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enough to send to us. :
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"comprises:a’set _phctos’cats 'of ‘data obtain i
@+ Spengler of “the; Ingtitut: fur Kohleni‘oorschung I.a orato um_mr ;
‘Mineralole “and’; Teere an-de '_Deutschen Hochschule at Prague
included brief: sumsries of the methods' oi‘opre 1‘?-_1‘:10 : pur
‘elementary analysis,. spe . gravity. (d) boiling point at: 760 . He
‘freezing -point, refractive index- (op at! §O°) ~andcalculated molecular
refractivities for the 23 Jindividual compotmas and pairs of cis-tr ns
isomers’ 1isted in: the. attached table. There isy in: add:.t:.on, an
»append:x which tabulates and d:.scusses Raman spectral da.'l:a. for' a umber
oi' these compougs : E

For 10 :.nd:.v:.dual compounds oz" pairs of cis—'cmans 1somers companson
'can be made with: accurate ‘datd in. the' files of.ithe, ‘American Pettolenm .
,Instltute Research Project bh.. This comparison. md:x:cates that the data
“of’G. Spenglér does not equalin”quality‘the” best data that have:been”
accumulated 3 in'this country during ‘recent yearss Howaver, bo:.hng poinw
~appedr ‘o be accurate to.a few’ tenths of'a degree, densities to 70,0010
ml and refractive indices- to: 0.000h.—Such dataare supa:'mr 1o much’
that are pub]ished. L' fhareore have soms” ‘soniridence’ inthe: ~data Por ‘che
' ompounds for which an- accuraté.comparison .could not ‘be made and—regard
the ada'lﬁion of G. Spengler's data to our i‘iles as we]l;worthwhll .

-
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" - azsifica ion m coa naf_f for r‘aay' yac«ru b@@n used 40“ ‘cm rro«-'

d\..(!'t" on Oi‘ haa‘i:in' ras Ain lriQuS h‘“lﬂl L ants” 10 Ly 3..11 COﬂn;.Ci';lOﬂ Fl’Gh :
’ 5 < o
o

c.ho proauctxon c matals and mar .u.faci:.uring nl:mts of the metal indus’cry. -

»~~C~831flc3 ion- n;’m 2ir dn.a .-.h&;. t«-prodz.-e c.i h.a fixed fuel bed mey.be. ..

cor:s:.carcd a3 the prmarv a'i;aéra ‘oi‘ gas;v_ica%,_ion ﬁechnolcgy'a - A high -~
'conte’nt»of-mnit oga (bS uG 55 percent) ‘and a rel(:r,wely 1lowv heabing

value o¥e bhe wmain fealum e3 of this 'sc-called p ouuccr-"a.;.

Eacauée of the need for & gas of & higher neatinw value and

for hydrogen for chsmiczl synthesis purpoaes_; :acm”a'f_ matkods of ga‘:vl

J._Lcamon were r’a’« Joped in which 2 ni trownnf a" gas is prcdu d b'y'

the rsaction.of. c°rbon and ghean, ’“h)s ando h ric reacumn requ,z-es -

& large am'aunt of hest, In ".’Lﬁé intermitbont Waber=z as p"‘ocuss E}LS
“hast 4z obbtoinsd by reu :r\cra? e heating of the ‘in"c,rociut:ed"s"‘ceam as

well as of ths fusd bed- vy combustion of part of ’“}‘@ Ldl’buﬂ Tith al rc

“In other methods, the reaction sons is- opq'x.,u’cd continuonsly, and “the

IegE reaction is obtvained

t with combugtlon gas or by

uncr:u":‘nt.o ’:,ho el b . Son
the gas is recirculated through the heater and the fuel bed o ine

crc: sa the heat avalileble for’ the water-aga;as i:'eactiona '



‘Récently &—EEW'oflth; recyelin

"oxygvn to- overcome thn dlfficulty of heatlng larga»quantitiea of gas
' A

*“to hivh temnaratures or czrculatlng nhﬁs gas with hlgh velocity

,through a disintegrutang fue’ (as in ﬁha Schmalfelﬁt~d1ntershall
‘ prucess)o S S ___ ». : . ‘ .‘ : “ = . . v v . v, - . . . : ] :
Compared‘with the contznuously-onerated gas prcducsr, all

) of these meﬁhnds are ccﬂplicaﬁed 1n opara?lon and e'ulmenb Thv -3

oo nd

_gon.y way of'avolalng these complicaoicns 43 ﬁhs separatlen of tne

.

\jnitrogan frqm %ho comaustlon alf° For some’ tlms, uheref.'oreg tbe use’

-

tion ngxnevra, but gdxy re cenbly could nﬂ‘ongen bc producnd cbeaply

””onough zar use im gas produrclmn Az regarda OD”ratlng COVtu

: utili""ilcn of’ inexnvn51¢0 fuels . the supe rior t f gasification

"

- with oxygen proved to be so great thab this metﬁbﬁ is ccnsidared‘the

,

: — 3
- most importani ons for laraamacale hydrogenacarbcn monax1d~ pfoduc:-~
tiod. - Heny processas hsva,been dcvamopsd, dep ~und1“g on tha techdno

cal expczwence of thv evalopznn enqunoers, dhe snncia* cuaractsr o-,'

the fnvl and tue “aculred comp051uLon of the gases.

A rather comp ate doscrlvtlon of ths various nehbods of
ga31f;catvoﬁ which h_va basn used in 1rdusﬁry or tried in larger~ﬁ
scale experimen@al ok s fou1d ina report of L Lo Héwman" to

which reference nay Qgi mada for deoami%; ;Fé? the purpose of this
paper,'bhe f;;;res,éf Nsluan'sAreport are checked ﬁith the author's
expaerience &nd ﬁit‘ fegard te further improvement and the gasificae
tion of fuels which are pe t-suitable for this speciél method of

gasifdcation, Based on th e figures, the 2conanmical value of & «he

variouws mebthods iz com*:arede
) N it

< !
ﬁioLq Tievman, | Oxygen Production and U*ilizatlon ‘in Gas Uam1ng Fro~
_ 005093 leoo Reperu of the CGes Pngduction.69¢miutea of tho. . -
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Aa tlze chﬁmcal m&phyaz.cal propartn.e& of a Luel ope m.ost_-‘

o important for ths 231fxcatlon mnthods uged fFL the p;oducnlon of

‘.'liouid xuela as well ag’ for the resu.ﬁu of gauif;cutnon 1p each o£~.
»% the various-mstlodsn wbaae methods are 0150 cnmparad Vlth regurd tq
uhe coal rqaoxrcea which for economica¢ reasons are most favorable =

;"for snch an ivdusﬁryo

OPE?ATTNG PRI&CIPIED OP 1HE VARIOUS METHDDS‘ T ,”}Tfi
&“51£icuﬁion ﬁlth pgre ogygon can be operated 1n uha same
'wey aa gasificatlon nuth a%xo *ﬁcvaver, it»allows a w1der range_ciL_—

itemperaturean Reactzcns can be intensxfied but the. dangcr of"

: f‘operatingnccn- -

‘dithﬂa gra increascdn Operation of slaaglvg preducers: thh szed -

fuel oad is ;8cllltaued %23 ongcna

The variocus methods nay bu classifled accoraing to the

. o

"ooe*amlnu principles os xollous:

T ' Fluldized - In.

Fixed fusi bed © foel bed . Suspension
“Tow tenperaiurs - High-tempevature T High 7 high end low
mechanical grate - slagging temperaturg - tempara%ure
Atmose . High . :lbdn ' Thygsenm' _ Wimkler - pulverized
Preric  pressure © . _.Qsloszy process - @oal
pressure. - | SRS BT o
Lurgl - e o Wirklay Koppers
»Vla$~I Gn pressure © gonerator . nrocess )

gasi- _ . T
Luusiue f;eation

Lurgd
carboni-
sacion
gasi~
fication
" Thers are several technical features onnectad’with each of
the above procasses which are novﬁ decisive for the suitabil 1ty of eny-
cne of bhcm in a spcc*al prOJ&Cba These 1aaturcs conccrﬂ the quallty
of coal uhich can be used and tba composition of tha  primary gag

_nhlch.can_ha:produQeé;with %hL_D*Q“GSS_in—qu¢3ilGPv—
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i . ‘ i ‘ s it
Ga ;ficanzon 1n =3 ansd Pucl Bsd thh £ &echanicaZ.Crat

This g&slflcabloﬂ must,be ope? Yith a relaulvely 10#

Si

ena Conse~

rion c0ﬂtenu ~of ndeOgen apd carbon d“OYldB in

“ . ;.‘: =

" the gas is. unavcidaolec 'Tn case tbe proaueer 13 on ea r1th carbon -

. f¢;oxid¢ wh;ch must be recycled ~ntc the fucl b°d & hlgh carbon momﬂj

- noxida-content of tha' gas” L. reuchcd ENE TN i mu; me’chodn R

U Recb#eryfbf Oy~DruchuS can b COﬁLlnCL Nluh t11a mst' a

Eméniﬁbn4caking¢¢n;l'- uocd bub & ceruaﬂn amount of hydrocérbons
; R

(oay) is une oid ble 1n'this caée,’éhd éASeparate carbonizer plant
"is-therefora'advisablao
. then bncratLg urdsr pr essure, smaller sized coal can be

used_H*bh an increasad Hroughput and g hig

es

heating vslue of the

aaa o“*nro” uVarogLr ion ‘or SVﬂtha s‘purpps s uro G& of bhe
- ; . .

rm:ar3 REts uust"ue conwer 2d into QO + Yy by & additional uhermlc

The produciion of a‘hydrocarbon~f"ée ges nixture, directiy

Q

from coal is’posb'ble-in - 2-5tage generauor 1n vhlc & separate

ca‘oonlaauion zone LS ccmbinﬂd with a gas producc” Zona operatea

with oxyyen and,steam° 4 relatively high cerbon monoxida contant
of the~ aa can be reac ned in this case Ly a pertialiy parallel operi-
ion of oxygen end fuel, e



) e — i

Gan if:i.c‘..uloﬁ‘in Fimd Tuel Bed mm' agging sh..

tuev even" T‘addz.tlm of‘ .Luneacme or o’r.}*er 1ux:..ng materi al is neeced

r,o keen the asb sufi‘:.c‘x en ]y f.s.u.d. Arhﬁgh bhroughpu‘c, 'and m.gh velo‘.lty—

A

-::s_ i.he qasecvm tho fus I bcu are nec.ossa'mr ;or a sui‘ficlcnt con ol of

, -

tne- slugginpb. 'Gasi fication of bitmninom and aubbﬂ tumlnous coal is not

: i‘eau:.ble mder such cordz mns becauoe purlfﬁcaoion anc handlmJ of B

dust and hs: .:‘vy tar 15 giffy c.u.t and exaensiv ~ The ad-

' _va‘.taoe of hydroca bon-fran gas would also be’ 1ost. when operaued

srith coalp The conr,enr. of zrydrogen in 'the pvmuz'y gas s szr.ed to

approx mabe 30 Percﬁn bh raspect to 'cne alag ng operation.
A 9S~ne conk car‘son mno}:i\de g2s cen be . produced with. the

n
3
(" 1

}.t.

gEing me ol ﬁf cwboﬁ dio: lcie is ava il'able frem-some other rescurce,

Gas i:‘i&aﬁim_r;hh a leudizedvl?uel‘aad (Winkler gas),?« -

Small-s:?-z:;d, disint ag rading ccal or’ cnar' cm be ac.sifled vu.ur-‘

‘a V’-‘f'l' hl»:.l pasificabion rate. wae've:. by—-pro ‘ucts cantot bs recovered.,

The consmnption of _o;:ygen is hieh' and the thermal é:—".‘i’i"iencv relatively

1oy -‘.‘,he noresoc x"ibh less TP.—_ctr»*e blumu"lous coa,y.s md coke from such’

coals, Or\ly a gas *ﬁ h a high ku‘ﬂrogen content can be produced, “and
the carbon dlo,d.de content 'of the ges is s0 high c.hat a *mter--“ash is .
Aavmdable for any uuLllvwxon. The amount of’b}c:m-otfer i‘uel is also

high,



________ o , 350,

G3311;cation &r Pulver zed”Gsal (1v suspenulon}.r-

dloxzde ( bove 1Q_nﬁrc ru) probabid makes th ellm na on of carbon

n;oxzde Lﬂavoldﬂkle, eveﬂ 7*+h %be 4 ranlo, Uhtilwn0h5 it is'the =
e S
onlw u»UhOd aV&LlubiB for a dxrecr gasiflc ion of cnklna cealsAﬂn

Bick: LI2 ATION or«*‘m; Gas Mm THE QUALZTY m_:gm

*.I¥ hds tesn ment101ed %efora thab the methoa of ga81flcaﬁ101

deiarmlnes cewﬁainmfeatur“s of. bhe P¥ 1mdrv gads ‘In erdor to nsnlrabe

htLemadvantag ol h&e FoSlf‘Caulon metnod5“ i i :

~

“THe ;equiwemnngg of . the ga o-nonsumkng—lnuuat:y° . R AT

Heazlng— Dulec'Uulllty Supply. T

v

..

A% present, this fie ld of conuumatlon is suoplled by natural

gas of 900 to 1000 B.t. ua,crhayﬁcarburm*ted water gas of. SOD to ﬁSQ———

Bstau /c a_ﬁ qunpoued_y this cons: mLuDOn is *dcree~ed or Haa to. ba

replaced by gas fxom cozl. Then a gas of 500 to B0O B.t.u, -is needed

with 3C percent hydrocarbons nd 30 to hC persant rdrooen" ‘Probabiy
. N . — f -. N N )

the gas hag 4 ressure of 10 o 20 “tmcsphercs becauss

'O
[9]
I
£
Ie)
w
£

ke

carbon dioxide must. be eliminated &n *a larger pland would be erected
at the mine where producticn costs ars lowest

~~dydworeﬂ G2g for the hydrohnnazloﬂ ond Amnonia Srnthesis.

- For Hvdﬁ ogen LiO?,‘”dcthullj pure oxygen is nseded.. Come

pression of the raxr; and the ol4ninut10n of uavbon dioxide a}e u1~

ontent of the rlm“r: as 1s of great ade-
I3 &T

Tereat disadvanta@e and should not exceed

ope. and -ona~half parcent. Qrganic sulfur is of no. great importance.
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Por the synthpsls of ammbrza, a pure hydrogen can be mlxsd

o 'iﬁh nltrogen, or the aJntneqlv gas can be directTy nrcuuced by gasi~-.+

I.ow content of meth a and su..rur are essent:.a.».o

; e Synthesz.u Gas for. che Fr..scher«'rropsch S_fxmh@a:.s,,
e Caa af -2 €0 zi,, ratio oiT 1.5:1 tc 1:2 is neededc urganic

2 sulfur and gum~form1nc hydro~arbnna ara” Lo be redu»ed %ot a minimum

as’ polsona fow he gywchssms catalysto Gomorcsaion oP the g&s ror~

mally is requlred for th° syntheoﬂs and for bho elxainatlon‘oi car-

bon. dloYide. ' ‘  -' e .K ';y_fﬁ

: 4 ' S
s Gus for ‘e - Syn*hesis of: Orgaﬁlc Aeldsg e e

Gas of. a very hxgh carbon wonox:de conue1t is used for the

- |

syﬁthesi ‘o orgdnlc ac1ds- oo ' S i

. f.' ‘ o Gaﬁ for Power Producti

‘Gasific ation of cns p xuels ! hh -air may be ueveloppa as a

Tuturs methed of power proaucblon in cornection with e gas tur blnen
I+
! PP . Gy -
In ‘this.case, hot dusi~Lfrec gas is needed,~under rressure of S %o 20

etmospheres.,
THE RECOVERY OF H{~PRODUCIS

For a’ comp riao of the ccon0ﬂ¢cai aspects of the variocus

1

megbhods of pezification the valuﬂulor of by-preducts is very dim-

.poftant? Uﬂ b1l now, such by~products may bs of little value &s no

market can be found. This situatiot will change immsdistely whe?

producticn of gasoline fronm coal has besn started, because thed the
vy-products of gas f i‘h aftur refining can be 'mixed with products



or gozs:.ncat,ion by«products can be; hydrogen tad a{-, much 10wer ces‘b tha.n

—fog%— Tka‘re‘“ﬁi-e, a max_mm ,of by—produ\,ts ahou:id be prowdéd in connecm

tion m.uh coals af ‘ugh uar content e.s long asg thoz.r recovery does noi.

co..t much mo:'e or m-'"n a:unplifie’* thb produetzo‘x and pum.f:.cation o.’c‘

) ,” i

‘bm sy"nt"msl: gs _' In Gsmany, uha tar sold to }wdrogenaﬁion pZ ants m-.s

”‘vulueca at. M) 'ho 50 psz"cen"a of. ’ohe product:.on cos‘co of‘ Syn‘.m ic»o._bydro-

‘gendumn gagcline £ "om t,c‘ﬂ. and bese plan _Qeere opez-ated Fi‘ h “Z;.he b

Nim e imes

lo resth prcdnctlon \.os‘os i‘or g,esollinec Hu Jever; :Lt s ould be reﬂembered

thc.t for ca.d.ng coals no *negpensavcx me’c‘wd oi‘ caxbonlzat:mn or by »

PR
’

p:*odact uas::.flcaozon has been aeva"opau GO far, - L |

J "v‘z:cmr:cca -anrumc“ AND POsSIBIL
: mpfeomwr OF THE DIFFERENT METHODS.

. M chamcal‘ Grate Ai;mospaars_c Prassut‘e=

Tnis o rizthod ‘of ,;.sﬁ‘ica on i very sui tabl'= foL th 5roduc-—
vion oi‘ m‘dvogen—nm gase i‘cr byc*ro;;—-na‘b::o*x a:xd svn*hasa.a J.rcn' co.ce, '
.sem_'-;walcc ‘or anthrz te . -Such a'gas is hi en_‘(.v conr*enr,ra cd and can
be:aasily pu_z';fieda For The uas:wcetwn of rari tum.nous coa.u.y the

e

content of Chy 1o & drawback, except in case the gos snmd’d be used aa”

a hsating gas, possibly afier pasging a'z{ymhe B 1& nhe
Therefore, this wasification mathod should be on‘sider d

primarily for the ubiliz ‘=_>Li on. of hisz hly R %3 tum_x{ou.,., T)tH:ak:Lng cozls,
f'ra;connection uth & carbonization p_.e.'n,o The ausciwiis wor}w. bully
0 1942, were lr't'*d‘nn this = tnoclo |

_,’, . ~’Lcthnc'ﬂ onits w1t‘n & capaecity of 60 to 80 tons of coke
..or 120,000 to 150, GOJ normal cubic wmeters of carbon dloxme-freo gas
par dziy and a relatively low consumphion of o::ygan account for iow in-

" vestment end low operation costs of such a plang,




rbomz&mon angd-—

- Izmgi carbomzer, Such a combmatmn cbv:.cusly ,mpz'ova the Vbaar, and
. y‘ .

‘bhe materla‘f balarxco and savea investmen’c. ard la,boz- costs comparqd 1"ith

SOpurB‘b“’ carbonizaumn and gaSlfl(.aolon pla ntsa Urilu., oi‘ a camaelzty

\.1

_.szon—or cox@ a.z'e he usual dimenslons oi‘ a Lazm.:. carbouzera : '.I‘hdl gas

— s

nrcduct._cn ¢an’ be mcreased to ltOO 000 normal cub:u: meters, psv' da

- — Pt e

it b:ya so.s.i‘l;-umﬁ' of the di tilla’nloz ga hbmcene -

\,

Doam:ards oporatw np- “m. mI"L o he used. o,\ygen gaves part

o“ bhe sm:ama and allm:s 'Jr'oductw'} cf a gas xnth gh ccuz"oon mo-—'

‘y

-~-'-~10*nue conten’c Even' ‘th‘ “ratic 2 1 ey o CO to H2

. me. of 'Ghe carbcn leXlC.C is z-ec"clet. i‘rom. t-xe water wash.

Be prodnded I

-
L e

Cashlc&ulon m.th F‘.L..cd :uel Bﬂa U“xdar 0 Atmos’phs‘res Pressure..

‘I‘hs methed is‘su able I‘ --t‘qc, cusﬂ‘leatmn of ‘.]'! non~"

caking fuels in eibss abovo 1 /8 inche A D'-"imafy gas v i 20 er,en’o 2

0y, is proauced with only SO percent of \ uhe exygen. f'onownp ion of

d

other mei:hoas ‘and even 35 percem-, bas::d cn' 'bher_m"al \.u‘m'.tsc No “Gom-

- pression of the £as iz réqui z*ecx/—*‘*tr whe N 'yct roger gulfide can . be.rae—

meved wit_h

.

For the *vroducu.cn of n;yc"ogc*l or synthesis ga s thf* p“n_-—-l

mery gas must bz 3 plit m.’r,h o:q,‘gan: snd the tobal quantily of oxygen

iu eoual o the amount newd d in straight gesification under atunos=

1

sulfur and gus-forming comnounds are ro-

I

" pheric piressure, ;-Ez'gan c

. mnved complweJ.\r. The splii;'hing stage allows a I‘G‘?ulﬁleu of the:

C():i12 ratio in a’qi&a >_rangs beb';ef. 1},5‘:1 and“"f*-‘?

Lads

~




products are re ovared nn veny good qualltynv‘A

/

thh 500 to 800 B,t,ua can be aasily and cheaply

moduced ¥ conver tn_

ing part or the carbon moﬂor de and hydr gen ln a l-snage syntbeszs

: into ﬂasollnsb :'fffwi,- o if -

FE

 vl Tha capacity of B 2 6 cublc meter upins wﬁen ooerated with
v it
ccaL of medlum or high °u51on noin+ of bhe ash 5.100 ﬁo LZOﬂtonsf :

b

of wals rwfree coaL pew dayg‘ ConSurucclon of-a machanlzed unlt of ;B‘V

'cuoic mensvs and cepaci bty of\lBO 0 ZDD tenu of coal or 220 OGO to

'2<0 Qgco normal cublc motcrs of carbon dicmlde-frea gas peL day cannon-

offer sericus dlfflCulhles accordlng %0 Lne ugaepzence availablen » L

‘_ ”hls methcd ha: omc 1mporwant dvaaua 2€5 . for tna gaalflc -

tiov of a_l ncn«cuklng voals for the’ roihanon ox “oi t as and the
. E P £

g25111uab10n of umall—si?e&, hon-ca”lnv Ccal.hluh a tar contano above
5 pe"cenu, ;or uh° productlvn of gas £ -—uvnthos_s and hydrogeﬂatlonu

'Thcse 2rg by~producth recovery &nd Acﬂ power consumptvouo
%

Gasificablon in a  Pixed Bed in aﬂSlagging'Producera

plid'coke aoove l-inch size anibe gasi ied with

-

L Oniy - &

this methed. The*CO:H. atlo of tha, 2, primary gas is abowe 2, nhﬁ T

carbon Gioxide condent qu'cnoqu for ardireet uBé in 2 gynthesis
BN - B . .
proces .)C"‘OOO 8o 3)v. 00 Normal cubie mnt ra of synthesis gas-can

be. prgduced per unit per day. . THis method is 13"1?“970 ﬁh°q hlg -
,rraas cok and anthracite is available at a Iow price and g high

.

GO.H2 raolo i3 nsedad for the swvnthesis process that follows. An

aﬂglviona‘ shift converclon of carbon monoxlde is no”ﬂally *equlred

K

N R

avd an elimiration of the carbc‘1 dioxide form d in the shift reac»,

O,

-0



&-’c::al'j_,

Lhzs mathad ma:,f be considared the mos\, un:.versdl vitn reoam

to the fixelso Eve"z czshing coals not sa..bable fcr an:,r other method

E of.’ d'irect gas:.f ca'ta.on, can bc gasn.i‘led.a Copsumption of oxygen n'md
: a’('.em ara relatwely 10.7,‘ ha o:gygen ccnsumption slightly hlgher ’cnan

izz stab:.onary J.uel bed operaaion, Thsyadd:.ﬁiona‘i costs of pulverlza-

t)_cn may fxa i.vnportam, m.th ha‘-’-d fucls » such asg anthracrce, splmt

coa-, aoody 1ign:1.ce :md somﬂ carbonmzation re.,ldueso By-nrodm.ts

ca'n '“e z'ecove ec{ onlr cry a aeparutv carbo**xic.at]on.,

The methca h&o bg,en de\relopeo. cochm.caT 1y onlj in e?perl—“

nr,al unj %, sbut. no. e*icc.pt.gonal d.s.lficulties shoulc -ba. exrec‘ced :m
davelopmg an mdustmal wit oi‘ ;OO 10 500 ions cap'tc::.’cy per day “or
atmospnerlc p*essure opc.“atmn. The ga 25 pro oduction of sach a unit

may w::i‘e_,y' be esbi_.m‘bed a3 . ‘100 to 600 003 no:"ma'i ubxcnn‘ﬁr“' pé* day.

For tha eas hul"! coal— fwelda of the Uni 5 ates vhﬁre :

‘.

caking coals probably are Drhnarﬂ“ availaple f‘er uhe pro'?ucﬁlon of‘

1iquid,i'.uels gasification of pulverized c/rxa- seemg_ uO b_s s¢ impor*’u_ant

Lna\: the develomment of en-industrial unis should be consmered u:ge'zu,
~-even if the methcd is Jess favorable for obhsr coal E:.r'La

] . ' . B K L y
The pzjdduction ceste of’ the gas cbuld be reéduced consider—

aoly in'casq gwn cat:_or cf rulver’i "“\.a co2l would be overated under

10 atmoapheres pressurs,

Sels ct:cm"of r,h* Gasification ¥ethed. -

Except for the pr o:iucm.on of civy yCLs inw h:.(,h }’SGJflcaulOH

uader pro sure probably '213 bs mos%: cnmomcd Tor non-—cakmg coals..,
g uf_x.catlon of pulverized coal is the oz.l:r available m’«thoa for ca&-—-
ing coals for the large-scale production of €O + hz in connectlon

with the production of go Jolz_ne by hydro;,enatlon or syﬁthesn.so




":bv nhe mater:.alfo be usad in the prcduction of vasol..né end all aux-
bn.l*ary p'lants mclvd@d sucn as power Droducr.con, ste product:.on,
v".ard fue1 cmsumption fcr tne mnéa In ca.;e of hydro enau:.on, the: pro-‘i

'gdz.ctlon of }rydrocran requlres only a small nercanuage of the coal es-

peciallf 1f tha res i:hze.l gas of m?dro ion 13 craclcedv In a; hydro-""v."

TN : ; .
gen_‘bion plant a auitc.ble (mal &i"‘e—may be eas ly found for any gas—’-

_,ficatlm mcthcdc Gas producui.on' m a synﬁhes:.s pl.ant_-reauires-‘ a

much h:l’gher amoun* OJ. t.he uota'? coal corzsumnm.on, only 20 Ex T 30 p°r-
B cen‘s may b2 nesu,d Por' onncr puﬁoosesﬂ 'bthcds nes d:mg a-selected B

1xxnp~ s:.zr:xcoal v»cr@‘ccke»i‘or-«gashlcatLon - CEANo be used-in-&- synthesw sf—%-

i et

- plant because $he quantltr reou;v'ed camob be—*)rcrured Tl tbout a sSur-
‘plus of' lomrwaraae fuc.l, doreover, uhe ccs t8.GL- such hlcn~grad°
i‘uels,' such as. coke gs the nain raw material f the productlon oby-

j,,v_ious}_.y‘ ~5.ncrease the prodact ion costs cf {:fo ‘asoline t0 an un-

- ‘economical 'lavralo ,Lhere may beg excep'bional ceses of highly velatile

o

bmummous coal in \ﬂnch uhb recove;,y c“ wore than»_lc—,perc_er(xf, tar

"'suizab;.- “or mdrogen»vwo*z covar the co 'I: of -carbonization jand oo

c-u'c a lumpy " coke at a 10"' price (Ubah).
The pressint lagfrrz;, methods. generally cannot be considered
for thess game reascons., Bven for gasification in 2 fix nd bed upder

atmogpheric pressure, which nesds e calee atove 1/b-ine ch, t‘zifi‘icultias

- may arise in OI‘&.\O"’ to procurs enpugh of this coke in an independent

synthesis_ plant, without wasting iucl Cond Lions are slightly betber

::..{‘ carbonization and yasification ore com‘cinad and an additional dis-

1r-{:egr‘_tion of ohs_cmcv oy \;I'anvaI"'u d screening is avoided.




Y’J.uh gasifa.cation unde'e vressure r.'}uch ‘can~b=3 o\para'bed m.th

1/ B»mch coal usual.w ne dii‘ficult:nes e.xlst ‘dn- utilizing bhe i‘uel
beIF I?B—*nch 1‘02' 'th° mim and—fm the prod.xci,ion of power and steam,ﬁ,

R "’here are no- size v'c;;as

mnhler and ‘ch x\oppars mauhocl°

. " Gcmposxtlan and puri y of thA.

pcr‘bancen

Fo; hyczro,ac-mb.am, h;.rdrocen cmly i..z of _nbores‘o . anu :Lts
A Rt e A _

preparatw oi *equlres -1 s‘uft reactlon r-n.t.h a“xy :vas.fn.co.tw on menhod

3

tbe comnress:.o—x of uhe uas 55 and the remov&ﬂ of carbon dloxlde by

A J.DT‘ conucm, of nltrogen—am met nane is essan 1a'l“ jr@
hlgh comoe'zu of hyztr'orrml of r,he privary gas is 'éﬂva;tag@wg Ay

+ method, c.vo:.o.:mg Cfih_brv us_ng colre or by spL 'cizig thé 'hydrocefi'bbns
ig ;Au.-.oabla. .M_ucglqn of the gas under pressu}é cOUld be a xf"ea’t
—édffant 2ge, nm, on..y for reducgd pov:er consumntlon bub also i‘or sm— -

plified sulfur ~emc*ra1, wd E‘or the ‘--edw-:n on: OJ. mvesc.ment and

pcratlnn costs of ccmp sion. A'H ‘bhe. g@s”icatwon 7

"B ussd’ for the “raduc‘:uon of ‘mrdrocen., A high carbon mono;:ide con-
tent in bha X *‘151"1'},’ f,as can be convertoc. in the unavoidable ghift

conversion Dlant. with ralatis mly 10'.# 'add.v’_i::'.ozva1 "osta . ‘

For' o)’Tthe°lS Duz'poses. the .=1Lu3mon is not so clear ypu°
-»“ ough thu supemo ity of i;on casa’ 1rsts may” e pr oved, it still is
an opcn guest 1on vnlch ratis of L0l 15 most fav v"&‘oles,‘ and-*alsc;,
w nw)w - oparation m:df‘r pres&‘ra is essentiai or ‘even"prcf'itable' for
a good afl_x.cmnc}r and cual".ty of pro;iucté,, In chse the .n;r‘inear'iriu

problem of he 1, Lmrv er and t»=mo°1'au\.rc= cont ro1 can be =o‘lv:d sntls—-

- 3 - -
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clalmﬂd'that 2 l r&tlo of GO Hz 1s desirable:fo iron:catalyst oner«

procesa, ;.“

1?0.1‘ the pro-

152 ratio of

CO H2 %s r'qqued

Except for very hng carbon m01oxide eantents whlch can onky
produced in a Slagglno *ope ratlon, a1, Bt ratlo of “COo: HQ cen b° pro=

) cuceu aith all the ‘other. mcthods. So:na of hem requzre reeycllng of e

ﬂarbon dioxide from the' W°ucr wash of the aynth651s gas or the resmdual

yas of the synthesmD A sn*ft reaction cgn.amd should be avolded even

fqr a .8 r&tloq Tha ellmlnaticq o¢ carbon dioxide from the synthe~

. sis-gag _Aoneqer, iz unpvoxdnhle cscauuc wwth ncns of bhe nethods 1n

o n
que stlcn a2 pxunzrn-ras WLth 1393 unaﬁ ?O percart harcon dloxgde_c@n“

—_ et !

¢ prodyced. CompressLQn of the gas,and viater wash **obably_will;be'

o

o

: réquired, or will be of aa*antawu in any synthesis plant, even if

i

pressure is not importam for the synthesis itselif. Thé preduct of

caroon zation \EthDhuﬂt an? gum fownﬁra\ ioulﬁ ;equire”""

2dditional
&Ctlfﬁ carbon "qulngenu 1f thsy are (ch qL*f¢czently cracADd 1p tbe
-gasification process itgelf, - Favorable condlnlons for the complcte

rernoval of organlc sulfur and pum—for11 ng nd1v1dua_s arﬂ a very i

portomu econcmlcal fa mor of .2 gasificatlion method in COHPELthh

with the syﬂuh sis of” "wcrocarhoneg



. l‘or a rounh

to calct.lations on i'.ha German vorkg 5 the cosns oi‘ éompressed hydroaen

amountcd to 5-7 rfanmg per normal cublc reter based on woductlo*l :

: costs oi‘ l 5 to 2 Pfq pnr normal cuom meter of I’cwr ga,u Ccmpressz.on.
=

suLur removal E‘ul"lf‘i, conversmn, and m.mova’ of caz-bogn dio;qde

the cause*' foz' very h._ghvad..‘luonall costs. .

Bas.gdas \‘h sg i‘acus 5, “the acﬁLal p cduct.x.on cosx;.; per unlu :

- of oumfied synthvsw :zas ba°ca on th° available i‘uel are ¥dGClSlV3

for tha selactlon of ’cm mcst economical _nethcd of gas manufactureo ‘

g

FLOWSHEL.TS 0).' G’XS PRODUCTTO OF THE VARLOUS METPODS (Tablb l)o

bhﬁ compcsﬁ,lcn o tha ‘rrmaz’y Was "u.ue dli‘ferun it %ﬁé“’vérious S

_mer,hcds K om—tna-u‘ e difference in pressure, sulfur contenc, and

resins requii"e.s different means of puriiymo oelore the. ges is suit-

able for % ne ”vnt"zn sis proce $5, it is very im,tmccun 0 comoare
'bhe flm‘-rsnss’f,s of nroduc‘bionl of »3 mcthod Tney start from run-

01-"11:10 coel rmd oxv«ae*: under n.\.-"lGth ic pi*essure and end wit‘h‘the
— . \
uri i d gas bei‘ore t ur*g the -synth is rec_c‘bom, T’xcse Z’lot«:-

sham,o also re :i’ar tothe pZ’Od’uCtlon of h}drooen Yo h:mrogenc.mo-l

o

-..:ng-uhlch i,n‘. primary stage cf:_g.asificatlon mvhu ba on'erated with -

more sisem, except fo; an ac\d.w.l cnal snj % reaction and a second

water Wash rlnc‘z are equcxl."r__,r requlreq for each methed, A coniparison

W

‘of these flo*'snee t3 shows uhat u‘)p {fc-S“ijClth"’L end nurli‘wcation of
the gas .are I‘elat"V‘*‘lV uinmlc when & carbonized fuel is gasified in
a 11x'*d fuel bed vader a‘cmosphez'ic pressure, Re’:;aval ‘of‘tha hydrogen—

mxli‘idQ at atmolpheric pressure. cannob -be aveided though the woter
- . . 1 .
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2

eqmpment a.nd mus‘b be paid by the recovery a: ’ahs ’c&r and benz:me .

i

and the removal cu moc't of the su_fur espec:.al_.y 'hhe oz'ganiq one and

-hhe g-‘m fomersb v ‘. ‘. y ) 3“

—' ‘ For non—uakmu caals W.‘s.‘th h:.gh ner_ content and espe,clally

the mo.at econcmical mei.hado Gombmed caroom.?a\,lmn and oaalf_catmn

can be operated vitn lowez‘ inves vnent and labor costs and m.th m.gher B

ei‘i’ic.'.encyo e sl *— — ~———~ RN ERSE S

= Sllvh‘tly caking coals cen be used in i',he LURGI carbomzera
Gas:v.flca mn under- pressure 5 SO far feas:.ble only for ab-
5 ,

: solutely non-cc.kma coals An uhe LUR.:.. pressurc_generator, a..so al—-.,»,

1ows the recovery ‘o.f.‘ »by—productq "'he flcwshee..., coa" prepuratlon N

inc’ndecl 15 most un.mple for the procuctlon of c:Lt" gas.. An. addl—é

T,:Lona’? Spll’i‘:uln({ of nha hyr‘rocarbons is required for the product 1oh 3

i

B o;. JV‘“J.uheSiS gas o lrydmgsm Th re, & 2-stage ge.sa.i’.Lc ion takes

=

»place, m.th ‘18 same ot z«.l a.uouno of oxyge*z "‘B"ulr“d as »'14:,}1 othe

methods in the 1—-scag;~: ga..:.ﬁ.cablono The secend stagb of gae:‘.flca-

ion (s“lit’cms of dero\,arbonc) ;a8 an oaerat:x.on with clean gas

- under pressare neeus very lzx.t,t e equ.v.pment and l‘ittle opmratlofz

cé whlch do no’c e“c=ed t‘ze ofhemae requim.d cos%s for ths re-
noval -of HQS organic sulxur, and gum ;o*merso it »m& geme tm

the split tmg operatlon allows “he casrbon monpxids contant of ’che
synthﬁsis pas LO :mcreuse according to LhO requirenents of the svm-

thesgig. S

\
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_,.__Af‘?ha-ﬂmkler genexa\,or cnd {the KQPPGZ"S . C“-.;- -

ﬁ'ue;.s for \bhese two memhoda should b‘e cons:. erc.d € n],; m.tn non--ce.!d.ng

coal oi‘ a very hlgh tar content b\,cause onl;c in i;his caee, “the. coqt
of carbom.aa'blon anc quala.cy Q.L by—produc'cs ara favo*ab;e cmd because '
in 'tba dlrect ga.a;i‘icai.:.on oz coal t"zn volat }.es of 2 fuel are gasi-

iect ard convertegl into CO + H2 mthono an additlona’ oxygen consvmp-

tiom uh caa‘bom.aed or lcr:»vola’nil'e f.'uels -1 h;.gher &*nounu of LT

c}v‘gen Paq‘ 1m7 t- o{‘ gag i-; I‘%Q“lred /..,m T e ......_.ﬂ. _,, o ,.,_,.,»_:,.,..,,,..,.‘,

A relativc.ag low heat ei‘flclency.. & high t.enoe:cauure of tha

gas and a ra) atively high content_ of mg‘asﬁlcd caroon m t.ho gas

'. r&qulf'e a m.mbar of sneclal apparar,us fow mxe recover-y of Easte—haa\,.
the recovary of mm.x‘ned carbon and- thﬁ Llcanmg of *‘ehe ﬁas *‘*‘cm &

-fine dus‘h and uh° remov:J.. of hydrogen sulnde i‘or the prouecuon cil :

.

the compresso An cdditloral z-emova" of o*‘gax* ic euln_r ard oum—

form rE may be ﬂe\.eqsaz'y in case of 'bnc W:mkle’* ,gfar\ov-mmrc LR 1th t.‘ne '

Koppers mebhod mﬂveruz ation of the coa}. and even*ually add:n.ulonzl

'd-vv'i'ng reguir :..ddltj.Gnal sou:.pmento : B

_,,_._Y'z‘lith cheap nels, such as s'cr1p=’n1nec. st bbltummous coal

the costs of pulverizﬂ’t on awne may bs c‘cmaix. ’oo sone. 20 to- 30 DET—

ey
cent higher he=at loss of om.h nE'GhOdo 5 and uhE Eﬂono_aa.c sunerlom.ty

of the method gener aL:y seems., doubufulo

A3 the only method of gasifying cakmg' cozlia dwecnly, iv

should have a wide field of application of its own.



ficult 'bo ccmpan, the met‘lcds econom* cally :Ln)a genez-al wayo _
- Ralmble i‘igures_for_a_mmpa\naon_oﬂ‘ ‘bhﬂ economy of vao

' *netnods can onl;sr ba baaad on—a e::t.ain pro eqﬁ. the. ‘same coal, and 'bh\

pcss:x.bla combmab;on oi‘ the gas prodnction with ths px’oduction of
[
po*e and steam, cnd t..a. ,requlrsments émd surpius quan‘bltz.eb of steam

" and. er\eigy used or a.v‘al..able in the syﬁzheols procens.

— n

J.n Teolc 2g bhe mvesbmeni‘. costs zor the jory a.ncmal mei;hcds

hﬁve b;ezx calcu_atea for_ the nrouucmon oi‘ 3.00 000 normﬂ cub‘c meter‘s‘ o
per hcur or. 3 500 coo cusic feet pev' houz' of CO + Hz in'a 8“‘10119813
g,zz,, f‘or a synt"xcszxs opcz'a ed with en iron camhst u.nder 20 atmosnhcrev

pres=ure° . Th. invssirzant cos'&a of ‘the boz.ler and pcme* house are de- '

creaqed Dec?usG in fh:;.e caoa, steam md ra.)mual gas are avall'xble

n

‘‘‘‘ .wom bhe f‘ynuhesws and ‘in some mebhods er‘ergy is aloo avcailaole from

- .'rcste feat of the gas producm.on or from carbcn'v zer gas, .x.t. also 1 p*'o-
vides a d *ct drive. of tha b:i.,(; turbo—co.anressors z'eqx.lred ior the
'oror.wum. of oxygen, an& for the compressi on. of the prmarv gas by

_.means oi‘ gtem-uuro:mas,, in tb-,, r"‘y, the 1nveatment coscs of the

powsr r*lant can be reduced: consmezx.b?

— )

: The investment costs do mot inelude L}*e—equlplner't for, the
Facmlels Zq of the last tracea of .;uLur (hot rem ova") be i‘orc emermo‘
the synthes is' re2ctors, "‘hlu equipment iz the same for 211 ¢he .
methods of #asification. The hot remums probebly cannct be avoided

even with pulverized coal gasification and after a srlitting reaction.
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-_'I‘aole 2.= _naestmaﬂx costs of gan produetion it
: i‘o* 3 505 55 GRS i‘eet p&" houz' L.Gv-Hg. =

Lechan*c«:.l;v—; T ' v S ] '
" grate . Garbomaex Pressure ’:’i:mkle. 2 f'Képp'e‘rs'.; ‘Slaggmg
: ‘geuarata" generatcr g.na'"&uor generator generator . xrenarauor ;

Cogl . Frgmi e
hardling 500_,9&0 o Boo ooo :800 000 800 ,000 _‘5992.‘009 |
ii‘:;‘;‘;’ﬁ} 1‘,600'000 2 hoo 0oy, L 0 a,200,000
: : ‘ h,loo oeo h 2@0 coo 5000,000°%° o e
Gondengation - 1,200, 1000 1 soo @oj T 1,200,000
N 2
__coohno » 3 ’ .  o T T e
Banzin@ SLERI L ' S e e T
recovary e 900 000 800 000:‘.;:.“‘ T e T et G
: jStora,ée_- of : o : B i _ " .._.._ ' ___
- By~products ‘ggo,‘ooo aoo ooo Rl e
: 'Dlstr:v.buu:on T ‘M“ . : - S
o.‘. energy B Ean 6 By p o~
_steen, and % 0“°,,.p_?9?:-°0° 500,000 500,000 600,000 400,000

,,~e°°°1lng 300,000 400,000 ' 300,000 300,000  300,000_ _ 300,000 -

system:, | _ o Lo
Water wash 2,800,000 2;3560,600 3,800,000 3,000,000 2,500,000 = -

‘Swfur o g60-000 600,000 — 800,000 . 800,000 1,000,00C

COmproacer 1,200,000 1,200,000 | — 2,200,000 1,100,000 " 1,000,000

OXFEER T 5 man aon -
ﬂ;’gt 4,500,000 :,900,

‘ Roads, tacks | 700, o::o_ B

0, 000 5 800 ,000 5,000,000 L 800 u0,0 -L,uoo 000 .
rSO OGO 7 50 OOO .?w,OOO‘ ' 700,000, 7 0,000
Office, . -
laboratories, ?O0,000
repair shops

Boiler i . ,
oomer hosse 120005000 5,

5’(3,000. 750,000 - 700,000~ 700,000 7_00,0'00‘,‘

-

00,000~ 6,000,000 6,500,000 6,000,000 7,000,000
Miscellanzousl, 100,000 1,300,000 1,200,000 1,200,000 2,200,000 1,000,000
Total - 22,700,000 5245005000 §25,000,000 521,560,000 §27,200,000 £19,800,000

Figures are caleulabed hﬂu&l UaSC. doller = 2 Rif. from the costs of German
T Tlants. .

i - ‘
Aﬁ—"pproxm"w ides of the economical advawtages and disadvantages. ..

oi‘ \,he differont. methods may be taken from & comparison of their main invest-
/ .

mam; and operaulnp figures (Teblc 3 ), .
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in ordar“%o‘brlng the

— v

f*:ures o’ ths samn basis vinb

'“roduct ap

'

flgures shdw that thera 15 no essentlal dlfference batﬂeen tha v°r10ns~

methods vith renard to productlon flgurgs of gasiflcation.v "hb pro—

‘easure E,a.:w:E‘i:w.’c,ion is Lbe only ouhstanding

fcr I&w 1nvestment and prcauctlon costs, without con31de“1ng th: hign

.

uharmal offlClcncy and uhe hthe“ hnat;ng value.of the gasn'

Tne table dOOo not con31der the value .of bymproducts and

the costs of %hc fuel° ‘nOGa A*l

*hesa t"o iznms are mOJt 1maor ant

" facnors;xn*ﬁhé‘calcul tions, of the Produczlon costs>of “the gas.

ted

ihc value 01 by*DTOdULLu mu5u be -fron tb@ p*oduction cootu

’

of gaso1lnu and chs L o1l : neﬂ thTQﬂC“avlo andesynthesis‘methods

i . N
ere used. In this,éase, 0:20 %o 0025 R¥ kg;fof”g oline- and Diesel
" oil"have been the production wesiz~of-tha more ecoﬁomiéal‘Eufopean o

’—ﬁiantswanﬂ 15 cents per ‘gallen of ?;soline,may be COHSLQLer as a

v°ry opnimlsﬁﬁc iéufe‘to bc_exuecuod in this country after firther

improvements ol bnn mebbod and in l\zer:,r 1ar;_>a “lam,sc S In Gsms.ny,

YR ) - . - .
L0 percent of the production costs{of bydrogenatlon oasollne have

- bzen cbnsider 2d ao be a very nttractlve p*zce of tar as a rew mats-
Crial for bvdro:enanion plants, The p;anus treating tar by distilla~
. - . | o A
‘tion and T“flnlﬂ” matheds were operated on the séme bssis with re-
. . I
e . | o |
zard to the price of Bar, It scems raasonable to-evaluate by-products

ol gasification and carbonization on, tho seme *atio 36 the p}iée of
gasoline from coal, thet iss

' 0.1
1 kg of ﬁar = *3—2 x Oy = 80903.

-




:;uhe w.nkley me noa and the Konpcru method are not chespe;;gavifica~bl

:tlon matho's 4 uch "hexr only advﬁntave 1s th; u 1lizatlon of

i

'ifue1s hich cannoa ‘be useu *n on ey methedao Ths EGSAproduction,

.\ ‘_‘
~homever, is "heanef only 1n.case nese xuels are’ con31derab1y cheapa?

thca uhdse reauired for tha other mauhedsw

/

Tn ™ ble ki, flguras have

Laen added for *he slw§ i g ga nera»or operateﬂ W1bh oxygen ahd a

*umpy coI lhe lsst colxgn glv

C nlani on;rateu with t

“hon.. With &

b

ﬁOy:O ncr metric

prics. of $L.00 psr matric. tom . for seml-coke, the.

cosus of the gas produced in o slagging generator equal the costs

of the gas producdd by the Winkler

' éubbitﬁminpus cozl ab $l;OO Der my

products equals the costis of‘the[cdal”required~for

“or the Ko pers Euaruuo; from

Y

ton:

-

With coal’ of 7.2 percent tar content, tha-value of by-

#aa,proaﬁction~ and the total “rou1c on of liqula‘¢nels is 1n

. . I
c;eaa;d by 30 to Lo ,ercen%54>E?en if the costs of

inch size are increased Ly 20 percgnt to $1.20 par metrlc<~con

{eolumn 5), the production costs of the ges, would be increased

only veiy slightiyp

The figures of Tabls k& shew th

: t e B .
o : U s
tent of the coal, the diffsranca

;ntfavor of by-prciuct neihods.

Hubm*nn Ok to. Production of Synthesis ga

a

b

with a higher tar con-

M
3
g

o2 pro decﬂcn costs 3f inerzas d

22

M rmias

s From nvomlnp Co:l

of a blue mayer»gas

0037 above 1, -

by~products and
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'Phe gasificatzon of caking coals for \ﬂnch gaszzficabmn of”
pulveriaocl coal is the only Pec.sw ble’ me’shod m 'bhia country. obv= ously

‘ -

subbr‘m'nmous coal onl}f 1:. ihe caking c.og}. :l.s V'ezvy cheapc

'Lhe gés pfoducolon are mcr'eased by "2 x 600 OOO - {ltO OOO) r;,h&O 000

............. 60,000
appromma?elya “The cosns of {,he gas are incvaase& by %m‘b'o‘ﬁ or i;OJ 5h
S N Ve
per 1000 ﬂomxal cubic meters CO + Hzo

B L to :’97 Cfp p 1000 nomal cublc mgthers Cr}x-}je

‘,'iOGO cvba.c fest COs—Ha.

Baseu on & recovez'y of 3.50 ga.L.l.ons of 11n18nf=d gascl:me par mm@'

cubic ma‘wr fcc— 12) ostée: of (-as per . (s &110:1) of gasohne,

cv ndl"lg on_the mel hcc?. c:.’ rec.ucu:.on dnd o1 the mal ~hiave- been -

Lu.LCUl»tP" (sae I‘abla 5)

Ga.u mns 1 bo b osve figures for a cheap subbituminous coal -
viw';h a mediim tar contents the by-product methods are more favorable,

v

by-»pr"oduct me ubcds 3 anc. h and nhene\hoas 1 and 2~gevrease€.. If

the coal is mined mos»,lj &5 a-powder, nczuhod s oaﬁv:-n nethod 2 pay

‘be the only meti('xdd to handl@ this fuel u;hmuu bu«,ueutlrga e

Colum § ve la tes to @ synthesis pladt baszed ‘on-cheap cake

ing coal. .

o

Column & is basgd cn a snall-s Lwd co’-a r semi-—cdke, pro~

‘duced-frcm»—a.nonmca}dng, bi't.umincus.ar~" subbituminovs coal in @ Iwegi

o

carbonizer plant., "'"tu%@"*» the

M:urh‘ x.,r igher than jin a m*n,bmbd eartoniza 1lication ao in

Column L. - & 1/6~ to -1 /z inch coke prob ‘bl,y 15 also av alldole atb

N
=
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,x‘:’r;c -bon : fbr . a : 2~i_ncl';- coke i

"’h« dlfferencca :r.n. the pvoductmn costa of uhe gas‘ in "chev :

"various coal f:.elcs, and in usino a mthoc. aaapued to Lhe \.haracx,er
aoi"the f.uel' eems ’co be mﬁnin .mn.;.ts,’ sometimes conpensated by
l},'le*mr f”‘elgh‘b ratea fcr tha gasoline and by a certa._n ~'edm': 10'1 of
’..mvas»menc and onerar.inv cOB“E:S by 10\-'91' :.reiehn ..nd labor cosﬁs m
.1.,-'bl111din(l and . operaﬁ:mg uhe pla’mT,__ i L : ’ ,,

Phe mfluencc of by-préduch}s on thenrlcc of ‘bhe gasand Lo

is\ also seen in Table S, showing

i‘ synth 51s g 011

os‘“s of gas in colu s 3 ang h° S e

e ;- in verd.er 'to compa;re the' produc"bion' cbst‘ «oi‘ the vamouo

i

,

ulCUﬂOd‘ nc.nnﬂndcno of‘ the ’u'tll"'F_‘. ion of th\, g': or for those cases

he"“‘ stean and res 3;du &1 pas are ﬁot Arallable from-the synthe.;la

| R
Dl..nt the production costs have beux calculated under the condl

tn.ons that steau., energy, and o*tyg.en are purcnaaed from otner works:

,as i‘ar as they uanno’c. be ob»amad Lrom as ] hea’c or car‘*om.zatlon

gas of the gas. nroddcuong : s

)

Im'cs"mmt znd consumam.on i yures ‘are showm .in Table 7.,

Thc proc.t.c\.lon cost can te .36en from Table-8... In this cas‘é, the

s ¢ g ' [y

produsticn cost depends on the cost.of erergy and-oxygen > and nust
naturally be higher than in a combined systen with reduced cost of
ovarhead, admlnisiraticn, lsborateries , ebe,, and with better ther-

. ‘ . N .
¢ mal.efficiency of a combinad production of, eneray ard ubilization
—of* exhaust stean for the pasification. Th rcduc.t,m*x of a high

Botoua zas (L20 Bstowe per cub_ic foot) has also' bsen considered in

381
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this /éableb _ "‘he same. améunt‘

:cén be pv'oduccd in th:s eszse ui he same coat per un_;b because uhe

: equ1 ent‘ I.OI‘ splitt:mg of met.hane and ’che sddltlonal oxygen consum -

'ibn Lme avo:Ldr’dg It md:.caLes t“xe favor-ab.xe condz.t.z_ons oi‘ "hh.LS‘

»duetion 'o’f.city gas;" _
‘ e T <

In this case, tha synihes:u.a gau contam., only 75’ percant

CO * H2 2 but the Bynthasis reactors can ba onerated 1v1th a high [

space-tim&yiela bacause the othermse um?anued Gl"’GB I:wdrocarbcms 5
‘\ t i i
can bs sold mth Lhe x‘es:ndu&_ g«s at & good p:r::.c:e°

Ii‘ ube residual gas_of' a synthesw plam. can. be sold th’-»

synuhesiu pla Y has an L.c;dlblonal consampu:v.ou 01 lowaugraae eoal fo*‘\

bne product:_on of en“z‘gy and the necesalty of um.ﬁ.lz.mg small-s::.zed

coa1 in the gas~ g nﬁratoru may ba cmw;dera.b‘br reduceuo "he Winkler

dﬂd ’ube pres agi cetloﬁ menhcd mav evm Du opera u@& *uth s.Lamc

coal screene abov‘- 1/8z=mch,, o »'_ Tl e DT :
o CONCLU“IO B

The comparison. o_f mvesi;men“o' and pz'oductidf gures of tho!

~various metbo& shows that investment and’ opprating ooac.s c*qrgea

,,,,, £
i‘uvl Ledo s

- The methods using a fividized fuel bed or o powdersd Tuel

require additional costs for a lower efficiency (conversion of car-
» consumption of oxygen), and higher investment costs for the

nacessity of h '“*dLnt very large volumes of gas with a high dust



: Lhe_‘_w oshs of pulverizam on ‘can-be. e,

- cﬁé#peyicoal an be used than v*ith other methodso 'I'his may very
'_ oi‘tvsmbwthe caswfwme—s%aek—eeaaﬁs—ava%am—a{.—ﬂ—kﬁef—pfiee——

: ‘lth.n run-o.. -mno coal

N Gasxi‘:.ca ion of pulverlzed coal *s the only method of
—-umli ing eakins; ccals i‘or the prcductmn o.? synthesis vasa 'Z'hsre-

foL.,, 1% should be devcloped 28 cha most moortant e«sa of 3 1arge~

Jr—
-

~ scéle synuhes..s m&usbz:y in the easbem coal ":’xel.dsa ' 3
hé vaxkler proeasa (fl\.id:. od fu'*l bed), ‘Gh"lll(fh slivhtlgr

“cms«por in o srabing costs, nny lese its ‘vnteresc as ..oon as. me

“pulvarized coal ga s:.xi a’:.mon Ihas been develoned fu-m,har speczal_ 2

if this later method could be. opc ated under several atuospheres

pressure,

/For the E,c.SlJ.lG&ulOn of no*x—cakmg coal or col.e.

tioi:‘n 2thods ep\_mted with 2 i‘.aced fwrl b.,d 2re more ccmom:.ca ;_

.dz.cbz.on of J.iquld fueds by 30 to 50 pez‘cenb rer ton of <:t'>&1n .

A scpc.rar,o cerbonization and gas:Lfﬁc.o tion of the coke in
a ;Pc a'u.z.al grave genervator or slagging generator aa practiéed in
Germany may not be equa Iy inter esting in tm.; country, The slanw-
ging method, uéinc the seme- high-grade coke ag the *rater-—go.s Pro-

cass,~carmoi, ‘b2 considered aupurio‘ to ‘this process except in case

[ g



3881‘

‘a verv h..gh caz‘bon monox:z.da éonteat 3.8 needed or ch,.av ozq,rgan s uaed

~~¢7fc'th amaxpfnsivs*coxeq’j‘”h\. mla’cive a‘dvantages o:f.‘ sl‘ ég,ing gensra'bors

azxd mecham.ea.l gfata generators deperad on’ tTL, physic , qual::ty of the

g f»col:e and the. fusicm po'v"\",-w_of‘ it5 ash, Ay

[P RER—

» SR combined cérbonim&t;on and gasifﬁcétion o;ucoke in one
o ‘uni{;_;great advamages, the inmsmwt costs rruuld bs lower and 2
"tha loss. cf f:.ves and heat wx the handl:.ng of the coke woluld be avoided;
" ~A eepawa%e treanment of the carbomzation gaz and the gasii‘icat:.on gas -
fac:z_ita'os.a tha ptn'ificatzon of th° ges cons:.derablyo Im;er production~ |

costs for r,he synthns::.s Eaa carn be expected i‘rom th:Ls method of gaa:.- Sy

i‘:.catiom ‘ : .

In case a h:.gher hea‘omg va,ue of the gas 18 danted as i‘or

"haating purposas (c'zty gas, long distance supp]y) » o i case the T
's:mth:asio of hyd l'grdrocarbons can e combned with 'che produc‘tlon of a.
'high«qualii,y gas, thﬂ* gaslflcation of ncn-»calu.ng coal under 20 to ‘25

a’c.mospn""'es prcssurs (L.:x'rr:v. preasure gavlflcaolon) i3 more ecgnomical ’

Rt R . - —

than ot her mccradsﬁ

"“‘he producuion cod uS of <'ynthesls oau par gallen of motor‘_‘

,'.fuel can bs expecued 0 Te lowest "'ith the present methods of gagi-

fication abou’r, o centa p iy gallon from suboi‘hmn:.nous ‘chming co«.—.l

znd abouu 13 “ents per gal‘!on froa- cckm?“”c“oal in bheﬁasue‘m coal
fie ldsn

o Rough ¥s Vhe total production costs of the gas can be sube’

divided into ths follo wing itemsy

. . Percent
Ceal L 15 - ‘2;
. Labor . : _ JA5 - 20
- Capital costs. T 60 ~50
Miscellaneous (water, mate- =
rial, adminisifation) . 0~ T,
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Ii'. seems possible to. recmce 'hhe 1abo¢ co.:ta »m”large plants

v mechamzma-" "cheir op“rabz,on,ﬂ With re=

4

osts - reduction of the gas preciuction costs by“#_per-

by mcr’eas_nn tha z.m.

ducad la

S “I

:‘;vceﬂt may ‘be expcetad aft@f mam,r y»aars o:i‘ e;parienc{a{ O
| "he canital cool‘,s ﬂ:?.'t.h ab leaai; SO perceni. ars. tha larges%

“l.tém among %he prcduct.mn costs’ of the ge;so They may be subdivided
fu:ctherp aftez' a: deduotion of 3 milion dollars for by-proaucta 5 88 i -l :

T _Pércént'of, Percont of -
~espidal - production
o :cogts - co8t8
. GoaJ. handlihg,, gas:.ficatmn, coolmg o 20-30° 30=15 -
Water wash, €0y removal - ‘ 20-15 « . RO=TS -
 Oxygen productlon (includes pm?e1~ produc‘bicn) 35«30»‘, 276515
-,rvmergy production-(exciudes -oxygen) - e 1 .- S te
mcall&neous » bullumgs, pmpes ccmpresso'f's A5 1.5
PRI - L ‘1ooao — 56.0

-

e Mty Ve oot

In Lhc cc.pltal coats and in the “hotal pwoduc"clon ccsts » thv ;

Dercen‘&,aoes ci‘ wate:.:ma"- ((‘.02 re.novd.) and oxygcn uoge’oher are 50

pevcent and 25 \oercent z*s:z;z:ec‘:*‘iv:'i}r° Thase cos’ss exceed’ che coata

.of cod.. vibhou considermg ‘thav part of th:) coatg . of coax., 10«15

parccnu » Which is causad by pc. ar co*1°nmnt1.o"x for ‘r-c.te 'ash and
‘oxygen proavct.‘.om A rcductlcn of tha oxygnn consmpt:.on and GJ.J.m-

ma.uion or redmbloa of the ":a\Xar wash would be lmportam for de-

rcasing investmant and oroc}uc tion cos’cso ‘Gxygen product:,on and

.

water wash‘a}so mqui;te one—uh.er ‘of the total labor costs, so the

pro pcr{zion te cosns of oxXygen pr oducmo'x and water ragh amount to

30 %o 35 percent of thc uoi;al. produ’ tion costo of bhe synthesls Z28a




i el T |

"‘he necessa.ty of compress:.ng the gas absarbs 1.0 to 15 percen'b

s

a*“ bhe :anss ament costso

Hc'”sver, rb shou..d be :

e‘d b;y th;b much. b.ighez* costs of ’ahe high-gréaa w.el und by t.hc low 1
e;fxcleﬂcy of 1Ls comarsion mt.o symhaaa.s p-asc As ,thore is very
lit 1s chanco to_ proauce a cclca suitab.ﬂ.e i‘or uhe v1a’c.ez=~=-gas praca
a’c 1ess 'amn $6.00 per tcm in a coka—mien n‘{&nug the producblon costs

- of the mztcr-gas process '.7111 always "\, h..gbur Lhan in dlrectly

ﬂasii‘y.,na th. coa:. with oxygen.
: N | ‘lPhe €08 ts of o*qrge-a are reduced- cor:s:.defably by the exom-——
thr..mlc me‘bhana reaction of gas;x.lcat:.on u;uer ureissurs,,. If the qyno
thesis can be c:cmblned with the delnery of‘ c:.uy gc.s “such a combma«

) i:ion -would allow the producua.onfm CO a.d Hg at,. lcjr.e"z‘; CO"‘ta bachur:e

oaq,’gon conanmpu ion iz lowest and uha i‘lovanaeu of ‘t-bc pr ouess ~the

least c.ozrplicauau ~The cogts of oxygen 'anr? water °=h rv;y '\1 o be

B u;dLC d by = ‘Fu**he rogress. in pone: Fl‘OCdlCulO " The residual gas
oi uh" sym,hasw under a pressure of 20 a‘;r:mospherea .Ls‘ :;:déail.for
uti. .L.Jatior‘ in a gas turbine. finjfestman’c;»fmd prcduction cos;i;’s}bf.
pawer p.;.an‘us Ncan ‘be expacted :‘,o be 'redu.cadb in thig case _t;i sdme_SO
percent, comparsd with the usual st‘evsén'-'baééd powar prdducfion, burn~
ing coal. — | .

It secng quite natural -jhha“c thae buildino : plams .{'or ’chc

""""""" Fymbhasia of liquid fuels will be combin nad :Lth the da]:v exy of hea.*'—.

ing gas. The fact that 25 percen: of the hez{ting'ﬁiﬁg of the gz

33 -
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'Iaimgh-grade and clcan gas o

en‘cer.mg the synthesls are ava':flable ;

vaturai»gas used ﬁ: th° ges

,for c.he production of syn- "-‘

tevce supply, mL CI’G"Lue a'_gcod mar-ket :o lhe resldual gas of a

aynnhes.cs pJant promded suéh a\plann is not taa far zm'ay from ine
‘dz.stz-im. and dom.,at:n.c consumsz'so It even uesms worbh wh:.le to con-

_qJ_cI@r the m‘oduction of ci{,y gas as: tne main prcduct c.nd of ssm—- o
';'i‘cha’aic gasoLne aa a oy«produot tri'hh a synthesis me-bhod of leSa ef—-'
-'.'»fJ.c}.ency but very lo:f opermtmg cos:,se , : ‘ R
'I'he flexib:.lrcy oi‘ suc}r producuion accord..nrr o fluctua‘t.—'

mg‘ covstmptxo*x of Hea-r,mn gaa is another advam;age of such a comn ‘

bina tion. "

Tabls é shewg the suitability oi‘ the various me'chods L,n.

i;he gasiﬁc&tion‘ar‘d‘-uti_’iza of the dlffererxt 'c._nao of coul
for the preduction of on’fv "1qu__d fh?lu » or%er a“c:omb:}.nation' ‘oi‘
cﬁ;y“ax*ﬁ_aasc_ine, rcspa:.mvel, . '
» The veJ.ue of ‘the gaf‘i.f’icatlon metheds w:.th regard wo pro-a
ctzon cosus of thn synub ig’ gas is md:r.c‘.tod by Figures 10 %o 15,
| th..ch "ot.ghl:r might corre pond t.o ’che n:l:‘u:rue ‘costs of: CO_ + Hg‘per
gali.;-; of gasoiine undcrmvdiun condiuionao (T=ble 6 ceme/galloa)

. "’h; valug of owprcduct.: fron gnsificumon makes b“»producv —
C RS Bi;;c‘«.ﬁlo"l mors econom’ cal in propom.ion %o the ar_content of the
1 e.nd to ‘uhO qualitj of uhc: taro The possibiilty of s8lling the
"‘Oo'LClLdl gas of the synthesis also favors by-product, gesification be

cause the presence of mﬁtba ne cven in the primary gas is an édvantage_

b

zngd in oﬂJ.S cage mi(es :raﬂl‘icatlon unaer presmre cun\,rior to o..har

nmt“l"ds for 1ts 1071 oxygen consuzrpulm and high he?‘b falue of the

*

residual gaBe
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