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TSl s cvsrsavssenesasnaseres vasenancssdBrown coal Brown cogl
(middle
S (Lausitz)| Germany)
SPECITiC ZIavVItY vwnermrace mnsossnsveay 0. L8 G.435
B.:.u. per cubic foot of dry ges at - :
60° ¥, and 30 inches HZu.vrvrverrovoras Ls6 479
Oxyger used per 1,000 cubic feet of dry
Y R R L 4 T A T - 150 1k7
Steam used per 1,000 cubic feet of &ry : o -
N D S 1 £ A S -1 T
Tar recovered.cicesacsrrascrsssanioai .
percent .of enalytical valuel s 72

Yield of dry sas (at 60° F., 30 inches | '
Hg.) per ton of 2,000 pounds of coal... :
e e ressarseeraean s cuL TEY 25,600
Coal consumed per 1,000 cubic feet of
EES TRAC: s vave ivoivenosnssesnneae . 204 78.2

Tt .ig noted that the Op consumed in making gas from the relatively hig
rank noncoking coal is about 35 percent higher than when gasifying. the lowerd
rank fuels. XNo doubt the lower reactiviiy of the high-rank fusl made neces-
sary operation at higher temperatures,; which in turn called for a greater.
amount of 0o, Under these conditions, one would expect the resulting gas to
contain somewhat less (Hy and more CC, and this is shown tc be the result ’
cbtained. : ' o

Tt is recognized that the differences in moilsture conteénts and volatile®
matter in the different fuels has a definite bearing on the smount of oxygen
consured per pound of coal gasified. Comparing columns 1..2, and 3, it is
noted that the volumes of gae made per ton of coal ga51;1eduare not proportic
to the calorific value of the different fuels, but, 'on the contrary, the gas’

volume is greater than this rYatio for the high-renk low-moisture-centent fuelA

Fécfbrs Relating to Comparétive Costs

Tnterest centers in the relative cost of cordinmary water gas and Turgi-
process gas. Although the mejor item favoring the Turgi process is its adapt-
ability to handle fuels ansuﬂtable for_use in standard gzs-generating sets,
the folldwing comparison is made to show :some important relat*onshLPS'
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I.C. This

Belative coats of materials used making water gas and
R ~Lurgi pressure-process gas . - - :

~}Ordinary water 28,  Turgi ‘pressirs-process
Co1 atmosphereéﬁ‘ ‘gas, 20 atmﬂsphereséi
{Per 1,000 ! . Per 1,000 !
B : : = - : § cu.'ft;‘ﬁPer therm; cu. Tt. | Per therm
Coke, 40 pounds per 1,000 oubic i | ; i :
Teet at $6 per tome.v...vun......! $0.12¢ | $0.0ko |
- Coal, crushed and screened, 1/8- : 5
to 1/2-inch subbituminous quel- : _
ity, 90 Ib. at $3 per ton......... g L t o $0.030
Oxygen, 1h5 cubic feet per 1,000 D o P
of purified Turgi gas at 18¢ per | : ; ‘ :
1,000 cubie feet............,,, .. . : ‘ 0.006
Steam, 40 pounds per 1,000 Subic ‘ ' e '
feet of water gas at 25¢ per
1,000 I1be Lot
Steam, &6 pounds ver 1,000 cubis
Teet of Lurgi gas at 25¢ per
1,000 pounds. .. i

L . 0,00k
0.130 | ; 0,040

%Credits per 1,000 cubic Ffeet and ", -
per therm of gas made: .
Tar, 112 pounds per ton of coal,
at U¢ per gallon..............:
Benzine (light oil), €.31 gal,
per ton of coal ai 8¢ per
gallon........................Lgi - - [ 0.024 0,005
otal credits.....................f 0. 000 i 0.000 0.DL8 0.010
t materialas coat, leas credits..! . 0.130 ' 0.043 ¢.130 0.0%0
.Water gas calorific value = 300 B.tf.w. per cubic foot; Lurgi gas, 450 B.t.u.

$0.024 $0.005

!
j
H
i

i~ The gas made in the pressure gasification, as above, is at 20 atmospheres
bsolute pressure and need not be compressed further for transmission or for
%e~in the Fischer-Tropsch Process. Without furiher treatment, however, it is
loted that 1,000 cubic feet of waler gas contains 900 cubic feet of CO + § ,
Teas the same amount of scrubbed Pressure gas contains only 700 cubic fEet
CC + H,.

The foregoing costs are not represenfative of the relative cost of Tinished
by the two Precosgses, because other iteme, such as meintenance, taxes,
ttization, labor, relative generator capacities, and other cogts, which are
- 1dentical in the two cases and cannot be evaluated accurately at this time,
not included. The important consideration is that an appreciable difference

the relative costa of generator fuel and in tke credits for byproducts are

dliired, as indicated, to favor the presewrs Procese. In view of the higher

Orific value of ths Pressure-process gas, a mors eguitables comparison might
the materials costs of carburcted water gas and prossure Zas; these ccoats
Compared ag follows:
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Felative cogts of materials el in making carbureted-water gas anﬂ.

Inrgl pressure-process gas, per 1,000 cubic feet

rdinery
carbureted |
water gas

| Process gag

Operating PLEESUIEe e vrressncnarnessensnsssBllOSPREres
CEIOrifiC VALlGO.u.vssreneneasnaorersBstals por ou.rt,
Coml, 1/8- to 1/2-inch, 90 pounds at $3 per ton.cents
Coke, 30 pounds at $6 per tOM..-sevsvsseeroreosse dOs
Cerbureting oil, 2.08 gallons at 6¢ per gallom....do.
Steam (for generator, turbine, boester, etc.)

100 pounds at 29¢ per 1,000 1b. .eeevsesrerarsea.bGO.
Stesm {total for pressure gas operations) €6 1b.

&t 25¢ por 1,000 1b. cuserevercasossaroananeenassdo.
Oxygen, 1kb cubic fect at 18¢ per 1,000 cubic

FEB e v e onsrnanssssnsnnnasosansnsnsscacsrenesnnssss oGO,
Credits: ’

P 17

Benzole and light 01l8..eeeeecasisnarcaroass o,

Total materialé, lese credits.....,........;....cents

1
166

9,00
12,18

2.50

20 &

1.65'-

2.60

53,58

17.75

2.0

2.1"
2.4

2.0
21.98

L8 -

12,95

It will be noted that In the pressure-gas process the light oils are

recoversd by ordinary condensstion cn cooling the gas.

A plant for the complete gasificsaiion of coal under pressure and purifi-

cation of the gae includes: e . o
An oxygen-producing and compreseing plent -
Gas genérator'house with genera£ors.
Steam superheater |
Condensing equipment -

Pressure scrubbers

Dry purification equipment

Gag holder

Tanks,\reservoirs, and water ﬁondg
Light cil-recovery plent

General utilitles, and

Coal- and ash-handling equipnment.
o 21-[-_-
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" purchased scenomically "at
LlABWlse, it the coal pur-
¥ that a coal- crushing and

5as n*ant and certain ‘other
king gas by the pressure process at
e mAy . be. gleanud from the data given below,
Ingers .expericnced in this field:

Ba515"' ST
Amnual’ productlon of purlfwed gas measu:ed dry.. at. 609 F.,.
and 30 inches merckry.,.............................cu.ft 3,720, OOO ,000
- Calerific value...........................B.t.u.Aper’q .ft. 158
-Coal used, proximate analysis: ) S
M01sturu......,...‘...................,;.....:.peréent 15.00
.,'Vblatlle and, combustible. .. u'vieinninnnnsvnnn.... . do. 75.00
Ash,.do 10,Q0
. | . 100.00
‘_High calorlflc valLu.......................B.t.u. per pound 7,740
~ Ash-goftening. tenmerature..............................O C. 1,100 .
fEfflcibncj of .gasification of ﬂoal............,.....perﬂent 8L.8
(Includlng the heat energy of the ter ahd oil, but -
excluding heat input as steam)

,-‘The efflclency of conversicn of the fu cl, not including. the heat in the
05 and" steanb iz given as follows: ’

_ 100 [€%,300 cal, per. N of gas) {0.65) + (850 cal. in tar and oil)]
4,300 caleries Pc” Kgm of coal

Effici( NCY
&k, 8 pcrcent.

The figure 0.65 is the number of - uubic metvrs or -gas - from I kgm, of the coal
lotilated in terms of U, S, standard units, -the corvérsion. efficiency is:

ficlency 100 [(h58 7.B.t.u. ) (1275g)7f SliﬁﬁO 3itae.3 - 1.3 pezcent

n the latter computatlon, 458 7 ig “the B tiu. per ‘cubic foot of dry ges made
on ‘1 pound of coal; 1,530 B.t.ul ig fhe. Heat, of combustion of the tar and-
AL mage 1n ga3¢¢y1ng 1 ?ound o1 boal and T 7&0 1s the calorlflﬂ valuz of the
0&1 in B tou, per pound : . -
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© Armual costas: LT ;o0 i e .. Relchsmarks
' Goml used per’ yeéar,i 170,000 :short tons at 5.88 Ro.,. -, . .
or $2.352 per short BOm..isvieshaisornrionerivers e, 1,000,000
Eleciric powver, purchassd at. 0.02 Marks or 0.8.eent .« . ..
el A (I L e ISR sema. 1 500,000
Steam, 154,000 short tons purchased at 2.28 Ro Or. 0 - - o
$0,912 oY SHOTL TOMuwvoogennsnrronsrenrennnazocnss 350,000
Cooling water,a/ 700,000 w (2k,TLT5000 CWEEs Jursae - 35,000
Repairs, 1alior. . e i sarodauaivesees Cesieaaees . 280,000, '
Repairs, materiale..yiviee e dheiaroeasrartoe 162,000
Amortization (12:PerceﬁtHCnJiHVEStmﬁﬂt);-1Jm-.qa_ o . 780,000 . 3120
TOEB] BALUAL COGLE. s e sesssesennsnsansesssennersreasenses 3,107,000 17258 506
Eotimated total cost of PLANT..eeevavrnraererenevananens 6,500,000 2,600,00
&/ ihe total weter consumed.in actual operations appears to.be approximately
three times ths figure -glven. - RN -

 The plant can be operated, 1t is said; by four shifts of 28 men each, o
‘112 men per day, but -the effective rurning time 1s congidered to be 7,000 ho
per year or 292 days.  It-1s .said .thet .these men can hendle the oxygZen plant
;apd purification equipment, .as.-well.2s .operate %he generators.. Stean and
slectric power ars consldered to be available by purchase "at the gate.” On
this bagis, the cost of ‘the -scrubbed .gas is given ez Ef« i per w’ {32.3 cent
per 1,000 cubic feet) without allowing.credit for the tar -and o0il, These cost
date were compiled afber -the actual experience ‘of building end cperating a .-
plant. Tt is intersdting to pote thet the total cost of the -plant {$2,600,000);
1ncluded $676,000, or 26 percent of the total, as the.oost of the. Linde-Frar
oxygen plant. Ths oxygen roeguired varicée with the nature of the fuel used bu
sverages 15 to 18 pércent by.volume ‘of the purified gag made at appreximetely
20 atmosphercs pressure. The electric power ‘used for oxggen production inelu
in the sbove cost data ig 0.67 kw.-br. per cubic meter of dry Op at 0% ¢, end
760 wm. pressure, squivelent to 19 kw.-Hry per 1,000 cublc feet gimilarly -
Loyl AT - - 7

The foregoing cost data relate to the production of gas having a'calérifﬁrg
value of approximately 450 B.t.u. per cubic foot. Calculaeting the cost o th
equivalent of 1,000 cubic feet of 300 B.i.uW. gas, the estimated cost would be
300 x 3%2.% cenbs, or 21.5 cents, without allowing for credits for tar and cil

50

In using thesc estimated costs, it must be kopt in mind that in tPahiposin
.the cogts in Relchsmarkste dollars the arbitrary valpe of 1 Mark ecquivalent t
‘40 ccnte was choson because it appears to ekpress ‘a_proper relationship of J
valucs of things bought with the Relchsmérk in Germzny and the dollar elsewhe
Tt is belioved that an attempt was mede in the above ‘estimate to figure costs -
as close to minimum as possible under the prevailing c¢énditions.  Some of the
items, such as steam and clectric current, cogst less in the United States, put:
certain other items including texes, insurance, &nd the like, must be included
in applying the data to American conditions. :
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FIGURE 7.-DIAGRAM OF A WINKLER GENERATOR.
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THE WINKLER GENERATOR AND GASIFICATTON PROCESS

The Winkler process fer making gas comprisss the gasification_of solid
fuel in a finely ‘divided state.while it .is in & Tluidized state confined in a
- gpecially designed generator. . The initial conception was that when a fire:
was kxindled in a bed of Fine fuel and it wag blasted from beneath with mixed
air and steam at a sufficiently high velocity, the mass would be fiuldized,
the particles assuming ebullient motion, and the reaction of the stesm end
air with the fuel would be continyupus, with considerable equalization .of
terperature throughout the bed. It was believed that not only could & high
gas-making capacity be obtained in this manner, but the ash could be removed
in a fine granular or powdered state. It was found that with certain highly
reactive fuels, this could be accomplished. The desire to reduce the nitrogen
content and simltanecusly raise the calorific valus of the gas led to the use
'f—of‘Oéfinstead of gir in admixture with gteam, it was found that the ash, to a
wilavge extent, was carried aleng entrained in the gas, and, furthermore, the
“partly burned particles of fusl st1lL containing considerable combustidle
‘gAtter also werp darried out of the generator spirained in the gas by virtue
{of ‘theirirelatively small sigze. Thus, it became necessary, to reduce the loss
of ' fuel!in.this mamer,.to introdﬁ:egcg aleng with steam at a level above the
. top ofthe Tiuel bsd.- Thie wag an, lmpertant improvement in the process; the

"desired end result was cbtained. - - : o .

<" - The Winkler process has besn used guccessfully in Germany at Leuna, where
the!latbst developments were made, and.at Zeitz, yﬁere large generators had
“Ibeent in daily operation. Ag in the pressure~gas process, it was necessary to
control the temperature-of the fusl being gagified; which is accomplished by
‘regulating the proportions of stesm and Op or steam and .zir, Tar is not recov-
- ered from the gas, nor is it tregent therein in apprscisble amounts. Fuels
thet yield small amounts of ter only are proferable o other types of solid

{.ifuel, | At Leuna, there were five Winkler 'generators, but only two were in use
) b vl :

Just prior to the;elose of the Eurppéan War} one employed air and steam as
fgangenErating-fluids-in-making;pOWer‘gas, and the other, similarly operated,
vag used to produce & high nitrogen-content gas for control purposes in making
.gynthetic ammonia, that is, for controlling the amount of No in admixture with

s L Figure .7 iz a diagrammatic view. of -a Winkler generatof;; As'shown, oxygsan
(or.air) and steam are;introduced beneath the grate at the bottom, and some of
sach also. is introduced: at a number of iniets at 2 commoh level above the
lgnited. fuel bed. .The depth:of the fusl bed is8.39 to 58 inchsé, aithough it
"is said to'be: preferable, usually, to maintain the.depth at about .39 inches.

‘A water-covled: arm.rotating about ascentral axis helps to discharge.ashes rom
the generetor... The grates comprise fire bricks placed on cdze & few milli-
‘Tetery (1/8 to 1/4 inch) apart. The upper inlets.for. steam and Oz are located
~F Teet 10 inches &bove the-grate. The prepared fuel, stored in = reservoir
3djacent:$he"gen3r§t®r5 iz, fed into the.generztor by means of a screw CONVEyor,
Which“operates‘Qontinuously@_ ' ‘ e . - o

e
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Kind of Fuel Adapted for Use in a Winkler Generator

Although it 1s true that fine sizes of s0lid fuel may be used SUGCGSSfmuJ
in & Winkler generator, it does not follow that 211 s0lid fuels can be thus
gasified. The physical and chemical properiies of the fuel nged have congid.
erable %o dc with the resultf of gagification. Some of these properties ar

{a) BSizes and rang: in sizes of fuel used.
(b} Softening point of the fuel acsh,
{¢) Remctivity.
(d) 7Tar content of the fuel,

fa) Sizre of fuei. - When maintaining the mass of fuel in a fluidized stag
in the gencrator, it ig necessary that the velocity of the fluids {gas-meking
fluids and reaction products) passing into and through the bed be greater than
a fixed minimum, which latter is that ai which particles begin to settle and
gseparate from the fluidized gtate. Employing the necessary veloclty, there g
a tendency for the finer particles to be carried away entrained in the gas,
hence a large variation in perticle slze in the fuel chargsd should not obtain
The idezl comditicn would bo complete uniformity of particle size. Of course,
even witk this stete the burning of the fuel in gas-meking reactlona wowld.
cause progressive variation in sizs, and the very small perticles would de
carried along with tho ges siream. In commercial operation of the Winkler
process employing cerbonizsd brown coal as fuel, & gatisfactory size {the size
actually used) was 3 to 4 mm., which is 0.118 to 0,158 inch. Small amounts of
fines and coarser perticles also are prescnt in the fuel gas as charged into
the generztor. Even with the exercise of care in preparing the fuel, the ash
blown over or entrained in the gas stream containg considerable combustible
matter, It appears that the greater the variaticn In slze of the Tuel particl
in the Tuel chergcd, the greater is the percentage of carbon in the ash.
Accordingly, small ané uwniforuly sized particles ave preferred for Winkler gen-
erator JTusl.

(b) Ash-softening teomperaturc. - The particles of fuel in the fluidized
state are in epuilient motion, end there is considcrable contact or collision
of these particles during the gasification process. It is obvions thaet ghould
they be heated in the generator above The agh-softeoning temperature, they will
adhere to cne another and form larger perticles, This could result in the
formetion of clinkcre of apprecizble size and hinder smoothness of operatiocn.
Furthermore, sheuld the particles be hosted above the ash-softening tempera-
ture, there would bs a tendoncy for thom to adhere to the wall of the gonoratol
and accumulate there with undsrstandable deletericus results. Accordingly, it
is desirable to keep the Fucl pariticles in the fluidized bed in the generator
at a temperatuwre 30° to 50° C. below the ash-softening temperature, In some
cases this ig an important and dsfipite limitation; thus, fuels having high
ash-softoning temperatures (2,400 4o 2,700° ¥.) shovld not cause serious
troubles from clinker formetion, because it 1s possible to reach a suitabl

gas-making tempsrature appreciably below ths a2sh-softening temperature. Howa¥l
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