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ation end Tdentification of Flscher-Tropsch Products

The Flscher-Tropsch process with reduced or carburized iron yields chieflly
pearbons comtaining small to moderste amounts of oxygenated organic molecules,
' nitrided iron gives alcohols as a major portion of the product. BSsparation and
ntification, especially of the higher alcohols, are difficult in the presence of
scsrbons. The mixtures cznnot be analyzed quantitatively by infrared or mass
trometer. A chemicsel method (phthalation) has been used but is time consuming

not quentitetive.

A new procedurs for rapid and accurate analysis of alcohols up to Cy3 consists
ntially of reacting the alcohol-hydrocarbon mixture with hexamsthyldieilazine
rorm the trimethylsilyl ethers of the aslcohols. These ethers are generslly mors
iatile than the original alcchols. The ether-hydrocarbon mixture can be smalyzed
4uss spaciTometer as the ethers cleave at a silicon-cerbon bond to yield charac-
istic fragments (ions) that differ from those derived from the parent alcohols
ell as from any hydrocarbons prescnt, The metheod also appears promising for the
vsis of phenols in products from coal hydreogenetion and low-tempersture carboni-
on, In particular, the analysis of very reactive di- and trihydroxyhenzenes may
cilitated by synthesis of the steble, more volatils trimethylsilyl derivatives.

+tural Croup Analysiz Applied to Coal-Hydrogenation 0ils

a% The complex nature of the higher boiling fractions of cosl-hydrogenation olls
es quantitative charecterization of the individuel compounds impractical, TIsola-
{ of individual compounds is helpful, of course, but only & small fraction { about
roent) of the estimated mumber of individual compounds has been isolated so far.
‘applicability of structaral analysis to coal-hydrogenaticon oils was invegtigated
i 1light oil used as = vehicle in high-temperature coal hydrogenation, Prelimi-

- work indicated that the "n-3-M" method is suitable for the snelysis of complex
ures of hydrocarbons. The method is so called because 1t ls based on the deter-
Mnstion of refractive index (n), demsity (d), and molecular weight (M). Instead of
lcating the nature and smount of molecules present in an 0il, the method cherac-
rizes organic structures in terms of "carbon distribubtion” and ring content. Car-
‘distribution refers to the relative smounts of carbon atoms in arcmatic, neaph-
¢, and paraffinic structures.

' As part of this work, = modified Menzies-Wright apperztus was developed for the
llioscoplc determination of molecular weights. Rapid determinstion of molecular
#hts of olls to within 1 percent is now possible {see fig. 10},

g Spactra of Alcohols =nd EKetones

Mags spectra of 65 alechols, ranging from methanol te undscanol, and of 35
Ohes, ranging from 2-propanone to tridecanone, have been obtained. Fragmentation
wers correlated with molecular structures. Numerous resrrengement peaks ware
&. In meny cases, thesc DPesks were more intense then the lower molecular-weight
ent peaks. General riles were derived for relating usual fragmentstion pesaks

earrangement peaks to molecular struchtures.

_Spectra of Oxides of Nitrogen

., In_a cooperative study with Congolidated Engineering Corp., mass sepectrometric
Y968 have been developed for gaseous mizturss contzining oxides of nitrogen.
STmination of all components except nitrogen diozide 1s routine. Analysis for
8 compound requires conditioning of the mass spectrometer. Reactlon =mong +the
Dments of the blends was avoided by mixing at micron pressures. This mrocedure



Figure 10, - Improved Menzies-Wright apparatus for accurate determination of maleculor weight
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empling of mixtures in high-tempersture systems, such as
17 gsemples containing nitregen dioxide, water, nitric
11scted at or naer stmostheric pressure, the cooling
ocese will result in condenssetion of water, solution of nitrogen dioxide in con-
gensed weter, Teaction batween nitric oxide and oxygen, formation of nitrogen tri-
oxide, snd other difficulties depending on the perticulsr mixture. If, however,
‘puch gamples are collected &b micron presgures, all of thege difficulties are
“avolded, gnd the ssmple cen he truly representative. The accuracy of anslysis
‘of nitrogen dloxide depends upon its concentraticon end on the other components

guggests en approach to 8
jet engines snd rockets.
gxide, oxygen, etc., mre co



SYNTHESTS GAS FROM COAL PILOT FLANWTS, MORGANTOWN, W. VA,

Izrperimental Develoyment of Procegses for Producing
Synthepig Gas From Coal

: gynthesls gas, consisting essentlelly of carbon monczide end hydrogen, is &
" 1arge item in the end cost of gasoline, alcohol, pipeline gas, =nd othsr such prod-
. yets when manufactured synthetically. The work of the Morgantown Experimenmt Station
" hgg been to develop practical processes thet will lower the cost of msnufacturing

: this gas. The approach hza bsen to react axygen and stesm with pulverized coal.

A vrocess of this kird, carried out at aprroximatsly sbtmospheric pressure, has
" advenced to tha point where the design of practical large-scale plants is possible,
and development work wss stopped at the end of ths 1954 fiscal year.

Investigationg ere continuing on a similar but apparently mors economlcal proc-
ess, operating ot pressures up to 450 p.s.l.g. This process reduces costs by using
much smeller squipment and elimineting the need for comuressing the gas before syn-

' thesls to oll. During the past yesr the effects of reslidence time and heat loss on
the eoal and oxvgen requirements of a gasifier were determined mere exactly. The
equipment was moved to the new Morgantown Experiment Station and 1s being rebullt and
tmproved so0 that these studles mey be continued with those to determine better
methods of Ffeeding pulverizsd cesl to gesification equipment operating under high
Iressures.

Several rew fislds of experimental work and process develcgment ere now under
study: Use of metallic oxides te supply oxygem for gasification, use of refractory
solids o supply heat required for the stesm-carbon reactlon, and methods for ob-
taining oxygen from the air cther then the stendard air liguefaction process.

Atmospheric-Pressure Gasifier

The pilet plant described in the 1953 annuwal report was copereted until June 30,
1954, TForty 4ndividual test rums, involving over 220 periods of varying conditions,
vere pade during the & momths, These experiments were designed to éetermine the ef-
foct of the following operating varisbles on the coal and oxygen reguired per unit
of gas produced =nd on the percentage of earbon wtilizatlon: Oxygen-cerbon ratlo,
stesm-carbon ratio, throughpnt rate in pounds cexbon per hour per cublc foot of re-
sction space, and coml rank. The solld fuels used were s btituminous ccal from the
Sewickley bed, Monongaelis Coumty, W, Va.; a subbltuminous C coal from Leke de DBmet,
¥yo.; and en anthracite from a Pennsylvania cellisry. Typical analyses of these
eouls are givan in tmble 2.

TLBLE 2, - Typical enalyses of coals ussd in gasificetion tests

Celorific value,

Ultimate snalysis, peraant B, . per 1b,

Xind of coal Moist, | Agh | Hp C S i Mo Op | Gross Net
Lake defmst sub-

bituminous € ... 8.1 1181 k.1 }57.9| 0.9 1.2 t 16.0 9,790 9,330

Mthracite (v...v.! 1.0 | 101 2.8 | B2.2 L] 1.1 2.2} 13,550 | 13,280
ewickley-bed

Dituminous ......) 1.5 {128 [ 45 [ 72,11 3204 1.5 | 6.6 112,500 | 12,470

With the rebullt gasifler, ueing & silicen carbids refractory Lo line the pri-
roaction zons snd more complste water cooling of that zone, the heat lcsses
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wers higher thon in previous aeﬂgus end were not fairly representative of what Wil
ba obtalnad In large-scale plants, Howover, it wzs possible to maintain = Teason- -
ebly conslent reaction volume, ms refrectory erosion was negliglble.

The results obtained in the tests are summarized in figures 11, 12, and 13,
The rurs ware carried oul as & factorial experiment, using the same oXygen-carbop
end steam-carbon ratios and the same carbon-input rate for the thres coals, After
determining significant effects at the 5-percent probebility level, the values were
caloulated that would heve been found hed the nonsigmificant effects been zero,
Smocth curves wers drawn through the resulting points. The gensrally higher level
of heat loss from {he gasifier used in thesge tests is reflected in the results.

Figures ll and 12 ghow for Sewlckley-bed coal the effects of coal-input rate
end steem-carbon retlo on the percentege of carbon gasified snd oxygen required,
both as functions of the oxygen-cerbon ratic. Ths variation of percentage carbon
gasified and of oxygen required with coal-input rete iz a linear functiorn amd may
be atiributed mainly to heat Ioss. As the throughput increases, the hest loss per
unit decreases bscause the hourly heoat-loss rate 18 essentislly constant, If the
effect of heat loas were eliminated, the veriastion with coal rate probably would be
In ths opposite direction, as 1s shown later for the pressure-gessifier results,
The variatlon of the oxygen requirement with steam-carbon retic iz not linecar, In
Tact, the slope of variation of ths oxyger requirement with ozygen-carbon ratic 1s
negative at ths highest steam-carbon ratio and positive &t the lower steam-carbon
ratios,

Figure 13 compures the percentage of carbon gaalfied and the CXyEen requlirement
for the three coals wsed - Lzke deSmet, Sewlckley-bed, end anthracite. A highly
significant difference was found between the three types, for the emount of cerbon -
gasified In Leke deSmel coal was deflnitely higher and in anthraclte definitely '
lower than that of Bewlckley-bed cosl at the seme czygen-carhon ratio. The glope
of the varlation of oxygen-carbon ratic is much steeper for Lske deSmet than for
Sewickley-bed, showing that the optimm operating conditions will vary with the
Type of coal,

Accurate control of the coal-feed rate is, of course, importent. Using a
meumatic feeder that injects the coal 1w a dense fluidlized state, the flow rate
wes meagured and controlled by determining the pressure drop scross a previocusly
calibrated coll placed in the feed line (see figs. 14 and 15)., At best the accuracy
of this method was plus or minus 3 percert epd, unless close control of the gasifier
Fressure 1s possible, even that accuracy 1s not obtained in practice (the effect of
Fregsure variations in ths gasifier is even more pronowmeced when operseting in the
range 100 to 450 p.s.i.g.). A mev type of weighing Instrument, & Momsell fmeumatic
welght transmitter, was placed In the "low-pressure continuous fesder” system efter
tegt GU-57, This instrument Pmectioned well within ldmits of the ingtellation.
Owing to the small capacity of the continucus fegder, the time interval betwssn
transfers of coal to it from the betch feedsr was ghort, gbout 15 to 20 minutesd.
Conssquently, the feed rate could not be checked over a long period. Eowever, use
of this instrument helped to improve control of the fesd rate, snd arrangements are
being mede to use It on coal-fesding systems for the high-mressure-gasification
investigation.

These test runs mgaln demonstrated the versatility of this gaslfier design.
Fuels varying widely ir both esh content end ash-meliing-point temperature were
gasified succesafully. Tests were mede in which nome of the ash was slagged. In
others 40 percent of the ash in the ceal wag removed as molten glag.
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Figure 11. - Effects of oxygen-carbon ratio, steam-carbon ratio, and coal rate

on percentage of carbon gasified for Sewickley-bed coal, atmos-
pheric gasifier.
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OXYGEN REQUIREMENT

OXYGEN REQUIREMENT
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Figure 12, - Effects of oxygen-carbon ratio, steam-carbon ratio, and coal
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pheric gasifier,
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