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INTRODUCTION

Certain gas-making processes are in use in Zurope, particularly in Germany,
which differ radically from those in common use in América. A nusber of them
are of particular interest because they are different., -The questions naturally

‘arise: Are aay of them applicable to the making of gas in this country and, if

so, with what particular type of solid fuel? It is a fact that some of them

were developed with conslderation of -2 particular sel of conditions and for the

utilizstion of solid fuels available in Germany., The latter fuels, in certain
characteristics, are uniike the high-rank fuels commonly used for making gas in
the United States; therefore, in attempting to evaluate the various foreign-
developed processes with regard to usefulness here, one must give attention to

‘the particular conditions that will prevail in any specified case and also the
chiaracteristics and requirements of the process and generator under considera-
tion. Three of the processes that were developed and put into commercial

operation in Germany, and which have some characteristics in common, are cone
sidered in particular in this publicatien; they are: :

1. Lurgi pressure gasification process,
2. Winlder process,

3, The Leuna slagging-type producer-gas process,

Ezch of these processes requires steam and oxygen as gas-making fluids,

For a number of years, oxygen has been used in a relatively pure state,
long with steam, in meking gas in Germany, and many of the difficulties initi-
11y encountersd have been overcome, Although it appears thai oxygen recoverad
rom air was first used in this manner as a method of utilizing a byproduct in
plant that used the nitrogen complemcant in the manufacture of ammonia; more
ecently, the oxygen was made particularly for the purpcse,

The fuels = brown ccal: or lignite - used in processes 1 and 2 were not
uitable for use in the older and commonly uscd intermittent-type water-gas
cherators, and it was necessary, therefore, to devisc a different proccss for
asifying them, & gas of higher heating valuc than producer gas was desired,
nd the use of oxysen (not air) along with steam made possible the producticn
f the desired gas without nitrogen dilution, which characterizes producer gas.

. Operating data presented herein ars based upon observations by members of
e Technical 0il iiission at rlants in Germany, on recdrds, and on information
ocally given to members of the liission, including the aubhor, while visiting

Ose plants, and they are believed to be reasonably correct; however,” certain

SLe observatlons, comparisons, and conclusions ayre made by the author.
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- THE LURGI PRESSURE-GASIFICATION PROCESS

© The Lurgl présstve gaé%fiéatfonfpfoééss ig, in effect, & continuous water-

‘gas process; 1t is'varried’cubt: 1A d-wdterijicketed generator, usually under

pressures rarging Trom 10 46°20 atioéphéres.” In the ordinary water-gas process

-employing steam and air aé’the-gasJEaking'fluids, the cperatien is necessarily

intermittent or cyclic,-becalife’ the heat reinired to promote the reaction of -
steam with carbon car not 4& sipplied by similtansously blasting the hot Fuel
bed with alr end stéam; beécauge of -thé rebulting dilution of the gas with.”
nitrogen. When oxygenigiswbstituted Fér dir, it is not necessary to alternate
the gasg-making ‘run pericds and airibldsting or heating pheses of the cycle, and

-the oxygen and steam may be introduced into the fuel bed simmitaneously as a-

common stresm. In the latter:cage, It {s Hecessary to proportion the amounts

of steam and oxygen ir the. stresm &6 that sufficient heat i1s supplied By the
exothermic reactions:of=ﬁhb*fuelfwiﬁh.dx339n‘ﬁo“support the desired gasifica-

tion reacticns., . v 2T

- Major Reachfens Involved - : .

It is of interest to note the nature of the major reactions with which
one is concerned in making gas iri- the Lurgi- geherator. Briefly, it may be
sald that the operdtion comprises prémoting the water-gas resctions under
pressure, which so changes the: egquilibriumi conditions that more or less meihane
i1s formed, acdording:taz%he-pressnréiandntemperature maintained In the genera-
tor. The chief chemicalureactionsuihvolVed:are,represented by equations (1)'to
{10), as follows: - % w-irr e T LT c e

Heat of veactiond/
~+B.t.u. on the B.t.u, per 1,000
_ - pound-molar cublc feet of
Reactions . . - oo Tan T v bagig v dry gag made
(1) €« Hp0 = €O+ Hpu /L imsi il il 0T 73,533: - 99,910
) C o+ 2HoO = COZ +EHpi siis viavinv o i-" 76,520" - 67,830
) + Hou,nl Seedi - i1,385 - 1,830
) /2 0o= COV.wanadiiviitivy 4 L7,570 125,850
) CO0puevaiiiviiiinavaa, 169,290 - 4h7,855
% R P N £ 79 510 28,080
)
)

v SHp = CHY 4 COZ70000 . 0l 30 2474106,250 140,540

2
3
L
2
6
)
8) ©op + kHp = CHj  ZB20, .4l 000y 74 109,020 P88,415

(
(
(
(
(
(
(

9) CC + ZHp =:CHp ¥ HgCutvovw dl) ¥ 107,635 28L 750

(10) C 4 2Fpn o OHEiiivenretersveien s b 32,105 8l 925

3/ FReactents and rroducts at:-608-¥,; :are carbon as a solid (graphite),

' water as liquld, and the others gasecus. Values used are baged

upon date glven by:D, D;;Hagmaq,;&. . Xilpatrick, W. I, Taylor,

X, 8, Pitzer,.and ¥. D. Ressgini in Fres Epergies, and Egquilibrium
Constants of Some Reagtions Involving Op, Fo, HnO, C, Co, CO2, and -
CHy: Jour, of Research, Naticnal Bureay cf Standards, Reseabech®™ ¢
Paper RP-163L,. vol,. .54, 1945 . pp, 1L3-161. EHeat liberated is -
designated by a plus (+) sign.
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A 1little conside ration cf these reactions will be helpful to a better undep.
standing of the resulds obtained in the oneratﬁon of the Lurgl generator;
hence they are presenued nere but qre discussed briefly in scmevhat genera)
terms. SRR . - ‘77.. ” S 1”:T's &;h:

Lquations (1) and (2), the well-known s*eam carbon reactlops. cteur at 5
high rate at temperetuees above about '900° €. (13,6520 F F.), the rate of reaution
decreasing rapidly as.. the temperature falls below this level, The use of Pres.
sure in éonducting uhese two reections ‘is not helpful.. In cther words, &t g -
glve'_f;gh témuerature m"dinary water gas: CQW te npade,as ezfectﬁvely att atmo
vherlt pree suré az atf; higher pressures. Cf - course, uhe reacteon of” equauion,
(7) rep“esents :the- results usually seabht inpreference to tnose of ‘equation
(2), heénce the durdtion ef the ges- generﬁeln” pericd of the' ordlrary water-gag”

ycle is commonlv Sﬂlected, so that ‘enly a. “elatlvely sma71 amount of the
1ette+ o;cur as the temperatiure decreasss during tao gas—meﬁt g'fer;od ‘the
relative ameunt of" reac-tm"l (2 Jdncreases. A tvnlca1 weter gas made Treom coke :
by meuhoﬁe in/eomnon use in, the United States is: ehewn 1 column 1eFtable 4
A_though the "héat requirvements in promoting reactions (l) and’ (2) aré-ofthe -
same order of - magnitude, and tne amouftt of combustible ges made iz the same
in cach cagd, it is noted uhat the mixzed ghs (COp 4 2Ha}, produced oecording to |
reaction {2) is one-third inert carbon ‘dioxide, and that twice as much steanm
is reacted in eguation (2) as in equation (1) per unit volume &f cembdstlbie
gas made, R

Tb*ﬁékef%he~p ogess.. cont;naous, 1t 1s necessa*f to supply the heat of
reactidn &vfiﬁg the vﬂv-reklng period. One protedure for doing this is to
introducé oxygen elong with the steam.  The amount .of oxygeh (02) reguired is
of partlcular interaest, not onlv because it-is -expensive but becauds its use.
alters thu composition of the gqs mad - The ‘exothermic Yeactlons of eoaamidns.
{4) ‘axa (5Y, t¥pifying the ox1dqtlo“ of carbon, Shaw the Emaunﬁs of heat:
evolved by its combustion., Tt would be' de31rable,-1n one sense only, -if %he :
oxygen employed were consumed by reaction (5), because more heat is eaolved
per mol of, a*bon leX*ded and less O is required per unit of’ heat’ Enersy: |
evolved 'HOWeVBT, ath hlgh‘tempe“etures, in the presence of carbon, reaction
{4) Jlll predominate, or, to be more exact, reaction (6) occurs, whereby the
carbon. dicxide (COs) evolved by rezction (5) combines with additional carbon
to form carbon monoxids (CO). At usuzl gas-meking temperatures all of thess
reactions, (&), (5), and (6), Will oceur -whan. Qp .is introduced intol en dgriited
fuel bed, and the net result 'will e the-"eneratlon of heet emountfnc to.a
minimum of L? 579 B.t.u, ger mol of carben. OIWdléeu Uy u2, udt 1 aL a LallV
generated. Wﬁll be be tween. LT,S 0 éni 46 290 B,u.u.

gas mixture can»be tofs mpute aﬁcuratel v Eow“ver, equellbrlum CODd‘ulOnS ‘are

wt always raached in making =as 4t hizh- rates, .gnd this fact had 1mpo"tant
bear1ng not’ only upon the .variation in: comoosition, of the £as made but in some
cases, upon the suitability of, certalh’ processee and luels.¢n the manufacture of
gas Tor particular purposesyy For the’ purpose’ef. economy. it is usually desirsble
tq make zas by emploving high retes ‘of” flow of the gas-malking finids in the
geﬂerqto and it is frequently desirabls to-maﬂqualn moderat elJ iow tempera-
tures in the Tuel bed beca se of low sePtenlnﬂ ,e“peratures teEl the fuel ash;
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C+ H,0 =CO +H, ~— ]
G + 2Hy0 = GO, + 2H,

CO + H,0 =GO, + H,

C + %0,=CO

C + 0,=C0, {not plotted)
C + G0, = 2CO

200 + 2H2 = GH4 +002
COz+ 4Hp =CHa + 2H20
CO + 3H,= CH,+ H,0

10.C + 2H, = CH,

-

h
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000 1,200 1,400 1600 800 2,000
TEMPERATURE, ° F.

Figure |.— Variation of the logarithm of the equilibrium constant (Iog]oK)

with temperature for several reactions Involving O,, Ha, H20,
C (graphite), CO, GO,, and GCHg.
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