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Purified gas made per square. foot of. equivelent grate area {area
internal horizontal section), dry gas basis........cu.ft. per hr,
Purified gas yield per 2,000 pounds of coal: - ' o
Saturated at 60% F, and 30 inches mercury pressure........cu.tt,
Dry gas at 60° F. and 30. inches. mercury pressure.............do,
Tar yield per short ten of COBdseraerensontonnnnmmnnssesnararsslb,
Tar yield per short £on of Co8lusuivsivesscvenennseeensslUs S, gal.,
Tar yield per 1,000 cubic feet of purifisd gas dry basis.......do.
Benzine (light oil) yield pér short. ton of €08l veeveseresnsnaadb,
Benzine (light oil). yield per short ton of cogl.........U. 8. gal,
Bernzine (light oil). yield per 1,000 cubic feet of purified gas,
dry basis..............a....._..a....;..,.....';.,..f........gal. 0.323

Although the gensrators were operated et & mean houriy‘production of 1,&5
cubic feet of gas- per hour. per square foot of equivalent grate.area, the rateq
capacity ie said to be 1,812 cubic feet per hour, : C

Capacity of the Lurgi generator. and. stapdard water-gas sets compared

The capacity of the. gas-gensrating plant at}BBhlen is approximately 5,6
miilion cubic feet of city gas per year.. . The plant comprises 10 generators,
of which were built in 1940 and 5 in 194k, The newer ones are improved as t
the charging hopper., ash reservoir, grate-driving mechanism, and carbon scrapé
Although each generator is said to have & rated capacity of 111,600 cubic fee
of purified gas per hour, they are actually producing 9L,500 cubic feet per -
hour when operating at apparent capacity., It is alsc noted that thus far-a
generator could be operated 250 consecutive days, which included "time out" fo
30 miscellaneous shut-downs totaling 90 hours. The total time lost for major
and minor repairs is approximately 2,000 hours per year, It was stated by
German engineers that some.df the loss of time due to shut
by the war and use of slave labor.

on the therm basis the Lurgi process, making gas at 20 atmospheres pressure, is
comparable, as to daily capacity, with a standard water-gas gensrator of the .
same inside diameter. . The capacities. given ip, columns (5) and (2) of the tablé
are not strictly comparable, because -4in a carbureted water-gas set not all the
gas is made in.the generator.. However, because one of .the unique features of
the Lurgi process is the*possibil}ty of producing city .gas without the use of 2
oil for enrichment,. it is. interesfing to make the comparison, In the carbureted
gas shown in column (2), approximately 3,3 gallohs of gas oil are consumed in.
the carbureting step per 1,000 cubic fest of finished gas, and in making a | .
carbureted water ges of 483 B.t,u. per cubic foot, the oil required would be 2.2
gallons. Thus, the possibility exists of reducing the enricher-o0il requirements
by the latter amount in meking city gas, '
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TABLE 1. - Composition of water zas and Tyrgi pressure gas and the com-
parative nroduut;on cavacity,j cz the resnectlve generators |

R R T (P ! Lurgi high-pressure gas . ..
IR . ,_L_(EO atmosphnres pressure)
{

S .. g.:,ﬂ, i‘u-”u <1 Purified
: Ordinary Carburetedg oo 3rfn:! Vgab,at

water gas| water gzas! Puri- }urified! rated
~Ccke...|. Coke | Raw ! fied gas, -:generator
: ‘ fuel |, fwel | .gas . gas COp-free, capacity
Percent: T . Pt ’ S i

COp + HpSurerenrainnn
.Illaminants. PP ART
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t.u;E/ dry gas....;;f..J
éan hourly capacityai: |
Cubic feet pér square
foot of equivalent gratei | . : ; ; S
BXBE .y s ereninavacaansooaest 2,290 9 890 2,100 1 5ﬁ2 1 392 i 1,810
" Therms per squere foot. ! i e : .
of eguivelent grate sres: 6. 96 ) f - ,6.75' 6 731 7,93

The above, capacities are baseg,uppn_results,.ttainable witn generators
haying an internal, diameter of. approximately. 9 feet; that of the Lurgi
generator is 8.05 feet.

b/ B.t.u. pericubic. foot, high value 60° F., 30 inches Hgz.

Note-Since the initial preparation of this publication, Dr. Hubmenn hasz sdvised
the Bu_eau of Mines that it is hie recollecticn that reeults of tests made
at Brix (Most), (zecheslovakia, imdicated & much Higher production per
hour per square foot of equivalent graue area than the T7.93 therms given
in column 5 above.

Do|lmmo 000,

e I

At first it may sesem imconsistent thet the gas-meking capacity of the
rgl generator, halkihg ga2s dontinucusly as dsstribed, 1s not appreciably
ater than thet. of a modern walter-gas set; the =limination of the cyclic
Stem common to water-gas practice end the use of pressure both faver thHe
rgl process. ‘The use of Fine ot al the high . moisture content of the coal
stofore used; and the thinness of the hot zons (reaction. zone of the fusl
4); all tend to influence capacity adversely. The rate at which the gas
Cticns cccur at the relstively low temperatiures that uswally prevail in most
s the fuel bed (below 1,800° B,) in the Lurgt process ars not compatible with
rates of flow.th;oabh.phb fael bed. If higher temporatures are employed,
ltione are.less favorabls for the production of -CHy, and more Op is rsquired
1,000 cubic. fest of gas made. : oo
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Braunkohle Used in Germany

In certain sections of Germeny, a technique for meking ges hag deve)
that 1s radically &ifferent from that- employed im this country, largely fq
two reagons, viz,, (&) the coals available dare mich like lignite ang thersfo
are ill—sﬁited“for_gse in”the_ordinarywwata%—gas~generator;'and {B) the legy
of ample supply:of petroleum makes it highly desirable that the 0ll and tayn.
_content of thei;_coal;be,redovered, elther before its use in mking gas op
the gasification steps,

It was necessery to use a coal, initialily oontaining up to 50 Percent
moisture, which does not form coke but which slacks upon being heated. Advyar
tage vas taken of the'prcperty,whiQh:ﬁheAlowfgradeulignitie Tuels have of E
being more reastive than ihe higher-grade coals. Thus, the Lurgl. process was
devsloped to use & rarticular fuel wnder a prescribed‘sbt bf'conditions, A
rejresentative compoaltion. of the German Braunkohle (browh'boal) is ag follow

_ : . Aswinéd “érded Dry
Moisture*;.....q....;,;......;‘:....percent " 52,0 7 7 _ 0.0
Folatils mﬂtt°f}e;.;.;:;;;;::;;..;:.T;;;do.- 2.1 79.0  87.8 . .

Fized carbon.,. _ i
.Ash..................,........}.}.......do. 5.8 1.6 amle
100.0 100.0 100.4.
Calerific value....,.......,.B.t. 0. per, 1b, 5,120 9,600 10,660 -
Agh-softening temperature.............,.0F, «ev. 21832 1o e0le, .,

Total sulfur...ou il il upercént 1.8 5L 578
Combugtibie sulfurs. . .iieiiinninn.. ... 0. 1.08° 2.0 2.22
Sulfur- in R R P SR ST - Lh 156
Tar (by-Fischer BSSEY Y. iriainnintennns.do. 6.63 13.0 1h.hy
To recover ag much tar and oil ag pessible in gasifyiﬁg‘the above, 1t
was found to be deusirable to remove he gas from the fuel bed 61 & relativel cents )
low temperature (approximately 300C C.), and this dan best be dccomplished : cents 7
when the fuel charged into the generator containg %n'appreCiable.amoﬁnt of ’
moisture. Ceal containing 18 to 25 percent of moicture 1s preferred to dry T
coal when gasification 1s carried on In the Lurgi generator, , _ © erator
: Compos
Other Reported Data on the lurgi Gas-meking Process ’ 3 brium

Although other lines.of rcsearch were direcfed to high-temperature gast-
fication or coal, oven to the slagging-type'pr@duqer;fthc;Lurgi Trocess wds
developed along a Aiffercnt line, i.v., gasification at'fclatively"law teth-
-peratpfes wag of most concern, ‘The difficuliies éxperienced ir the early

- stages. of experimonts to make gas with oxygen were largely duc to excessively
high temperatures.and resultant ol imker trowbles, ' It was evident that the o
emount of -cxygen used bor unit volume of gas mads must be roduced to a minimum,
even though it wag anticipated that the cost of oxygen would be lowered in due.
time. Furthermore, the low ash-softoning temperature of the avyailable coals
8lso dictated operations gshould ba3bdndﬁdted'at'low’temperaturee. Two other
impertant factors appeer to have bsen uppermost’ in the minde of those respon-
sibls for the development of the Lurzi procsss, namely, the conservation and

1768 - 16 -




sloped
for
erelore
Jack

. tar
or in

ent of
Advan~
of .+ 4
S8 wWas
w A .
follows;

I,C. ?415

nroductlon ‘of -0il: In:that process, -not. only were oil and tar recovnred bu
vhen operating at about 20 atmosmﬁereq preasure the-methane Tormed was suffi-

-cment so that the purifi d"gds ¢ould be-used-as city ges without enrichment.

84111 another. 1mportant factor’ ig the dl;;ererce 1ﬂ-¥01hmutrl£ ratio OL Hg to
€O in the gas made at low temperatures “the -

! to CO ratio.and

ratlo is de31rable

P v .y

- ﬁX“erlmonts with bvovn coal coptawnlrg 18 pércent of- m01sture, us;ng 110
cub;c feet of 02 per l OOO cuolc feat of dry, crudé’ zas mads, gave resuiis
‘reported ag follows:

A o

Gasification at moderate pressure beWOw 10 atmosnhe es- of a- 11 &tlc COal of
low tar content: A

)]

]

COE.{ Cheeeaanen e i \percent
Co... T AU N TR R TR PR [« PR
Hpevinun ceereeaae cerieea veeoeados
CHYywows Cernanees R T S

RN, I ol b}
win © Oy

1'2'..'_ : . f"."- :-n.-

Co used per .1, OOO cubic feet of gas Wade.........cu.ft.
B.t.u., per cubic foot of dry gas atb £0° F., and 30 _
inches of Hg., calculal ed..................,.......... 24&./
B.t.u. per cubic foot of saturated gas at £0° ., and
30 inches of Hg., caleulated...oveeerrasvenrsrasscacss k0.2

per cubic meter (22.6

It was estimated that the oxygen, costing 2 PT.
£ the COp-fres gas by 3.3

cents per 1,000 cubic feet), increased the cost
cents per 1,000 cubic feet,

The influence of pressure op the compositicn of gas made in a Lurgl gen-
‘erator has been dizcussed, but the data of table 2 are presented to show the
compositions of gases, raw and COp-frze, made at low temperatures when equili-
brivm conditions preveil.
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TABLE 2. - Ga51flcat10n of carbon’at different pressures. at 1 3&0 F
’ (thnoretloal values).

IR 4

Gagliying pressure........;...........;...;.....-, atmog. {10 atmos.
Composition of raw gas, volulie percent: . ‘ ey R
COe-cpno--n(ypnun.-'o.-l---l-loc--.- Sew s H%l'5 . 27'5

0 A P ,k9. 1oL 25 8
Bpesetenansnsmnnssnnnnnsngacoeeecens i 500l
2 A I SR 1 16.3

' I Lo - - 100.0

Compos1t1on of COp-froe gas, volume nercent:
A A 0.0
e ST e s iy i s 55,80 L 3506
P i1 . =TS N A
CH&.:.&.......... St edeisedear st 22,04
o - 100.0
jﬁlgh calorlfic walue -of the dry raw gas at
60° T, ............,,......,..B Tou. per-emift, b..308 . 348
Eigh caldrific. valus, of the d*y Fog—rree gas
at 60° P ‘......mﬂ...,.,............:.::....GOV
102 uged per, 1,000 cubic feet of ary COp-free - - N
gascuubd,éh

Actusl tests made on a moderate srale fo¢ a number of dlifﬁrent fuels
gave regults as,sqown 1n +able 33

e
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TABIE 3. - Results obtained in small generator with an internal sectioﬁal
arca of approximately 10.765 square reet .and '

using different Puelst/ B

Semi-coke

Fuel U.Elea.'..-q-..-......-.;‘--.I.----.;

"{breeze)

b/

&% vol.c/

Anthrocite Brown_éﬁéi
(Sexony) &/

T OWIL

Teot NUMDETY .oy svoenserssnarecsres

1

2

3

n

>

0a1s/
5

Fbsolute pressure......atmospheres
Fuel charged per sguare foot sec-

fional area Der hOUT....s.s.:-1b:
Raw gas compositicm:

" oo, L
Tlluminants..ecoessssrese
Opeenan:
CO.vun
Hovevaerorunnnaserseossans

CHh.......................do.

Tdo.
.do.

MR R I

TR IR

HS..,s.0iie 0 s peTéond

..,.1dg,;
do.

!

26
72,8
35,2
3

=5

LA
=

feate]

1106.6

.73O

104,

h3a1

5
2

5
gh.3
3.1

€O

Illuminants PEREEEEE LN LAY n,-_d;o.o o
B « L% B

0 .

elol.lin (LA
COvinasnnssrsanos
He-i'.lnqlol.-
CEl{_c;oo‘..-..-'.-a.

R L 8
S e 8
) -_d.O,.

" scrubbed dry gas, 60° F., 30

pe
[y

N~ = =

QI = O

‘_'J 3
Qi w
Ofw

)1 (o 1o w0

WS
PO

F ]

RO -

-

1
1)

LA
oo O

;:Hr\ouuidtn o -

"}—: 8

(o) L
oho O

ol onls o - j¢

inches HE.j «e..B.t.u. per cu. i) .

-

361

) | b
ST o Lo 0 b6l 473

450

&f Resulis according to the Germ
b/ Tests 1 and 2 were made with
¢/ Tost 3 was nade with o

zineer, Otto Hubmann.

nonceking coa

"Grudekoks,'

d/ Tegts It and 5. employed: Sexeny brown: ccel.
¢f Test 6 wes with German brown coai. -

These tests.indicated. that usi
‘inch, moderately. high gas-making ra
res pressure, and +hat. the. drop in. pressure through the fuel bed wés
igh, being of the order of 2 inches of weter with a bed 9 feet deep.
Results cbtained under test conditions on th
Nternal diamcter of approximately 4. feet, which-

esults", are o5 follews:

ng- a- dust-free- coal,

Fuel used, dried and screened brown coal,

Distillation (carbonization) yields:

Tar...

P R T I IR B

Water of distillation........
Water (mofsture in codl)lessedssarvevsanveee:
Coke (CHAT)vecunorsonasanars
Gos and remainder.iosever s nasene

PR

T LR R RN R I B

R L LN

.

P Ll

- 19 -

R L

cav v

tes could be obtained

s Epr e

' shich is carbonized brown cocal.
1 of higher renlk than brown coal,

gize 0.12- to 0.31-

¢.;.,.,.weight percent
...t-..d.Ou'
PR fa

do.

-v--';-d«Ov" )

at 20 or more atmos-

not

e smcll generator having an
are said to be 'average
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Proxzmate analy51s of coal: ..
Moisture... oovuvsn ol vanennnns e e e sian O pETCERE | 2
. Volatile, -plus- fixed carbon.. .- PN [ T ¥ ¢
Ash.......;..,..{...,.......,-j Seeidl R [

Elenentary analysis of ‘coal: . o
Carbon. e ie et aas ...percent h9.0
Bydrogen....... RO 1= TR I 1
Sulfur (combustlble) .. . I LR 0.7
Oxygen and nitrogen..... s . I R L

' 1

b

6]

AShuu . ilaei i e : rertassaeeas ..do. .. B
: Moisture............ .- : ; ..;;.f..f. ceeedo. 270
‘ IR . 000
Screen ana1y51s (converted from orlglnal data, whlch was given in
meiric unlts) _ P
Size .. - - . S : .
Through O 315-tnch on 0 197 1nch . ... .Dercent
Throuvgh 0,197-inch on 0.079-inch. I N LB
- Théough 0.07G~inch on 0.039-inch, ;;J:::J.J.{.....doﬂ_,
- Through 0.03%9-inch on 0.020-inch, .s;:r;:.........do.
Through 0.020-Inch. . vvinn i s e
Calorific: value of the coal: e o
High value...cov.uvvinion i Varatassein o Butu, per 1b.
Low B L= T R U 1= I
Coal gasified per 24 e £
Coal gasified per hour per square fooit of of internal sec- ..
tional area of ‘the. gemeratoriv..i.h .. L a ..l 1D,
Comp031tlon of g&s made- ' o : i

" Raw . Scrubbed
: gas

3.

o

e8]
o
o

(Y]
Q
ay

COp + HoS....... « -+« volums percent
IlTumirnants........ B s o
(05472753 + W - reteenaas ..do.
Carbon monoxide.... eereeaennndo,
Hydrogen,esseuea.. : e enen ..do.
Methane.:. usueesas erers e o,
Fitrogenv.ieaeenna. teresararas ... do,

.

oo oW oy

0
7
1
3.1
7.7
.8
6
0
L
3

w2

Qi I Oy (=}

2
2.
G

Ter cor
Calorif

[
o

10

Celorific velue, dry gas at 60° F. and 30 inches . .
METCUrYassss s enesraansnnnanasare Bt U, per cu.ft. 351 L7
Specific gravily, dry gas..c..cvvvieivnniaiania... 0765 0.46 Bize...
Hyorogen sulfide, grains per 100 cubic feet......... 287 0.0 Conposi
Ammonia, per 100 cubic feet scrubbed gas p“oduced....gralns 0.00TH Co..
Cxygen used per 1,000 cubic feet of dry scrubbed-gas - ) ’ AR
madv................................1.............. cu.ft. 150 ] 02...
Steam used per-1;000 cubic féet of dry scrubbed gas made.lb. &0 '
Tar regcovered - 72 perue 1t o; the total Lar content of the cecal.

4
' »

A, reported heat balence in Zesifying brown coal in the test generator is
shown as follows:
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Heat balance of pressure gas operation of a small test gensrator uging
scréeened; peErtly-dried, brown cozl containing 27 percent moisture-

Tnput:

: ‘ o o ) Percent

Heat in the coal.... A 85.9

Heat in ths stedm......................... wore , o 10.%
S 100.0

Heat of combustion of the scrubbed gas...,..

Heat of combustion of the tar and benzine.

Combustible matter with the ash.......

Phenol in the wash waters. .,‘.....,Z:ﬁ:..;

Steam, produced in water Jacget............ : :

Sensible heat of the gases and heat 16st..........

Heat lOot in steam superheater ventllatlon 1;nes.“

= oy

SR O © O R
alErn ovg = Ty

o .

el
:_O

Heat of -vombustion of the gzs; tar, und oil reépresénts 76.% percent of
the heat input as cosl and sieam. Although the tests were made under condi-
tions not readily obtainsble in average plant operation, .t the results are
presented to indicate that under Tavorable copd1t¢ons high conversion efii
ciency may be obtained. )

] Subsequent to the exper;ments of Dr. Otto Hubmann in Germany, Dr. Fr1ed-
rich Danulat of Frankfurt, arrepresentatlve of the Lurgi Co., reportad on the
Dressure gasification of coal In a Lurgl gensrator at & time when first-hand
data on full-scale operations were available 4o him; some of the data reported
by tne Jattﬁr are presentﬂd as followss

Operat;cns with various coals t EO at osph res absolute rressure:

hFuel.......................,.......... Brown coal|Brown coal Hard cosal
(middlc |{noncoking coal
{Lausitz) lernany) from the Ruhr)

Composition: - ’
Moisture..............weight percent 27
Valetile and fixed carbon........do. 6? 5
T 1=

FHO[O00 O
o3 | v o

‘H.‘
Ol =1 13

'_J

Content..........percent b; weilght]
lorific value, high value.........
B.t.u. per 1b.
L 0] Y61
ioposition scrubbed, purified gas:
(00 s iiiseer e e s volume percent]
I minants . e reer e, do.

. ar e e

13,680
0.12-0.39
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