7. CO Reactions

A, COx + Coal

1973

7.1 1386029 Hydrogenation processing of liquid coking
products. Bocharov, Yu. N.; Kambarov, Yu, G.; Krichko, A. A.;
Privalov, V. E.; Skvortsov, D, V.,; Shustikov, V. I. (Vses,
Nauchno-Issled. Inst, Olefinov, Baku, USSR). Xhim. Tverd.
TOElh 1973, (1), 153-4 (Russ)., Optimum results were obtained
with crude benzene and benzene, toluene; xvlene fractions at
550-80° and 50 atm (f. p. of final benzene 5,45-5.49°, S
<0,0001%), with naphthalene cil! at 520-50° (the yield of naph-
thalene increased by 5-10% in comparison with its content in
the crude oil, f. p. 79.9-80.0°, S <« 0,001%), Hydrogenation
of 1lig. coking products ylelded mainly benzene, naphthalene,
and hydrocarbons C,-s at 625-50°, The yield of benzene and
naphthalene increased by 10=-15% in comparlson with thelr con-
tent in raw materilal. Addn. of water gas (10-20% of raw ma-
terial) to the reaction zone of high-temp. hyvdrogenation de-
creased the formation of coke and increased the 1life of the
catalyst.

1972

7.2 142167y Gasification kinetics of coke with mix-
tures of carbon monoxide and carbon dioxide. Ulrich, K, H,
(Krupp Forschungsinst., Fried Krupp G.m.b.H., Essen, Ger.).
Tech. Mitt, Krupp, Forschungsber, 1972, 30(1), M9-55 {(Ger).
Four coke types were gasified at 900, 1000, and 1100° in the
presence of CO,~CO-N mixts. of various compns. Single test
samples (5-8g) were used and reactlion rates detd. gravimetri-
cally. Gasificatlion mechanisms are discussed.

1971

7.3 17355u Synthetic natural gas and hydropen from
the gasification of carbonaceous materlals. Leas, Lawrence
E.; Leas, Robert L.; Johnson, Cecil J. (Leas Brothers Develop-
ment Corp.). U.S. 3,753,671 (Cl, 4872103 C 10j), 21 Aug 1973,
Appl. 161,196, 09 Jul 1971; 6 pp. Synthetic natural gas 1s
produced by first producing CO: by reacting CO with Co oxlde,
reacting the CO. with C in a hot bed of carbonaceous material
tc produce a CO=-rich gas, reacting part of the CO wlth steam _
in the presence of a catalyst to produce H, and reacting addnl.,
CO with the H to produce a hiph-CH. gas. The CC is desulfurized
before H prodn. by reaction of £ in the pas with Co oxide,
forming Co sulfide and alternately oxidizine 1t with alr to
produce S0.. In an air-burn cycle, excess alr 1s intrcduced
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into the 1lst bed of Co oxlde to form 1ts hirher oxide aflter
‘having been reduced by 1introduction of C0O, heatling the air, and
introducins 1t intc the carbonaceous bed to burn 1t at a2 hirher
temp, Yor example, char contg, € 75.9, H 1.6, & 3.2, 0 0.1,

N 1.4, and ash 17.8 wt.% was partially burned with alr, in-
creasing the bed temp. to 2300°F, The alr flow was stopped

and C0, was injected at 1925°l", The pasifler was maintained

at 300 psia. The exlt mases were flltered, cocled to S00°F,
and desulfurized with Co oxide. After desulfurization, the

av. pas compn, was CO 76,9, Cn. 16,6, CHs 0.9, N 0.3, and H 5.3
mole %. The desulfurized rases (av. flow rate 3.25 1lb/hr)
were injected 1nto a H generator conte. a Cu-IZn-Cr oxide cata-
lyvst., Sfteam at 500°F was injected at 1.21 1lb/hr intc the
penerator along with the gas mixt. The exit gases were dried
and the C0O., was removed. The pases were then neated to 70C°F
and injected 1nto a methanizatlon app. contgz. ah Te catalyst
and malntalned at 700-2C°F and 290-3C0C psia, The ras pro-
duced contained H 1.4, CH. 43,2, CO 3.2, CC2 46,8, Ha0 2.1,

N 0.4, and heavier nvdrccarbons (mainly C.He) 2.9 mole %.

After drving and remcoving the CQ2, a gas with a calorific

value of 975 Btu/ft? was obtained.

7.4 74573e  Reduction of subbituminous coal and lie-
nite usine carbon monoxide. York, Wayne J. (Montana State
Univ., Bozeman, Mont.,). 1971, 166 pp. (Fne), Avall, Unilv,.
Microfilms, Ann Arbor, Mich,, Order No, 71-28,876. From
Diss, Abstr, Int. B 1971, 32(5), 3685,

1670

7.5 6402q  High-BTU gas from coal. Johnson, Cecil
J. (Tetal Energy Corp.) U.S. 3,692,506 (Cl, 48-210; C 10jk),
19 Sep 1972, Appl. 11,151, 13 Feb 19703 4 pp. High=CHy~
content pas (I) 1s ovroduced by treatinr C and CO, at 2100°F
In a lst gasifier to produce CO. The pasifier 1s malntained
at 2000°F and 1C0 psila. The CQ 1s passed to a H rmenerator
having 1st and 2nd stages, and 1s treated with steam at 1000°F
and 90 psia 1n the 1lst stage and 450°F and 90 psia in the 2nd
stare to produce H and COz, The CO. is sepd. froem the H, re-
heated, and recycled to the gasifler for the production of
addnl. CO., The H is heated to 950°F and treated wlth C in
2 2nd gasifier at 1200°F and U470 psia to produce I. The I
1s cleaned to remove CO:, H28, and any other impurities,

7.6 115862u Gasifier and desulfurizer for carbona-
ceous materials, Leas, Lawrence E.; Leas, Robert L.; Johnson,
Cecil J. S. African 71 00,186 26 Aupg 1971, US Appl. 2,452,
12 Jan 19703 11 r»p. Co oxide and simllar reactlve oxldes are
used for rasifyins and desulfurlzing carbonaceous materials
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with the use of alr as the repeneratlve fluid. Superheated
CO2 1s generated which in turn converts € to CO. The higher
oxlide of Co reacts with the S pgases In the char gasifyline
eycle to form CosSu. Alr then regenerates the Co. The 8§
gases are absorbed in an alec. recovery unlt. Cos0. 1s arraneed
in a 1lst bed, clean coke in a 2nd bed,; and Co020. in a 3rd bed
in series flow whereby CO 1s coxldized to C0D. in the Co beds
and the coke i1s masifled with the superheated C0, to CO. As
the air 1s regenerating the S-=bearing bed, 1t 1s also reheat-
ing the coke bed and the C0. in the top Co bed. Fxcess heat
is used to generate steam and electricity. Ash 1s removed as
a sep., product. Just enourh regeneration alr is used to re-
lease the S from CosSs to facllitate the more complete re-
covery of the S, '

7.7 47316e Reactivity of anthracite and varilous
cokes, Akhmetov, S. A.¢ Khalbullin, A. A. (Ufim. Neft, Inst.,
Ufa, USSR). Khim. Tverd. Topl., 1970, (3), 82-391 (Russ). A
method for investlgating the reactivity of carbonaceous ma-
terials with H20 1s based on the dlrect detn. of one of the
components and the vol, of the preducts of reaction in the course
of the whole expt. The kinetlc equations proposed for the re-
action C + CO2 were applicable to the reaction C + Hz0., The
reaction capacities of five petroleum cokes, three metallurgi-
cal cokes, pitch coke, and anthracite with H.0 were detd., at
850=-1160°, by measuring the concn, of COa with an automatic
opticsacoustlc gas analyzer, and the total vol. of gaseous pro-
ducts. The rate of reaction C + H.0, as for C + C0O,, was lst
order. The ratio of the apparent reactlon rate consts. de-
pended on the temp. of reaction, the degree of gasificatlon of
the carbonaceous material, and 1ts properties. The values and
sign of the coeff. characterizing the rate of change cof the
apparent reaction rate const. with consumption of carbonaceous
materials was detd. by the nature of the carbonaceous material,
and the gasifying agent. The apparent eneregles E of actlva-
tion for reactlons C + Ha0 and C + COz; were 36«02 kcal/mole,
and the values Ey,o/Epg, of cokes and anthracite were 0,77-1.c.

1969

7.8 L5845g Solubilization of low rank coal with car-
bon monoxide and water. Appell, H. R.; Wender, I.{ Miller,
Richard Dennis (Pittsburgh Coal Res. Center, Bur. of Mines,
Pittsburgh, Pa.). Chem, Ind., (London) 1969, 47, 1703 (Eng)}.
Minus 100-mesh coal was treated at pressures near 4500 psi
in a 500-ml autoclave, The residue was then extd. with CeHs,
giving a yield of 80-95% of the conversion,
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7.9 115861t Gasifvinr carbonaceous materials to a
carbon monoxide fuel ras product. Johnson, Cecll J, (Total
Fnergy Corp.) U.S. 3,635,572 (Cl. 23/204¥; ¢ 0lb, C 10b), 18
Jan 1972, Appl. 810,101, 25 Mar 1969; 6 pp. Ff-contg, car-
bonaceous material in rasified to nroduce €N which !s desul=-
rurized and then used a3 heat enerry for mech, or elec, nover
in 1nternnl comburtion enriner, ~as5 turbines, chem., processes,
and stesm bollers, =S2ince the CO has been deaulfurlzed, a
min., of pecllutants 1s added to the atm.; =.Z., carbonaceous
materlial, e.c., coal, coal char, netroleum coke, or a mixt,
of coal tar and petroleum coke, 1s rasifled by nassling a
main flow of superheated CO. throurh >1 bed of carbonaceous
materials in which the C0O. reacts with the C to form CO, cre-
atinr >1 vaper zone in the bed. The main stream of CO2 is
supplemented with O to the vapor zones for selectlve reaction
with CO simultaneous to the CC.-C reaction to nroduce addnl.
hot CO., whereby addnl. heat and CO2 1s supplled In the vapor
2one for endothermic reaction of CO. gas and C.

1964

7.10 Effect of carbon monoxide on the reduction of
carbon dioxide by carbon of solid fuels. A. D. Kokurin and
D. A. Rozental. Tr, Leningr. Tekhnol. Inst. Im. Lensoveta
No, 63, 148-52 (1960) (Russ). rRedn, of CC. was studled by
method described by K. and R. (CA 57, 16977a) at 900, 1000,
and 1100° by usine 30, 50, and 100% CO. in CO pmas mixts. blown
through coke layers of varlocus thicknesses and 5-7 mm. par-
ticle size. At §00°, the CO, reactivity was very low and in-
dependent of the thickness of the coke laver and of the concn.
of CO,. At 1000-100°, anal,of €Oz was markedly inhibited by
a hirh conen, of CO. formed durlng the redn. Thils temp.
corresponded to the max., of chemisorption of CO by the C of
. the exptl. fuel, Active CO formed during the reaction 1in-
hibited CO., redn., more than the blown=in CO.

o T.11 Effect of structure of a fuel on the reductlon of
carbon dloxide. A. D. Kokurin and D. &, Rozental, Tr. lLeningr.
Tekhnol. Inst. im. Lensoveta No. 63, 144-7 (1964) (Russ). The
redan, capacity of a ruel depends on the surface area. The sur=
face area of electrode coke and anthracite was 1increased 2.5=-3
times by oxidn. of their powders at 300-400° for 6-8 hrs.

7.12 Aspects of the reactivity of porous carbons wilth
carbon dioxide. John H. Black (Univ. of Colorado, Boulder),
Gordon R. Bopp, John F. Jones, Mathew G. Miller, and William
Tambo., Am. Chem. Soc., Div, Fuel Chem., Preprints 8(1),
247-62 (1560 (Enr). <The reaction at 900° of C0, with porous,
calcined, subbituminous coal partlcles was followed by sus-
pending the sample from a balance. fince a 5-fold rangse of
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particle sizes had no effect on the rate; diffusion did not
appear to be controlling. For samples stabilized by thermal
treatment, the reaction rate was practically const. until as
much as 55% of the C was consumed, During reaction, the supr~
face area nearly trebled and reached a max. at ~35% burnoff.
Thus, the pore surface had no effect on the rate. Regenera-
tion of a reactive site each time a C atom leaves the solid
state as CO 1s believed to cause the const. reaction rate.

96

—
)

7,13 Reactlon of carbon dioxide with Karan anthracites
at temperatures of 850° to 1100°, Tae Hee Hahn (Seoul Natl,
Univ., Korea)., Daehan Hwahak Hwoejee T(L), 288-92 (1963),

The rates of reattiIom oI various Korean anthracites with C0O;
were measured at temps. from B50° to 1100° with coal of 6=8
mesh temps. and temps. residence time of reactant gas in the
fixed coal bed 14.0 to 15.0 sec. The reactivity varied con-
siderably with the coal sources and inc¢reased sharnly with in-
crease in reactlon temp. except for Yongwel cozl where the
Increase was not so sharp,which is due toc hirh reactivity and
“the highepore structure of the c¢cal, A straicght llne was ob-
ftalned when a logarithm of the rate consts. is plotted arainst
the reeciprocal of the abs. temp. up to <1000°; but above that
temp., 1t deviates from linearity. The information obtained
will be of value in the design ¢f a coali gaslfier using

Korean anthracites,

1962

7.14 Gaslfication of coal. Eurene J, Burban, Fr. Addn.
83,253 (C1. C 103), July 17, 1964, Appl. Aur. 28, 1962; 3 po.
Addn., to Fr, 1,298,850 (CA 59, 7273¢c). 1In the generation of
CO, CaC0y is used to react wlth the C according to the equa-
tion CaClO; + C = Ca0 + 2CO.

7.15 Gasification of solid fuels in a slagging oroducer.
Finacalor A.=G. (by Zsigmond de Galocsy). Brit., 1,024,341 (C1,
C 10j), March 30, 1966, Appl. Jan. 18, 1962; 3 pp. In z gas
producer in which molten slag 1s sprayed into a furnace as the
principal heat source, use of 0 or highly enriched air preheated
to 21000° as the gasification acent allows the use of low~grade
coal or coke as fuel. When the pasification agent contailns CO,
and/or H.0, the following reactions occur: (1) 2C + Q, = 2C0;
(2) C + H20 = CO + Hz) (3) C + COx = 2C0., As reaction (1) is
exothermic and (2) and (3) are endothermic, (1) predominates.
The H reacts with 8 in the fuel to produce HpS, and ores blown
into the furnace are reduced,
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1954

7.16 Carbon monoxide almost free from carbon dioxide
by gasification of coke with oxyeen. Dr, C. Otto and Co.
G.m.b.H. and Sueddeutsche Kalkstlickstoff-Werke A.-0G. (by
Frich H. Becker-Boost and Hermann Kronacher). Ger, 1,146,221
(c1. 2ke), rar., 28, 1963, Appl. Dec. 17, 1954; 5 pp. Dry O
13 blown throurgh Jets into the bottom of a water-cooled ras
cenerator {(inside diam.-to-height ratic 1:2) fillled with drv
coke of 20-40 mm, size at a veloclty of 100~150 m./sec. and A
pressure sufficient to extend the 1600° rasification zone close
to the surface of the coke. Part of the CO thus produced is
cooled and recirculated throurgh similar jets surroundines the
N jets to cool the coke outslde the egasification zone below
§00°, By thus restrictinr the temn. range to 600-1600°, a
ras contg. 97-99 vol. % CO is produced.

B, Modified Filscher-Tropsch

1672

7.17  37375s Coal refirery. Tanerible concept, Egbal,
J.; Sarkar, S. (Dep. Chem. Enz., Tndian Inst, Technel., Bom-
bay, Indla). ZPetrol. Hyvdrocarbons 1972, 7(1), 1-9 (Ene). Fub,
in Chem., Age India, 23(4). A revlew with 21 refs. The hyvdrc-
renation of coal, coal tar, and coal extracts and the fechni-
cally sound but economically impractical Fischer-Tropsch rasl=-
fication of coal are discussed. A pronosal is discussed for
the conversion of Assam coal into oll by direct nyvdrorenation
and for establishing a combined refinery In which half the
plant capacity will be met by the o0il from conversion cf coal
(syncrude) and the other half by natural crude. '

7.18 5625u Gasoline via the PFischer-Tropsch reaction
using the hot-pas recycle system. Elliott, J. J., Havnes, Y.
P.: Forney, A. J. (Bur. Mines, Pittsbureh, Fa.). Amer. Chem.
Soc., Div. Fuel Chem,, Prepr. 1972. 16(1), 44-50 TFrmy. 1
Test run was conducted in the hote-gas recvcle pilot nlant.

Heat of reaction is removed by recyveline relatively larre amts,
of reacted ras. The catalyst was a rawv mapnetite ore that was
flame sprayed ontc sheet steel assemblies, thus achievinz a
catalyst form with a very low resistance to paz flow., The
vield of C, and C. gases was hieh, eenerallv 30-40% of the
hvdrocarbons formed. The remainder of the hvdrocarbons ranred
up to heavy waxes and were comparable to products obtained with
other forms of Fe catalyst. The casoline yield approached 603
of the hydrocarbon prodn.
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1967

7.19 134921w .Direct conversion of carbonaceous materlal
to hydrocarbons. Hoffman, Edward J. (University of Wyoming)
U.S. 3,505,204 (€1, 203-10, C 1l0g), O7 Apr 1970, Appl. 10 Apr
1967; 7 pp. A method 1s described for converting carbonaceous
material directly to hydrocarbons and O-contg. org. compds,
Steam reacts at 800-1200°F with carbonaceous material 1n a 2=
component catalyst system. The 1st is an alkali metal or alk.
earth compd. and the 2nd 1s a Group VIII transition metal
compd.

1965

7.20 Hydrogenation of carbon monoxide and carbon dloxide
on supported ruthenium catalysts at moderate pressures. F. S,
Karn, J. F.Shultz, and R. B. Anderson (U.S. Dept. of the In-
terior, Pittsburgh, Pa.). Ind. Eng.Chem., Prod. Res. Develop.
4(4), 265-9 (1965) (Eng). Ru-on-Al:0; catalysts contg. 0.5
wt. % Ru are effective catalysts for hydrorenation of CO and
COs2. The mol. wt. of the product decreases sharply with in-
creasing H/CO ratic of the feed gas. Large ylelds of hard wax
were produced with Ha + CO mixts, at 21.% atm. and 220°. CH.
was the principal product with 4H. + CO.. With 3H. + CO, the
rate increased with total pressure to the 1.2 power.

1964

7.21 Hydrogen sulfilde polsoning of nitrided and car-
pided fron catalysts In the Flscher-Tropsch synthesis. F. 5.
Karm, J. F. Shultz, R. E. Kelley, and R. B.Anderson (U.S.
Dept, of the Interiocr, Pittsburgh; Pa.). Ind. Eng. Chem.,
Prod. Res, Develop. 3(1), 33-8 (1964). & poilsonlng of Fe
FIisher-Tropsch catalysts was investigated because synthesis
gas prepd. by gasification of coal contalns & compds. The
poisoning of fused Fe oxide catalysts converted to Hagg car-
bide by E.S in 1H + 1CO feed gas was quite similar to the
polsoning of the corresponding reduced catalystj however, the
carbided catalyst required about twice as much S as the re-
duced sample for polsoning to the same extent. For catalysts
converted to é-Fe nitride, the activity decreased less rapild-
1y with S fed to the catalyst than with reduced or carblded
catalysts. When the temp. was lncreased to compensate for
loss in activity, moderately long tests at const. productivity
were possible, Catalysts used 1n tests In which operating
temps. were >300° were less oxldized than the same catalysts
in synthesis tests at 250° to 260°, In the high-temp. poison-
ing tests, nitrided catalysts were partly converted to Hagg
carbide.
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7.22 Development of catalysts and reactor systems for
methanation., J. H. Field, J. J. Demeter, A, J. Forney, and
D. Bienstoeck (U.S. Dept. of the Interior, Pittsburgh, Pa.).
Ind. Eng. Chem., Prod. Res. Develop. 3(2), 150-3 (1964). A
hot gas-recycle reactor and a tube=wall reactor were effec-
tive for catalytic conversion of synthesis oas to CH,, Par-
ti1ally reacted synthes% -gas contg, an appreclable concn. of
CH., can also be treated in these reactors to increase the heat-
ing value to over 90C B.t.u./ft.® Raney Ni sprayed onto
plates is used as the catalyst in the hot ras reactor, while
in the tube wall the catalyst 1s applied to the wall, Excel-
lent heat removal and temp. control have been experienced '
with both reactors. The hot gas~recycle system has been de=-
veloped to a larger scale than the tube-wall reactor, but
efforts are ncw belng directed to the latter because 1t offers
possible elimination of all or most gas recycle and decreased -
power on consumption. One vessel serves as reactor and waste
heat recovery unit,. :

7.23 The design and operation of a pllot=scale plant
for hvdrocarbon synthesis in the slurry phase, R®. Farlev and
D. J. Ray (D.S.I.R., Warren Springs Lab,, Stevenase, Engl.).
J. Inst, Petrol., 50 (482), 27-46 (1964). The Fischer-Tropsch
process for the production of gaseous, liquid, and solid hy-
drocarbons from CO and H was studied in a liquid-nhase (slurry)
pilot plant. The synthesis gas used (HiCO ratlo 0.7:1) was
of the type produced in complete coal gasification., A nerilod
of ~3 years 1is covered, with 14 runs. The solids/liquid sepn.
system developed for this process is described, and typical
data for the synthesis and for heat and mass transfer are
given, Gas hold-up 1n the reactor was measured durins syn-
thesis} this fell with increasineg viscoslty of the slurry as-
soed. with the formation of finely divided C. The reactor
could be operated for 400-500-hr. periods at an hourly space
velocity of 200 (based on expanded slurry vol,) and at a gas
conversion of 50%, maintained by increases in temp. from 260
to 280°, At the higher temps., the C build-up was such that
the increase in viscosity ultimately led to gelation of the
reactor contents, The best performance achleved (50-60% con-
version at a space veloclty of 200) compares unfavorably with
that obtalnable in the 1lst stage of a modern fixed-bed reactor
when using synthesis gas of HICO ratio of 1.271.

7.24 Kinetics of the Fischer-Tropsch synthesis on iron
catalysts. R. B.anderson, F. S. Karn, and J. F. Schultz (U,S,
Bur. of Mines, Pittsburgh, Pa.). U.S. Bur, Mines, Bull. 614(7)
45 pp. (1964). Nitrided Fe catalysts were studled at 21.4 atm,
with feed gases having a H:CO molar ratio of 0.25-2:1, and at
7.8=21.4 atm., with a feed gas of 1l:1 H:CO molar ratlo. The
activation energy increased with increasing CO content of the
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feed pas from 19.5 kecal./mole for a 2:1 H:CO to 23.7 gas keal./
mole for a 0.7:1 H:CO gas. The rate of synthesls with a 121
H:CO gas increased linearly with operating pressure from 7.8 to
1.4 atm. In other expts., H.0, COz, Ar, and CH. were added
to a 1°1 H:CO feed gas and a nitrided catalyst. Important fac-
tors of catalyst geometry in detg. the synthesls rate were
particle size and extent of redn. Expts. carrled out at 21.H-
103 atm. are also described.

7.25 Experiments wilth a self-penerated, carbon-expanded
iron catalyst for the synthesis of methane. J. J. Demeter,
W. P, Haynes, and A. J, Youngblood (U.S. Bur. of Mines, Pitts-
burgh, Pa.). U. S., Bur. Mines, Rept. Invest. gh2s{k), 37 op.
(1664), The synthesis of high B.t.u. gas, usine the Fischer-
Tropsch reaction, was studied in a 2-in,-steel tube-wall reac-
tor. The catalyst (I) was C-expanded Fe, formed on the walls
of a steel reactor exposed to a synthesis gas of H and CO in
1:1 ratio. I did not operate effectively under the test con-
ditions. After a coating had built up to <0.1l in., 1t would
flake off. The thick layers of I resulted in poor temp. con-
trol and high operating temps. Tests in fixed, packed beds
suggest that the most llkely application for the I in produc-
ing high B.t.u. gas would be a moving bed reactor, where bed
movement and heat removal are vrovided to prevent plugging.

7.26 Effects of additions of propylene and l-butene on
formation of hydrocarbons of low molecular welght under Flscher-
. Tpopsch synthesis conditlons.  Atsushi Nakal! and Shigeru failto
(Hosel Univ., Tokyo). HNippon Kapaku Zasshi 85(6), 354~8 (1964).
Effects of addns. of oropviene (f.1-11.8 vol, %) and a l-butene
(8.2-9.2 vol. %) to water gas (H./CO 2:1) in the Fischer- -
Tropsch reaction were studled at 165-200° under atm., pressure
over a Co catalyst with reactant space velocity of 50 and 100
vols./vol./hr, The product analysis was limited to C,-4 hy-
drocarbons. Addn. of oropylene or l-=butene Increased the vol.
shrinkage and the % CO change. The addn., in general, did not
suppress the abnormal reaction of water gas and increased the
formation of C0Oa and CH,. Addn. of propylene increased
CzHe formation. This may be due to hydrocracking of CesHe?

CesHg + Hz = Can, CaHg = CHy + CzHu, CoHy + Hz~— CaHs. At
»180°, the added propylene was completely hydrogenated and an
appreciable amt, of C4Hio forms., Addn. of l=-butene suddenly
inereased CzHe formation at 175°. C:Hs may be formed by the
same mechanism as C.H, above, 1l-Butene not only was hydro-
genated, but also was lsomerized to trans-2- and ¢is-2-
butene, with the former in larger amt. At 250°, l-butene and
isobutenes were almost completely hydrogenated except for a
small amt. of trans-2-butene,
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1963

7.27 Fischer-Tropsch synthesls, Poisoning of iron
catalysts by HzS in synthesis gas. F., S. Karn, J. F. Shultz,
R, E. Kelly, and R, B. Anderson (U.S, Dept. of the Interior,
Pittsburegh, Pa.). Ind. Eng. Chem., Prod. Res. Develop. 2,
43-7 (1963)., The polsoning of Fe Flscher-Tropsch catalvsts by
small concentrations of HaS In synthesis gas was studled, Re-
duced, fused Fe oxide and reduced steel turning catalysts were
tested with synthesis gas containing 6.9, 23, and 69 mg. of 8
as Ha2S per cu. meter, at 260°, For both catalysts, the ac-
tivity decreased linearly with the amt, of S5 fed to the cata-
1lyst until about ©60% of the actlvity was lost and 0.2 to 0.3
mg, S per g. of Fe had been introduced. On further polsoning,
the actlvity decreased less rapidly with S introduced. The ac-
tivity of the turnings decreased steadily to 0 when 1 to 2 me,
S per g. Fe was Iintroduced; however, the activity of the fused
Fe oxlde catalysts approached a const. value of 5 to 10%. By
increasing the temp., the productivity of fused Fe oxide cata-
lysts could be maintalned const. for moderate perlods of time.

7.28 Pipeline gas from coal by methanation of synthesis
gas. H. A. Dirksen and H. R. Linden (Inst. of Gas Techncl.,
Chicaro). Inst, Gas Technol., Res., Bull. No, 31, 137 pp. {1963)
(Eng). Catalytic methanation of synthesls gas was extensively
studied in fixed and fluidized-bed lab, and pillot-plant reac-
tors. Over 90% H + CO conversion to CH« was maintained for
extended perlods at operatine conditlions of 30-300 psig., and
£00-900°%, The most active catalysts were Nl-on-kilieselguhr
and a novel Raney Ni catalyst made by caustic leaching of a
42% Ni-58% Al 2lloy. These catalvsts are polsoned by | compds.
In lab, tests, total conversion capacities of 20-40 X 102 ft.?
CH. per lb., of original alloy were obtained with Raney N1 ca-
talyst at 75-150 psig., a space velocity of 10,000 ft.? gas/ft.?
catalyst/hr., and a 3:1 mole ratlc of HiCO, 1in the feed gas,
These high conversion capaclties were not observed in fluldlzed-
bed pllot plant equipment; the difference is attributed to
backmixing in the bed. A description of exptl. equipment,

Raney Ni catalyst prepn., discussion of the thecry of perfor=-
mance of this catalyst 1n fluildized beds, and tabulation of
exptl. data are glven, 105 references,

7.29 Performance of slurry reactor for Fischer-Tropsch
and related syntheses. A. K. Mitra and A. N, Ror (Indian Inst.
Technol., Kharagpur). Indian Chem. Engr, 5(3), 127-32 (1963).
The slurry reactor was £ in. in diam, and 10 ft, high. The
catalyst was pptd. Te and the synthesis gas was a 1.33:!1 ratio
of H to CO, The actlvity of the catalyst was linear with ores-
sure at 100-50 1b,./3q. in. gage. The usame ratlo was const.
at 240-60° but showed an increasing trend with pressure. At
260°, 150 1lb./sq. in, gage, and an hourly space veloclty of
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100, 94% of the CO was converted, the usage ratio was 1.24, and
a yleld of 174 g. of liquid products/m.? of CO plus H was ob=
tained, The yleld of CH, was 1.5-6 g./m.? CO plus H, Daniel
Bienstock.

7.30 The action of alkall promoters upon lron catalvst.
vI, TInfluence of potassium carbonate upon selectivity. 1.
Herbert Koelbel and Horst Giehring (Tech. Univ., Berlin}.
Brennstoff-Chem. 44(11), 343-7 (1963); cf. CA 60, 7498f, The
conversion efficiency of Fe catalysts in the production of
hydrocarbons from CO and ¥ reaches a max. at 0.2 part Ka2C0:/100
parts Fe and falls off rapidly at higher alkalil content, Cata-
lyst performance is related to surface area, nore vol., av.
pore radius, d., C content, and preparative methcd. The sur-
face area 1s only slightly affected by K2C02 content 1n the
reduced or annealed catalyst, but 1t reaches a max. at 0.3% in
the dried material, The av, pore radius chanpes only very
slightly at K2COs concns. <0,1%, but the product distribution
1s shifted rather strongly to higher mol. wts. and oclefin con-
tents, In comparison, between 0.6% and 1.0% ¥X.C0: there 1s a
parallel relatlon between av, pore radius and the provortion
of higher-boiling paraffin product.

7.31 Reaction mechanisms of the Fischer-Tropsch synthe-
sis, VIiT. Formation of methane during hydrogenation-cracking.
Herbert Koelbel, Hans Bolko Ludwig, and Hans Hammer (Tech.
Univ.. Berlin). Brennstoff-Chem. 4k, No. 3, 87-90 (1963); cf,
CA 57, 9266n, CHy formation in the ¥ischer-Tropsch process
was studied. Use was made of C!% compds. over Co, Fe, and Ni
catalysts under appropriate conditions., At mormal pressure
and temp., only 5% of the primary contact paraffin consists of
CHs formed by catalytic cracking. Tn the case of Te catalysts,
the value 1s 3%. Elevation of the temp. to 204° increases CHa
rormation when N1 catalysts are used. The erit. temp. 1s 213°
in the case of Co catalysts. Cf. ibid, 35, 161 (1954), CA 45,
2177a.

7.32 Carbides, nitrides, and carbonitrides of 1ron as
catalysts in the Fischer-Tropsch synthesis. J. F, Schultz,
,. J. E, Hofer, K. C. Steiln, and R. B. Anderson (U,8, Bur. of
Mines, Plttsburgh, Pa.). U, 8. Bur., Mines, Bull. No. 612, 70
pp. (1963), Haege carbide, hexagonal carbide, and cementite
are considered. FReduced, fused-Fe catalystis, converted to
Haegg Fe carbide by treatment with elther CO or a 134 H3CO mixt.
and converted to cementite by direct ecarburization cr by ther-
mal reaction of Haegg TFe carbide and Fe, were tested in the
Fischer=-Tropsch synthesis with gas at 7.8 to 21.4 atm. Fhase
changes in the catalysts were detd., by thermomagnetic analysils
and x-ray diffraction. Synthesis tests were made on catalysts
converted to nitrides and carbonltrides.
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1962

7.33 . Fischer-Tropsch synthesls. Prepolsoning of ircn
catalysts by sulfur compounds. .J. F. Shultz, L. J. E. Hofer,
F. S, Karn, and R. B.Anderson (Bur, of Mines, Pittsburgh,
Pa.). J. Phys. Chem, 66, 501-6 (1962). The poisoning of
iron catalysts by S compounds in the Fischer-Tropsch synthe-
sis was investligated, since synthesils gas obtained by the
gasification of coal contains H.S and other S compds. The
pretreated catalysts were prepolsoned by immersion in a soln,
of the S compd. in C,H,¢ pPrior to synthesis, £&£0: was the
most severe polson, and H:S and EtSH were nearly as effective.
Results of tests of reduced catalysts polsoned by COS and C°;,
as well as a nitrlded catalyst polsoned by H.,l, were erratic.
However, for all S compds. tested, the actlivity of a reduced
fused Fe oxide catalyst {I) was decreased to <2% of the value
for the fresh sample by addn. of about 10 mg, S/m. Fe or 0.7
.mg. S/sq.in, of surface, Activated steel turnings were more
susceptible to S poilsoning than the I. S polsonings decreased
the av. mol. wt. of the synthesis products and increased the
H.:CO usage ratlio. These changes in selecfivity sugpest that
the polson may in part react with the alkalil promoter.

1961

7.34 The conversion of Scuth African low-grade <coal to
oil and chemicals, P. E. Rousseau. Trans. Commonwealth MMlin-
ing Met. Congr. 1, 375=93 (1961). 011 fractions ranging from
motor fuel to heavy fuel oil are made from coal by use of the
Fischer-Tropsch synthesis at Sasclburg. The process 1s Ilnef-
ficlient in C utilization: for every 100 lb, of C charged to
the gasification, 20 1lb, of C is found in the synthesis pro-
ducts. Large supplles of low-cost coal are therefore essential,

7.35 Coal gas as a substitute for synthesis gas in the
Fischer=Tropsch synthesis., IV, Varilations of reaction charac-
teristlies with time. G. C. Basak and N. C., Niyoeri. J. Tech-
nol., Bengal Eng. Coll. 6, No. 1, 49-60 (1961); cf. CE 57,
I?UTS. %aIcuE%a city gas was allowed to react over a Co
catalyst at 180° and a space veloclty of 100 vols./vol./hr.
for 4 100~hr. reaction periods, wilth catalyst reseneration
between perlods with H at 400° and 3000 vols./vol./hr., space
velocity. Hvdrocarbon production increased from 42,2 g./cu.
m. in the 1st period to 60.5 g./cu. m. in the 4th period.
Catalyst activity decreased rapidly, with hydrocarbon produc-
tion being maintained for only the first 24 hrs. of the exptl,
period. Activity loss appeared to be due to oxidn,, as evi-
denced by Ho0 formation during regeneratlon.
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1960

7.36 Coal gas as a substitute for synthesis gas in
Fischer-Tropsch reactions, III. G. C, Basak and N, C.
Nyorl (Bengal Eng. Coll., Howrah, Indiz). J. Technol., Bengal
Eng. Coll. 5, 117-26 (1960); e¢f. CA 55, 8318, The types of
Teactlons involved and the nature of the products formed in
the synthesis reaction at 180, 190  and 200° were studled.
Coal mas (typleal analysis COa 5.38, ® 25.9, 0 2.7, CH. 19.05,
unsatd. hydrocarbons 3.10, C, and higher satd. hydrocarbons
0.41, CO 7.25, and N 36.23%) reacted over a catalyst (MgO-
ThO,=kieselguhr) at a rate of 100 eu. m, of gas/cu, mn., of
catalyst/hr. The gas was purified to remove 0O and & compds.
The only hydrocarbon formed initially was CHy. After about
6 hrs., CHs formation virtually ceased and formation of higher
hydrocarbons increased. The cverall conversion efficlency de-
creased from about 80% to <50% in the 100-hr. test period.

7.37 Synthesis of high-B.t.u. gas from carbon monoxlde
and hydrogen using a hot-gas-recycle reactor. D. Blenstock,
J. H. Field, A. J.Forney, and H, E. Benson (U.S. Bur. of Mines,
Pittsburgh, Pa.). Prec., Operating Sect., Amer. Gas Assoc.,
CEP-60-14, 9 pp. (1960). Catalytic methanation of a mixt, of
2.5-3 parts H and 1 part CC over a steel catalyst {(prepd. from
lathe turnings by oxidn. with steam) followed by treatment over
Raney Ni 1n a hot-pgas-recycle system was studied. Thus, Q9%
of U + CO was converted to a pgas of 983-1130 B.t,u./ft.? and
contg.78-96% CH. and no CO. With steel catalyst, conversion
was only 85=90%, and the heating value of the product gas was
810-868 B.t.u,/ft.?®

1959

T ——

7.38 Study of gasification of sclid fuels by the 1so-
tope tracer method. I. 6. Petrenko. Trudy Inst., Goryuchikh
Iskopaemykh, Akad., Nauk S5.8.8.R, 11, 9=-22 {1909), Investiga-
Tion by tracer methods inglcates that the interaction of oxides
of C with C proceeds with formation of 3 compds. on the sur-
face of coal: (1) cyclic oxycarbon compds. followed by de-
compn. with formation of elementary ¢ followed by evolution of
c0 (a heterogeneous C exchange reacticon); (2). primary straieht-
chain compds. of oxycarbon followed by decompn. and formation
of COs (in the reverse direction, the reaction is the basis of
3 processes. heterogeneous reactlons with exchange between CO
and CO., velocity redn. with regeneration of CC. in the oxidn.
of C, and oxidn. of C); (3} secondary straight-chain oxycarbon
compds of the carbonyl type as a result of decompn. cf orimary.
compds. with simultaneous formation of CC and C, or due toc In-
stantaneous interaction of 0. with coal. The oxldn. of CO
proceeds easlly 1n the presence of solid fuel, This explains
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the formation on the coal surface of oxides of the carbonvl

type which interact easily with CC and appear to be the reason
for the decrease 1in the reactlon regenerating CO. and stepping
up of the oxidn, of CO. '

C. Gasification

1. Catalytilc
1973

7.39 Catalysis of coal gasification at elevated pres-
sures. W. P. Haynes, S8, J., Gaslor, and A. J. Forney ({(Bur.
Mines), 165th ACS Natl. Meet, (Dallas 4/8~12/73) ACS Div,

Fyel Chem, Prepr. 18, No. 2:1-28 (1973). ScreeniIng tests on
19 g samples of a high-volatile bituminous coal plus 0.5 ¢ of
catalyst, conducted by the U, 5. Bureau of Mines, were made

at 850°C, 300 psig, and 5.8 g/hr. of steam carried by 2000

cu cm/hr of nitrogen, All of the 35 additives tested, in-
cludlng Raney nickel, and iron, bismuth, boron, lead, conper,
and zinc oxldes, Iincreased the total gasificatlon rate and

the yields of deslrable gases (methane, hydropgen, carbon monox-~
ide). The effects of temperature, steam rate, rasification
time, and method of catalyst admixture were investigated. Po=-
tassium salts in ash residues Ffrom toctal coal gasification still
retained most of the activity for producing methane, lost part
of abllity to 1lncrease hydrogen productlion, but inhibited car-
bon monoxide production. Pilot-plant trials addins lime or
dolomite at 5% concentration to coal fed to a 4 in, dia. Syn-
thane gasifier system resulted in significant 1ncreases in
ylelds of methane, hydrogen, and carbon moncxide, Tables,

7.L0 Liquid feed offers quick way to SNG. Anton Roeger
IIT (Texas Eastern Transmission Corp., Shreveport, La.). The
011 and Gas Journal, 25 June 1973.

- 7,41 Study of active sltes on MRG catalyst by means of
pulse technique, AkJo Okapgami et al, (Japan Gascline Company,
Yokohama, Japan). Division of Petroleum Chemistry, ACS Dallas
Meeting, Apr. 8-13, 1973.

7.42  SNG catalyst technolopy. J. T. Richardson,
Hydrocarbon Processing, Dec. 1973, 91-95.

1972

7.43 Future catalytic requirements for synthetic enersy

fuels- Gc Au Mills. ACS » 19720
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7. 44 The poisoning of a steam hydrocarbon gasification
catalyst. F. Moseley, R. W. Stephens, K. D, Stewart, J.
Wood (The Gas Councll, Midlands Research Station, Wharf{ Lane,
Solihull, Warwickshire, Eng.) Recelved Sept. 22, 1370. Journal
of Catalysis 24, 18-39 (1972). The factors which affect the
Toss of actlvity of a nickel alumina catalyst for the pasifica=-
tion of sulfur~free light hydrocarbons with steam at tempera-
tures below 500°C have been examined. These are slntering or
loss of active surface area due to heat treatment in steam,
and poisoning of actlve sites by a much slower parallel reac-
tion to gasification involving constituents of the hydrocarbon
feedatock. The second of these modes of activity loss is much
more important at temperatures between 400 and 500°C and nor-
mal operating pressures -around 25 atm. Thils second mode of
poisoning 15 independent of total opressure but rises rapidly
with the bolling point of the hydrocarbon feedstockx and the
hydrocarbon steam ratioc supplied. Increases in temperature
favor the gasificatlon reaction at the exnense of poisoning.
With finely divided catalyst particles, the rate of the rasli-
fication reaction is chemically controlled and zero order wilth
respect to steam and hydrocarbon. With larger varticles (0.3
‘em diam), the rate is controlled by gaseous diffuslon in the
pores of the catalyst and, in line with this, the reaction rate
becomes proportional to the particle size, the reaction order
rises, and the activation energy falls. Rate control is r»ro-
bably by Knudsen diffusion in the micropores,; though bulk dif-
fusion in the macropores cannot be ruled out. The polsoning
rate falls sharply at first on entering the region of diffu-
sional control as the particle diameter 1s increased, but ul-
_ timately becomes independent of size. An attempt 1s made to
interpret this phenomenon in terms of the effects of diffusional
rate control on steam hydrocarbon ratic and temperature.

1971

7.45 616633 Hydrogasification of brown coal to oro-
duce methane natural gas. Birch, T. J. (Aust.). Aust., Chem,
Process, Eng. 1971, 24 (10), 29-36 (Eng). The process was
Tested in 3 stages: one with a cocurrent 3-t. fluildlzed bed,
a 2nd with a counter-current 19-ft, bed, and a 3rd with 2 co-
current 3- and 15-ft. beds in series, All were elec. heated
and run continuously at 500-1200° with 5-36 1lb/hr Victorian
brown coal 1n 3-in.-diam. Inconel tubes within cooled pressure
vessels at 500-600 psi (15=600 psi of H in N). In the 3rd
stage, the short 1lst reactor controlled the initlal fast re-
action with the volatile matter and discharred the further-
reducible char to the 15-ft. reactor, where coolinpg colls (N)
and cocurrent operation kept the exothermiec mixts, below 900°,
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The 850° max. conversion to CH. vs. theory was 8 ft®/20.5 rt3,
consuming 13 ft*/38 ft® of H per 1b of dry ash-free coal and
leaving some N and S in the char., The rate consts. at 850°
were 7.6 X 10-? lb/atm-lb of bed C for the volatile matter and
5.4 X 10-* lb/atm=1lb for the residual C., The heat of reaction
was 65 Btu/ft® H consumed. Up to 234 ft® of CH./hr was pro-
duced, ylelds decreasing with increasing time and temp. up to
900°, The thermal efficlencles were 99 and 95% at 47 and 65%
coal conversion, resp. Important variables were the bed 4.

~ and pv2, in which v 1s the gas surface velocity. Pneumatic
transportation of solids and sepn. of the 2 reactions are sug-
gested. '

1970

7.46 102438¢ Coal and char transformation in hydro-
gasification of c¢oals ranging in rank from lignite to low-
volatlle bituminous. Mason, David McArthur (Inst. of Gas,
Technol,, Chicago, TI1l.). 1Ind. Fngs. Chem., Process Des, De=
velop. 1970, 9(2), 298-303 {Eng). The effect of rank on the

ehavior of coal at different stages in hydrogasification was
examd. petrographically. Among 5 hirh-volatile bituminous
coals, the yleld of coal from the pretreatment increased
slightly with rank., Structure and anlsotropy of the hvdro-
gasification residues indicated that the higher the rank of
the coal, the greater the fluldity in the interior of the par-
ticles when they were rapldly heated in the reactor. Escape
of this materlal from Inside the pretreatment skin caused ag-
glomeration when a low=volatile bituminous coal was processed,
Lignite and subbltumlnous coals, run without pretreatment,
gave residue chars wilth a lenticular pore structure. In some
reglions of these residue chars, the presence of rounded pores
indicated the development of a degree of plasticity.

1969

7.47 41103a Hydrogenation of coal tc give methane-
contalnTng gases. Dent, Frederick J.4 Thompson, Brian Hoyle}
Conway, Henry L. (Gas Council) Brit, 1,154,322 (Cl, C 10b),
04 Jun 1969, Appl. 06 Oct 1966: 5 pp. Coal is hydrogenated
to provide a CHuy-contg, gas in a fluldized bed of noncaking
material at 600-1000° under 10-200 atm. in the presence of a
hyvdrogenating pgas.. The hydrogenation esives gaseous hydrocar-
bons whieh arise malnly from the volatile constituents of the
coal, esp., at the lower temps., and give a residue of non-
cakling powd. char. Thils char may be hydrorenated under more
severe condltlons In a later stape of the process to produce
more CHs and also a residue which may be used for manuf, of H.
The use of a fluldized bed facilitates temp. control of the
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-peactions which are exothermic, The temp. of the process 1s
controlled by the preheat temp, of the reactants and by the
-controlled oxidn. of part of the fluidized bed. The noncaking
‘material in the fluldized bed can be the noncaking char pro-
duced .by the hydrogenation of the powd. raw coal, and the in-
troduction of the coal and the extn. of the treated char are
both operated continuously. Detalls of the app. and the opera-
‘ting techniques have been descrlbed previously (Brit. 1,154,321)
.except that a 1lia. hydrocarbon feedstock was used 1n place of
‘raw coal.

_7;”8 (New catalytic concepts for the) conversion of
goal"ﬁo gasoline. G. A, Mills., I. Engr, Chem., July 1969,
! -_1—7 .

1966

7.49 22658n Production of carbon monoxide and hydro-
gen from solid carbonaceous fuels., Baron, Gerhard; Kapp,
Ernst; Dernbach, Heribert; Bleger, Franz; Kohlen, Rudolf
(Metallgesellschaft A.-G. and Ruhrgas A.-G.) U.S8. 3,540,867
(Cl. 48-197; C 10jk), 17 Nov 1970, Ger. (East) Appl. M 69,561,
20 May .1966; 8 pp. Gases from the pyrolysis of solid car-
bonaceous .fuels are cooled to 180° to remove the dust and the
condensible materials. O and CO: are added and the gas stream
1s passed over a ceramlec cleaving catalyst at 700°, The cleaved
rases are cooled to condense Hp0 and are scrubbed to remove
COz, NHs, and S compds. The cleaving catalyst is sunported
on Alz0s or MgO and contains a metal, oxide, or sulflde se-
‘lected from-an element of Group VI or VIII of the perlodic
table.

1962

7.50 Hydrogasification of bituminous coals, lignite,
anthracite, and char. Raymond W. Hiteshue, Sam Friedman, and
Robert Madden (U.S. Bur. of Mines, Pittsburgh, Pa.). U. S.
‘Bur. Mines, Rept. Invest. No. 6125, 15 pp. (1962). To aid in
desIgning a continuous system for evaluating processes for con-
verting coal to high~B,t.u. gas, the Bureau detd. the amena-
pility of various coals and a char to hydrogasification at
B800° and 6000 1lb./sa. 1in. gage by using 2 Mo catalvst. A llg=-
nite from Rockdale, Texas, an hvCb coal from Rock Sprinss,
Wyoming, a char from the low-temp. carbonlzatlion of the latter,
an hvAb coal from Pittsburgh, and an anthracite from Luzerne
County, Pa. were tested, The hlghest ylelds of gaseous hydro-
carbons, 94%, were produced from char, and the lowest ylelds,
67%, were obtained from lignite. Hydrocarbon bases contalned
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CH, 82-92, C:Hs 8-15, and CsHe 1-3%. More oll was produced
from lignite than from the biltuminous coals. O1ls bolled be-
low 300° and contained less than 4% asphaltenes, No olls
were produced from char or anthracite. Small ylelds of coro-
nene, a polynuclear compd., were obtalned by hydrogenating
anthracilte, ‘

C. Gasification

2., Selected Processes

General surveys
Bi-Gas

C02 Accevntor
COED

FMC

Hydrane

Hygas

Kellogg
Koppers=-Totzek
Lurgl, Pressure Gasiflication
Slagging
Westinghouse
Producer

Other

1873

7.51 21455y - Coal rasification. COED orocess plus
char gasification, Shearer, H, A. (American 0il Co., Whitine,
Ind.). Chem. Eng. Prog. 1973, 69(3), 43-9 (Ene). A concep=-
tual desIpn was given for a plant to produce 250 X 10° std.
ft*/day of pipeline gas and ~27,000 bbl, of synthetlc crude
oll/stream day from coal.,” The plant utillzes the COED coal
pvrolyvsls process along with a molten salt process to casify
COED char. The COED process 1s based on multistage fluidized
bed pvrelysis of coal to produce eill, gas, and char. Approx.
half of the charge 1s converted to char. A molten salt pro=-
cess is used to gasify the char and to produce hipgh-Btu nipe-
line gas from the combined COED and gasificatlon gases,

7.52 21453w Kellopgp's coal gasificatlion process,
Cover, A, E.; Schreiner, W, C,; Skaperdas, G. T. (M. W. Kellogrg
Co., Houston, Tex.). Chem, Ens, Progr. 1973, 69(3), 31-6
(Eng). The gasification of coal in a bath of molten NazCOs
through which steam Is passed 1s the basls of the Kellecsp coal
gasification process., The oripginal 2-vessel gasification sys-
tem with a gasifier and combustor was changed to a single-
vessel system because of the endothermic reaction of steam wilth
Na2COs (NazCOs + HoO~ 2NaOH + CO,) at 1B00°F. The molten bath
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can handle caking coal directlv, the meolten carbonate has a
strony catalytic zction, and at the uniform hirh temp. 2all
tar components are rasifled to maximize the mas yield and
€liminate some pollution control facilities, The catalytic
action permits pasification at lower temps, to maximize CHu
fermation durineg ra2sificatlicn and decrease (1 consumntion.

7.53 161929k Coal rmasifieation, Low Btu for power
station emissicn centrol. Arosta, J.; Illian, H. T.; Lund-
perr, R. M.; Tranby, 0. G. (Commonw. Fdison Ce., Chicaro,
111.). Crem. Enr., Proer. 1973, 69(3), €5-6 (Fng), rddnl.
data corisidered in abstractine and indexine are available
from s source clted in the oririnal document. & clean fuel
is obtalned by the pressure rasification of coal with alr and
steam. Tars and lin. hydreocarbons are recirculated and all
ash 1s removed. The gas is desulfurized and exranded throurh
a turbine. The low=Btu gas exiting from the mas turbine is
sent to a steam-turbine nlant for addnl. elec. reneration.
‘The efficlency of the masification plant is 80%.

7.54 21454 Coal rasification. Evaluatine the bl-ras
SNG process. Herarty, W, P.; Moocdv, B. E. (Air Frod. Chem.,
Tnc., Allentown, Pa.). Chem.Enr, Prosr, 1973, 69(3), 37-42
(Ene). The Bi-Gas nrocess of the Bituminous Ccal Pesearch,
Inc., for the prodn. of synthetic natural ras 1s theoretical-
1y sound. Pctentlal problems of the gasifler are conslidered
and the shift conversion, air sepn,, acid ras removal, & re-
covery, and methanation and drvine are discussed.,

7.55 21459¢ Coal r~asification, Two-=stace coal ceom=
bustich crocess. Karnavas, J. &.; LaPesa, P. J.; Felczarski,
E. A. {(fpp. Technol. Corn., Pittsbureh, Pa.). Chem. Fnr,
Prorr., 1973, 69(3), 54=-5 (Enr)}. Addnl. data cornsidered in
Fbstractine and indexine are available from a source cited
in the oririnal document, The Z-stare coal combustlion nrocess
consists of dizsolving coal in a mzss of molter iron vhere the
coal=-fixed C and S are retained, and the coal vclatiles cracked
and emitted in the off ras as CO and H. The disscolved C in
the iron 1s rasified by reaction with combustlon alr to vield
addnl., CC to the off ras. The dissolved © mizrates to a lime-
pbearinr slaec flcatine on the molten iron to form Caf. An es-
sentlally S0:=-free off ras for subsenquent combustlion in a power
plant btoller 1s produced via the molten Iron rasiflication
method. The vrocess can de used to pasifr coal for elec. nower
plants without SC; emission intec the atm,

7.5€ 106678y Sunrlemental nipeline ras from coal by
the hydrane process. Feldmann, ferman I',; Wen, Chin Vunr,
Simons, William ¥.j; Yavorsky, Paul ™, (Fittsburrh Fnerry Tes,
Cent., Bur, Mines, Pittsbursh, Fa.). AlChE Syrp. Ser. 1073,
66(127), T4=6 (Eng). Addnl, data consldered in abstracting
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and indexing are avallable from a source cited *n the original
document. A process is described for dlrect converslon of
coal with H to plive CHy. The oneratine conditlions are 11C0 psil
of H flowinr upward throurh a free-=fallinge pulverized coal at
725°. The coal must fall freelv for 15 ft. to nrevent agplom-
eration before beiner coned, for the high-temn. reaction. CO:,
H28 and dust are then removed “rom the nroduct,

7.57 39112q  HYGAS process. Schora, Frank, Jr.; Lee,
Rernard <.; Huebler, Jack (Inst. Gas Technol., Chicaro, T11.).
Wworld CGas Conf., (Proc.), 12th 1973 (Pub. 1973). IGU/B 3-73,
20 nn, (Enr). Int, Gas Union: London, Enrl. Status of the
coal gasification nrocess develepment on a nilot-plant scale
is described. Posslibillity of the reneratlon of hirh-heatine-
value pas- (by HYGAS process) quitable for injJection into nine-
line systems is discussed.

7.58 87013p Development of the HYGAS process for con-
verting coal to synthetic nipeline mas, Lee, B. 8. (Inst. Gas
Technol., USA). J, Petrol. Technol. 1972, 24(Dec.), 1407~-10
(Eng). The coal Is crushed, rround, and slzed and if it is an
apglomerating type it 1s treated to destroy the asrlomeratine
proverties. To attain a pressure of 1000 psi in the hvdrorasi-
fier, a cocal-o0il slurry is used (the oil 1is a by-product of the
process and is recovered for recvelins), Hydrogasification is
done in 2 stages? at 1300-1500°I to produce CHs in a hirh
vield from the volatile matter, then at 1700-1800°F to produce
CHy and to effect the steam-coal reaction to renerate H., The
other half 1s used to generate H. The hot raw ras from the
rasifier dries the incoming slurry by evapr. the carrler oll,
and then 1s guenched to recover the oll and condense unreacted
steam. fas purlfn. follows to remove CO2, S compds., etec,
Complete & removal 1s necessary to prevent contamination of
the Ni=base catalyst later. Purified feed pas for methanation
contains CH. 60, CO 10, and K 30%. The CO and H react over the
catalyst to form CH, at 550-850°TF. This temp. is cocntrolled
by recycling cold product gas. The final product contalns 95%
CH. and < 0.1% CO (the rest is H and inerts), has a heating
capacity of 950 Btu/ft2®, and is fully interchanpeable with
natural ras.

7.59 21452y Low=sulfur char as a co-nroduct in coal
rasification., Curran, G. P,; Clark, William Ederar; Pell,
Melvyn; Gorin, Everett (Res. Div,, Consol., Coal Co., Library,
Pa.)., U, S, iIat. Tech, Inform, Serv,, PR Ren, 1972, No.
214162/G6, 70 pn. (Fne). Avall, NTTS, Trom Govt. Rept. fn-
nounce. (U,S.) 1973, 73(5),)174=5, The prodn. of low=F char
as a co=-product with low-® producer ras Iin a rasificatlion-
desulfurization process with bituminous coal was studied.
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CaC0Os was used as a 8 acceptor. Preoxldlzed coals were ex-
tremely responsive to desulfurization., Chars were obtained
contg. £0.5% S. Low-S char was produced at a lower Btu cost
than was the case for complete gasification to low-S nrodu-
cer gas.

7.60 39141y Two-stare gasification of pretreated
coal. Donath, Ernest E. (Bitumincus Coal Research, Tne.).
Ger. Offen, 2,312,350 (Cl. € 10b), 11 Oet 1973, U.=%. Appl.
237,332, 23 Mar 18725 29 pn. A process for producins CHa
comprises 2 stages., In the lst stage, fine particulate coal
and steam are reacted at 1370° and 50 atm to plve H=rich
synthesis gas. Methanizatlon occurs 1in the 2nd stare, when
partially carbonlzed coal and synthesis gas react in a rasi-
fication zone at 870° and at »50 atm pressure, A part of
the semicarbonized coal is recycled to the 1lst stage of make
synthesis gas. Fuel gas of »>70% CH. 1s obtalned as final
product.

7.61 291343 Two-stapge coal pasification with forced
mixing. Donath, Ernest E. (Bituminous Coal Research, Inc.)
Ger. Offen, 2,312,283 (Cl. C 10b), 11 Oct 1973, U.S. Appl,
237,360, 23 Mar 1972; 18 pp. In the manuf, of CHu-enriched
fuel gas by reactlon of charred material from the 2nd staee
with O and steam in a 1st stage to glve synthesls gas and re-
action of this gas in the 2nd stage with coal and steam to give
the charred material and a prcduct gas contg, CH., H, and C
oxides, the synthesis gas was passed through a mixing zone of
reduced diam., into the 2nd stage. The temps., pressures,
‘zas velocities, and residence times of the sollds were ad-
justed such that the reactants flowed upward In whirls to
give quick gasification at a temp. above the m.p. of the slap
formed in the 1lst stage and above the reglon of ccal plasti-
fication in the 2nd stage. The product gas was purlfied and
methanized to give a fuel gas conte, >70 vol., % CHua. -

. 7.62 5636y Gasifying ccal in several fluidized-bed
compartments. Archer, David H,; Brecher, Lee E. (Westinghouse
Electric Corp.) Ger. Offen, 2,262,971 (Cl., C 01J). 19 Jul 1973,
U. S, Appl. 216,950, 11 Jan 1972; 18 pp. Pulverized coal
mixed with CaC is drled in the 1st fluldized bed by the gas
from the 2nd bed. The coal is devolatilized and desulfurlzed
in the 2nd bed by the gas from the 3rd bed and the Cal, and
CaS 1s discharged from the bottom of the 2nd bed. In the 3rd
bed, the devolatilized ccal is partially fasified by the ras
from the 4th bed. The partially ecasified coal 1s completely
gasified in the Uth bed by air and steam. The gas from the
2nd bed is the product. A 5-bed syvstem is described for a
power plant with a ras turbine, a steam generator, anc a steam
turbine, ‘
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7.63 5622r Hydrogenated COED oil, Johns, John H,;
Jones,, John F,; McMunn, Bert D. (J. J. Johns Assoc,, Villanova,
Pa.). Amer, Chem, Soc., Div, Fuel Chem., Prepr. 1972, 16(1),
26«35 (Eng). The COED process converts coal by fluidized-bed
pyrolysis into gas, ol1l, and char. A catalytic hydrogenation
plliot plant was constructed to hydrogenate 01l produced in the
COED process from coal. Desulfurization, denitrification, and
deoxygenation of this plant was compared with previous hydro-
genation studles. The properties of the gasoline, middle dis-
tillate, gas oll, and bottoms produced were defined in
petroleum refining terms,

7.64 142151p Coal desulfurization aspects of the Hv-
gas process. Feldklirchner, H. L.; Schora, ¥, C., Jr, (Inst.
Gas Technol., Chlcaro, I11l.). Ailr Pollut, Contr. Off. (V.S.)
Publ. 1972, AP-109, III-2, 9 pp. (Fng). The steps involved
Tn the Hygas process for desulfurization of coal are discussed:
(1) coal pretreatment, (2) hrydrorasification, and (3) electro-
thermal gasificavion,

7.685 51058y Gaslficatlion of lignites in a fluidized
bed under pressure uslng air-water blowing, Sechenov, G, P.
(Inst. Goryuch. Iskop., Moscow, USSR). Khim, Tverd. Topl,
1972, (3), 96-102 (Russ). An air-water mixt, can be used in-
stead of steam to produce water gas from a fine-grain lienite
in a fluldized bed at 0.5-20 atm. This decreases the consump-
tion of water and energy and the cost of steam production equip-
ment. The water 1s converted into steam, 1s superheated in the
oxidn., zone of the fluldized bed, and has no effect on the gas
formation process in the redn. zone. Depending on the compn.
of the 1initlal air-water mixt., water gas can be obtained
whlch has the same compn.-and energy value as gas obtalned with
steam.

7.66 167010e New horizons for pressure gasification.
Production of clean energy. Hebden, D.; Percival, G. (Res.
Dev, Div., Gas Counc., London, Enpgl.). Inst. Gas Eng., J. 1972,
12(8), 229-44 (Eng). A review is given Ol Drocesses for con-
verting fossil fuel feedstocks into CH. for com. distribution
under development by the Gas Councilj coal hydrogenation, ca-
talytic CHa synthesis, fluidized-bed oil hydrogenation, gas-
recycle oll hydrogenation, catalytic rich-pgas process, and slag-
ging coal gasification., No.refs,

7.67 142135m  Syngas from coal, Schora, Frank C., Jr.
(InstT Gas Technol., Chicago, T1l.). Proc., Annu. Conv.,

Natur, Gas Process. Ass., Tech, Pap. 1972, 51, 114-18 (Eng).
The CoG BI-GIS,-SynEEane, and 10T HYGAS processes, and the .

b ]
Lurgl gasifler, are reviewed briefly. No refs.
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1971

7.68 ~ 161948r Coal gasification., Donath, Ernest E.
(Bituminous Coal Research, Inc.) Ger, Offen. 2,255,735 (Cl.
¢ 10J), 29 Mar 1973, U.S. Appl. 182,652, 22 Sep 1971; 25 pp.
Gas contg. 94,.8% CHa. and solid fuel contg. 0.72% S of hirh
calorific value were manufd. by 2-step gasificatlon of coal.
Tn the 2nd step, the gasification of coal with superheated
steam (540°) and product gas of step 1 at 72 atm and §25°
gave a gas mixt, contg, 38.7% CO and 17.3% CHas and solid
char. 1In the 1lst step, gasification of a part of this char
with superheated O (425°) and steam at 72 atm gave C oxides and
H. The other part of the char was used as fuel for the steam
generation. Thus, this 2-step gmasification of coal contg. C
74,7, H 5.0, N 1.5, 5.3,8, and 0 7.8% gave a char contr. 0,72%
S and a gas contg. CO2 15.9, €O 38.7, CH, 17.3, Hp. 26.0, N
0.7, and H:S 1.4%. This ras was passed through a water-gas
reactor fcr CO conversion to cive after removal of H2% and
CO:. a gas conte, CHa. 94,8, COz 1,14, CO 0.06, ¥ 2.0, and N
2.0%.

7.69 6401n Gasification of crude lignite., FSchenck,
Hermann; Wenzel, Werner (Rheinische Braunkohlenwerke A,=G.)
Ger., Offen, 2,212,880 (Cl., C 10b), 28 Sen 1972, Australian
pppl., 26,877/71, 23 Mar 1971; 22 pp. Crude lignite was gasi-
fied by passing through a tubular, slightly inclined, and in-
directly heated chamber whereby the water content of the coal
was used as the gasification aecent., The coal was transported
by changing the pressure of the developed gases and vapors by
automatlic valves, ‘ : ‘

7.70 100293b Synthesis gas. Seplin, Leonard;
Fddinger, Ralph Tracy (FMC Corp.) Ger, Offen, 2,204,990 (Cl.
¢ 013), 24 Aug 1972, U.S, Appl. 114,642, 11 Feb 1571; 14 pp.
Synthesis gas manufd. from coal and steam in a fluidilzed~bed
gasifier, 1s passed intc a2 cyclone sepg. system and the finest
suspended solids thus sepd, are burned in a combustlon chamber
with preheated alr. The hot combustion gas 1s passed Into a
heater contg. a swirling bed of heat resistant nebbles which
are carried by the gas stream into the pasifier above the flui-
dized bed., Thus, make-up char and reclrculated pebbles are
combined in the gasifier with steam at 871° and 2.45 atm. The
heavy pebbles sink to the bottom of the fluldized bed and are
recirculated to the heater. The fine suspended solids sepd.
in the cyclone are burned with preheated air at 282° and heat
the pebbles in the heater to 1038°, The hot gases from the
heater are freed from the ash and are passed at 1038° and 2.45
atm through a waste heat burner, a gas turbine, and finally
through an air preheater.
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7.71 1619304 Kellogg coal pasification process. Cover,
A. E.3 Schreiner, W, C.; Skaperdas, G. T. (M. W, Kellogg Co.,
Houston, Tex.). Amer. Chem. Scc,,Div. Fuel Chem., Prepr. 1971,
15(3), 1-11 (Eng), 7The Kellogg Coal Gasification Process con-
ducts the gasification reaction in the presence of a molten
salt that serves as a heat=transfer medlum and as a catalyst
for coal gasification and hydrogenation reactions. 1In the latest
version of this process, gasification 1s carried out with steam
at 1200 psi and heat 1s supplied by circulating molten salt from
a sep. combustion vessel wherein C in the melt is burned wilth
0. These conditions were chosen to maximize CH. prodn, in the
gasifier which, in turn, minimizes O consumption and subsequent
gas processing costs. An alternate version of the process fea-
tures eliminaticon of the sep. combustor by injectlon of the O
into the gasifiler.

7.72 161931le  Status and desien characteristics of the
BCR/OCR bil-gas pllot plant, Farnsworth, J. F.; fGlenn, R. A.
(Xoppers Co., Inc,, Pittsburgh, Pa.). Amer, Chem. Soc.,Div.
Fuel Chem., Prepr. 1971, 15(3), 12~31 (Eng). The planning for
a multipurpose research pllot plant facility for manufg.’
pipeline~quality gas from coalfeaturing a 5 ton/hr BI-GAS pilot
plant as the initial installation is outlined. Design charac-
teristics of the unit operations involved are presented and
discussed,

7.73 161932f Basic features of the carbon dloxide ac-
ceptor gasification process. Mosher, D, R.; Marwlg,. U. D,
Fhinney, J. A. (Stearns-Roger Corp., Rapid City, 3. Dak.).

Amer. Chem., Soc,, Div. Fuel Chem.,, Prep. 1971, 15(3), 40-51
(Eng). An OCR pillot plant which embodies the essentlal features
of the C0, Acceptor (Consol. CSG) gasification process is de-
scribed, The unigue gasificatlion and heat supply concepts are
reviewed, The solids handling syvstems and gas clean-up sys-
tems lncorporated in the pilot plant are discussed,

7.74 161933¢g Strongly caking coal rasifiled in a
stirred-bed producer, Lewls, Paul S.; Liberatore, A. J.j
McGee, J. P, (Bur. Mines, Morgantown, W. Va.). American Chem,
Soe., Div.Fuel Chem., Prepr. 1971, 15(3), 52-61 {Eng). An
exptl. pasifier of fixed-Eed desien 1s described and operating
data are shown for the conversion of strongly caking coal into
fuel gas for power generation or industrial heating. Arglomera-
ted fuel that forms masses of cohesive ccke and stops the fuel
flow is broken up by continucus stirrine of the bed. Fixed-bed
gas producers have used noncakling coal heretofore in order to
avold arglomeration, -Nuclear gages iIndicate bed level and
pross variations in 4., within the bed, Operating data at >80
psig are discussed for feeds of hiph~volatile A and B biltuml-
nous coals from Pittsbureh and Illinois No., 6 beds.
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7.75 22641b Electrothermal coal char gasification.
¥Xavlick, V. J.: Lee, B. S.; Schora, F, C, (Inst. Gas Technol.,
Chicago, T1l.). AIChE Symp. Ser, 1971, 67(116), 228-35 (Fne).
In a 300-kW electrcthermal gasification pillot unlt, a high-
temp. high=pressure synthesls gas was manufd. by the steam
gasification of coal char. The product was a feed gas for the
Hygas conversion of coal to plpeline gas. In tests at 1000
psig, 1690-900°F ,char residence times 6-12 min, and power
levels >10 kW, criteria were sought necessary for the design
of a 2=-MWelectrothermal gasifier for integraticn into a Hy-
gas pllot plant.

7.76 55733¢  Energv-producing gas from fine-grained
coal. ZJechenov, G. P.; Leonova, L. D.y Larin, L. I. (Insti-
tute of Mineral Fuels) U.S.S.R. 372,247 (Cl1. C 10}), 01 Mar
1973, Appl. 26 Jul 1371. From Otkrytiya, Jzobret., Prom,
Obraztsy, Tovarnye Znaki 1973, 50(13), 79. The gasificatlon of
fine-gralined coal in a fluidized-bed app. with an inert sub-
strate at >2 atm, absolute with the use of a steam-air blast
and a fluidized bed is changed to inecrease the heat of combus-
tion by passinrg part of the gasification product through the
upper part of the fluldized bed, mixing the produced gas com-
ponents at the app. outlet with the common gas stream, and di-
recting the unreacted powdered carbon forming durlng gasifica-
tion and heat treatment and the reslin vapors to the moving bed
of inert substrate, Water atomized by alr 1s fed to the
lower oxidn. zone of the fluidized bed.

1970

T.77 7772t City gas from coal by self-ignition iIn a-
generator. Dubovy, Ervin Czech. 146,810 (Cl. F 23r), 15 Jan
1973, Appl. 5946=70, 31 Aug 1970; 2 pp. To start the process,
a gas generator is charged with the coal, sealed; and the vres-
sure increased to 30 atm with superheated steam. After reach-
ing the self-ignition temp., air is fed until the CC. content
in the effluent gas increases to »20% and the 0 content de-~
creases to €1% and the temp., In the upper part of the rerenera-
tor 1s 120-140°, The generator is ready for pas prodn. after
supplying coal and feeding 0. A sorption app. for measuring the
equil. sorption isotherm and the rate of diffusion of CHy from
fine-sized coal was designed and constructed, With Pittsbureh
and Pocahontas Mo, 3 coal, the diffusion cceff. varles wlith
pressure and the fracture spacinm in these 2 coals 1s substan-
tially different.

7.78 142166x Gas for gas turbines by Lursl ovressure
gasifTcation of coal. Rudolph, P. (Lurgi Ges. Waerme-und
Chemotech, m.b.H., Frankfurt/M.; Ger.). Technology 1970, 7
(No, 4) (Spec. Iss.), 112-15 (Eng). Power generatlion by Lureil
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pressure gasification of coal in conjunction with ras turbines

has major technol. advantages such as hich rsasificaticn effici-
ency, less water consumption, and no by-product disposal prob-

lem. This process can compete with conventional thermal plants
for power generation.

7.79 142165y Synthesls ras vroduction by Lurpi pressure
gasifrlcation of cozl. Rudolph, P, (Lurgl Ges, Waerme-und
Chemotech. m.b.H., Frankfurt/",, Ger.). Technology 1970, 7
(No. 4) (Spec. Iss), 116-25 (Fnr)., Principies of the Lurei
pressure pasification of coal for ras nroduction are outlined.
The gas from coal gasiflcatlon processes after purification and
conditionine can be used as synthesls mas for the oroduction of
NHs and MeOH by helerogeneous catalysis., A comparison is made
between several process schemes for pas purification and con-
ditioning of NH,s synthesls gas with regard to investment cost
and overall efficiency.

1969

7.80 149603s Coal gasification process and apparatus.
RheinTsche Braunkohlenwerke A,-G., Brit, 1,309,396 (Cl. C 10b),
07 Mar 1973, Ger. Appl. P 19 43 080.9, 25 Aug 19695 3 on.
Pulverized, high-moisture-content coals, esp, lignite, are ef-
fectively gasified in Inclined tubes; the heat for the pro-
cess belng provided by burning the sclld gasification residue
by-product. Initially, the coal 1s predried from 56=-9% to U40%
molsture, the water belng removed from the system as steam;
the drled coal 1s then fed into a gasification tube inclined
at 10-30° to the horizontal where the remaining water and vola-
tliles are expelled, The temp, 1s then increased to 800-900°
and the steam passed over the volatile~free ccal to yleld =
high-quality ras comprising H and CC. The calorific value of
the gas produced is ~60% of that of the original coal, and the
heat for the process 1s produced hy burning the coke formed
(while st111 hot, using preheated alr). Further thermal eco-
nomy 1s effected by heat exchanrme between the effluent rases
and the wet coal and also the air required to burn the coke,

7.81 116642e  Gasifying carbonacecus fuels in a fluidized
bed, ~PButtner, Rudelf; Schulze-Rentrop, Roland: Teprers, Hans
(Union Rheinische Braunkohlen Kraftstoff A.-G.) Brit. 1,285,654
(Cl. C 0ljg), 16 Pup 1972, Ger. Apnl., P 19 07 324.6, 14 Feb
1969; 6 pn. The fuels are 1initially depassed and largelv sasi-
fled in a fluldized bed after which the gpasification mixt,
formed contg. low=temp. coke, tar, and mas is allowed to react
to completion on further heatine in a suspended hbed, Some of
the heat of reaction required 1s suprlied in indirect heat ex-
change both 1n the fluldized and the suspended bed., Solid as
well as lia., carbonaceous fuels may be used. The heat reaquired
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for carrying out the endothermic gasifyine reactlon 1s suoolled
by indirect heat exchange. Steam heated to about 1000° can be
passed through sultable heat-exchange systems arranced in the
fluidized bed and the suspended bed. The steam can be heated
tn indirect heat exchange by the hot ccolant gas, such as He,
from a high-temp. nuclear reactor. Hot flue gas from the com-
bustion of low-grade coal may be used in the heat exchange sys-
tem., Heat may also be transferred to the system by means of a
bath of liqg. metal.

1966

7.82 Lurgi-gasifier tests of Pittsburgh~bed coal, W,
H. Oppelt, H. Ferry, J. L. MacPherson, and E. J. Vitt (U.=,
Bur. of Mines, Pittsburgh, Pa.). U. &. Bur. Mines, Fent, Invest.
No. 6721, 31 pp. (1966) (Eng)., To extend the use of fixed-bed
pressure gasifiers, the upper section of the gasifier top con-
tains a rotating coal distributor and stirrer eauioped with
blades that cut 2 ft. below the surface throush the fuel bed,
breaking up any coke-agelomerates formed and permittine coking
coals to be safely processed, This device, 1f annlicable to
strongly coking coals, would enhance the nroduction of high-
Btu, gas from coal In the U.%,, because the coals in the Apoa-
lachian reglon are strongly cokineg. Approx., 100 tons cof such
coal, highly fluid; from the Arkwripght mine in Osage, W. Va.,
was tested in Germany in a Lurel fixed-bed rasifier. To reduce
the coking potential, ash refuse from the sasiflcation of Dor-
sten (Leopold) coal was added to prepare coal-ash mixts. contr,
20-30% ash. Tests were run for 4.75 and 12.5 hrs., resp.
The 12.5-hr. test addn, of ash refuse to obtain 30% ash in the
Arkwright coal 1ndicated the operation to be feasible with this
mixt. This coal contained E.0 1, volatlle matter 39, fixed C
53, ash 7.2, ¥ 5.3, C 78, ¥ 1.5, and C 5.7%. The heating value
was 14,000 Btu/lb., the free-swelling index 7.5, and the azmlu-
tinating value 8.9.

7.83 g2622p Coal hydrogasification., J. Huebler and
F. C. 8Schora (Inst. of Gas Technol., Chicago)}. Chem, Eng. Proer,
62(2), 87-91 (1966) (Eng). A direct process is described for
making high-Btu gas from coal by using Z-stage hydrogasification.
In the high-temp. stage operating at 1700°F or above, the var-
tially gasified coal from the low-temp., stame is treated with
H20 and H., An effluent CH, compn. of 25-30% 1s obtained from
the C~H exothermic reaction nlus H from the -C-HzO endothermlc
reaction. In the low-temp. hydrogasifler operating at 1200~
1500°F, the fresh coal or char reacts with the CHu-conte., gases
from the high-temp. reactor. A pas of €00-800 Btu/ft.® 1s ob-
tained. To upprade to 950-1000 Btu, the acld gases are removed
to give a 3/1 H/CO ratic and the remaining gas I1s treated with
a catalyst to form CH..
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7.84 Balanced-pressure pilct reactors. H. A, Dirksen
and BT 5. lLee (Inst. of Gas Technol., Chicago). Chem. Eng,
Progr. 62(6), 98-102 (1966) (Eng). The direct gasification of
coal 15 studled in a versatile pilot-plant unit at pressures up
to 2000 psig. and temps. up to 220°F. A low-temp. pressure
shell encloses, but 1s insulated from, a reactor-heater assembly.
Pressure balance 1s maintained between the shell and the re=
actor tute by a differentialepressure controller that controls
the shell pressure as a slave to the reactor pressure. Gases
flowing to the shell and reactor are sep., wlth the shell pres-
surized by N and the reactor by whatever gaseous reactants are
being used. Insulation, heatlng, bed-level control, and other
assoed., features are reported.

7.85 Reactivity of non-degassed coals and their function
during gasification under pressure. Jiri Romovacek and Jan
Malinsky (Hochsch., Chem. Technol., Prague). Brennstoff-Chem,
47(4), 11U=20 (1966) (Cer). A differential method permitted
measurement of the reactivity of low-temp., carbonlzatlon coke
in the nascent state. The sample (1 g.) was degassed and
gasified in a tube with a CO. stream, while another was simul-
taneously only degassed in a 2nd tube with N (flow rate 100
ml./min. in each case). The temp. was raised linearly (4°/
min,, to a max. of 1260°) in the furnace 1in which both tubes
were located. The off-gases were catalytically burned with a
fixed amt. of O in countercurrent combustion cells. The I1n-
dications of a Wheatstone bridege were recorded as a function of
temp. The temp. (Ty) at which 50% of the gasiflable C was con-
verted to CO was taken as a measure of the reactivity. This
value increased with the coalificatlon (from Sardice lirnite to
Vitezny “unor" coked c¢oal), and depended on the O _consumptiocn
(Y = -848 + 1.19T,, where Y = 0 consumption in m.>0/ton pure
coal) 1in the Lurg? gasification. 27 references.

7.86 Effect of molsture in coal on 1ts pressure fasifi-
catiom. K. Prasek,B. Konrad, and R. J. Rledl, Paliva 46(1),
3-7 (1966) (Czech), The effect of 13.5-37.7% by wt. .0 was
investipated in an exptl. generator 2,6 m. in diam, A decrease
of 1% by wt, HaO decreased the O consumptlon by 0.6%, the compn.
of the gas changed only negligibly. With a min. moisture con-
tent, the output rose to 13,000 m.*/hr. without any process
difficultles, :

7.87 Gas generation under pressure from coal, gasoline,
and natural eas, FPranz Bleger (Stelnkohlengas A.-G., Dorsten,
Ger.), Paliva 46(7-8), 249-53 (1966) (Czech). The guantity
of steam necessary for gasification was reduced and the content
of CO lowered by the conversion of CO. Crackling of raw gas in-
creased the H content., Two generators, usually used for coal,
were converted into reactors for gasifying light gasoline and
for converting natural gas into gas with a hish H content.
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7.88 The productlon of city gas from solid and liquid
fuels. Paul F, H, Rudolph (Lurgl Ges, Waermetech, m.b.H.,
Frankfurt,Ger.). Paliva 46(7-8), 262-7 (1966) (Czech). Gasi-
fication of coal under pressure and a combinaticn of this with
gasificatlon of liquld hydrocarbons; or with carbureticn of
H=rich gas from natural gas, were studied. The converslion of
€0 and cracking of hydrocarbons in crude ras were also studled,
Pressure gasification with the Shell process of o0ll gasiflca-
tion and the productlon of H-rich gas and NHs were investierated,

7.89 Theory of pressure gasification of lignitic tar
by using partial oxidation. E. Rammler and P. Goehler (Deut,.
Brennstoff-Inst., Freiberg, Ger,). Paliva 46(7-8), 290-6
(1966) (Czech). It 1is indicated that complete gasification of
lignite with O is not economically practical. Therefore, par-
tial oxidn. is feasible, the final products being mainly oils
and water gas. The utllization of olls 1s manifold, e.g., in
the Shell Process. Variables such as pressure, temp., and ma-
terial compn. are mentioned, tabulated, and graphically illus=-
trated. Also, processes for city gas, enriched city gas, and
city gas and NHs are dealt with.

7.90 Manufacture of liquild nproducts in the Schwarze
Pump combine, Heinz Schaedlich. Paliva 46(7-8), 296-9 (1966)
(Czech). Various techniques of pressure coal gaslification and
utilization of varlous gaseous and liquefied products are de-
scribed.

7.91 Fluldized bed under pressure as a method feor trans-=
formation of fuels. G. P. Sechenov and V. S. Al'tshuler.
Teoriya i Tekhnol. Protsessov Pererabotki Topllv, Inst.
Goryuch, Iskop. 1506, 82-33 (Russ). Use of a fluidized bed
under pressure in thermal and thermocatalytic transformation of
fuels was studied. Brown coal; dimensions 0-10 mm., was sub-
jacted to gasification at 20 atm, gage to give 10,000-12,000
keg./m.2®/hr. A& highly productive process of steam~0 converslon
of hydrocarbon gases in a fluidized bed at 10,000-15,000 hrs,”?
space veloclity, 3«4 Ko0-CH4 ratio, 900-30°, and 20 atm, pace 1is
described, which gave synthesls gas and H with 97-8% conversion,
The method can be used 1n coking, enriching of coal, and con-
tact coking of heavy fuels.

7.92 Production of synthesis gas from high ash noncoking
coals in an experimental flxed-bed slagging rasifler. P.
Kameswara Rao, P, P. S, farma, K. Seshagirl Rac, &nd ', Rama-
charvulu (Regional Res. Lab., Hyderabad). Chem. Arme India 17
(3), 185=92 (1966) (Eng). The current status of research in
slageing gasificatlion of low-grade, high-ash coal with 0 and
steam for the production of synthesis gas 1s reviewed. An atm.
fixed-bed slagginec gasifier was developed in which semicoke ob-
talned from low-temp. carbonization of high-ash (30%) noncoking
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coals of the Singareni coal flelds having a H:C ratio of ~0.4:1
was gasified by using blast-furnace gas and dolomite as flux,
yielding synthesis gas contg. 30% CO + H., An O-steam mole ratio
of 1,12=1.27:1 was'used, depending on the ash content of the
fuel. The results show that the operation 1s successful if

the gaslification is carrled out under pressure., Performance
data of the exptl. hilgh-pressure slagpging generator are comn-
pared with a water gas pgenerator, hilgh-pressure Lurpl generator
and Grand Torks (North Dakota) slagglng generator and show bet-
ter or comparable efflciencles. The gasifier performance be-
came more rellable with increase In throughput, Nitrite=bonded
SiC brick was the best refractory.

7.93 Coal gasification approaches pilot-plant stage,

Anon,”  Chem. Eng. News U4(16), 68-73 (1966) (Eng). & survey

and descriptlon of 4 processes whlch promise to be competitive
with natural gas by the early 1970's. The processes are; (1)
the hydrogasification process, an offspring of Gas Technolory

in Chicapo; (2) Consollidated Coal's CO: acceptor process; (3)

M. W. Kelloge's molten salt process; and (4) Bituminous Coal
Research's 2-stage superpressure entrained gasification process.,.

1965

7.94 Reaction of coal with steam=hydrogen mixtures at
high Temperatures and pressures., H, L. Feldkirchner and Jack
Juebler (Inst, Gas Technol., Chicage)}. 1Ind. Eng, Chem., Pro=-
cess Design Develop. 4(2), Sl3#-u2 (1965) (Fng). The rate of
hydrogasificatlion of low-temp. bitumlnous coal char with steam,
H, and steam-H mixts. was measured at conditions not pre-
viously studled in a novel, rapld-charge, semiflow reactor sys-
tem, Rates were measured at 1000 pslg, and 1700-~-2100°F under
conditions of very rapld coal heatup and very short exit ras
residence times, The primary variables studied were temp.,
degree of C gasiflication, and feed gas-steam-H ratio. Data
were obtained for use in designing reactors for high~pressure,
high=temp., steam=H gasification of low-temp. bitumlnous coal
char, .

1964

7.95 The C0O:; acceptor gasiflcation process. G. P. Cur=-
ran and Everett Gorin (Res. Div., Conselidation Coal Co., Lib-
rary, Pa.). Am., Chem, Soc,, Dilv, Fuel Chem,, Preprints é(l),
128-56 (1964) (Eng). The COa-acceptor process 1s brieflv de-
scribed, The process produces an H-rich gas from carbonaceous
fuels without the use of 0. The heart of the process iz the
steam bearing acceptor. The acceptor serves the purpose of
providling the endothermlc heat of the gasification process by
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abscrption of C0:. tc nroduce Calls. Sinmultaneously, ras nuri-
fication to produce an H-rich ras is effeccted. The CaC0;

1s continuously calcined by alr combustlon of the unrasified
fuel in a fluldized-bed regenerator. The limitines conditions
under which the process can overate, as detd. by the nreper-
ties of the acceptor, are defined., The acceptor must shouv a
hieh rate of abscrption of CC. under preccess condltions, must
be phys. rugged, and must be resistant to chem, deactivatlion
under the conditions imnosed in the gasification and rerenera-
tion steps. High-purity dolomltes meet 211 “he reouirements
of the orocess. Equil. values in the absorntion of HzF and
CC, and the rereneration reactions of the corresvondines Ca

- sulfide and CalCfhs were detd. The imnact of these erull, on the
limlts of operation of the nrocess is discussed. The 1limits
imposed by fusion of the accentor under hien steam nressures
are also discussed.

7.96 Some operational results from the first nlant=s {or
the conversion of hot raw ras for the gasification of coeals
under nressure, ', Blerer. Intern, Gas Conf.,, 9th, The Harue,

1564, IGU-Bl=G4, 14 »n, (Ger), The rressure wasificeilon of
Fard coal has been further developed by Steinkohle A.-G, at
Dorsten in Germanvy. The coal ras must be enriched by =2ddn, of
natural gas. The hirh steam consumption of nressure casifica-
tion and the high Cl content of the ras can te reduced by a
conversion nrocess, TFirst, a pilot plant was desirfned esv, to
combat corrosion preoblems, Later, Luregl 2,-G, bullt 2 com,
plants for the pressure gpasification of hard coal.

7.97 Hydroeasification of hiph-volatile & bituminous
coal. PRaymond '. Hiteshue, Sam Friledman, and Pokert “adden

(U, 8, Bur, of Mines, Pittsburesh, Pa.). U. Bur. Mines
Rept, Invest., No. 6376(3), 31 pp. (1964); f CE 58, 5410h.
Txpts. were made In a semicontinuous unit. 800° and =ith a

coal residence time of several sec., rields of hydrocqrbon
pases increased from 2000 s,c.”. (standard cu, ft.)/ton at 25C
psie /1b./1in.? gace) to 7000 s.c.f. at 1000 nsip., Mith 15 min,
residence time, yields from 800 s.c.f./tor at 250 psim to
17,500 cu. ft, at 100 psig. Small amts, of heavy olls were
produced along with the masecus hvdreccarbons in all cases but
were minimized by increasing the retention time of the vola-
tiles 1n the hot zone, Yields of rasecus hvdrocarbons from
char were slichtly prreater than from corl under similar condi-
tions, Althourh the hydrorcasification reactlon Iis very mressure-
denendent, 40-60% of the coal could be converted to —aseous hv-
drocarbons at rressures as low as 50 psip nrovided reaction
temps, were increased to 1200°, The above ccal could be hydro-
rasified continuously witheout Znecurrine arelomeration by dis-
rersing tihe coal in a larre reactor with concurrent fleov of F.
At 1000 psip and B600°, about 35% of the coal was converted and
produced a cas contr. up teo 52% CH,.
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7.68 Fressure carbonizatlion of a hirgh~velatile £ bitu-
minous coal to produce hiph-RBtu ras. Raymond W. Hiteshue,
°am Priedman, Paul Dobransky, and Pobert Madden (U. S, Rur.
of Mines, Pittsburrh, Pa.). U, S. Bur, "ines, Tept. Tnvest,
cuz2L(4), 20 pp. (1965). Pittsburrh-seam ccal conte, molsture
1.6, volatile matter 35.9, fixed C 56.4, and ash 6,1% was
carbonized in a closed svstem at 600° and 40-1200 1b./in.?
rare to produce a hlph-Etu ras and char, By retainine the
volatiles within the svstem, it was nossible to eliminate nro-
duction of tars and oils. Depending on pressure and residence
time, vilelds of combustlble pases (72-92% CH.) were 40C0-6000
ft.?/ton coal (meclisture and ash free), and rross heatines values
of these pases varied from 880 to 930 Btu/ft,® VYields of char
(moisture and ash free) were about 1000 1b,/ton coal (moisture
and ash free). Increased residence time favored production of
rases but reduced their heatine values. Increase 1n dressure
rave higher neating values and lower producticn., Similar ef-
fects were observed from the carbeonization of a low-temp, tar.
Tf these results could be translated to an economical carboni-
zation process for producine hirh-Rtu gas from coal, the de=-
mand for coal could be exranded 40-50 million tons ner vear.
Because of large vields of char, a process of this tvne would
have to be integrated with coal=fired power plants, Onera-
tions could be conducted near atm. pressure as nroduct «as
under these conditions can be obtalned in ecood ylelds and with
good auality.

_ 7.99 e rasification of coal in an experimental “ummel
double-shaft slac-bath rasifler. 1. Maccormac and J. Wrobel
(London Res. Sta., Gas Council). Gas Councill (Gt. Rrit.),

Pes., Commun. GCl1l3, 14 op. (1964).” PITct exots, were made in
an ntto-rummel gasifier on the usze of molten slap, both as
neat-transfer fluid and as reactlon medium. Althourh a satin-
factory diluent cas was nroduced, the rate of nroduction was
disapnointins, The process would not be economic under nresent

condltlons.

1963

7.100 Reactivity of coals ir high-nressure rasificatlon
with Tydroren and steam. MHarlan L. Feldklrchner and Henry T,
Tinden (Inst., of Gas Technol., Chicagc). Ind. Fnr. Chem.,
Process Desien Develoo., 2, 153-62 (1G63), Tne rates of reactlion
of various coals and chars vith H, steam, and F-steam mixts,.
were measured at nressures up to 250C 1b.,/sa. In. gpare and
temps, up to 1700°F. A rapid-charre, semiflow reactor system
was used in which very short coal heat-un and nroduct-ras resi-
dence times wvere obtained. The primary variables studied were
temp., C conversion, total pressure, and feed ~as compn, Rv.
means of the novel exntl. technisue emplored, it was npossible
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to follow directly the course of the coal-H-steam reactions
during the initial high-rate period. The informatlon obtained
is of value in the design of reactors for conversion c¢f coal to
CHa.

7.101 Pressure gasification of biltuminous c¢oal in Dorsten,
Georg Gruson. Freiberger Forschungsh, A256, 5-25 (1963). An
address. The economic aspvects of producine plpeline ras by us-
ing Lurgl high-pressure rmasiflers appear favorable. The larme-
scale operation of the Dorsten (German) plant 1s successful.

The connection of many single process steps in serles favors the
production of high-quality materlals and Influences the economle
efficiency of the process, The economlcs of a svnthetlc plpe-
line gas plant by gasifying bitumlnous char in Lurrl renerators
was critically evaluated (ef, Katell, et al,, U, S8, Bur. Mines,
Rept. Invest. No. 5547 (1959)).

7.102 Tixed-bed pressure-pgasification nllot plant for
operating under slaggine conditions. Anon. Gas Coke 25, 144-7,
160 (1963). This is a report of investigations conducted at
the fixed-bed gasification project at Grand Forks, North Dakota,
to treat U. 8. lipnites, It covers a description of the pres~
sure pgasifier, slagging techninue, and a comparison with the
Lurgl process at Morwell,

7.103 Process and plant for distillatlon of coal and
similar materials. Jean Makhonine. Fr. 1,367,716 (Cl., C 10b),
July 24, 1964, Appl, June 14, 1963; 3 pp. In a process for
simultaneous dry distn. and nydrogenatlon of coal, the retort
consists of a vertlcal cylindrical furnace. The bottom of the
furnace contains molten Fe or Ag, and the remalning space 1s
filled with coal which floats on top of the molten metal.

Part of the C resulting from the action of heat on the coal
dissolves in the melt. Steam 1s blown through the melt at
£1000° and reacts rapidly wlth the dissolved C, piving hydro-
carbons and C oxides, which, at a high temp,, pass through the
upper layers of coal causing partial carbonization and distn.
The process is continuous, fresh charge belng added to, and
gaseous products (at 200°) removed from, the furnace top. High
thermal efficiency and close temp. control are achleved either
by elec. heating of the metal pool or by mixing air or C with
the steam input. AdJustment of conditions can result in conver-
sion of coal completely into gaseous or completely into liquld
products, or into a variety of mixts. of these, with or wlthout
productlon of high-quallty coke,

7.104 Some aspects in the design of a gasifier, M.
Ramacharyulu, X. Seshagiri Rao, I, G. Krishna, and S, H. Zaheer
(Regional Res. Lab., Hyderabad). Indlan Chem. Fner. 5(3),
133-8 (1963). The design of an atm,, slaggineg gasifier based
on the coal and ash analysls 1s miven.
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7.105 Thermodynamic evaluation of high-pressure coal

gasifTcatfon. D. B. Scully (Univ, Manchester, Engl.). Chem.
Eng, Sci, 18, 725-7 (1963). The conens, of CO., CO, HiO0,

z; and CH, at equil, under conditilons corresponding to those
for coal gasification were calcd. and comparison made with _
data for 2 Lurgl generators. The network parameters for calcn,
were H,0:0. ratios of 3:1 and 4:1; temps. of 1000, 1200, and

1400°K,; and pressures of 1, 11, 21, and 31 atm. At 1000°K.,
there 1s a large 1ncrease in CH, formation 1in golng from 1 to

31 atm.

1962

7.106

Synthesis gas production by the Koppers-Totzek process,
Wilhelm Kurt Konnerth. Nitro%en 19, 30~6 (1962). Since syn-
thesis gas is the basic material for large-~scale synthesis of
- NHg, MeOH, higher alcs., liquid fuels, and kerosene, its compn.
should be const., regardless of the gas productlon process em-
ployed. This requires independence from any particular feed-
stock, such as coal, oll, hydrocarbon liquids, or gases contg.
hydrocarbons, and also the possibility of manufg. the synthesis
gas in one phase, The gas must be free of condensable hydro-
carbons and gum-formers, and it should have a low.content of
CH. and org. S compds. The process must operate well even at
a high gasification efficlency. Nelther low-temp. tar .nor
phenolic waste waters should be produced. Developments in the
gasification of coal from 1831 to 1938 are mentloned briefly,
The historical development of the K-T process since 1938 in-
cludes the statement that the 24-ton/day large-scale pilot plant
of the U, S. Burezu of Mines in Louisiana, Me., confirmed the
results obtained on a Ruhr pilot plant before its destruction in
1943, General operational procedures are shown for the gasifl-
cation of coal dust and for the gasification of oll. From 1949
to 1961, 8 plants with a total capacity of 75,000 cu.m./hr. CO
plus H were built abroad by H., Koppers G.m.b.H. Operating re-
sults for plants in Finland, Japan, Spaln, and Belglum include:
the analysis and consumption of coal feed and oll feed, the con-
sumption of steam and 0, the analysis and production of raw gas,
and the production of steam in a waste heat boller. Nelther
operating nor production costs are included,

7.107 Pressure gasification of solid fuels, Wolfgang
Roth. Freiberger Forschungsh. A289, 91~127 (1962). The his-
tory of the Lurgl fixed-bed gasifier 1s reviewed and recent de-
velopments are described to increase the capacity of the gasi-
fier and. improve the economy of the process. 48 references,

7.108 Coal gasificatlion in Great Britain, F. J. Dent, --
T, S. Klcketts, and M, Maccormac. World Power Conf., 6th

Melbourne, paper No. 140-11-3/6 (1952). The Installation of 2
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Lurgl plants of medium size is the major com. advance in coal
gasification results for 6 months® operatlion are given for one
in Scotland. Research activities have concerned methods of
enrichment , pressure gasification with enriched air in place of
0, and the development of a slagging pressure gasifier, The
methods of enrichment include use of CH, and liquefied petro-
leum gas, hydrogenation of various types of oll, and catalytic
gesification of 1light distillate. Among the atm.-pressure gasi-
fiers are the double-shaft Otto-Rummel plant and the Ruhrgas
cyclone,

7109 Gasification of bituminous coal with oxygen 1ln a
pilot plant equipped for slurry feeding. L. F. Wilmott, K. D.
Plants, W. R, Huff, and J, H. Holden (U. S,Bur. of Mines,
Morgantown, W. Va.). U. S. Bur. of Mines, Rept. Invest. No.
6117, 10 pp. (1962). Pulverized high-volatile A bituminous
coal was gasified with O and superheated steam in a pressure-
gasification pilot plant. The min. ratlo of H.0 to pulverlzed
coal that could be pumped as a slurry was about 1:1., Heating
this slurry produced a suspension of coal in superheated steam
having a steam:coal ratio greater than the 0.3:1 proportion that
is considered optimum for pressure gasification of pulverized
coal. A steam separator removed enough steam to provlide ratios
down to about 0.5:1, but a 0.3:1 ratio was not achleved. Gasi-
fication of Sewickley coal produced a synthesis gas contg. H 36,
CO 46, and CO, 13%. Gas output, gas compn., and coal and O re-=
quirements were the same as for a pilot plant equipped for
fluidized-=coal feeding. Typical results from the slurry-fed
plant at 300 lb./sq. in., gage were C gasified 95%, coal re~
guirements 34 1b./1000 cu. ft. of CO + H, produced, and O re-
quirements 365 cu.ft./1000 cu. ft. CO ¢+ H. The 2 feeding
methods are equally satisfactory from the standpoint of gasi-
fication.

7.110 Make high-BTU pipeline gas from coal. Harry Perry
(U, 8, Bur. of Mines, Washington, D.C.). Hydrocarbon Process.
Petrol, Refiner 41, No. 7, 89-94 (1962). Exptl. and demonsira-
Tion work on conversion of coal to synthesis gas and subsequently
to high-BTU gas is described. Entrained, fluldized, and fixed-
bed processes are discussed and compared with 2-stage process,
a slag-bath generator, and a nuclear-heat reactor. Expts. in
underground gasification of coal are described, the results in-
dicating that this process is workable but uneconomlic. Methana-
tion of synthesis gas and direct hydrogasification of coal are
compared. Work is continuing in the fields of pressure gasifi-
cation, catalyst improvement, and gas purification. It is con=-
cluded that processes are available for produclng economic
pipeline gas from coal when required.
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1961

7.111 Coal gasification for production of synthesls and
pipelIne gas. Martin A. Elliott (Inst, of Gas Technol.,
Chicago). Trans, AIME 220, 134-51 (1961). The use of O, the
development of suspension gasification processes and fluldized-
bed gasifiers, and the operatlon of gaslfiers under slagging
conditions are discussed. 110 references,

T.112 Combustion of coal by gasification. Kensuke
Kawashimo and Kozc Katayama (Tokyo Inst, Technol.)., Bull. JSME
4, 422 (1961), A new type of continuous pilot-scale gas pro-
ducer was stoked with bituminous ccal (19.37% ash). At a gasi-
ficatlion rate of 300 kg./sq. m. hr,, the hot efficiency was
93.9%, Operation of another exptl, producer showed the feasi-
bility of gasifying coal contg, 43.13-61.5% ash,

7.113 Hydrogen from hydrocarbon gas and steam. Everett
Gorin (to Consolidation Coal Co.). U.S, 3,188,179 (C1, 23-212),
June 8, 1965, Appl. April 10, 1961; 6 pp. Coal is extd. with
solvent to produce an ext. and residue. The ext., 1s sepd., and
-the residue is carbonized to produce dlistillate tar and char.
The tar 1s hydrocracked in the presence of H to produce an off-
gas and a liquid product., The off-gas 1s converted to H and the
CO0, acceptor is calcined; the heat for calcination 1s supplied
by burning the carbonization char. H 1s produced at 660-872°,
73-295 psi., an upward gas velocity of 0.5=3.0 ft,/sec. of
steam and off-gas, and 2-5 moles steam per mole C in off-gas in
the presence of a fixed-bed, steam-reforming catalyst and fluidi-
zable CO, -acceptor particles., Cf. CA 56, 13176g; 60, 2565b.

7.114 Pressure gasification of solid fuels with oxygen
in Germany. Hellmuth Weittenhiller, Inst. Gas. Engrs., Publ,
1, 655-69 (1961); cf, CA 56, 7618c. Practical operatlion of a
coal gasificatlon plant with O under pressure, installed 1n
1955 at Dorsten (Westphalla), 1s described. New developments,
considering mainly redn. in temp,, corrosion problems due to
Cl, detoxificatlon of the crude gas, and O-enriched air, have
conslderably improved the ylelds and economics of the process.

7,115 Pressure gasification with oxygen of sollid fuels in
Germany. Hellmuth Weittenhiller (Steinkohlgas A.-G., Dorsten,
W. Ger.). Gas Times 95, No. 959, 25-6 (1961). The process
changes needed to use bituminous coal in Lurgi brown-coal gasi-
fiers are described. The most important is to lower the temp.
of the high-pressure steam. Improvements in the gaslflcation
process are also made by converting CO by using the steam con-
tent of the crude gas and by replacement of pure O with enriched
air.
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7,116 Producer gas warrants new attention. G. M. Hamil-
ton. Coal Utilization 15 (16), 2 pp. (1961). Past history,
current status, and details of a new gas producer are discussed,
The Wellman-Galusha gas producer on coke or anthracite has an
overzll gasification efficiency of about 90%. If the gas must
be washed, a portion of the sensible heat, roughly 5%, is lost
when the temperature of the gas is brought down from ~600°F to
the temp. of the wash water., From Gas Abstr. 18 (2), 41 (1962).

1.117 Gasification of Cherno More ceals in gas generators,
Ts. Tsemkov. Godishnik Nauchnoizsled. Inst. Goriva Toplotekhn,
(Soria) 6, 89-I02 (I960). Hesulfs are given of plant expts. on
intensification of gasification of Cherno More coals in a
Koeller-type gas generator having an internal diam. of 2.6 m.
and a rotating grate. The gasified coal contained 18-19%
volatile matter and had high ash (30-4%) and § {3.5%) contents.
The 'slack content was 335%, Expts, were made at 165, 272, and
336 kg./sq. m./hbr. rate of charging. A further increase in
charging rate was limited by the capacity of the blowing app.
The max, rate of charging was the most efficient., At 336 keg./
8q. m./hr., 2602 cu. m./hr. of gas was produced. The gas had
the following compn.: €O, 6.19, HeS 1,50, CpHy 0.49, O, 0.60,
Co 24.94, H. 18,85, CHy 4,01, and N, 43.42 vol. %. The yield
of gas was 2,72 cu.m./kg. of coal., The helght of the coal
layer in the gas generators was 1.3-1.7 m., the consumption of
air 1420 cu.m./hr., and the H,O-vapor content 90.8 g./cu. m.
The heat of the discharged slag can be used most efficiently
for evapn. of Ha0.

7.118 Coal gasification--Sumitomo process. Toshio
Taniyama and Yoshilchi Karato. Chem. Eng. Progr. 56, No. 8,
66=70 (1960). The method developed By the Sumitomo Chem. Co.
(Japan) is a normal-pressure gasification in which a mixt. of
pulverized coal, O, and steam is Jetted diagonally downward
into the gasifier from the lower part of the vertical, cylin-
drical furnace and from which slag is sepd. by an upward vor-
tex current, collected at the bottom of the furnace, and dis-
charged at a comparatively low temp. A4 pillot-plant scale unit
was completed and a 50-ton coal/day unit eperated continuously
for 3000 hrs. in 1956, y

7.119 Intensifying the gasification process under pres-
sure. M, 1. Rabinovich. Akad. Nauk Ukr. R.S.R., Inst., Teplo~
energet, Zbirnik Prats 1960, No, 1§, 20-32 (Russian summary).
Factors affecting the productivity of gas generators under
pressure are discussed and the possibility of increasing gas
production to 3000 cu.m./sq. m./hr. at 20-25 atm. is outlined
on the basis of data obtained from the gasification of Irsha-
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Borodin brown coal at 5 and 10 atm. Coals with high ash con=
tent are less suitable for gas production,
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. Improving the thermal efficlency and operation
of a gas producer. Office Central de Chauffe Rationnelle,
Brit. 922,892, Apr. 3, 1963; Fr. Appl. Apr. 30 and Nov, 30,
1959; 6 pp. Producer gas, made by gasifylng a llquid or
solid fuel in air, is passed countercurrently to a stream of
inert material which removes the sensible heat and the sus-
pended carbon black from the gas. The material on the inert
solids is gasified with air and steam to make addnl. gas.
The thermal efficlency of the gasifier 1s improved 20-5%.

1958

7.121  Production of high-caloric gases in Lurgl-system
furnaces by low-temperature carbonization of lignite. H. G.
Riedl (Otto Grotewohl Kombinat, Boehlen, E, Ger.). Paliva
38, 375-8 (1958). Plant experiences are described of the
gasification of East German lignite briguets at 610-50°. The
temp. had to be raised to 710° only oc¢caslionally. Between
850 and 950 cu. m. of alr was used per long ton of coal. Ty~
plcal analyses of the raw gases are: (O, 16,0-22,0, HaS 2,5-
3.5, CpHp 0.5-1.5, 0,0,1=0,2, CO 16,0-26.0, H 23,0-8.0, CHa
18.0-21.09 N 890-1250 % by VOl. ) ’

1957
7.122 Gasification properties of Dimitrovsk coals. Ts.

G. Tsenkov. Godlshnik Nauchnoizsled, Inst. Goriva Toplotekhn.
(Sof1a) 7, No. 2, B5-70 (1961). Results of a study on gasifi-
cation of Dimitrovsk brown coals are discussed. The study was
made by the Mikheev method (Gazifikatsiya Tverdogo Topliva,
Gostoptekhizdat, Moskva, 1957, pp. 21-3%5 Tn a 1ab. app. simu-
lating gasification in a stationary coal layer. Simultaneously,
the app. reglsters slag formation of coal, its reaction with O
from the ailr, and. its thermal stability. Samples of coal contg.
various amts, of ash were taken from various coal- beds and
mines, The fact that gasification of coal varies with mineral
content was ascertained. An increased amt, of ash results in
lowering activity indexes toward O in the air and in worsening
of slag formation. Coals from various beds and mines having the
same ash content have similar gasification properties,
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