T.2. This

under these conditions reéaction rates in the generator are low, and a state
‘of equilibrium is not attained, "It Tollows that the reactivity of the. fuel -
is an important factor governing the degree of dompleteness of redctions and.
ths composition of the gas made, A study of the basic gas reactions. enmier-i:
ated above with reference to mhese variables is helpful in understandirg the -
reascns for certain operations employed 1n maxln gas y processes described.;

. in this publication. , : R

-3 . .
+ '

Fioure 13/ shows the logarithm of' the equlllbrlun dodstants for tho .
reactions shown by equations (1) to (]O) " Although the rates of reaction: ara
not indicated by the curves in Thls figuye, the éffect of changes in termpera-<
ture upon the equilibria are clearly 'shown. - In‘making erdinary water gas by:i-

reactions typified by equations’ (1) and {2), experiencé has shown that, -at the.
average prevailinz hiszh tempevatures the net result is.-substantially 90 to 92
percent of (1) and 10 to 8 percent of "(2¥. Perfhaps a more accurate statement
-of fact would be that the COp Forméd by_feadtidn-(a) at high temperatures
reacts with carbon of the fuel bed ‘according to squation (6). The computed
;approx1mute composition of water ges made from carbon at equilibrium is shown
-in figure 2, over an appreciable range-of tcmpera*ure. »The formation of CHYL
by recctions shown in equations (7} to {X0) -occurs to d limited extent only

at hlgh temperatures, whereas at low tempergthres aid ‘at atmesrheric pregsure .
“the latter recctions do not proceed at a rate usually considered sufficiently
rapid for commercial opplication. Actu&lly -in the low-temperature range of,
figure 2 some CHy is formed, but in actual comméreial operations the amount
:Tormed at atmospheric pressure .is less than indicated by the CHy curve, because
the rate of reanction 15 normally slow and eQulllbrlum is-not approached.

Effect of Pressure upon th° Comp081t10n of Gos

‘In the instance under particular con51deratlon here na mely the produc—
tion of gas in a Lurzi generator, ths temperuture of the fuel bed is rather -
=0W, for reasons which will become evident;- hence, che must consider not only

he noture of the gas that would he Fformed when a state: of equilibrivm is
-reached ot the given temperature and pressure, but also the probebility of
approaching such a state when gos is generated at recsonably high velocity.
The change in composition due to the use of 02 with the steam must also be
considered. Figure 3 shows the computed composition and calerific value of
225 made when steam alone is reacted with carbon ot 1,000° ¢, {1,832° 7,) at.
different pressures; the values plotted are not ubsolute but are believed to
be accyrate enouzh to indicnte the effects of change in pressure at the given
temperature. It is obvious from the labtter figure thet as the pressure is
Acreased reactions such as those shown, particularly in eguations (7) and {10),
Sur increasingly; pressure fovors these reactions. The total amount of CHy
resent, even at 20 atﬂospherus pressure ond at the given temperature, is not
rze, Figure 4 is 2 plot showinz variations in composition and calorific

:7$Egﬁhn,'Donald D.; Kilpatrick, John 2., Taylor, William J., Pitzer, Kenneth
3., ond Rossini, Frederick D., Heazts,. Free Energies, and Eguilibrium
Constoants of Some Reactiens Invelving Qn, Hp, Hp0, €, CO, COp, and CHy:
Research Paper RP-1634, Journal of ‘Resecrch, Natlonhl Bureéau of Stuﬁdards,
vol, 34, February 19&5, rp. 153- 161

-7




1.C., 75

value of ‘raw gas with change in pressure.at’ 1,340° 7., employing Gp and steay
ns gas-making fluids; the plot is baged upon thepretical values established

by the German engineer Otto Hu’oma,fm,_lf? " “The temperature chosen for meking thi
plot was lower than thet used in figure 3, end, therefore, the conditions are

more .favorsble for the formation of CEy whi?n‘cl;l_em‘iqai equilibria are reached,’
" In actual operation, one would expect the smouht of methane formed to be lower’
than thet shown in Tigure 4, and such was Tound to be the case. The hot zone’
or region of" the fuel bed in which the comugtion react:},qns of O with the
fuel are initiated and consupmatéd 1s thirper in the Lurgi process than in.
ordinsry practice meking water gas. Furthermore, employing coals of low ash

coftening totiperatures and maintaining a waximum temperature in the fuel bed

lowet than the agh-softening point, there is 2 lerge volume of telatively low-
temperature fuel through which the gas ‘pe.gses in the generator. Under these’
conditiong ome would eXpect to troduce & gas containing less CO, more C0s, and
somewhat more Ep than shown An the gas compositions in figure k. Results
obtained 'in practice.&re in ‘accerdance with expectaticns, .

- Referring again to eguations (7) %9 (10), it will be noted that they ere
not only favored by intrease in pressure but they are exothérmic s hence, &s,
the preasure is increaged end thepe redctions occur inoreasingly, more heat 1

liberated in the fuel bed by ‘them, end accordingly less Op is redulred in -

making gas. ‘In congidering equetions (1) ana (7) collectively, one might
expregs the result by equation (11) as followss _

(11) 26 + 20 = CH +00p - 44,820 B.b.m

In this reaction, 2 mols of gas are formed With the sbsorption of only L4,820
B.t.u., whersas in egquation (1) 75,555 B.tiwi -are required -in producing the
geme volume of gasg. However, jtwicé'. as mich carbon and stean are required o
gatisfy equation (11) as ecuation (1), Put the gas made In (11) is 57 percent
higher ‘in heating velue. In equéticn, {11) excess steam, high pregsure, and -
relatively low temperatires are favorable for CHY formatiom, whereas at high
temperaturcs. the reacticn does ngt cceur, but instesd CE} and COp combine o
form 00 end Hp. .- I = . '

Actual operating aetad/ ‘indicating how the composition end celorific
value of the raw gas, made by .gesifying regctive coal with Oo and steam, varies
with chanhge in .préssure are shown graphically.in figure 5. The analyses used
in plotting the latter figure were corrected for smll amounts of Ny {nitially:
associated with the Oo used.. The fuel used in meking the gas was small (3/3e-
to 7/32-inch) and comprised broken pleces of briguetted, partly dried brown -
conl .containing 20 to 25 percent molsture. . The Tigure shows that the CH)
content of the gae increases rapidly with increase in pressure Lp tc. about 10
atmospheres, but from 10 .to 20 atmospheres. the rate of increass diminiches
with increasing pressure. In other words, as the COg and CHy increase, COn-
ditions &re nct.so favorable T o¥ thie Tormatisn of tlré OEy,” " The calorific
vaiue of the rew gas likewise Increases with pressure.. .

i/ Bubmann, 0., Metallges:. Periodic Rev., No. 8, 1934, pp. 9-15.
5/ Danulat, F., Mitt. Metallges, No. 13, 1938, pp- b2,
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The Lurzi Gas-Generating Plant apd Its Operation

in figure 6 is shown a sectional view, somewhat diegrammatic, of a Lurgl

Spigh-pressure Zas generatcr and cormecticns. The coal hopper, A, suppliea

cal to the gensrator, B, from which the ash is discharged beneath rotating

rate T into ash reservoir C.. Oxygen and steam are supplied through the con-
uits indicated to the hollow shaft, from which the mixture entars the genera-

ap frem bencath the grate. The whole gencrater is water-jacketed, whereby
somé gteam is gencrated and used as -shown; the steam draum 1s degignated D.

ne gas offtake, E, comnects directly with a spray-cooler, whorein the ges
aischarged from the generater is ipmediately contacted by a water gpray and
iooied; the heavy tar condenses and is vemoved from the gas siream in this
aooler, and tho g0s Passes on to the regnler scrubbing and purifying units.

énly & portion of the gencrator is lined with refrectcory insulation, namely,
that at and above the hettest perticn of the fucl bed. -

e generator is 16.40 Teet high and hae an external :didmeter -of 9,854
et and an intornal diameter of 8,86 faet, The width of the -arnular space
aries, s shown, Irom approximately 4.7 to 5.9 inches. Tho lining extends
rom substantialily the toy of the. cylindrical porbion -of the gonerator down
within 3.25 feet of the grate., The fire bricks uged for thils purpose have
en in service L4 yeors withoud replaccment, Although the water jacket is
‘ormectod -with sheam drum D of Ilgure 6, the actual ameunt of steom generated
very small, being lreg than 132 pounds per hour in regular coperetiocn. This
aw is condvcted, as generated, directly to the gos offtake, so that the
amire inside the generator 1g the some &s that within the wator Jacket.

Tho coal bopper, A, of figurs 6 ccomprises a chambelr approximetely 9.8

et high and 5.2 Teot in diapeter made of bollor stact, It has two valves,

- UPDCY One comrunicating with an evorhead fucl bunker cf 65 tons sapaclty

d the lewer one cornecting the hopper with the gencrator; these valveg-are
Tenuslly operoted, The procadure for charging the hopper 1s 2s fcllows: The
Gtiom hepper valve is closed, cnd thoe gas in the hopper ig plown undor 1s- .
pressurc inie & gpecial nelder provided for the purpesc ané is subseguently

sod as fucl for suporhcat;hg the gas-raking stoam. The uppor valve is now
gned (1owcrcd}; thig cporabion pormits @ cylindcr gsupperted by the valve to

ﬂﬁi swored to an cxtent centrolled by apecinlly provided lugse, allowing the
ool to flow through the cylinder frem.the bunker intc the hoppor. The upper

ve is closcd whon the hopper is full. .When the latter valve is ralsed, 1t
g contact with the movable cylinder, thus. shutting off the supply of coal
leaving tho valve clean. Gas is now lct into the hopper from the genera-
‘and subswquently the bottom hopper-valve 1s opencd., It tokes 5 1o 6
Nbtes te charge o hopper, which s dcne about twics en heur. The total
nt.of gas blown to the holder from the hopper is 7 vercent of . the total
ade; it 1s not included in the reporied. volume of M"meke gas." Ventilating
with ccnduits are provided to remove any Zas saceping from the coal-
r2ing valves. The coal bunkers are continucusly purged with inert gas -
gl'ogen in this cass - hecause the fuel, used was highly roactive and was
sported at a temporature of 80% C. . - -
The top valve of the hopper, made of special alioy stesl, scats egainst
Dby ring zasket which fits dovetalled intoc the top of the flange of the
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hopper.  The rcrmal life of this ring is ebout 5 months. The bottom valve of
the hopper has 2 removable, conical, hard-stesl insert, which contacts a
chrome alloy-steel, snavn—edgei seat which is renewed Jearly. The free qpen
ing of both velves is 10 inches,: T

A shield or skiri is DrOVlded in the generator benesa th the coal inlet foh
the purpose of mainiaining s free gas spaﬂe above the fuel Led and supporiing;
scrapers for removal of pitch and carbon from the upper wall of the gensrator
These scrapsrs are operated Oncec every'l to 2 hours for a pericd of 5 minute
Inside of ths skirt a conical ring is suspended, benseth which 15 a double cons;
Tor ths deuble purpose of avoiding segrege tion of ths fuel and equalizing the
pressure across the fuel bed. .

An essentlal step in operatling tine plant is to prepare the fuel, naﬁelv,

crush, screen, and separate the dust and coarse particles from the deslred

glzes. Using the lignitic~tyve coel (ﬁraunhonle) in Germany, the preferred
gizos supplied to the generator arc within the chosen limits, 0.12- %o 0.36-
inch. The cosl as mined contains about 50 psreent of water; & portion cnly of
this water is eliminatcd by a drying operation before it 1s charged. It has
been found desirable to leave 20 to 25 porcent of meisture in the prepared
fuel; it is fed to the fusl-supply hoppsr in this stats,

Gasification is substantially continuous in the Lurgl generators. The
time interval belwecn charging the coal hopiers, which ls, of course, depende
on their size, was spproximaicly 20 minutes with the old generators at Bohlen;
but with the new ones now in operation therc the charging intervel is approxi-
mately 40 minutes. B

The grate is slightly domed and comprises three sections, in each of which
is fitted a detachsble porition that incovporates a plough arrvanged to direct.
the ash, which passce over the grate inte o cylindri Cal space beoneath the graté
A vertical wvane, which is attachod to the gratc shaft, scrapes the ash into an
offtake leading vc the ash reservolr, ~The dlamcter of the grate is 5 Teet 3
inches; the middle of the grate, on the top side, is & inches ebove the portiom
adJaccnt the generator wall. Ae gratc scetions are alloy tﬂol (25 percont :
chromium) end are sald to have o lite of 3 years, The drive shaft of the grate
iz hollow to provide mesns for introducing o mixiurc of superheated stean and
0z into the fuel bed. The grete is clectriezlly driven by a 4.5-kw. motor
connected with speed-contrcl gearing and ratchet mochanism., The grate and

riving mechanism are supporied by the genevitor shell. The shafti is puckod
with metal-asbestos packing rings with provision for lwbricatlon.

A Ped ‘of aghes is maintained in the generctor to a considersble dopth tc
protect the grote from rapid dotericration, Upon leaving the gencrater, the .
ash passes into the ash rescrvolr 'hown a2t C of figure 6 through a valve siml~
lar to the bottom velve of the ccal hopper, excopt thatl LtS dlametor is 1 foob-
instead of 10 inches. The ash rescrvoir is 9 feet 10 inches high end 4 fest 3
inches in dismeter; its cupacitg is 124 cubic foet, The bottom of the reuervoir
is clesed by = disk c¢lumpod by four swing bolits; a thin Klingerite packing ring
set in the disk forms the cetual joint and it is rcnewed after throe dischargss
of ash, This reservoir is stuam-Jacketed, in port, to proevent condensaticn
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during cooling of.the ash. The ash is disciarged through a gieve into a water
glulce approximately every € hours. When the pressure is released on the
reservoir, prior to removing the ash, the oxygen and steam resleased pass into
the atmosphere; whereas, after closing the reservoir the pressure is built up
to working level by intrsducing live steam, ) ‘

Apperently there have been no difficuities with elinker formetion except
during pericds of irregular or abnormal operations; the ash as discharged 1s
usually in fine granular condition. Clearly it is necessdry that the tempera-
ture throughout the bot zone be lower than the ash-softening temperature at all
times in order to avoid clinker troubles; this means that the temperatures mist
- be carsfully watched add contrelied by proper adjustment of the relative
amounts of steam and Oy admitted to the generator. ) C .

The grate s rotated dt.a rate adepted tc prevent excessive accumulation
of ash, the speed belng adjusted in accordance with the ash content of the fuel
used and the rete of making gas. The usual spoed is 1/2 to 2 revolutions per
hour. The ash’ discharged contains 5 to 7 percent of carbon.

Using a fuel such as partly dried brown coal, containing 20 to 25 percent
of water, the temperature of the gae lcaving the generator is approximately
%200° C. The gas contains tar and dust, which in the early steges of develop-
‘ment of this process were troublescme. Various scrubbing methods vere employed
experimentally. The most satisfactory method thus far developed for solving
these 4ifficulties is the partial cooling of the gas by dlrect contact with
water immédiately after it leaves. the generatcr and simmlianeocus promotion of
rapid change in direction of flow of the gas stream; the means of accomplishing .
thig are shown at F in figwre 6. ' o .

The tar is discharged from the lattcr scrubbing device through a ssparate
drain, and the excess water 1g recirculéted through a heat-exchenge cooler back
to the scrubber, The gas enters the scrubber &% aheut.300° €, under 20 atmos-
. phores pressure and leaves et about 150° C. Subscquently, the gas passes
‘through tubular coolcrs, wherein it is Turther cooled to 100° C., and then
- through baifle-type tar separators. " Findlly, after further cooling the gas,
the condensed light oils are removed &nd the. gas 14 oil-ztrubbed for recovery
of benzole. : -

The treatment of water.gas for removal and recoyery of tar and oil is not
commen practice in the United Statés for itwo.reasons - (1) fuels that evolve
tar and oll during the process are nct. commonly used, and (2) the temperature
Teached by ihe gas In the generating squipment. is so high thet the byproducts

- Produced do not warrant thelr recovery. Thisg statement does nct apply to
: br- to. gas madé foér specisl usés when it is necessary to
remove certain byprodéusts. : . -

After condegsable products have ‘heen removed Trom the gas, the latier 1s
scpubbed with water inder pressure for the removal.of COp and HeS. The total
8as from the plant at thlen ig passed in parallel through four scrubber towers
Packed with Raschig rings. The water, which Is recirculated, ig Tirst delivered

At high pressure to the scrubbing towers and then, after absorbipg 0o and HoS,
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it is expanded to atmospheric:pregsure through turbine= gimilar to the Peltoh
wheels commonly used in this ccuntry for the seme nurnose._ SuosequentlJ
weter from these scruboer towers is passed down through another serles of
.1tcwars, wlich are vacked with wooden gridg wnile air is blovn upvwardly thyd
- the latter towers; this treatment removes the 1"em;a».mmg o5 from the waber‘
conditioning it For recirculatlon. The air from the latier towers, laden Wi‘
EoS, 1s passed to the bottem of the powsrhouse chitmeys, where the HoB “eact
‘with 802 in the stack gas, -forming sulfurj which 1& cerried along in ths g
gas and discharzed intc the atmogphere. After wad Ling, the gas passes to. Lux
purificrs. These consist of two parallel-sets of four boxes each, thres of
which' are used while one is being reoharged with oxlde. The worklng li¢e(h
"‘cherge is approximately 4 weeks. ' The boxes.ars llndrwcal aprroximately
feet in diamcter and 26 feet high; each contains 5 double trays with layers of;
oxide 16 tc 18 inches deep, whercby the gas flows in parallel through the 10
laycrs in each box. Tho thrge boxes in-use cn sach gtream ars worked in Beri b
The gas entering the boxes contalns 10 to 30 grams of HES par- 160 cuble mete
-which is équivalent to L.l te 12.3 grains per 100 oubic feet, and on,loaving
tHe boxcs it containe Q0.1 gram -per 100 cublc ‘mebers, squivalent to 0.0L grain
vor 100 cubic fect. The amount of Lux pwifying material used per -annum was
approximately 33 sheri tonsg. The total nressurb loss in trratinn an@ purlfying
the Zas was approximatﬂly cne atmosphere. .

‘Stesm 1s supplied from the adjaoent power stetion and is superheated to
5000 C. by moans of waste gas from tho charging hopper and from the COE-remova
_plant bcforo it enters thc gunerators.

Oyygen is’ supplled from a Linde-Frankw plant on tnc pramibes. The lat ter

plant comprises four unitg, two of which have a capacity of 37,000 cubic f
per hour and two 74,000 cubic Teet por hour of frees-oxygen measured as dry ga
et 60° F, and 30 inches nercury preasure. The oxygen used is approximately 9
. percent pure Oo and is supplied to the gonerators under pressure of ‘23 atmos-
~pheros at L4O° C. The power capacity of the oxygen plent is 4,600 kilowstts,

_ Some operating rcsults'making gag .in the Iurgl preséuré goncrator at thlen;
Geormany {average for month of January 1545) ¢ g '

Xind of cogl uged.......se......Broken pisces of partly dricd and bri-
quetted braunkohle and partly dried braunkenls, : .
Size of ceal use VAN S U SRS - 5 to lO L

' i S : (about 1/8 to 3/8- 1nch)

- {Not more uhan‘ﬁ percent'undcr,i mm. and not mors

~than 10 pereont above 10 mm.)
" Purdty of Op usod....................,.......purcart

(Remults are rcported on the basis of guantity of

cquivalent pure Gp used. )

Composition of coal:
Moisture..eevusevsenrenns s iaapercent by weight
Volatile ang fixed carhon...................do.
Ash.........................................do.l
Total SulfUl.e.serervrerosermsiiivinansaesss @O,

Divided: BSulfur iIn ask..percent by weight
Combustible gulfuwr...........do.
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Calorific value of the goal., (nigph value)...B.t.u. per 1b. 7, 820, 10.8, 150
Speed of rok ion of grate..‘........re"“lu tions, per hou¢: 1/2 to 2
m@ﬂmmwmmmhwmmmmmmmﬁ:%M@m

(measured at 60°. ¥, , 30" inghes MCTCUry Froasire, ary) .. .
'Puwlf ed’ gaE s per. nay......' ......,.........cu.;t . 14,839,000
(meabibeld at o F., 20 inches msrcury pressure, Ary) . R
‘thlflea bag mAds ber gene“ator, per howr,. mean....cu,xt.l L 895280
ated capacity o' gsncrator per. hour..;...cp._t., éry-gas. . - 111,600
Tot ‘ool ised per OTER s s e anensmerssaslo. S, short tops,  + ... 21,560
Total goal’ hse& per aay..........‘4./..*...............ﬁo. Lo 69
Coal ieéd per 1, 1000, cubic feet of -purified gaa.........lb‘ . 1.93.6
Oxygen uged per ddy ( . :
MEPCUTY, ary}.....................................cu ft
. Oxygen used. per 1,000 cublc feet, of purified gas made .. ) i
. (measured &k QOO F.,.30 inches Jgreury,. BT VeereneasidOn - R R TS
" (0xygmen is given ag pure Opj; actuelly, somewhat larger o .
amounts of §5 percent O were used)
Steam.uzed,, per, month........... wsieaUe.Seoshort -tons - 20,001
Steam“uécé“ per ABFTT e eib . S3 IV ; PSRN 1. PR 5.2 7T
Steam veed, per 1,000 cubic feet of purified gas made, to
1b.

'5,155,700

genorator......‘......................................
Staam uaed, total per 1,000 cubic: feet of purificd gas
) made.,...........................................,...,lbyu
. Pover consumpticn, per 1,000 cubic feet of purifled gas
. made...................‘......................,...kw.ﬂhr.
'Watcr uged, por 1,000 ‘Gublc feet of purified gaa. U Su-gzal.

Pvefagc gas compoqltion (Taﬁuary 1945) , ..
Crude .Purified

gas

()
[+]
o

\
o

f:COQ.......,..,-.i' vaes...Dercent by volume-

Hﬁs-.'..-.-.?. ; E 1.f-o-.----o-.w---u.,d0.
'Illuminants..: weverenskapene vieeaQ0,.

waeerie .o a0,

»
1)

.
.

o] AN RIS LVES I

o 02-....-¢-.-‘ [ . "'E'
.. QO.‘.., . R 3 R IR 3 wareado.
H crrareee. 1 3 Carmeugiaiar i .. Q0.
CHyruus veienn cs. 0.
TR E R EANEEE ;....do.

MY W
v s

SO P oo oW
Ol oW - VO

[
(-

1 .
e A R
Ol Famoor

ualcrilic value (hlgh v&lae){ L :
H,Ba5¢s dry gas at AO° F.,. 30 incheb mercu_y Dreqsure .
..,.............................p..B t.u. per cw.Th. 551;lf 438L0 .
Basis saturated gas &% 60° F., 30 inches meXoury - .
hes sure..................................%......do; 525 5 20, k
Baris calorimeter test (calculated to dry gZ2s at 0% o
‘2, and 760 mm.}...-..............................dq. o G/L52
- Bpecific gravi ty (air .= 1,0) : o DyTss 0.hg9
8/ The calerific yalue of the gav nﬁuaw ¥ ‘mede at this plant ig said
to be about .3 percent higher than the sbove values, and the- ruason

glven wag ”bombing interfercé with plent operatlono "

.
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