of thermal degradation of bituminous snthrexylon was followad by de=
tem_‘ming spectra after heating at various tempsratures. Changes in spectra paral-
leleq the spectral differsnces between high- snd low-volatils bituminous enthraxy-
1‘3‘-'18. Bards agsigned to aromatic sthers and phenols decreased or dleappeared at
temperatures below 500° C. Absorption in the visible regiom of the spectrum &x-
tengeq wogrepgively farther into the infrared region as the tempersture was ralsed.
® #hift wes attributed to am increased number of m-electrons rsther than to ths
formation of condensed polynuclesr eromatic systems,
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. X-Ray Diffraction

The diffrection pattern of Bruceton anthraxylon was enalyzsd by Fourier analy
sis and according to Warren'as theory of diffraction by & 2-dimensional lattice,
Values of interetomic distences in cosl were comparable to those in a single gragy

te laysr, The sheet diameter, determined by means of line-brosdening mcesuremsnty

wag 13.7 k.

Riley's method was employed for resolving ths gamma band, and its characteri
+icg wers compersd with those of the diffracticn halos of liguid n-heptane ang
2,2, k-trimethyl pentens, The myerage atomic spacing giving rise to the gemma bang
in coal was found io be almost the sems as that in the liquids.

Date orbained by small-angie diffractlon were examined for further evidsnce on)
whether coal has & "liquid-" or "ges’ -type gtructure. Bruceton anthraxylon wes
found to have s 'gas'-type structure, consisting of particles sbout 1k A. in afam-
ater. This velue 1z in good agreement with the size of coal crystallites as :
determined by line broadening.

Selubility of Polycyclie Compoumds in Cosl Solvents

4 gtudy of solvation of coal by organic solvents should contribute toward
elucidating the chemlcal and Thysical nature of cosl and mey roveal & solvent that
yields ash-fres extracts sultable for studiss of coal-hydrogenation. Those solvent
which dissolve coal at comperatively low tempsratures have bsen called "specific” &
dlstinguished from solvents effective only at temperatures above 150° ¢. The mosk
effective spocific golvents ars compounds which tend to donate a pair of elsetrons
(Lewis bases). Other things being oqual, compounds centaining nitrogsn are more et
foctive coal molvents them oxygen-containing compounde because of thelr greater
tendency to donete the lome pair of electroms. Low-renk coals are mors soluble In
organic bases than are high-rank cosls, because they possess meny polar groups, R
primarily hydroxyl, that promote the solution of macromolecules present in the coal
The number of polar groups ls smaller In higher rsmk coals, end the aize of the
aromstic lamellsas is so large that the coal bocomes egsentially insolurls in orgenl
bases and other solvents.

The pregent study is a preliminary aitempt to galn informstion om ths mechaniss
of coal solvation. The solubility of 5 polynuclear compounds in 4 different sol-
ventas &t room temperature has been Investigated, The polymuclesr compounds were
fluorenthene, pyrens, snthraceme, chrysens, end violenthrone; all ere hydrocarbons
except the lasl, & dye conitalning 9 six-membered rings and 2 oxygen stoms per mole-
cule. The solvents Were benzens, essentially a neutral compound thet is & poor cosl
solvent; eniline, & week taas with only slight actlon on coel; pyridine, = week baS
with strong solvent actlon on coal; end ethylenediamine, s strong base and robably
the best solvent for coal st room temperaturs.

Benzens wea & poor solvent for sll the compounds; ethylenadiesmine was the Poor
est selvent for the four molynuclear hydrocarboms. FPyridine, which is almost &3
effective as ethylensdiemine, was the best solvent for fluoraathens, enthracene,
and chrysens =nd s good solvent for pyreme. Although viclenthrone contains 9 Tings
the mregence of 2 ¢xygen atoms in the molsculs was encugh to give this compound en~
hanced solubility In the primery emines studied. There Was no doubt, howsver, that
both aniline =nd ethylensdiamins reacted chemicelly with violenihrone. Toe s0lva
tion of coal by sthylenedismine must be due partly to chemical imteraction of the
bese with oxygeneted parts of coal; sxtracts asre known to retein coneiderebls
smounts of nitrogen.
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pyridine, which does not react with ecarbonyl in violanthreme, differs from pri-
pary aminss because 1t contains no active hydrogen atoms. Fluoranthene, which has
4 rings, is more than 10 times as soluble in pyridine as anthracene, end similar
- jarge differences exiet in the solubility of pyrene aud the angulurly condensed
chrysene in pyridine. The high soiubility of oyrene in pyridine may indicate the

. prescnce of a pyrene-lyre striclure in coal.

Microblial Degradetion of Carponaceous Matter

] A mieroblology lavoratory {sse fig. 9) has been esteblished Yo study the struec-
ture of carbonacsous matier (coal end similar sources of liquid fuels) by enslysis

. of products obtained from them by the action of hacteria zmd other micro-crganisms.
pacterial action plays au important role in the formation of carbonacecus residues
1anl and animel 1ifs. BSuch vacteriochemicsl reactions occur on & vest scele
at all times., Compered with chemical reactions that often rasquire high tempera-~
{ures, high pregsures, Or high concentrations of aclds or hLases, pactarial reac-

{ +icns are quite mild end, in many instances, highly gpecific., If such specific
reactions can te found for carhonaceous substrates like peat, lignite, or coal,

the products of the reactions may be considered Lo be relatively closely relgted
+o the slarting materials., The primary Durposc of this project 1s to screcn hacte-
ria and othser micro-organisms for their reactivity wlth carbonaceous meterials and
o use any reachions s0O discovered for analytical purpcses. Botter wnderstanding

of the structure of peat, lignite, and -coml will aid in their conversion to synthat-

i¢ fuels and chemicals.

The methode (enzyme systems) by which micro-crganisms are able to degrade or-
ganic matter of high molecular welght without the use of high tempersatures or sls-
vebed Tressures also will be investigated. This work might lesd to 2 process for
converting cartonaceous polymers to liquid fuels by microbisl action.

Einstics of Stsem-Carbon end Carbon Dioxide-Carbon Reactions
ab High Temperatures

: the total cost of preducing syathetic liquid fuels is in-
:curred in gasifyirg ceal to make syothesis gas. One of the fupdamental sspects of
‘ gasificeblon involves the kinetiecs of the reactions of carbon with ghosm and cerbon
dioxide at high temperatures. The kinetics of the cerhon dioxide-carbon reaction
“has heen snalyzed, largely on the basls of unpublished data obtainsd elsevhere, and
the woblem is nearly solved. The mechanism of the reaction has heen dotermined,

" and basic kinetlc constants have heen svaluated, For the first time, carbons of

- differant porcsity, crystallinity, end otker physical properties have becn treated
on a common baslis. fn ehsolute measurs for the reactivity of carbons hus not wat

- been found, although the mumber of rsaction sites alone appears to account for the
overnll rewmchion rates of differsnt ceartons at 1,300° to 2,550° F., Simplified
methods sre being developed for evalustion o reactivity.-

A large fraction of

Anulytical Melhiods

raplid metnod for analysis of

Work hes besn done on dsveloping sn scourale,
in Fischer-Tropsch synthesls

small quentities of sulfur, organic end inorganirc,

geses, Cas is pessed over a heatesd plat inum s»iral that converts sulfur to hydrogen
sulfids which ie absorbed snd determined by the methylens-nlue method. The overall

' Yrecigion of “his method is +1.0 x 1070 grain of sulfur, In the presocncs of hydro-

© Ben, sulfur in thicorphene, othyl mercapten, disthyl suifide, =nd cerbonyl sulfide is

tompletely comverted to hydrogen sulfide by the apiral ut 800° to 1,000° C. Az in-

duction or activation period with sulfur-contalning ges is requirad for conditloning

the gpiral.
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Figure 9. - Part of microb




