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decompose either too early or too late to make a substantial contri-
bution to the cementation of the coszl particles., By bringing all parts
of the coal charges simultaneously to the molten state no highly
viscuous plastic seams are formed through which £8868 can escape only

by exerting high pressures. Cansequently, such coals as in the hori-
zgontal high-temperature coke ovens exhibit damaging expansion pressures
against their heating walls, can be coked in the metallic cells without
any serious pressures developing. Such highly expending coals as thoge
having 19,5 to 21% volatile-matter coatent have been coked in these oven—

cells without grinding or any reduction in bulk density ang without any
resultant deleterious effect on the metsl viells of the coking cells.

Reference is made to a Report by Drs.Hall ang Pewell on CIOS

Target 30/5.C2 for further data on the low-temperature carbonization
overs.

VLI. EIGH PRESSURE GASTFICATION.
M‘M

In the high pressure gasification process developed by Lurgi
Firmetechnik, solid fuel ig continuvously gasified ot from 20-36 atm,
pressure with oxygen and super-heated steam. The generator is of special
construction and ig designed zg s pressure vessel having spaced double
walls that provide = water jacket end those portions of the generator

rotary grate; the oxXygen and steam are flowed upwardly through the grate
and the fuel bed. The reaction between the fuel, steam =nd oXygen pro-
ceceds with decrezsing temperature from its hottest part immediately
above the agh-bed to the upper part of generator ang passes respectively
through the phases of combustion, gasification, distillation ang drying

Gasification of coal under pressure with oxygen produces a
gas-product having o relatively high content of carbon dioxide and
methene 2lenp with carbon monoxide and hydrogen. With incressing pressures
up to about 20 atm., the proportione of methane and carbon dioxide

great extent easily removed by 8crubbing with water leaving = residue-
&35 of high calorific velue (40@0—46004Kcal/Nm } that is, substantially

R gas. & {ypical crude gas znd itg purified




preduct, as prepared from brown coel at 20 atm. pressure with oxygen

i is as follows;-

i Crude Gas Purified Gas.
15 ‘ co 30.6% by vol. 3.0% by vol.

e Cn 0.6 0.5

i 02 c.1 o.1

i co 16.5 22.8

INER Hp 34.0 - 48.7

Wt ' CHg 16.2 22.8

No, etce 1.9 2.3

iNE The oxygen consumption is relatively low and because of the
1 exothermic heat of reaction of the produced methene, hot spots within
i the fuel bed are avoided. ‘This in turn makes it possible-to control
slag-formation and consequently to maintain uninterrupted operation in
f a closed generator without any disturbances.

i Normally, only solid fuels that are weakly-coking or non-

‘;' - coking are employed in the process; for example, lean bituminous coals,
| and all brown coels. Easily coking coals should be given a pre~treat-

‘ ment to destroy some of the coking properties. The water content of

’ the employed fuels should not be over about 25%.

j The preferred sizes of the fuel are about 5-25 mm. and
especially about 5-15 mm. The fuels should be practically free of dust;

; thet is, no constituents less than 2 mm. Throughputs of up to 1000 kg.

i per hour per m“ of generator cross-section bave been reached with fuel

o consisting of grain sizes of 2-8 mm.

The heating value of the produced gas depencs on the reactivity
of the fuel. At 20-25 atm., & gas having a gross heating value of

] 43004600 Keal/Nmd is obtained when using brown coal. Bituminous coal

| or coke at the same pressure gives gas of a heating value about 200 Kcal.
N jower. The high conversion of carbon to carbon dioxide does not mean
m ‘ any loss of heat because, in the process, Hydrogen and methane are
ol formed and the involved reactions converting CO to Hp or CH4 are always
. accompenied by the production of the inerts CO2 ané HoO; and the high

o conversion of chemical energy is thus not infiuenced by large COso
i formation.

i | The pressure-generator gas has the following characteristics:-

. a) Relative Denmsity {4ir =1) less than 0.5;
b) Oxygen content " s 0.3% by vol.;
c) It is substantially free of HgS, NHz, Naphthalene and tar;
é) Its content of organic sulphur when emplaying high-
sulphur cosls is less than 20g/100 Nm3 and by strong
seration of the water employed for removing the
COg it can be further reduced.
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In conseguence of this scrubbing of the cruge gas with water
unaer preggure, the effluent gae contains not more then 5-1p grams
HEpS/100 Nm i complete purification thus reguires only a smell oxdde~
purification installation, Cooling the gas under pressure alse provides
it with & very low rartial-pregsure of water vapour.

Zaetallationg

The following plants have been built by Lurgi, all of which
are built around the hgh-pressure generator:

1. Hirschfelde near Zitteu: This was the first commerciz}
plant and had a cspacity of 5 million 53 per year of
City gas.

2. BS8hlen near Leipzig: Two mg];mts baving a total
capacity of 150 miilion per year.

3. Brfx in Czechosloveldes: Thig plant wag designed for
& capacity of 100 million ng per year,

The first plant st BBhlen hag & generators bullt in 1939 ang
to this the secand plant, built in 1942, 2dded 5 more, The Briix plant
was built in 1943,

The generator is g pressure vessel lined with bricke and is
furnished with a water-ccaled Jacket. Degpite the' bhigh pressure of
operation, the coal-cherging and ash-discharging pockets are sc design-
ed and provided with valveg that the generator is cantinuously opera~
tive during both the charging and the ash-removal steps.,

The outside shell of the generator is of ordinary steel ang
18 50 m, thick, whereas the inner shell of the water—jacket is boiler
steel about 25 . thick. One of the important points in design for
Successful operation is the refractory Mning; it must be Just thick

ity

ilo |

diameter of 2.5 meters (0.D.2.m), it is about 250 g, thick. The
latest generstars have the above-stated dlemeter,but that of the
H: rschfelde installation was 1 meter. Dr.Danulat saig that the only
limits, bowever, to diameter was transport considerationg. <

The rotatable grate that supports the fuel-bed iz fermeg of
cast chrome-nickel steel; its speed of rotetion determines the amoumt
of agh delivered to ite discharge-pocket.

The valves employed fer sealing these pockets from the
geuerator during their operation are provided with rubber sealing-
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ring so~-farme¢ and supported ss to expand against the velve sest under
the influence of the gas pressure. It was ststed that the Briix gener-
ators, which have net been seen, bzve an internal hydraulic ram in

the cozl pocket for opening the upper velve. The hardened-steel come
velve is of VoA steel. Incidentally, it was also stated that bitumin-
ous coel has been gasified successfully, but optimum conditions had
not been established, and Dr.Oetken stated that a true coking coal

had never been employed in the pressure generator; however, Ruhr an-
thracite and the so-called "gas flammkohlen® cen be used. Too strongly
coking coals are precluded frem use.

In the operation of the generator, the carbon dioxide
content of the raw gas issuing therefrom ies the control index of

operating conditions. The temperature of gasificstion as measured by
.Seger cones in the fuel bed is 1050-1100°C, :

The outlet temperature to the generator is controlled by
the moisture content of the brown coal - with 20F water the tempera-
ture is 300-520°C. The velocity of the outlet gases is maintained at
about 2.5 meters per second so as to prevent precipitation of tsr and
dust in the upper part of the gemerstor, o

The super-heated steam continuously flowed intec the lower
part of the generztor is prepared by combustion of the high-pressure
gas dlscharged from the generatar's coal-pocket during its charging.
4 special relief holder is provided for its storsge.

Coal Cgpacity of a Q‘ eperstor,

A pressure-generator having a 5 ' cross-gection when
operating at 20-3C atm. can gasify:-

100 to 130 tons of dried brown coal per 24 hrs, or
- 80 to 70 tone of bituminous cosl.

This corresggnds to a capacity per generator of
2750-3500 N&° city gas per hour, or 20,000,000 Kn>
per year.

Normel operating rates can be reduced to cne-third of

capacity and temporary fluctumtions are possible without giving rise
to eny operational difficulties, thus making operation very elastiec.

Gag Yield of = Generator.

The attainable gas yield depends on the characteristics of
the fuel. Fuels high in moisture and ash naturally give a lower yield;
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the same obteins for the brown coals since the higher yields of
liquid products - tar, oile and gasoline - reduce the amount of gagie
fiable carbon of the coml.

1 ton dry brown coal (2¢¢ 1sture,10¢ tar)
gives 680-5580 N _ga8 mving a s

T T heating value of 4308-4500 K o,

1 ton lean coal yields 1570-1670 Na® having a
gross heating value of 4100-4300 Keal/m®,

1 ton lean coml yields 1570-1670 Na3 having a
gross heating valus of 4100-2300 Kcal/m®.

e geey (ndg‘llf"iafﬁif) fa Cos]

, Ruhr)
1. Composition of the Fuel
Combustible Substance % 67.5 76.3 88.4
Water % 27.4 14.8 6.6
Ash £ 5.1 8.9 5.0
Tar (Fischer Method) ¢ 10,2 12.8
Gross Heating Value
K . 4730 5260 7600
Grzin Sige mm, 2.10 ‘ 2.10 3.10
2. Operating Pressure at, %0 20 20
S. Throughput Kg/mh 750 770 310
4. Composition of Purified Gas.
CO2 % 3.0 2.3 1.0
Cnhp, £ 0.5 0.2 0.3
O £ o1 0.2 -
Cco £ 22.8 22.0 27.2
Hp £ 48.7 50.7 52.4
CHy % 22.8 21,8 18.¢
N2 £ 2.3 2.1 1.5
Density Gas
(air = 3) 0.448 0.435 0.432
Gross beating .
value _
Kcal/a® 4280 4500 4100
5. Gas Yield Ne®/to com1 760 680 1690




Results of Pregsure-Generator Operations on V arious Fuels. (Contd.)

coal.  EBrown Coal Lean Coat
Lausits Middle Germany) Fines

o | . {(Rubr)
6. Oxygen uirement
Na®/Na® Gas 0.15 0.145 0.198 *
7. Steam regulrement ' '

* For comparative purpose, it is noted that the ]!j:nkler
Generator empleys slightly mere than twice as mich axygen
per w’ of gas produced.

" If, in the c@se of the sbove bituminous coal, the pressure
is raised to 30 ata. .3 the calorific value of the gas is rzised from

4100 to 4300 Kcak/N

Becovery of Liquld Hydrocarbong.

. The crude gas leaving the pressure—generator at 300-350°C.
is cooled in two steps. The first step is performed in a direct-spray
coolsr wherein the temperature is reduced to 120-140°C. and the
second step in a tube-cooler that reduces the gas temperature to 30°C.
Thies condenses much of the tar and water. ‘ .

: From the above description OFf the process, it is manifest
that this gasification method is broadly a counter-current process which
Daturally protects somewhat the original hydrocarbans in the coal and
makes 1t possible to recover, as tar, up to 85% of the tar camtent of
tue coal, as determined analytically, .

The total tar is different from that obtained by atmospheric-
pressure. low-temperature distillstion by the high proportion of
hydrocarbone belling up to 200°C. which is increased about 20%. The
increased pressure has little effect on the other characteristics
(Creosote, Paraffins, etc.} since the produced gas acts as a Spilgas.
Only the high-belling resins and asphslts are in part decomposed.

) Dust and water comntent of the tar ere similar to thoss
of a good lowstomperature tar. The gasoline fraction has an octane
number of 90-200, =nd after refining, is a good motor fuel. The good
quality of the tar makes a preliminary low-temperature carbonization of
bl tumen-containing fuel superfluous,

The benzine of the light-oll fraction is recovered by
scrubbing the gas cooled te 30°C., or the like, with a scrubbing oil

while 1t is still wmder pressure. The concentrztion of benzine is the
scrubbing oil is 6-8 percent by wvol
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1s removed in

» of organic sulphur; it cap
employing alkaline iren oxide,

coal has a high content of
scrubbing will

hydrogen sulphide amounting te about 5 g- per
iron oxide. o

sulphur, the
cantain less then 29 g/10u
be removed by the Ruhrchenmie process

A, Beat Input in ¥
l. - Cosl v 89.9
2. - Stean (saturateq) 10,1
“ 108
B. Heat Outpyt
' 1. Chemically combined heat §n the
town gas. 62.2% ,
2. In tar and bensine 14.3¢ .
3. Phenols in gas liguor 0. 3%
4. Carbon in agh 0.4%
5. Steam from tooling jacket 0,6%
6. Sensible beat of gas & heat
losses, ‘ 16.2%
7. Losses in steap Supérheater and
‘aeration tower, 5.4 A
| 108

The efficiency of fuel cenversion to gas 1s tims about
a .



Syinthesis Gag,

' In the Fischer-Tropsch synthesis of hydrocarbens froam CO
and Hy as usually practlised with the cobalt-thoris catalyst, the
employed Synthesis Gas preferably has a Hp/CO ratio of 2. Tue lesser
the content of inerts, the better. As above indicated, the pressure-
generator gas product, after removal of carben dioxide s contains '
- hydrogen and carbon monoxide in some instances in a little higher
than the sald ratio of 2 anéd ir the other instances, somewhat less;
1t also contains somewhat over 20 of metimne. Such large proportion
of methans would seriously limit the output of any Fischer-Trepsch
hydrocarbon plant as it acts as a diluent and does not take part in
the synthesis. '

‘ However, the pressure-gsnerator with the advantages of
cantinuous operation, ss distinguished frem the intermittent produc-
tion of water-gas sets and also the facts that it operates satisfact-
orily on less expensive fuels and that it produces a gaseous product
baving a higher Hp/COp ratio than does the usual water-gas generater,
can be employed for the menufscture of Synthesis Gas.

"As hereinbefare mentioned, the actual pressure existing in
the pressure generater influences the nature of the produced gas. At
lower pressures, less metlane is formed. In the presence of carbon,
pressurs displaces the CO/COp equilibrium in the favor of carbenm
dloxide, If also the gasification process is carried out st a rels-
tively low temperature, the equilibrium is further displaced in favor
of a reduced formation of carbon monoxides The pressure-gasification
thus enables the formation of carbon monoxide to be restricted from
two sides; that is, through the temperature and pressure of gasifica-
~ tion. Since the required reduction of carbon monaxide farmtion is not

very great, it is adequate to reducs the pressure from the usual 20 atm,
to about 5 t0'10 atm. sq.ino

bituminous coke (1020 ma grain size) when employing a gasification
pressure of about 8.5 atm., and both steam and axygen as the gesifica«
tion media. The formed crude gas has the following composition:

CQ hand 29.5
co - 21.%
i CHg - S.3%
N2 - 1.5%

: After removal of the carben dioxide in the water-scrubbing
step under pressure, the crude gas ylelds a Synthesis Gas having the
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following composition:-

Cop - 1.
co - 30.7%
Hy - 61.6%
CHy - 4,6%
Np - 2.1%

catalyst. The equation which seeme best to explain the reaction with
the iron catalyst is ag followss-

W0+ ~—> gy COp.
The high pressure of the Synthesis Ges required for the

irem catalyst 1g easily supplied directly by the generator for the

highenressure gasification with oxygen., Havever, when the generator ig

the Hp/CO-ratio are too high, The CO centent of the produceg gas can be
incressed by employing highep temperatures or lowar Pressures, but tie




2. Pressure Gasification with Cracking of the
Crude Gas (without Regenerators);

3. Atmospheric Gasification with addition of CO2;
4. Atmospheric Gasification with addition of COp;

8. Pressure Gasification with Cracking of Crude Gas
(with Regenerators);

6. Pressure Gasification with Cracking of Residue
Gas (Koppers);

7. Pressure Gasification with COp addition; and

8. Winkler Gasification with Prior Law-Temverature
Distillation;

were made by Lurgi and it came to the conclusion that the economi~
cally most advantageous method for preparing the Synthesis Gas fram
the lignitic brown coel was to employ oxygen at a pressure of about
23+5 atm. and, after washing the produced gas with water to remove
about one-third of ths COy and some of the HpS followed by oxide
treatment to remove the remminder of the latter, the resultant gas

is heated to about 1459 C. and saturated with water. Thereafter, une
gas is preheated to 500PC. and by psrtial combustion with oxygen,
without regenerative heating, is heated to 1300%C. in a methane-
converter in the absence of a catalyst, thereby to convert methane
content thereof to CO and Hp, By heat exchange, the outlet gases
from the methane converter are reduced to 350%°C. at which temperature,
and under pressure,‘'they are scrubbed with water and cooled to about
30°C.; the hot scrubbing water is circulated to the above 145°C water-
saturator step where some of its heat is employed to preheat and
saturate gas that enters the 500PC. preheater for the methane cen-
verter. After another water-scrubbing step, for the ‘substantial
removal of COg, the formed crude Synthesis Gas has then the following

c sition:~
o gﬁ‘ - 2.06
- 002
co - 42.2
Ho - 50.7
CHy - 2.4
N2 - 2.5

The Synthesis Gas is then preheated to 250°C. and passed to
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the apparatus for remowal of organic sulphur whereupon it is ready
for delivery to the synthesis,

Ip this scheme of thesisg-fag production, there is con-
sumed per -g thereof, 0,317 of oxygen. It wag stated to be advantag-
eous that the high-temperature methane cracking reduced the amount
of gums in a gynthesis gas; it was considered important by Lurgi to
make provision to remove these compounds from 2 Synthesis gag by, for
example, active carben te protect the catalyst,

DreDenulat in written Statements, has emphasized the import-
ance of the slagging generator for solving the above technical problem;

Tropsch plant at V aldarno, Italy. He alse stated that the above
pPreasure-genergtor operation s coupled with therma] cracking without
regenerative heating, is even more favorable than the Winkler gasifi-
cation process emplayed for the same technical problem, and emphasizeq

ment of a slsgging pressure-generator wag a necessary development for
Luargi to undertake immediately, During ane of the interrogations » he
Stated that such a generator would be built along the lines of the
blast furnace.

The acCompanying Fig.8 shows diagrammatically a flow-sheet
and apparatus ag recommended by Lurgi for preparing Synthesig Gas havin,

2 Ho/CO ratio of 1,2 as ig employed in combination with the Fischer-
Tropsch iren catalyst,

W

The pressure-gasification plants erected at Hirschfelde,
Boehlen and Bréix are equipped with air-geparation Plants of the standard
Linde type erected by Ges.fuer Linde's Eismaschinen, 1.G. of Minich.
Lurgi have not carried out Ay research on probleps connected with the
separation of air inte components and could suoply neo detaileg informa-

The Messer Co, of Frankfurt-am-!lain have erected 5 number

of air-separation plants of the Linde type using normal heat exchangersg,
but were believed to have carried out Some work on the design of
expansion turbines., The contract for the air separation plant of

-39-



