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bed conleined less than 4.2 vercent refuse (sinks in 1.6 specific gravity
Speclally developed technigues for controlling combustion in beshive-cok
ovens by analysis of exit gases showed that properly operated ovens oper
with & deficiency, vather than an excess of air. Measurements with optigh
pyromsters end thermocbuples indicated that constant oven temperatures o
2,200° F, produced good coke, When the coking brocess nears completion
these tests show that there is a well-marked trend toward an excess of . aiy
which results in combustion of the coke and thus ‘decreases ths coke yield;
uwnless special precdutions are taken. The need of ithe beehive-coke ind

for aid'iﬁ'mseting'wartime demands is illustrated by the Tollowing date

4

' Bange in properties of beehive coke receivad at one
: ' blast-furhace plant '

o Percent - -
Sulfur

- ST T
L O‘O:\ to" 2"30

ASh -00-0_--oo._-oo---ooo-go'--o ll'oo tOQE.OO
1/k~inch tumbdler .;....iv.. .. 5% o 6k

Beshive ovens in many ways provide ideal stendby capacity for coke produc
(1) They are simple to operate, requiring very little skill, except that
Adeveloped_by'experience; (2) they are low in first cost, approxirately

41,000 to 41,500 with an annval capacity of 700 tons compared with & reda
tengular oven of the modern type, $2,000 to $3,500, with an anmual capaci
of 1,000 tons of coke; (3) unless deliberately destroyed to avoid taxatio
beehive ovene deteriorate very-slowly when not in use; and (L) beehive. cok
manufactured from good coal is as good &5 eny other coke made,

Figures 9 and 10 show beehive ovens before and after Tehavilitation
Figure .11 shows a coke-drawing machine Improvised by one Operator to help

meet wartime demands,

Effect on Compression of Cosal Charge on Coke Froperiles

Practices with Saar boals'in'Germany and to soms extent on & small-so
in England have been to compress the charges bBefore placing them in the cob
-ovens, By this means a higher-densityHQharge 1s obtained; and, for the -
Sear coals, coke of ‘better physical properties is said +o be produced,
effect of compressing charges (incressed charge density)} of two. weakly
coking American coals - the Willow Creck bed coal from Goler mine, Lincaln
County, Wyo., and the Lower Sunnyside bed coal from Colurbia mine, Carbon
County, Utzh - on the yield and physical .properties of their cokes is .sho
in table 15, The table makes it clear that compressio

: : . _ n of the charges of:’
these two coals makes no significant difference in the yilelds but does in

crease the appa;entwspecific:gravity.‘lThe.shatter_and turbler date ghow.
that compressiorn wsakens the cokes. - - S o

1/ Scott, G. 8., Kelley, J. E.; Fish, B, oo, and Schmidt, L. D., Modern
: Boehive Coke-Oven Practice,. T, Preliminary Report: Bureau 'of
Mines Rept, of Investigations 5738, 1943, 1k pp, )
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Producer-Gas Investigations

Despite the inconvenience and decreased rower availabllity of produy
ges, the fuel economy of this country mayggnt provide an impetus for itg
use as fuvel in fleets of itrucks or buses.! 7 Recent tssts based on the :
operation of an updraft-type producer, fired with charceal and installed
on a 2 1/2-ton truck loaded to rated capacity, Indicated a funel consumpt
of 0.57 pound per gross ton-mile, which, though high, would still result
in an apprecicble saving in cost of fuel, as compared with gasoline,.
Zguipment for determining the suitability of typical American sclid fuelg
for use in portable gas producers on automotive vehicles as & substitute
for gascline ig being installed at the Central Experiment Station in Pitt
burgh, Pa, E : ' '

Liguefaction

Burezu of Mines Research

Bureau of Mines interest in the production of liquid fuels from coal
and lignite began in 192k when perticular attention was given to low-
temperature carbonization and liguefaction of coal ‘The Bergius commerci
scale pilot plant for the hydrogenation of coal et Mannheim, Germany, end
number of low-temperature carbonization plants in England, France,; and
Germany were studied. Further reports on the development of petroleum su
stitutes from coal stimulated activity in the United States in obtaining:
fundamental information reletive to the effect of temperature,- pressure,
end natwre of cetalyst and to the guantity and compogition of the‘prpduct
obtained. The Bureay undertook laboratory experiments of the Figher-Trop
catalytic method for making Jiguid hydrocarbons from water gas.  Although
interest waned for a time, experimental work on the liquefaction of coal -
was resumed in 19%6 when it became evident that & forwerd-locking policy
- from the national point of view should include preparation for the time
when gradual exhaustion of petroleum resources would require suppleménting
with gasoline and Diesel oil prcduced From cozl the growing Gemand fog / E
motor fuel, Reviews of Bureau of Mines research have bheéen presentéd;—g
& small, continuously operating unit capable of hydrogenating 100 pounds of
coal in 24 hours was installed at the Central Experiment Station of the
Bureau of Mines at Pitisburgh, Pa, The Bursau is now undertaking the con
struction and cperation of a pilot plant in which the converter units are
nearer commercilal size, so that data may be obtained for designing commerci

B8/ Schroeder, W. C,, Fuels and Fuel Research in Greoat Britain:
vol. 65, December 1943, pp. 881-88k, 89c; discussion by W. T. Reid,
Mech, Eng., vol. 66, May 194k, pp. 332-33% S

89/ TFieldner, A. C., Storch, H, H., and Eirst, L. L., Bureau of Mines Re
search on the Bydrogenation and Liquefaction of Coal and Lignite: :
Bureau of Mines Tech. Paper 666, 19:k, 69 pp.: Am. Tnst. Min., and Mek
Eng, Tech. Pub, 1750, Cless F. Coel Division, No. 156, 164k, 19 pp.;
Trans, Am, Inst. Min. and Met. ¥ng., Coal Div., vol. 157, 194k, pp.
Pp. 341-362. _ N o . '

Fleldrer, A. C., and Schroeder, W, C., 0il and Gesoline from 0il Shalé

end Coal: Fuel in Sci.and Practice, vol. 23, 194h, pp. 34-36,
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?lants.?_g/ Investigations have demonstrated that the major part of the
merican reserves of coals is suitable for liguefaction., Coals low in

h and nearly free of fusain and opaque attritus can be almost completely
1igquefied, The yields, physical characteristics, and chemical composition -

d the resulting oils are influenced principally by operating -conditions
tion 1t vary with different ccals,. Theses operating conditions may be modified
t to:produce, either fuel oil oxr Tuel oil, Diesel oil, and gasoline. The yield
ter acids is sufficiently large to. be 1mpcri:ant commercially in the
1s astice industry.. The ylelds of benzene, toluene, and xylene are of value
e Por. explosive mamfacture and solvents, The ‘high content. of aromatic com-
Tta- ovnds in the neutral oil makes it.a desirable plending bage for high-
ctene aviation gasoline, The degree of ligquefaction is roughly inversely
roportional to ite opacity, The yisld of unliquefiable crganic matter can
.egtimabad aprroxmately from the carbon. content and- petrographlc com- -
iticen of coals. — : .
cnans.sm of Coal-Hydrogenation Proce‘sses'
al : :
. The reactions in whlch hard.rogen is "transfl erred" frem one organ‘lc mole-
‘cial -to-another during the hydrogenation of coal to produce liguid fuels
ind a ve:been studied-and reported in a seriles of four: ‘publicaticnsg, the -latest
which appeared durlng the perlod covered by 'this report 91/ QQ/ 9.// 9LF/
gub- :
2 Ssntbetlu L:Lqulo. Fuels--- Hoarings before a Subcommittee on Public Lands
3, and Surveys, U. S. Senate,. 78th Cengress; let Session on May 12, 1943,
wets Washington, D.: C., August 3 end 4, 1943, pp. 1-178; Pittsburgh, Pa.,
~opsch - August 6, 1943, pp. 179-273; Salt Lake City, Ubeh, August 9, 191;5, DD,
eh 275-407; Bheridan, Wyo,., August 11, 1943, pp.- hoga 469, U. S. Govern-
al ':ment Printing Oxfme, Washington, D.- ., 1943, 460 pp. :
a Public Law 290, 78th Congreas, Chapter 172 - 24-Session, An act author-
3 izing the constructi on .and cperation of demonstration plants to pro-
ting Guce synthetic liquid fuvels from coal, oil shales, agricultural and
/ forestry products, and other stubstances 5 in order to =id the prose-
2 cution of the war, .to conseérve and. increase the oil resources. of the
ig of Jation, and for other purposes; April 5, 19kk, .. -
3 Storch, H. e, Birst, L. L., Fisher, C. H., and Sprunk, G. C., Eyd:f'o~
aon- ge::na.’:;1 en and - quuefactlon of Cecal, Part I. - Review of Literature, -
are Descra.ptlon of Experimental Plant, and quulé.-rhase Assays of Some -
mercl TIypical Bituminous, Subbituminous, and Lignitic Coals. Bureau of
Mines Tech. Paper 622, 1941, 110 pp.. '
T Eng Floher, G, #., Sprunk, G. C., Eisner, A.y O'Donnell H. J.,_ula:c'ke, s
14, and Storch, H. H., Hydrogernation and Liquefaction of Coal; Part 2.
‘Effect of PetI‘OU’I'ELphlG Composition and Ra.nk of Coal: Bureau of M_nes
Re- -Dech, Paper Oh2, 1942, 162 pp. .
. S Hlrst, Le I ;. E:Lsncr, Ay, Pield, J. H., Cooper, H. M., Abernethy, R. T,
i Met “and Storch, H. E., Eyd‘:ogcnatmn and Liguefaction of Coal, Part III. -
P 3 glﬁa_r-o.c ueT‘lZathn of Assav O:Us. ‘ Buvﬂcau of Iulnes Tech, Pc”pev' 646 19i2,
oD =T
- Storc‘q H. H., Flsher, C« H,, Hawk, C, C., and Elsner, A,., Hydrogenation
3hal &Fd ngjcmac'tﬂon of Coal, Part IV, - Effect.cf. Temperature,. Ca‘talyst

and Ran¥ of Coal on Raues of Coal-‘iydrogenatlon Reacmons' ~Bureau of
Mines Tech, Paner 65k, 1943, 50 pp._-.
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- “Experimenis were mede in small autoclaves on: the effect of tempera
‘catalyst, #nd rank of coal on the rétes GF primary liquefaction,” and of
related processes, indluding ‘the absorption of hydrogen and eliminatio
oxygen, - The results show that the rate-determining step Tor the ebsorphigs
of hydrogen varies with temperatiwe., Between 300° and 3700 C., diffusi
of hydrogen through a ligquid Tilm on the surfdce of the cosl and catalyat
.. A8 the glowsst step; above 370° C. the rate-determining-stép is a che
" reaction betwoen & hydroaromatic and the oxygen -end unsaturated groups 43
“%He ‘Primery ‘décomposition ‘of the coal.  The chief function of tihe .catal
. @nd-of ‘hydrogen at’high pressure is to

in the primarvy: decomposition products of the coal appsar to
be largely noncatalytic, The accelerating effects of the catalyst -on the:
rates of oxygen elimination and on that of liguefaction are similar, and
both processes probably are intimately associated in one reaction or grou
of reactions, . -

. EUNG“direct or simple relationship was found ‘between the hydrogen-cdi
- .qumptiod rate .and the rates of oxygen removal ‘and of “ceal liquefactio:
“The presencé .of a reservéir of Peactive hydroaromatic compounds that wil
ctransfer hydreogern - to- the. products of _the,_thermal__Qesompgs‘i_tj_i_pn‘ of the coa

,;jsubstaﬁce §eemsftdibé'largély’fespbnsible Tor thisg apparent lack of. d

: dependence of ‘the Yigqueéfaction and oxygen removak rates on the rate of 3
.. “hydrogen congurption, - For mairmtenancs of this reservoir of reactive hydr
“ aromatics, active ¢atalysts and high pressures of hydrogen are esaential

To esceftain ?"Ehe.rz}"a'liui'e of* these hydrogen-trensfer »édotions s stud

- wds made 'of the mixture of ‘anthracens plus tetrahydronephthalene in the -

[Presence of en active hydrégenation catalyst,95/ - A 30-percent yield of
1,2, 3; h-tetrahydroanthracens can be obtained by heating anthracene ani
. betraiin at one gtmosphere Pressure in the presence of a palladium cataly
When these two compounds ‘are ‘heated together in a sealed tube in the
presence of this catdlyst, the reaction resembles & catalytic hydrogenat
"df;‘*?hj&?maésne s and a 6l-percent yield of I, 2, 3, 'thatafabydroahthi*ace ;
obtained, elong with small amovnt ‘of 9, 10-dikydroanthradene and 1, 2, 3,
556, T, 8-octahydroenthracene,” Gther hydrogen carriers, such &s 2-cy clo
hexenons, also bring about this “type of hydrogenation of anthrécene. Thé
dehydregenation of 9, 10-dihydiocanthracens in the liquid -phase results in
-’ the expul&iof-of less than the theorotioml quantity of hydrogen“and the
Tormation of some 1, 2 » 35 L-tetrehydroanthracene.. To determine those
“ constitients of the recycle oil’ that are most active in primary liguefact
of coal and to devise methods for increasing the concentration of these
- constituents ih the vehicle used to carry the coal ; the effect of typical
" coal-hydrogenation catalysts ‘on the rate of- transfer of hydrogen from
‘tetrahydronaphthalene ' to anthracens is being studied, ~ - .

. -

. _9_5_/ Orc-hin, M., Eydrogenation -of-.;ﬂ.zztb;raéene by Tetralin:
. *L'”Soc..Vol;“66;'19hﬁ,'pp.l5§5~§58.' o T

Jour. ‘Am, Chen

L
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ﬂPrimary'LiqﬁefactiOn of Coal By Hydrogenaticn

Despite considerable work on testing catalysts for primary.ligquefaction
L by hydrogenation, the high aciivity of the combimation of tin and
dine has not been duplicated by any other catalyst or group of catalysts.,

he activity, of tin may be dwe, in part, to its versatility in distributing
gelf througheut the sclid, liquid, and gas phases of the hydrogenation

tem. It therefore alloys with the steel of the pressures vegsel; it is
und absorbed on the particles of fusain and durain end dissolved in the
avy oil; and there is some evidence that it enters the gas phase as

tile tin compounda, :

A freshly machined stainless steel (18Cr-8Ni) surface enhances the
ity of tin, but it is fouled after a short time by the adsorption of
vganic polymers of high moleculsr weight. In the Burean of Mines con-
1y operating experimental .plant a 3-inch I.D. by 96-inch-high con-
vas packed with stainless steel turninzs. This packing increased
capacity of the plant by 50 to 100 percent Tor about 10 days, after
the enhanced activity .due to the packing decreased for several days
j the zaximum throughput was apout the same as with an unpacked con-
erters On the other hand, pumping hydrogen at 3,500 pounds per sguare
ch-and coal-oll paste plus 0.1 percent of the weight of coal of tin
17ids or tin hydroxide, through an unpacked converter, may be continued
morths without any cbservable change in yield, ' It is probable, there-
. that alloying the tin with the stesl of the corverter wall does nod
ribute-to the catalysle under conditions of long rune in which the
g%gelivalls are covered with a shellaclike layer of organic material of
;q; lecular weight, oo ) ' -
in elloys is not cleerly understoods; British
igations indicate no detericration in the catalytic activity of acid-
ated; tin-iron alloys when used for 13 consecutive small-autoclave tests,
£§g§ of about 0.5 hour duration. The Buresu of Mines laboratory noted rapid
rioration of the enhanced activity of smell amounts of tin in the
¢ of a large, alloy-steel surfece after 10 days of - centinucus oper-
 Tin hydride is formed by the action of dilute solutiong of organic
tn metallic tin in the presence of iron, the action being accelerated
‘Presence. of minute amounts of haelogens, such ag ifodine. The com-
atlon of tin end.iodine is more active than either corponent alcne. A
$e8ible mechaniem that can explain most of the obgerved phenomera is that
Wn‘hydride reacts with cyclic olefins to Tora R=SnHs, which decomposes to
RHé + Sn. The reaction is probably facilitated by prior saturation of
" Olefin bond with lodine of hydrogen icdide: ‘RIp + SﬁHa—ja(RH)HSnIQ +
RH5 + Sn + 2HI. ' o S

10818 of Liquid Fuels by Hydrogenation of Carbon Mcnoxide - Catalysts and
on Mechanigm - - ' ' o

‘Thé main components of catalyste (nemely, irom, cobalt, nickel, and
ihénium) that are active in the synthesis of normally. liguid hydrocarbons
%hydrogen and.carbon:monoxide-form relatively unstsble carbides of
Cnic¢ crystal structures upon exposure to carbon moncxide in the tempera-
ange of the synthesis, A critical review of literature on the
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preparation and properties of metal carbides hag been published.gz/ In;
the formation of carbides from finely divided metals and cerbon menoxide
three principal reactions can be distingusihed: (1) A rapid reaction -
prroceeding on the surface before it has been converted with carbide and
reaction products, (2) a siow reaction that may teke weeks for completie:
and {3) the formation of carbon, in addition to the carbide, if the
temperature is above a characteristic value for each metal, The carbon
formation continues until the iron is diluted to 1 vercent . of the total
iron-carbon mass. - A1l of the carbides of Fischer-Tropsch catalysts are
more unstable than the true refractory carbides, such as calcium carbide;
For all known Fischer-Tropsch catalysts the ratio of carbon-atom radius
to metal-atom radius to metal-atom radius is equal to or greater than 0
‘The carbides of metals used as Fischer-Tropsch catalysts are more or le
distorted interstitial compounds, with the carbon inserted into the inter
stices of the distorted metal lattice, Tt isg almost inconceivable that
carbide formation in the body of the catalyst will not profoundly modify. i
the properties of the catalyst. The metal-to-metal distances will change
The elsctrical and magnetic properties will not remain the same, Hydr
dissolved In the lattice probadbly will not behave the same, partly beca
meny of the interstices in the metallic lattice are filled. The adsorp
of the reagents and desorption of the products probably are modified by
the carbides., Carbon formetion, by cerrying away active centers and rro-
ducing irreducible residues on the catalyst, would tend to poiscn it.
Whether this is really important in the Fischer-Tropsch synthesis is
difficult to say at present, ' :

The reaction between carbon monoxide and cobalt or iron or their oxi
to form carbides is much too slow to account for the rate of the synthes{
of hydrocarbons by reduction of the carbides with hydrogen when a mixturs
_of. hydrogen and carbon monoxide is used. It is known that the presence o
. hydrogen with carbon monoxide markedly accelerates the formation of carbg
which appears to proceed by way of the metal carbide. The following re
action is believed to be the wain source of carbide: 2Cc + CO + Hy—
CosC + Hy0. This mechanism ig difficult Xo apply to iron catalysts, how-
ever, where the main oxygenatéd product ig carbon dioxide rether. than
water, ag on ccbalt catalysts, Since cobalt ig e much more active cataly
than iron for the water-ges reaction and because the most sctive iron
catalysts catalyze this reaction to only a slight degree at temperaiure
below 300° C., it appears probably that water and carbon dioxide sre prim
products on cobalt and iron catalysts, respectively. Although metal car-,
bides are formed on both cobalt and iron, there is evidence that the mech
—of the synthesis on cobalt catelysts differs from that on ircn catalysts.
The ratic of the partial pressures of methane to éthane plus ethylene in
the off-gasés from the synthesis is markedly different for different cata.
lysts, as shown in table 17. The ratio for cobalt is almost 20 times
larger than that for iron-copper, This fact should be correlated with .-
the previous discovery that on cobalt catalysts, ethylene mixed with
synthesis gas participztes in the synthesis to Torm normally liguid hydr
carbons, whereas on an iron-copper catalvst the added ethylene appears

21/' Hofer, L. J. E,,.The Preparation'and Properties of Mstal Carbides with$
+ Critical Comment as to Their Significance in the Fischer-Tropsch
Synthesis: Bureau of Minge Rept. of Investigations %770, 194k, 39 PP
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ﬂ/ In argely as ethane, An investigation has been made on the correlation of
aonoxide e physical rroverties, particularly X-ray diffraction pattern ang i‘errd-
wetion megnetism, of iron catelysts with theif_mgde of ‘preparaticn and activity,
‘de and i : ' T : '
mpletion, Tect of Presswre znd Dilution of Synthesis Gas with Nitrogen
she _ ‘
carben . Under a teoial presswre of aboub 1 atmosphere,  dilution of synthesisg gas
3 total with nitrogen decreases the yield of liquid hydrocerbons per unit volume of
ste are gag.but does not decrease the Precentage of conversion. In fact, such
carbides, luticn resuits in a2 conversion somewhat greater than would be calculated
radius the basis of & first order reaction., This is shown in table 18 which
than 0,58, ontains results of recent work in the Bureau of Mines. As the reaction
2 or less prroximately first ovder in thé abeence of diluente and the reaction
the inter- -in the presence of nitrogen is scmewhat greater than corresponds to
le that the.partial pressure of the: synthesis gas; it appears probable that the
;7 modify stow step in the resction is the dsscrption of the products.
11 change, o : L o ' B
Hydrogen : TAPLE 17. - Buregu of Mines analyses of residual ges
1y because . from Fischer-Tropsch Synthesis after
adscrption one »ass through catalysts
fied by ) o .
and pro-’ - [Co-ThOp-kieselguhr | Te ] Fe-Cu
n it. Catalyst , “Fercent Dy wolome
g is ‘Methane 5.7 . "1 38,3 - h,o
Ethane . 3.6 - 4,3 2k.8
: Ethylens . 1.3 Lk T3
their oxides Propane 2,6 L, 9.7
synthesis : Propylene 5.h 6.6 16,4
a mixture .Butanesg A _ 1.2
resence of SN : +. Butenes _ B .9 2,0
of carbon ‘Carben monoxide | 32,2 37.5 L7
wing re=- - Hydrogen®/ 1.1° 1.0 343
Hy — Carbon digxided/ 3 o B
sts, how- Hitrogsnﬁ/ 5.8 25 15.0
than Ratig C1/Cs - | 3.8 _ R 5
ve catalys -8/ Wost of The carbon Alovide was vemoved by absorption
ron © in ceustic before condensing the gas, and most of
erature? 3 the hydrogen end nitrogen were ssparated by the ’
are primar)g condensaticon, ' : .
stal cer- . .
the mecha TABLE 18, - Bureaun of Mines Results on Diluent -
atalysts. - ‘ ' " effect of niitrogen using a
ylene in ) - 7 Tcobalt catalyst
rent cata- o - : o - o
times Hitrogen, _Tields in grams of oil per cubic meter
4 with " percedt” | Obgerved = [ Calculated
with 1.0 ol 1 -
aid hydro- 16,35 B T - ) i 8k, 7 '
ppears - 26.8 n 90 . | 2.3

C_i_&#alySis cf plblighed daté,showsgthat_the rﬁﬁctioh rete is directly
:_brt}onal tc the partial pressure of the synthesis ges and inverséely
2ot tional to that of the products. The retardation of the rate by the
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