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KOPPERS FOWDERED. COAL GASIFICATION: PROGESS

SUCT I,

s ABSTRAGT T

.

» H: Koppers G.m:b.H. of Essen, Germany; under ‘the immediate
direction ‘df their Mr. Totzek conducted experimental work on the gasi-
fication of powdered coal from 1938 to 1944...The first unit was’ built in the
Br'aba_.gl-"Schwdrzheid_e;plant and subsequeént units. were. at Rheinpreussen

~Shaft-IV-rear-Homberg T all cases the r'eactorj was a horizontal drum’™ =
with powdered coal introducéd a."l:-‘one" or both ends, and the gasifying agent,

. air or oxygen mixed with steam, ‘being introduced at spa€ed points along, .
the length of the drum so as to ipsure. i;ui“btile:nt,‘-'ﬂqw_,df; the dust between in-
let and outlet. Preheating of the gasifying mediim to -about 1200°C. was. -
concluded to be essential and €owper stoves were used for_'fhisz purpose.
Operation was only at atmospheric pressure.. The finai Rheinpreussen unit

-was estimated to have a capacity of 10 tons of coal per day but it never. -

_operated successfully because of excessive cooling by the water jacket. .
Previous units were somewhat sinaller and no runs longer than five or .
-six hours had been made. No commercial units were built but several /-
proposals-were made. on the basis of about 0.5.M?> oxygen consumption and .
ZM;syn_t'h’e”s:i_s_'g'avs;.pr:odtj.tcti_oﬁ per kg coal. .No original experimental .
Fecords were available to support clair"n"‘s“nia‘de-,fq;'«»the_proc._eés.:_ _
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L’ IN'I'RODUCTION_.A

- mobj eEti,veu_-, Lo e

s The present in\}e'stigafion of work by H qup'e;s,(;.-m,‘b.ﬁ, in the
field of powdered.coal gasificafion was conducted under the auspices of FIAT

with headquarters in Karlsruhe, Germany. The objective was to get complete
. information about ‘_th'é Koppers process for making f"el-gas—_ox—-syntheswgas——
“Irom powdered bituminous coal. or lignite. Several previous investigators had
reported the existence of such a process and someé had obtained and publish&d
'miéagre information regarding its operating characteristics. "No.previous *
_investigation or report had been sufficiently comprehensive to permit am= o= -

‘appraisal 6f the value of the pi'oé‘egé for-the gé'sific,a'tiép.df ‘coél in the United
States., . T Lo e T BRI T AE . S

5

‘Evaluation -~ .- -

St 7 The, .F,I.A','["i_lnvésfigatoi's,'s_uc'cé‘édedf‘in.bbtaining a’_fairly«_detailea_.____
_‘statement of the course of Koppers .experimental work and the conclusions

- reached. Koppers.officials“éould. not be shaken in their contertion that all
v‘.eipéi‘il’f;iéx;tfa;];ﬁ:.d-ata;_ggjd reports had been tdé.s'tr"c')‘j,ren:l',,1-'.»"“;{ .‘bo_rix{ubin'g ‘and fire. - Thus-
~documentary. proof of statements made from memory is completely lacking. ..’
umber of original "dfa\'ﬁingﬂs_df.-.exper’imex;tal units and.proposed

" cominercial units ‘were obtained: @ - 4. e L A -

W TN Tlwy e TR oo L
ke g d |

o -7 The'largest unit built by Koppers had a powdered coal capacity’
‘of about:six. metric tons per day and the ,lon‘g'}és_t}_irun’-;,r,nade_‘_oﬁ:‘sudh a‘unit.was
about five hoirs. The latest modification of this unit did not give entirely -
| satisfactory operation because of excessive cooling of the ‘reaction zone by..
|its water jacket. Nevértheless the: Koppers: officials-believed that they.had a:
*"Eo‘mmeré‘iaffly"_ope'ra_.b"_‘lbe>)Rr"o_cés‘s',‘. and'from 1941 to ‘1943 they were making
. propbsals for c'dmmérci‘a'.'l‘i;;gits.‘- Such units were never built because of - the. -

_vexigencies:of war, -

ool oL
Lo .t

t feel that the Koppers experime

7 Thé present writer does nio imental
. work Jjustified their confidence as to the commercial operability of their . .

‘process. However the ‘more"compléte picture: which we now have regarding ‘;"s

.the course of this experimental work miay be'a very useful ‘,'fb'gixda.tion_' for

i

. further research and dg‘v'éldp:rrieri‘g“-in:j_t‘hé"‘.Un’ife'd States,.. ' oo R

- 1L, NUMBER AND SCOPE GF INVESTIGATIONS i
. The Koppers offices in'Essen wert vistted by CIOS investigators’

“onl 5 April, 'l 945 and the information then obtained was summarized in GIOS




report XXVII-36, Ttem 30, by E. B. Peck and A. Parker{l), The. data there-"
‘in"on"powdered’ coal gasﬂu:atlon relate only to.a proposed unit for Brabag

at Schwarzhelde Documéents obtained in this’ connectlon are reproduced on
Techn1ca1 0Oil Mlssxon Mlcrofllrn Reei 43 frames 2.09 to 278 1nc1u51ve

et

Representatlves of the U:S.. Navy Technxcal Mtssmn 1n Europe
1nte rrogated Koppers officials in May 1945 and obtained documents’ which .
~.are reproduced.on Technical Oil Mission Microfilm Reel 188 beglnnlng w1th
frame 20951, These. lnclude five pages of héat axd material balances: dated
4 June 1945, as’ well as undated flow diagrams, ‘graphical representatmns of"
" heat balances. and reproductlons of blueprlnts So: far as’ can be determlned
no report on these documents has been pubhshed R :

: About September 1946 the Koppers off1c1a.ls we\re 1nterrogated
by FIAT. 1nvest1gators Johnson a.nd Bushow but no report on powdered coal:.
‘gasification has’ been issued asa result of thls investigation. Accordlng to
‘Dr. Koppers the. ma.terla.l given to these- 1nvest1gators included a .copy of- an
unpubhshedaddress by . Totzek. summarizing the Koppers experlment'al work
whlch he sa1d was: not gwen to. the U S Navy 1nvest1gators. o s
e The present 1nvest1ga.tlon was conducted durlng the per1od from
. 10 Apr11 10,27, May, 1947.. . The con.ferences were initiated by Dr.. W..F. Faragher,
‘Chief-of the: Fuels and: Lubncants Unit, Industry Branch,“ FIAT.. Most of the - -
‘1nterrogatlons were conducted ‘by.B. M.: Rosenthal and the: wr1ter Durlng B
‘the later stages of the. mvest1gat1on French 1nterests were represented by -
‘Mr.. D.. deReseguler ofj:he Institut. du Petrole Par1 parlous-representatlves
of the.British: M111ta.ry ngvernment 1nc1ud1ng Messrs: Shaw-and. Follett of
the. North G' rrnan Co lp_Control a.nd Dr Eskreyss of the Bntlsh Chen'ncal
‘Indu

K;‘.ppers off1c1als .

: o Frequent v151ts wer made to the Koppers offices in. Essen for the
_1nterroga.t1on ‘of Messrs wKopper' .and:Totzek,’ and wr1tten: wers; were. ob—‘
ftalned to.a forxnal questwnna.' regardmg various. aspec"'b of theii: work
whlch is reproduced JnAppend 5,-:.»page 49 ,‘-.:.‘,Pers1sten questioning. !falled i
to sha.ke thelr story: that, all: or1g1na ta ; yed by bo:cnblng and-
fire, and; herefore all. statements_, sito; the: actual and xpected performance
of Kopp‘“ S powdemd coal gasn‘.lca ion unlts must b Nac' epted"w1th so e
"reservatlons T

(l)Peck E B. ‘and Parker,
CIOS Item No J 7‘0 i



, All docurnents obtamed from. Koppers during the present mvesti- i
~gation-are bemg reproduced;on’ ‘Technical Oil Mission Microfilm reel No.. 238'
-for future reference -Prints or copies ‘theérefrom may be obtained through -
the L1brary of Congress The documenfs‘ themselves are ‘being- returned to
the Office of Technlcal Servu:es U.S Departrnent of. Cormnerce ‘

III OUTLINE OF KOPPERS EXPERIIV[ENTAL WORK

R Recogmzmg the unportance of be;ng ablé: to gas1fy 11gn1te or non-
cok;ng bttummous coal the Koppers Company bu11t a unit for, gasxfymg l1gmte
brlquettes in the -plant of Brabag- at Schwarzheld,e ~Ruhland - in 1935, This.
‘process was. started to be successful ‘but left a considerable: resxdue of fine
coke which could not be gasified in: -any.availahle- -generators. Therefore-an -
expermental ‘unit for the gasification. of this fine coke' was bmlt in the" SRR
Schwarzhetde plant in 1938. ‘This unit was not success&l but 1t 1nd1cated '
the most promlslng hnes for further research. R N : ,

Studles of coa.l dust gas1f1catton wére contumed in a unit bullt
by Koppers in the plant of - Rhempreussen at Homberg in: 1940 Eventually
the performance of this unit was stated to. ‘be. very sat1sfa.c1;ory &nd. -on.. the :
basis of. data:. obta1ned there proposals we re made for the erection of )
‘commercial- units. “Due-to exigencies of war the: expenmenta.l ork.at. :
Rhempreussen was dzscontmued in 1944 ‘and no. commerma.l umt wa.s ever:’

Fhuwilly L T e i T

.'.

. The;general dburse of thlS work was: rev1ewed by Totzek m an
unpubhshed pa.per read a.t a meetmg of the Power Comm1ttee Jin: Essen. 12
June; 1942 - | L -

IV GENERAL CONSIDERATIONS IN POWDERED COAL GASIFICA'RION

BT N Totzek( 1) pomts out tha.t the ga.s1f1cat10n of{’powdered coa.l w1th
air mvolves fu‘st the combustton of: part of the: coal-andits: dlstllla.tmn pro- -
ducts with all: a.va.xla.ble ‘oxygen; Wwhich is an'- exothermw,.rea.ctwn and. qu1te»—
rapld Subsequently the’ resu.ltmg CO;. and HZO must. undergo reaction with.
unburned scarbon, which: isendothermic.: - Not: only«must the.required. hea.t be =
avallable in:the- system but it: Taust: be: transferre -the: coal_partmles s0-
that they will:remain at: anta.ctnre reaction- tempera.ture which: was. 1nd1cated
by Koppers experiments (not furthet spec1f1ed) to be 300—400°C, above the
values usually stated in the llterature. R R L

(I)Totzek ‘A_rbetten der Hem 'Koppers G mib H, ‘lib_erﬁ estlo e Ve gasu g,"'.
_Vortrag or~~dem Energlea , ss.” Essen) J'une 1942 (Unpubhshed




It was.concluded that the provision of long contact times to. 'attain
~heat-transfer-and 'the-desired: completeness of reaction was impractical.=As
an alternative the use of an excess of carbon would probably give desired gas
comp051t10ns but would be obj ectionable because of the dlfflculty of recover-—
ing and recycling the unconverted carbom: . ;However by the use of oxygen or
enriched. air.as. the combustion medium it was concluded that complete ga51- .
‘fication- of. powde red-coal could be accornphshed Furthermore by thus avoid-
ing or limiiting the amount of rntrogen Charged to the generator the concen- '
‘tration of CO.and Hj in the' product gas could be raised, which is 1mportant A

- in.the; productmn “6f synthesis ‘gas, For Jhis purpose Totzek stated that the -
' concentratlon of CO #. Hy.in the product gas should be at least 82%;.in: wh1ch ’
case. the concentratmn of CO,; would be- so low that it need not be reduced

flex1b111ty in the ratm of CO to HZ wh1ch can be’ attalned in the product gas.,
Assurnm.g the use of oxygen to be: essent1a1 Totzek p01nts out that preheatlng
: of the gas1fy1ng med1um and u51ng very f1ne1y ground coal as for powdered e

1 N

-With respect to: the productwn of synthes1s gas in partlcular , ‘
Totzek po1nted -out that.itis important to. mlm.mu.e‘the content -of resin fo rm- ‘
~ing matenals which will‘foul the““‘synthesrs catalyst and are: ‘costly to remove

. and ‘also:it is- desirable to insure the conversion of sulfur in the coal to. -’

. compounds 1n the . gas of:a type readlly removed by conventlonal rough and

"fme pur1f1cat1on procedures. Col e e T

V BRABAG SCHWARZHEIDE LIGNITE BRIQUETTE GASIFICATION

R

< In an. attempt ‘to accompllsh the productlon of synthe51s gas o
dlrectly £rom 11gn1te or non-caking b1tununous coals Koppers*started the con-
" struction of :a unit 1n August 1936 for the. gastﬁcatlon of brown coal: brlquettes
in; the, Schwarzhe1de _Ruhland plant of Braunkohlenbenz1n A.Gi. Thls ‘unit in-
volved arbonlzatmn -and partzal—gasﬂlcatton of- the bnq_uettes by a rec1rcu— )
latmg . Stream’ of. 1gas and’ steam heated in.a’ Cowper stove £0:1250°C,” The heat " .
requu:ements were-met by ‘converting the: carbonlzed residue from.the . ": i
brlquettes ‘to- fuel gasiin a-rotating grate. convertor. .The- latter operatxon
was success£u1 only if the coke refained. sufflc;.ent mechantcal strength; and
.this. wa.s ‘not.always- the. case. Thus: the- problem arose:of maklng fuel gas
“from’ the relatwely f.me char resu.ltmg from the crurnblmg of these 11gmte
brlquettes. .: ‘ : : :

The or1g1na1 br1quette ga51£1cat1on umt sta.rted operatlon in- Apnl
1936 and had a’ '-apacxty of 25, 000.m3" of normal synthesxs gas per, hour to. be ~
used in. the Brabag Fischer- Tropsch plant The operatmn ‘of this untt wa.s

‘_’ stated by Totzek to be entlrely successful and w1th1n one; year the construc- .
~tion.of add1t10na1 umts was begun to glve a capac1ty of 4, 320 000 m3 of h




synthesis gas per 24 hours,  The consumption.of briquettes was to.be 3600
_metric tons per-day and’ the gas production was 1200 m3 per ton. 'No’ report
on the performance of this unit by American or British technical investigators
has been found but a flow diagram was included in GIOS report No. XXVIII-36. -
Ttem 30 and is- reproduced herewith as Figtire 1, page 7. Koppers gave to the
FIAT investigators a print of their drawing I0S 111 860 datéd 29 Tuly 1936 - - °
“showing details of the Cowper stove and combustion shaft, presurably" '
-érs‘soi:’i&téd%w{ﬂrthimit;fbﬁt’th‘ﬁ"uravhhg s Tiot suitable for Téproduction in
this report.. A drawing obtained by the U.S. Navy Technical Mission répro- .

duced bn Tech. Oil Mission Microfilm reel 188 section 36'-“U“app.ar$1‘1»f_1y' re- .

lates to the same unit but is difficult to i‘clerit’i“_fx«r\_rﬁ.gh‘ certainty. -

VI BRABAG-SCHWARZHEIDE COKE DUST GASIFICATION . .. .

Y. - In 1938 an’experimental-ynit was set up at the Brabag Schwarzheide
plant to study the production of fuel gas from finely divided lignite coke. The
design of the fé.a,ctiqn chamberusedlg_;ihis unit is' shown by Figure 2, page

8, taken from Koppers drawing I10S 92;915.. Another Koppers drawing, IAK -
112,745, shows the gene ral arrangement of the Schwarzheide powdered coke .
unit but is not suitable for- reproduction in this ‘report: . The following comments -
on the performance: of this unit aré essentially a’ translation of statements by
Totzek in answer to.the FIAT questionnaire. ™™ - : Lo

v s Soe s

‘ed ’i'ebia.t_ix‘ré._g}otion between the.gas and coke particles.  In a powderedcoal . . -
‘burner part of the coke was to be burned in admixture ‘with steam. ‘At a second
flue gas mixture to reduce the flue gasesiang-steam. “The results were un- 5 n
“Satisfactory. Only about 30% of the coke was gasified.and the rest settled out

"‘Thé.BfaBé.g- ;-'eéétio’n;c\haml:aéi- :vv.;-i_'s":iz'xtéhdéd.,t’o‘ gis{g_r__._q.nl.a_c'c’e‘_g‘c\ué..t-_
+point additional powdered: coke was to be intfodiced and agitated with the hot—
‘inthe ‘dead spaces. The heating ‘value of the.gas was only about 800 kc‘al/m3__’ '

B “ins:teéd of usi‘ﬁg-‘pb\ﬁderédﬁbké in-the burner, bl..l‘.falnév" f"ft'_)_'r‘x"'i-',th.ef.,w_;,

"pla.nt"re.—;{a_ e'“;?gﬁs.wa_.éfbu:rnje.djwith?the' hope- of ‘i'e'ducin’g'..,th'é. resulting com- :

"_B}ls’tigin;.,g.as;és.hwith ‘coKe. dust. ‘This’ ‘was based on the followmgreasonmg In

_the combustion of.coke ‘dust the p rincipal product.is: COp. ‘Steam'is admixed

. cold and:reduces the temperature considerably. owever in the -combiistion®.
,of butane: considerable ‘water vapor is produced .addition to CO3 and-ata’ ..
‘higher temperature level. . The results of operation ‘with butane fuel were =~
-somewhat morg favorable,: Howevet, continiation &t :experiments along’ this
“line. did riot seem advigable. since even here extensive conversion of the. -

_added ‘coal dust ‘was not obtained.'’ . A e

R CoIn order to completely gasify a particle’ of coal 'dustit'is- "
" necessary for the gasifying 'a.ht@ogs:phe’lfe:-i;d:ha;ve- a‘ce rf‘:d,ifn:,_rgla.tivév‘mbtiG;ji:"‘ S
-and furthermore the path through which the particle travels must be. sufficient~
1y long so. that the particle is b"i‘bug}ﬁ\foir,é&é':twn ‘temperature andis then—

Lo




allowed su££1c1ent txme of conta,ct for, reactwn The veloc1t1es in the appa.ratus
n used were too ‘low and not suffrcrently contralled to gasify the entire- particle,
. “The greatest pa.rt of the coal dust settled out a.long the way to the gas exit,

and thus escaped gasification.” T : o

Although thls unlt was not successful its opera.tlon 1nd1cated
other lmes along which greater progress might be expected. At the same
time:it was .concluded that future expenments should be conducted on powder=
‘ed bituminous coal since any process which would. gasrfy t}ns mate rial should.
be well sulted to the gas1£1¢&t10n of the muCh more reactlve hgntte. ‘In order

Schwarzhelde was dtscontrnued and'a new progra.m 'was mstltuted at ‘ _
Rhernpreussen Shaft IV between Moers-Meerbeck and- Homberg o

+

: VII RHEINPREUSSEN COAL DUST GASIFICATION j_» L -7‘__'; et

P ~ ,4«.,.‘

_ The best source of 1nformat10n regardmg the. Rhelnpreussen ga.51-'
- frcatmn unit seemed to be Mr. Totzek who was the Koppers engineer in charge
" of ttus work During the present jinterrogation- Totzek insisted that none of the "

P,

‘ mpreussen experlments would have any.more know-‘ Lo
.ledge of th : e has and that no: expermental records escaped des-' e
:truction. ‘However Mr," Totzek ‘was able to:locate a number. of drawmgs of
~'various experu'nental units and produced correspondence £11es regarchng e
,'proposals for. commercml unlts which-were under discussion. w1th Rhempreussen‘
“and Brabag. ‘Mz, Totzek was 1nterrogated personally on 'seVeral occasions .
‘and he also. Turnished detarled answers.to.a wr1tten questtonna.rre. ‘In thlS way
,‘f_’jthe followmg ‘summary: of experrment work,, 1nc1udmg that a.t Rhetnpreussen
’-".Shaft IV, was assembled LR e - R

..gas from. the experunental umt were run 1n the Rhempreussen la.boratones
ibut otherwtse accordmg to all accounts the Rhernpreussen representatwes

; ekperznaents. SRR

R The fu-st form o£ rea\ctor tned at Rhe1npreussen is: shown by
‘_"‘Frgure 3 page 9, reproduced f,rom Koppers ‘drawing 10S..146, 506 ~The -
‘assembly of thr ‘rea.cter with accessories is.shown by Fxgure 4, page’ 10,-.‘.._ e
f{»reproduced from’ Koppers dramng 108 146,511, ‘In: succeedmg Rhempreussen
_.1'umts different reactors were:tried thh no: substant'lal changes in: the =
‘accessories. This desrgn wa.s based on e;:penence at Schwarzherde whmh

-6=
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“indicated the’ 1mportance of intense agltatton of the reaction medium w1th
the coal dust particles. o - . . » :
**To Slmpllfy the expenments gas instead of coal dust was- used
for the perary combustion. This was brought through a duct system into &
cyllndrlcal gasifying chamber and was admitted to the-gasifier through'
nozzles directed tangentlally into the bottom. The coal dust was allowed to -
fail freely into the front end and was carrled through the" ga51£1er.' By this -
“arrangement the coal dust was forcéd to travel through the gasifier in small
"spirals whié¢h was expected to.insure a suff1c1ently long path of travel. The
‘ velocities-at the entrance to the gasther were so hlgh that the carbon was
forced to rema1n in suspenswn oL ‘ : - v :

s “Experlments w1th the cold apparatus showed that the underlylng~
con51derat10ns were" sou.nd .The coal dust ould travel through the. ga51f1er
‘ina splral path in suspensmn 1n the. cold medium. ' - These exper1ments were
carrled out in a wooden rmodel ‘of the same de51gn After the apparatus had
been’ brought to temperature and coal was to be gasified, a conSIderable
‘collection of dust was observed on the walls "'This dust rEmalned fast The
carbon was completely ga51g1ed and the ash remained behind and slagged the
generator. Sllllmanlte had been" used as a lining mate r1a1 and was not '
resmtant 0. attack by slag After a few days operatlon the generator was
completely destroyed and could no longer be used o : : -

: ' “The generator was' reconstructed several times' 1n ‘the same
-form and ‘was equ1pped w1th,‘nozzles varymg ‘in number-and arrangement In-
“stead of belng located in the!bottoir the nozzles were located in the- upper
“walls;  However, these changes did npt improve the’ results.‘- ‘The coal'dust.
‘wa’s ‘driventdgainst the bottom of ‘the. gasifier.and’ accumulated there.; Although
measurable results were obtained. from operation w1th brown:coal, coke (heat
ing- value 900 Kcal. per. cub1c meter: w1th about 50- 60% ga51f1catxon) the
] gasn‘:'leatlon of caklng b1tum1nous coal was not:possible because the dust )
would settle out and cok;e, thereby obstruct1ng the passage‘“ IR s

.' “It as concluded from the results of thls work that veloc1t1es
were st111 ‘too lo .to hold’ the larger part1cles -of. coal in suspension. while "
the fine- parttcles were- swept out: wnthout complete gasn&catlon because ‘of. m-
sufficient: relative.motion in the. gasﬂymg atrnosphere In-order to prevent.
;slag- -accutnulation the temperature of the: combustlon ‘gasi ‘was: reduced to .
about’'900°C. > With’ respect to. slagg1ng, some nnprovement resulted.. However,
-the, degree of gas1f1cat10n was st111 poorer 50 that a contlnua.tmn of the ex- -
'perIments along thts hne appeared Iutlle 33 _ : R

e “In general it was concluded from the experunents conducted up
to thlS tirrie that the stnctly mechanu:al d1ff1cu1t1es such as setthng out of -
. dust slagglng etc., were so. great that exact measurements of th)e degree of



- gasification, gas' qualitv,:'econdmy.\etféete'raﬁcould not be- made"*:

“Observattons durlng these experlments led to the.next form of
apparatus shown by Figure 5, page 13 (taken from: Koppers drawmg*IOS
146520) This destgn was based on.the premise that since slagging-cannot .
be prevented it is necessary o operate at a’ constderably higher temperature
-so-that-the-slag-can-fl lw~as—&—hqutd—and-tha t-eve: r—y—eﬁori‘..must_be.xnade.lmden
all conditions to.keep the dust away from the bottom of the gastfler or-to
keep it. contumously swirling w1thout lettlng it come. to rest, How these ob-
Jectlves were attained is shown by Figure 5. ‘The coal dust was- 1ntroduced

Afrom above through five separate 1nlets As 11n1ng materlal a slag remst-'
ant magnesvce was chosen “ el s . -

“Even with the se expedlents the. dlfflcultles encountered in the
'precedm.g reactor were. agatn present, that is, the coal dust was not. maln— .
‘tained entu'ely in’ suspensmn The particles of coal which. settled out were
completely: gasified but. formed a viscous slag.. . The- ga51f1er could not be " ;
'kept clean. The. degree-of-gasification and the gas'quality were- unsat1sfactory

a.nd could not- Justlfy contlnuatxon of the experlments along th1s llne' T
kT . O
R RS “@ne of the most 1mportant conclus1ons reached was tha‘/rneang

'must be found to keep the slag more fluid. The. necessary temperature s

i however cannot be.obtained w1th flue gas. -For this reason the flue gas was;
7supp11ed w1th an: apprec1ab1e excess of. a1r The productlon of a. f1u1d slag
-however. wa.s obtained only when a hlghly prehea.ted ‘mixture-of air: and O
‘steam was. 1ntroduced in _place.of flue gas.. To this end ‘it should be noted
_that the apparatusvwas equtpped w1th a reg.enerator as is. st1ll used on’ the
experlmental uni » : D S : '

' ”Wlth thlS method of ope ra.tlon however the ex1t gas tempe ra-
CtuFe” s very hlgh in the v1c1n1ty of 1600°C as’is experlenced in the coal
- dust- flrlng of 'smelting furnaces.. With_ this method ofJerat1onthe larger -
-_partlcles of'coal: are:- .completely: burned-or gasified wh11e the smaller part'iT
“eles. esp@cz.ally from the last inlets; escape reactlon bécaise. of 1nsuff1c1ent
" relative. fnotion between them and the gas. medmm In spiteof the hlgher :
__-preheat of ‘the. ga51£y1ng medlurn, (au' and. steam ‘to. .about: 1200°C ) the h1gh :
exit gas; temperature changed -the'gas concentrat1on so ‘that- heat1ng .values
‘of only.800-t0-900. kcal/m wer‘e\obtalned In. companson with.the: prev1ous
experlments it is seen that the: gas quahty was not: 1mproved although the .

LA

'degree of gasxftcatlon of the coal was better but stzll not sat1sfactor e

. th‘l.S end the. coal partlcles must be. mamtatned ent1re1y in’ suspensmn A~
fprocedure used 1n powdered cggl combustwn was chosen the" apparatus :

1 2_



A

MNW
=
2
W=
w0l
I 7 BN 3
w2
Bw
Ca
F...mevn
LA
b R E
e
‘w
o
=
O
o

N
vt
0
-
c .
<
o
bl

P ECCrr

Ca]

Pl

77

A9

y P A S R

2670

2

e L

—

=13-



for which is shown by Fxgure 6;-page-16; (taken from Koppers drawing-IO.
146531 dated 25 October, 1941. Details of the-air and gas connections to
‘this un1t are shown by Koppers drawing IOS- 146523, not reproduced in this =
report. Details of the entire unit are’ shown by Koppers draw1ng TAK 146551
which is:not- sultable for reproductlon here) In this procedure the coal dust
was 1ntroduced at the head end of the gasifier by means.of a side stream of
ml&armndihe.hmsteam.m;xtu:e.was.;ntwduced_thrmlgha_mmngm
nozzle in the head of the reactor and through separate nozzles extendlng
along one half of the length of’ the reactor e : :

. “Wﬁ‘en using hgnlte and- 11gn1te ‘coke-a- practlcally-complete i
gastflcatlon of ‘the carbon.was attained.  The slag was quite fluid; _The gasi-
fier chamber was gtven a coxucal form in order to prov1de a: natural outlet
for .the slag : : e -

: “Expenrnents with bltun'nnous coal showed that the degree of
: gas1£1catton would be considerably poorer and the gas concentration would be:~
maintained only because of the high content of volatile constituents in the coal.
For complete gasification of this coal the preheat tempera.turé’s of the steam-
.air mixture must be still hlgher Wwith a simultaneous increase in the exit.gas -
“témperature. However ‘even with these exped1ents of extenswe increase in the'»
preheat temperature-of the gasifying meduun and htgh exit gas temperatures
» economical gas*rflca/tlon of b1tum1nous coal d&st by mieans “of a1£/ is not attaln— .
ed" A Sl D - e O

: “At thls tage of. éxperlmental wor‘k the results _]ustlfled the
followmg conclusions:: 1) with~highe preheat (up tor 1200°C.) of the gas1f1ca-
“fion. medlum (air, steaxn) the more reactive coals’ ‘such as: hgnlte and hgmte
coke can be econom1ca11y converted to heatmg gases 2) the gas1f1catzonr of .

b1tum1nous coal dust’ for reasons set forth above does not appear to be eco—'
nom1ca1 v : : :

e S ttAfter the experunents for the preparatmn of air gas had
reached a. practu:al conclusmn ‘at this pomt experxments fox. preparatxon of
water gas were begun These experlments were; carned out in‘the apparatus

'_‘last descrlbed 1n such a manner that a m1xture of- steam and recycle gas was '

n

g “The pnncrpal conmsted in u51ng the sen51b1e heat between 1200"
'.‘and about 900°C~’£or the gastfylng process that is, the quantlty ‘of heatlng gas’

wag. marntamed so hlgh that the heat of reactton w111 be con’camed w1th1n these
‘temperature hmlts. PR : P R IR '

-14-



“The experunental resul‘ts indicated that the mechanical con-"=
dltlons in the. generator were normal but the. .degree of ga51f1cat10n was- still
poor. Ewven with lignite it was- possible- to convert only a.small percentage,
approximately 20%, of.the solid conktituents in addition to driving off the
volatlle components. In the gasifying of bituminous coal dust the behavior
was even poorer and therefore because of the poor economiy the experlments
were not carrted further along these lines!’ N

.

R “In sum.rnary it can be said that it is not p0551b1e to ga31£y coal
dust ina recycle gas ‘stream at a temperature level of about 1200°C.’ Thls ,
‘must be due to the. fact that the gasification i an entlrely endothe rmic .pro-’
cess and the rate of ga51f1cat10n falls off rapidly with- decreaSIng tempera-'
~ure. The residence time in the gasifying chamber mist be almost u1f1n1te-
-1y great in order to attain satisfactory results. The data available previ- )
“ously for a.similar. method of operation showed this clearly, since a cal--. ‘
“culation of themater1a1 baldnce showed that even in-‘suchan operatlon the
content of volatlle constltuents is dhven out and all of the solid carbon 1s :
.recove ed as such It cannot be con51dered complete ga51f1cat10n

e e »

. -Z,\: e o :
k “ e “These results p01nt to a conmded'able elevatmn -of temperature

: "\Text the recycle gas steam mlxture was replaced by an X
.oxygen- steam mlxture.-v This mixture was, brought to a- temperature of~ about '
21000~ .lZOO"C in the regenerator. To loosen up the- cpal and. somewhat qmprove;.-‘
1ts drstributxon the coal dust was blown m by a superheated gas steam mlx-"' '

ture

S “TJus step was completely success 1.and the 're"s'u'fts'are set
forth m the address ‘of . 12-June, 1942. It was o served ‘that ds.a re result of -
"the hot oxygen- ~steam mlxture a-very rapxd 1gn1t10n of the coal dus dust took place
and by calculatmn a. ten&perature/of more than 2000°C was gbtained.- “This '
temperature accelerate.thhe gasification process so greatly that the-coal "~
dust was. gasified to the- extent of: about 95%. The exit temperature was about |
900 14000°C ~with. hgn1te and hgnxte coke,; and about 1200°C mth*ﬁ“tum'mous
coal. ‘Since. the heat in. thls method of: operatxon is.used ups comipletely for _
gas1f1catwn there are: no superheated -zonesin the’ ga51f1er and’ the ash occurs i
..only:t0'.a very : -small; extent as a 11qu1d which forms small drops on the walls T

—‘_d”falls Ainto the ash-outlet P / : ' : . :

.-LA

. A7 :
ST At'this stage of: the experunents the £1na1 results—ofrwhlch were
" set forth in.Totzek’s address of 12 June- 194-2 the: Rhelnpreussen ‘unit'was. :
destroyed by bornbmg It .was’ subsequently rebu11t as shown by ‘Figures . T
‘and’8, pages T7:and 18,taken from" Koppers draw1ngs IOS 146 544-dated " 15
September 1942 and 105 :178,452. dated 22 December 1942 respectwelya, A
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-sumplified-flow diagram of-the-unit-is shown by Figure 9; .page 21, from’
Koppers. drawmg I1I0S 178 479 and the reactor is shown.in some detail by
Figure 10, ‘page 2%, from. Koppers drawing IOS 178 480, The general assem-
bly of the umt is shown by Koppers draw1ng IAKS 146 551 which is not suitable’
for reproductlon in this report., The Koppers draw1ngs reproduced.as Frgures
‘9 and.10.are undated but from the dates on other drawings in the sanie numer-
Me&;tappemsﬂzat—the%wewmad&&fter%JuneﬂQ%%hm—bemgm
‘.,about six to nine. months later than the. draw1ngs used for Figures 7. a.nd 8,
pages 17 and 18, Durtng this. perlod the unit was ‘not in operatlon so any
changes in design must have been adopted for reasons other than experi-
mental results. The most 1mportant change 1ncorporated in this final
_destgn is the use of & water _]acketed reactor having powdered coal inlets: at
both.ends. It is understood that the reactor actually had conical ends as.

. shown by thure 10, page 22 ra.ther than square ends 1nd1cated by F1g 8.

- . Operatlon of thts unit was begun in" 1944 and contlnued until Sep-
tember when éncies of war caused a permanent shutdown Runs were’
-made only" with air because of the- scarclty of bottled oxygen onﬂwhlch the

" plant . was. dependent Accordlng to Totzek sat1sfactory ga51f1cat1on was. not. "

attained and this was attrlbuted to excessive coohng o:E the reactlon zone by

i the water Jacket TR e e

R The un1t was 1nspected by the wrlter on. Apr11 3 1947 and appeared
superf1c1a11y to be.in good condition. ‘However Totzek sald it had been_ robbed
of many" essent1al parts and had. deterlorated so-that: in his’ opinion it would )

cost 30, 000-marks ‘to-restore- it to.operating condition. ~Then he. estunated it ~

_;would have a: capacity. of 10 to. 25 tons of coal per day and would requlre about

\500 cubm meters of oxygen per ton of coal D EERES T il .

v

vm. DISCUSSION OF . EXPERIMENTAL RESULTS e DI

S i -—In addttlon to the above comrnents on the performance of success—
1ve types of expemmental reactors Totzek expressed his; pe\rsonal oplnlons -
on many other aspects of coal dust gasification'in answer to_the FIAT quest1onn—'

,a1re. .Thesé v1ewsﬂare sumrnanzed below.. '~ ..o N T R N .

L Lo . N .. -

,A Coal Charaote nstlcs

R : ~~‘-—“‘\ " et

- ‘ '~ - Koppers expenments 1nd1ca.teda substantlally greater reactwrty
for l1gn1te or, hgnlte coke than, for; bltuznmous coal, This difference would be .
especially important in the prepara.tton ‘of; fu.el gas: by: reactron with' steam and
Tair without oxygen. enrlchment Totzek: stated that hgnlte had been gasxfled
at 900°C wlule the usual temperature for b1turn1nous coal was 1200°C. : "_ el

=

» : The coa.l should be grﬁd to the same. fmeness as: used for
powdered coal combustmn that is; 50’ that 80% would pass a: 4900 mesh »
s1eve. Umformlty of part1c1e sme would also be des1rab1e since partlcles :

._;1_;, -



A . . G o N
less than 0. 05 mnT in dtameter tend to’ escape ga51f1catlon because o£ in-
sufficient motion relative to the gasifying medium, and partlcles coarser
than 0.1 mm in diameter tend to fall out of the gas stream before they react.
.The Koppeis process was ‘stated to be operable on any coal or coke there- ‘
from, prov1ded it- could be—ground to the requ1red f1neness - CA

_“"’"""Q"’T‘f”‘k reco’mme’xfded‘tmse’of—screw—feeders—{or—handhng—the—
‘powdered coal as for powdered coal combustlon but admitted that these had
given ‘trouble on the experlmental units. He' thougHt that more uniform flow
might be. obtained by a rotattng valve feeder but Gumz and Nistler, who had
used such a feeder on the Ruhrgas unit, held exactly the opposite opinion..
Apparently this problem is not completely solved. - For high pressure opera=.
tion Totzek suggested—aﬂfeeder such as used for coal \dust englnes not further

2. e

' spec1f1ed

: Koppers had no- data on the relatlonshlp between sulfur content
of the coal, operating cond1t10ns and-sulfur content of thé ‘gas. However Totzek
pointed out that the sulfur, in thefr gas had always been easily removable by .
standard procedures. B T . R

- . - .

"The water’ content of. the coal wa.s stated to be 1mportant ch1efly
because of its effect.on ease “of grlndlng On thls bas1s water contents should

not exceed the follow1ng limits - e T S

i e

R Lignit'e B L U e
G, T “.Peat. o ;_ R . ‘73’5'% dependeri’t" ‘on nature of the peat.

s . A . R 3

AIn the generator water 1n the coal has the same effect as. steam from an— -

in

extraneous source. N o

S Weathermg of the coal”was stated to have no. effect on gas1f1ca—"

' t1on propertles but th1s does not seem to be in agreement with, the . observed
J It was sgggested that age-

‘1ng ‘might affect the content of avallable hydrogemn..-No data along these lines

were avalla.hle. T . e P T RAT R

'B Operatmg Procedure : _

. ma1n1y in Totzek’s.a.nswer 6 the FIAT quest1onna1re -

L - Ao : R

R ’\_ "To start up a Koppers umt it is flrst warmed up w1th air- pre s
'heated in the recuperators. ‘When one. Cowper regenerator reaches 1gn1t1on )
témperature its 'biirner is lighted and the' hot gas is passed; through the gasi-
fter.» When operatmg temperature is reached the regenerators are sw11:ched"f'"

P

20"
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~to automat:.c cycling- a.nd an- atr-steam mixture is. supplied to the. Cowper. .
Simultaneously the powdered coal feed is started and the air'to the Cowpeér
is replac.ed by oxygen to the desired- extent., In this way the individual burners
(of the gasifier are brought into- operatlon. ‘After the -equipment beyond the

- gasifier has been purged with combustion products the blowers are started.
Every. half hour the Cowpers are sw1tched so that the air- steam supply to the

reactor.is nnt interrupted.’. . '

. ' “In shuttlng down the un1t the oxygen supply is fu'ﬁt replaced by
"air. Thereafter the powdered coal streams are shut off.in succession.so that
only flue gas is passing through the_unlt After the apparatus is purged w1th

flue gas the Cowpers are shut down : . .

. The greatest danger in operatwn accordmg to Totzek is the

V7 1nte rruptlon of coal supply which would permit relatlvely pure oxygen ‘to pass
through into the gas holder. - To minimize this danger it is’ recommended that
. several burners ‘be attached to. a single- ga51fy1ng chamber with the expectatwn
that the supply to all burners would ‘not be 1nterrupted sunultaneously._ Totzek.

o admlts that a.dd1t10na1 safety Ppreécuations. would be needed on a commerc1a1 unit

B‘“ut they would have to be- developed by expenence L

, ‘o :
: Corn:osmn or erosion- of equtpment ahead of and. beyond the re-

actlon charmber was not. observed 1n the Koppers: experu:nental operatlons

‘and was not .expected to'be serious in cornmerc1a1 units. However Totzek
‘admits that long time de‘tenoratlon of the reactor 1tself could not.be predlcted
-on the basas‘ of. the relattvely short.operating experlence to date. The longest
“FUHS| ‘oh"the’ Rlieinpreiissen unit were only. four or five, hours duratlon S0 thls m
may be a. very senous uncertalnty. - -

peiene o

: Totzek 1nt1m.ated that a. powdered coal ga51£1er would not have “:_
much flexthlhty in charge rate: smce “coal.and: gasdymg medl.um must be
defmxtely proportioned and’ hlgh flow rates: would give incomplete reaction
while low flow ratés: would permiit codrse partlcles to’ settle out,: However

no data: were o££ere on: this. point, Tbtz.ek had- calculated that the normal. .~
t1me of. contact of coal parttcles in the: Rhelnpreussen reactor was 1 / 2 to
3 /4 seconds “but even in this short t1me thh/ suxtable preheatmg, practlcally
..omplete ga51f1catmn was obtalned TR R R J;v :

The ratxo of. HZ.CO in the product gas is dependent .on. coal compo-
ntion to: the extent’ that a **high- volat11e" -coal .will-contain’a htgher ratio of
lydrogen to carbon.’ Gas: comp051t1on ‘is. als® _mﬂuenced by ‘coal react1v1ty~ .
nce this. determines the’ temperature level required to get complete con-
ersxon in; arﬁonable Time. -With the temperature and :coal compos-ltlon I
ixed, the gas comp051t10n will. normally be govetned by the éxcess _steam in'.
ccordance w1th the water gas equihbrlum Th1s w111 obvmusly 1nf1uence the ,

| -23



» Cannc_i)vn‘c_e‘ntr'a'fion asuwe,lifé;s ~tl:1é3CO:H2 ratio.. There is a- def{nite'limit'to-the‘ .

” permissable excess steam: and hence the hydrogen concentration, determined.

by the tendency of excess steam to lower the reactor temperature. ‘The H,:CO

" ratio can be increased if desired by a subsequent convertor (water gas shift) ) N

stage. . - P I

In spite .of persistent questioning. Totzek made no_specific_state=

ment regarding the distribution of ash in the Koppers process. He maintdined -
that it was essentially a ‘‘dry’’ operation in contrast to the claims of Gumz

thaf'vféihpg'ratures must be. so high that all ash will be fused. . However Totzek’s

..written summary .of the Rhéinpreusse‘n expériments. admitted-thafc sqnie molten .

»Idrop‘s'_‘gf.,ash formed in the gehé;‘ator’\,an‘dvt'he‘_finé.l generator was given a - )
.sloping bottom to drain this molten-ash. ‘In fact in the early'stages of this work -
- special effort was.made to insure that the ash’'would be molten and quite fluid.. |

In such short runs as.made at Rheinpreussen the - normal ash distribution.

" might not be attained.” No ash balance data were. available, but Totzek gaid

_the ash'recovered from the product gas contained about 40%. carbon,. No free .

‘carbon was observed in the gas.

e

et

*to give a positive test by’ this procedure. . Even from bituminous .coal the .

aprgs‘su'r'i,é.: .N _ - L :
appears necessary.. Totzek pointed out that some very fine ash may be carried

.Tdi:_z:ek felt that dperé.rt'ipii; undersuperatrnospher}cpressure would

be'.uridé.s'.ivra’.lile -unless a high methane cortent was desired in the gas, as was' -
.qharact'erisf)‘.i: of the Lurgi middle pressure-operation... - . - - ‘- ..

R . Fc')v‘r.ct')_n_ver's.is"n,vdf ‘hig}ﬂy_ 'xié’_'a.;ctivej(‘:.o'a'ls_, high punty :‘(‘9-8,% ). oxy'ge'xli‘ .
might not be necessary but.for bituminous coals and coke therefrom the high-
est possible purity of oxygen would be désirable to attain. the neceasary're- . .

-action temperatures. No-data- on'this point were available: = =

R Water gas ptqdﬁped iA the Kﬂbbp‘ér:siéoa;l dﬁét:.:gjéhera;tOr»-,.via‘s .

“te st’éd tft_)“:r‘;f.v:l'e.,szi_xvl formifig constituents by passing 4000'm3 of the gas from-a "

gas holder through activated: charcoal. No icondensible hydrocarbons were

recoveérable from the charcoal which: was construed to indicate no_resin’
forming constituents. Water gas from.a conventional generator was stated .

Koppers: Process gave gas containing no <m‘e1':ha_?n'e.".‘"I:'»hié"h"e,yéd"qthfitovm:. SE

hydrocarbons. _’vv:;é.f_a’.ﬁtﬁﬁlj@t\jéﬂ;tb.ﬁie hiéhu__.gdsifﬁhg -temperatures.and low

‘No. tréiitzher_i} of the gas.to' remove. resin forming constituents’ '
through _.t_he 'r_ec'qmﬂ_lend»e\d '.JW§Shéps -and that an e@éctfosté.tic_ precipitatg may
be desirabie for:final clean up ahead of synthesis units;. - o 0T

S No advantage was sé_en_fiiﬁ thie recychng of jr‘es'i’dgg;ggtsxoi:" the .
introduction of extraneous gas.. If. sg'chu‘g‘_@ses"w_efe:' used to convey the powder-
ed coal their quantity. ‘should be limited lest they extract too muich heat from. .

the ;f,éé;ctioh.'~.'Mi;it1étage_,:ic0g§.yer'_sliq'x‘pra"‘s thought-to héﬁ_.dgif;ix;itgl’;{fvdiijgcﬁ.bﬁ-r; S
able because of the difficulty:of separating unconve rted-dust between stages.

' v'_Z"i."" :



_C. Plant Design -

Koppers rega.rded the accessories.to the- reactor itself’ as stand-

ard equipment which had been fully proved in other types of service. The

Cowper_regenerators, and the recuperators which preheat air and fuel ga.s
‘for them, had been used extensively and successfully for gas cracking

_J_meﬂmwxdaﬁmﬂ_njhmprmssen,nndiomycl&ga&heaim&miheh

. Schwarzheide briquette gasification plant, "Details of a Cowper unit propos-

ed 1ater~:£or Brabag are shown in Koppers drawing TAK 132,315 dated 17 Au-
gust 1942, which is'not suitable for reproduction here. Waste heat boilers.

‘had‘been used in rna.ny industries and static washers were . standard equlp- B
.ment with water gas generators. The Thelssen dlslntegrator was common-
_ly used for washlng blast furn&ce gas. SRR B '

- DRI . ‘-

Totzek expressed the opmlon that powdered coal: gaszhcatmn

units should have a capacity between 50 ‘and 300 tons of coal-per day: for .
 maxirhum.. economy. : A plurahty of unrts _but.not.more than ten, was
“récommended to insure a substa.ntzally contmuous supply of gas to a v
_synthesis pla.nt These were admitted to be offha.nd opmmns and no support—‘

.

ing- frgures were. offered BT SN T

BE ', In p1te of the small s1ze and lu:ruted operatlon of the Rhempreussen

'-expenmental unit, Totzek said that Koppers was), and st111 is, ready to bu11d

'v"D Companson w1th Other Processes

- ,'_,exper unental work, Totzek: thought that.Gumz had 11tt1e~ practical knowledge
“of powdered goal gasrflcatlon and that his theories were u.nsound in that they
) dtsrega.rded the lack of relat:.ve motton between very fme partlcles and the
suspenchng med:.u.tn. ‘

.and guarantee commerexal units.’ of the - same type. e

..... N
1

.used at Lutzkendorf .and Ruhland. He' pomted out that the latter unit was. ‘shut™.
_,:.,ﬁdown permanently: after a’ short penod of ‘operation, indi catxng some operat- -

~_‘IX PROPOSED COMNIERCIAL UNITS

Totzek professed knowledge o£ only« the Schmalfeldt process a/s e

ing difficulty. - Totzek coni:luded from similar operatlon of the Rhempreussen

.7init (page14’) that the Schmalfeldt, prmcxple of reacting powdered lignite’ with
*a préheated mixture of- recycle gas and steam is unsound beca.use sufﬂctently
}ngh temperatures can. not be attamed T e ST - : :

Although he had no‘deta.rled knowledge of the Gumz-Ruhrgas T

— e L PR . . e

(WA P . .y z N Lt © e
Koppers correspondence between November 1941 and September

' l9(2d(TOM Reel 43 'frames 259~ ~278)", 1nd1cates that one, and possibly two, “'1

'powdered coal gasﬁtcatxon uxuts had been proposed for Rhelnpreussen. It wa.s

LN

=25-



\ . .. B " " N o -
stated that these proposals were based on the performa.nce of the expen-— ‘

"mental unit but no details-of proposed design are given. A memorandum

. dated: 16 July 1942, frames 260-266, gwes estimated quantltles and costs
'as quoted in Table II - page 31, o .

R Correspondence extend1ng from December 1941 to Apnl 1942

(TOM Reel 43 frames 219 to 244) concerns a unit proposed-for the Zeitz
plant’ of Brabag, where the Winkler process was also being cons1dered .
Conf1dent1a1 data- on operattng costs of the Winkler process at Brabag- '
Boehlen were: produced for ‘comparison with the estimated Koppers costs.
The problem was to gastfy powdered coke from lrgnlte w}uch Koppers o

: contended coixld not be done completely m a. kaler un1t e - «“

s " The. de51gn of the proposed Zeitz unit is not shown in the micro=:
“filmed cor;espondence. However -a Koppers drawing. IAK 131 928 dated, 15
January 1942 showing this unit. was glven to-the present 1nvest1gators and
is reproduced in part as Figure 11, page 27. Although this is:not a detail-.
“ed. drawing it does show the reactor as a small horizontal chamber below
“‘the ‘coal bunker,. which is generally similar to the form- being studied on.
"the Rhempreussen unit at that time. A presurnably later drawing of the. same
- type 6f unit was presented w1th the Totzek address of 12 July 1942 and is
.'freproduced as. F1gure 12, ‘page’ 28.. The. plant for which this was-intended
.'was not’ spec1f1ed Although horizontal’ reactors are. shown in each Ease it -
.appears. that changes in'the. method of 1ntroducmg coal and hot gases were ’
: bemg recommended as work-on the Rhempreussen unrt progressed R

Nenr i s v

s ‘““I:-:"*-'VA In present1ng thls d1agram Totzek stressed the fa.ct that the formj B

'j‘:more detalled dlscussmn of the reactor would come in a 1ater pape r. Under -
.1nterrogatton he 1nsisted that no. such later d1scussu:zn had ever taken place.v o

: : Letters da.ted 13 Apnl and 17491ay 1943 (TOM Reel 43 fra.rnes
210= 218) relate o a uhit proposed for the Schwarzheide p_la'nt‘, of B'r'ab_ag,-',, S

also to gasify powdered lignite coke, ‘These documents are the basis 6f CIOS
'Report No,"XXVIHI~-36 Item 30 and later publlcatmns by Newman 1,2 ) The
_Newman publi : __t1ons mclude a: sketch of a powdered coal ga51£1cat10n un1t .
: from a Kopp ‘rs patent apphcatlon furn1shed prlvately by one. of the authors ;

Technu:al Publicatmn No. 21 16 Class F, Coal Technology, _Nov. 1946

"V(Z)Newxnan L1, Oxygen.. Productton and Utllrz‘ 1on‘1n Gas’ Ma.k1ng Pro-"
cesses. Report of Gas Productlon Comnuttee. Amerxcan Gas Ass‘oc:atmn =
1946 - RIS R '




"FIGURE 11 --

. BRABAG-ZEITZ _
.7 PROPOSED_PLANT
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..of.the.CIOS report -However no-such- form-of apparatus-was- mentloned by
" Totzek to the present 1nvestlgators and it is entirely different from the forn
under. de.yelopment at: Rhetnpreussen from- 1940 to 1944, and likewise from
-the-form shown in thé proposal for: Brabag -Zeitz in 1942 Figureill, page
27. Therefore it is bélieved that the patent sketch does not illustrate what

Koppers ult1mate1y regérded as an opera.ble unlt I

The expected performa.nce of the Brabag Schwarzhelde unit is

e
t

uv'en on page 33

~

X, PREDICTED PLANT PERFORMANCE TR

S Since it was unposs1ble to’ obta1n actual experlmental data for:
,any of the Koppers work on powdgred coal ga,s1£1cat10n it is difficult.to appraise
. the va11d1ty of claxms made on dlfferent occasions for the operating character- -
~istics of their process..,However these cla1ms are reproduced on the £0110w- '

""'1ng" ages m chron 1 gl

: ) Apparently the flrst proposal for- a coxnrnercxal unit for Brabag- :
Zeltz came late in 1941 since’a’ Koppers memorandum dated 19 December . -
1941 (TOM Reel 43 frame 237)refers to prevtous discussions and gwes some.
data on expected performance of the unit, wh?ch was-to gastfy 300 tons per
day of lignite coke’ contammg 20% ash The oxygen consu.rnptwn was estunated
‘to. be 0,51 m3 per Kg coke and the gas productlon was‘to be2:18. Nm3 per Kg
coke. . The gas composﬂ:mn was stated to be as follows'

ST "COZ‘_.“18 61 vol%

Lol G '

st _ ro 16 S

: R .- The only m.formatmn avallable regardmg the deSIgn of this plant
is Koppers drawmg I.AK 131 928 reprb‘ﬁuced in part as: F1gure 11 page 27 B

: A Koppers mernora.ndurn dated 13 Apr11 1942 (TOM Reel 43 :Era.me o
225) 1nc1udes a‘cost: estunate apparently prepared for Brabag,. Zeltz and cover= -
m.g the gasxflcatlon of. powdered lignite -instead.of hgmte coke., From. these
-data Table I, page- 30, ‘has been- prepared. ; Comparatwe' oper: -ing costs £or : :
a kaler unit-are: uu:luded in-the original .document 1nd1catmg a flgure=of 2,11
Pfg rer Nm3. CO+Hp. for. ‘Winkler. compared with 1, 82 Pig" per Nm o O+H2 ’
for Koppers. However the companson is. adm1tted _to be: questlonable since-
‘the ‘Winkler data were ‘based i on the gasiﬁcatmn of 11gn1te coke, which was’ glven :
_the same money value as the raw hgnlte assumed for: the Koppers process. L
The kaler process was clauned by‘ Totzel; to -be moperahle on raw lignite.’

-



"TABLE I

BRABAG ZEITZ POWDERED LIGNITE GASIFICATION PROPOSAL .

Nl

IInvestme'nt, includix;g're'slervé Cowper =~ | . RMS5300000
,",.\Ope rattng Costs per Nm3 water gas. T E C Pig,
1. Axnortlza.tton and Inte‘rest 15% _ L 0.2870
2. 0.16 Nm3 oxygen at Pfg. 3.1 | e 0.4960
— 3. 0.539 Kg coal at RM 9 per ton. B A 0.4770 .
4. -24-worker shifts per day at RM 2 per hour R
— "includmg stupervision” .’ S 0.0560

5. 0.120 Kg outside steam at- RM 1 50. per ton L% .0,0180°

6, 0.035 Kw hr Power at Pfg. I'5 - - T 0005257
i de' 20 liters: c1rcu1at1ng ‘water at Pfg. 2.0 per m3 - 0.0400

8..0.53 hters boiler feed water at Pfg. 20.0.per m3 - 0.0105 -

9. 650 Kcal outside -heat at RM 1.0 per m11110n Kcal' 0,0650

0 a0, 0497

.. 2. 5% repau costs ba51s mvestment

~Total P

Productton 760 000 Nm water gas per 24 hrs.
© 645,000 Nm?> co + H, per 24 hrs.

Operatmé cost total per Nm CO + HZ Pfg 1 82

(B) Rhelnpreussen Proposal (1941 194-2) e o

o Alf.hough operatlng condlttons for thlS umt a.re not spec1f1ed

some da.ta«on the quantities 1nvolved are given ina meémorandum dated J uly,
- 16 1942 regardmg opera.tlng costs of several alternative proposals for-

E .Rhempreussen. From this letter Table II, -page: 31 has been prepared;:

- summarlzmg the cost calcnla.tlons f.or a bttu.mmous coal dust. ga51£1cat1on

: it with fwe opera.tmg generators for the direct producﬁ{)n of synthests

'_‘Vgas hawng a CO:H; ratio of 1:2. and. produc1ng 60,000 m> per hour or. C
1,440,000 1n3 per day. éI‘he Rroduct gas comp051t10n was expected to"be as

-'followsr

E ;coz 18% vol..

“co” -
“Hp. . 54
Ng o 1o

230-



- TABLE I

RHEINPREUSSEN POWDERED COAL GASIFICATION PROPOSAL

Expenditures, daily - - -
1, Coal 514 tans » -at RM- 14,0 . RM 7200
2. Oxygen 230,000 m3 at RM 0.025 - s 5750
3. 51 man-shifts labor: _at RM-12,0  — ce612¢
4. Power 36,000 Kcal -at RM 0.02 | 750
5. Circulating water 25,000 m3 at RM 0,02 . 500
6. Fresh water 2500 m:"_ .. JatRM 0,02 - 50
‘7. Boiler feed water 720 m3 - at RM 0.20 . : _ C144
8. Fuel gas 547 x 106 Kcal at RM 4.50 wr TR 2460
9. Stéam, 3 atm. abs. 662 tons &t RM 1.50 ' Lo 994
10. Amortlzatlon 1nterest ' _ o . S
_ malntenance 14% of RM o
9, 000 000 AT 3450
"" Total da11y expense : e . o 2187.80 .
Credtt da11y R — ,
o 1. Steam 16 atm abs atRM 3 2100
L 700 tons s el e T e
: Net operatlng expense”“ " e "1 19780
f"Operatmg cost per Nm3 i S R ST
i synthesls gas T TR AT Pfg. 1.370.
Operating cost per Nm LR E
’?‘co + Hz : - - Pfg. 1.690
- ; " ) : e . ‘,: Lo -
i e

o

’(c) Totz.ek Address of 12 J'une 1942

: able III page 3—2-summar1zes the estlmated performance f1gurec
"for the Koppers process on different coals as taken from an attachment to
the Totzek paper. Graphlcal representa}wns of heat balances and- operat1ng
..costs’ for the productlon of: synthesxs gas ar. fuel gas from the dlfferent solid’
"fuels are glven in the ongmal paper. e . :

31
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(D) Brabag Schwarzhe1de Proposal (1943)
- . . The data for the proposed Brabag :Schwarzheide’ plant are, ..
taken from documents on TOM Reel 43, Frames 210~ 218 which Were also

summarlzed in CIOS Report XXVIII 36 Item 30.

Brabag Schwarzhe:.de required a plant to’ produce 100 000

Nm.[hp_oisynthesrs,gas—écgﬂiM%Hromzpper—sﬁesimrdr“
lo,yymtemperature coke, for medium pressure Fischer synthes1s over an
iron catalyst.” The coal and coke specifications were not given’ except that
it would be ground so that 75. per cent would pass through a-49,000 mesh
sieve. The finished gas must be free of condens1b1e hydrocar bons ‘and the
sulfur removal must present ho d1ff1cu1t1es RN _ S
. : N\ ’ e
. .

‘The’ coal and product gas a.nalyses were glven as follows. ‘

Coal Analysm _ L o P'i"oduet Gas Analys1s :
Water . 1.95 wt % . . coyl ll.O\vol.--%
JAsh. " 875wt % . .. .0 CO. 54,0 vol. % .. - *
Volatile - 22.3'wt.'%. . . Hz. . 340vol:%
Residue ° 77.7 wt. % Nz L1.p ol %*
“Gross hEat1ng»value i - Net heat1ng value .
'kcal/kg S 7650¥';:"*a‘j_kcal/Nnn3'.‘" _fj zsos\

X On the bas:.s of L kg of powdered coal the follow:mg quahhtxes were est1mated.

. vGas productmn e ol Nm3 R T _2 10’-" -
Oxygan consumptmn RIS Nm3 B R 1 - 4
€Oy s L o Nm3- S ‘_‘- S 014
Fuel consumptlon STl i keal ’ R
‘Stearn” product:.on kg. at 16 . i, - atm. abs 350°C ‘
Steam consumpfmn kg at’ 3 o -_atm ab,s sat k __

For the: productxon of 100 000 Nm3fhr. of. synthe31s gas for
o 8000 hours per year Koppers proposed to build six units (one in reserve)
‘each cost1ng 2.7 mJ.lhon R.M, -or. a total cost of 16.2 ‘million R, M It was:
jestlmated that. the gas would eost 1. 7 pfg per Nm3 T

_ (E) Est1mates 0bta1ned by Navy Techmcal Mzssmn (1945)

e

. The docu.rnents obta1ned by U S Navy 1nvest1gators 1nclude f1ve '
._'pages ‘of data on heat.and mater1al balances, dateiEssen, June 4,1945 and’’
‘apparently prepared~spec1f1cally for the Navy mvest1gators These. data are -
‘not the 'same as: any. gwen in the: Appendlx tothe Totzek address of June 12
1942 Two graphical representa.tmns -of heat balances 1ncluded wrﬂh the‘Navy

33«



Wdocuments 11kew1.se dJ.ff.er. h:om a.ny in the Totzek paper ~The .data for-
Rheinpreussen: ‘bituminous coal d1f.fer slightly from similar data given to.

v FIAT investlgators S1mp11£1ed d1agrams of the. p1lot? plant equ1pment were
the same in each case s : ‘ . . :

' The da.ta. for the gas1f1ca.t10n of. b1tum1nous coal and lxgmte are
. summa.nzed in Table v, below

TABLE IV _ R R
: . . _— . h. . . . .
KOPPERS DUST GASIFICATION DATA GIVEN‘TO U. S NAVY
' INVESTIGATORS JUNE 1945

Bltumanus Coal Lignite

" s = — .

Raw Dust Analysxs Wt % R . Coe :
. Water ‘ - © . 195 . 13,00 -
. Ash R R K £- TP 5.18
Hp = .. S TR 427 o 4t
Carbon - Lo S0 8050 0 T 56,200
-Combust:.ble S. S T, 1.88 o0, 33 -
ANxtrogen, . o . 1.19 » 20;58._'

- E :
‘ .Oxygen o ‘ oo "\\\‘;,,‘ 1.46 o o o
Gross heating value, kcal/kg SRR £°Y & A - 7 5313
._..Extra.neous steam Nm /Kg e 1407 T e 770,860 -
- Extraneous oxygen. Nm3/Nm gas ST 0.246. '_ S 0,206
Extraneous. .oxygen Nm3/Kg e e 0.608 Lo 04379
Preheat temperature 0C. L 12000 1200
Reactor exit: temperature. °c.’ S 7712000 10000
% Carbon conversion . ‘ N L SR R ;'ff~95
Thermal. Gasification. Efflciency % DL AR R 19,6
Synthesxs ‘gas produced Nm3/Kg U 2T Lol 184
‘GO+H, in gas produced vol. % - . e 84 T T80
Product. gas ana.lys1s vol % e ' ‘ o
G0 B D - ¥ s _1,9-.0.‘, :
GO, LT T 420 o 3Bi0
CoHp o e 42:0. e 450 -

£34-
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(F) Informatmn G1ven to’ F'IAT Inveshgators (1947)

Table V, page 38, wags submxtted by Totzek in response to
'repea.ted requests for expéerimental data and was stated to be based on
actual.operation, although run numbers and operating conditions were
not specified. In addition Totzek furnished the following discussion of

?ffimmymmversmwwhch‘hm&wms—md:c&we-o&performance—whtd

Koppers had obtained. exper1menta11y and was w1111ng to guarantee for any.
new unlt -

Material Bala:ices

: ‘As a supplementa.l answer to the quest:onna.u'e submltted by
FLAT Totzek furnished the following material balance which he 1ns1sted
was based ori éxperimental data (not shown) and could surely be reahzed
in cornrnercml operatmn , : - : »

B1tum1nous Coal Analy51s wt, %

Water _ oo it 1.95

Ash - T 8.75
 Hy o427
.G Ry L1 .80.50

©8 (congbustlble) 71,80

Sl A9

Hp T 42
_ Vol Gas Per Kg Coal I 2.3 Nm3
Carbon Balance: (Basxs 1 Kg. Coa.l) -.
Y Introduced as. coal : 0 805 Kg
.. Withdrawn as gas . -0.705 Kg-
' Loss . o 0. 100 Kg

: o In expenmentzﬁ operatmns carbbn losses of 8-14% were ob— '
_ served, the magmtude being largely. dependent on the uniformity. of fineness

7 off the coal For the follow:.ng calcula.tmns a carbon loss of 12% was assumedv

Pt

" :;., R

EY



. -SYNTHESIS GAS

54.0

NET HEATING VALUE KCAL/Ké.
GAs QUANTITY NM3/Ks' '
"OxYGEN CONSUMP '
TRy '”GAs CONS MPTfON KCAL/KG
N NM3/KG

fCO2 CONSUMP?I

A]i;O  {f

ﬁ”J{D_'“
b 2505:{
2,100
'0257 L
w5

‘5‘0 B
42,0
3.0 42,0 -
S1.00

2347
20 -
01627
1890 7

_ SYNTHESIS GAS . !

. 18.0°
33,0
48,0
1.0 .
aso- L
2,407
0.53

£ 1600,

LIGNITE
'13.00

. 51.40
- 5120

; |
IS
R

FUEL GAS

19-
'35
45

2214

1.847 .

0.38
L8579

" 6.0

© 52,0

24.0°
17.0.°

1162
2.50 .

'LIGNITE COKI

Tt

5.00
. 21.00

g 6054

-

FUEL GAS

6.0

26.0 .
1810
5010
1248
2,70



Hydxogen Bala.nce SR ' B

Hydrogen u’. the gas. . -0.97 Nm3.
Hydrogen from the coal ..0.47 Nm3 v
Hydrogen from steam -, 0.50 Nm3 -

___J_K]Lg_n B,gj.g.nce v

S Oxygen in the gas A 83 Nms’
Oxygen from decomposed w0 .
-steam - S 0 25 Nm3 o \,.'
~Extraneous oxxgen L T .
J:eq\ured 0. 58 Nm3” il

(The small quant;.tles of oxygen, n11:rogen and sulfur in the coal were
negiected) e o o e L e

Extraneous Steam _
AT '] The quantlty of extraneous steam: supphed is the: amount re- -
quired: to J.'eact with-the: carbon -plus- the: excess needed to atta1n the desn'edv
.gas. composit:on.zn accordance w:.th ‘the water gas equ111br1um.. Graphs -
furmshed by.Koppers for: ‘the water gas. equ111br1um in the. presence of, "
~and; absence ‘of, carbon.are: given. he/ne as FJ.gures 15 and.16; -pages: 41 and
v 42, respectwely In. practice it'was. found that gas composri:mn‘ approached k)
" the values for- equ:hbrmm in the absence of ca:r:bon and these-values are:
sed for calculanons since they gwe some’ margin of safety in'the tearmre-
".qturements. .On this basxa ‘the excess steam requiredito attam the'desired ;.
‘-gas composation at: 120&"0. was. ca.lculated. a6:-0.86" Nm3 ‘per: Kg coal makmg
."'~the total steam requirement 1,36 Nm3 or 1. 09 Kgﬂper Kg coal.. Deductmg
. 0.02 Kg water in the coal the extraneous steam requ1rement‘becomes 1 07"
-‘*.JKg/Kg coa.l ﬁ R : :

R ' Totzek sta.ted that exper:tmental operatmn on: brtummous coal
: .‘jga.ve ratios of HZ to: (‘0 “ra.ng;ng from 1 5:to 2. 0:with. corresponéing COZ
" r:concentrntmns ranguagfrom 18:to 8% However the data subm1tted did’ .
~‘not show that-a" <27l i

concentratmn ‘was h13her for l'ugher ratms of Hz CO Reactor ex1t tempera—v
»,»,‘_.Jtures o! 1200 C were. observed expenmentally T AR R

7700 keal
684 keal
8384 kcal/




=Qutput-

"Net ‘heating value of product gas e 5400 keal 64.5%
Carbon loss <7 700°'keal 9.2%
Sensible heat of wet gas - St - 1450 keal 17.2%
Radiationi and Conduction losses ° 764 kcal 9.1%.

33 84 keal |
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FIGURE16
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A-PP-ENBIX 1—

I...IST OF GERMA~N PERSONNEL ;

Dr. Hans H.;Kopﬁers, Prestdenf. of H. Koppers ‘G.m. b H

Mr. Gapp, Director of.H.. Koppers G m.b.H. '

-Mr#otzek%-htef—Engtneer—of—-H——Koppers—G«mrb.-.. -

Mr. H. Kost, Former Head ‘of Stelnkonlen Bergwerk Rhe1npreussen, )
) Homberg l -

Dz: Strueven, Chem1st Rhelnpreussen Trelbstoffwerk Moers

L ‘German Personnel not 1nterv1ewed but known to have had some‘
connectmn with Koppers work Lo -

M-r.-..--Danielsl,;,vDesign Engzneer,-vKoppérs; Essen .

Mz.. Schurhoff, -Draftsman, . Koppers, Essen A
Mzr. Hahn, Project Engineer, Koppers, Essen -

-43-
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LIST OF TARGETS VISITED

H. Koppers, G.m. b H. 29 Moltke St Essen (Maln thces) .
Steinkohlen’Bergwerk Rheinpreussen Shaft IV between Moers-Meerbeek and
Homberg. S11:e of Koppers experimental umt

44—
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APPENDIX~

LIST OF MATERIAL EVAGUATED

No eqtupment was evacuated in connectmn with this 1nvest1gat1on
nowever pr1nts of.a’ number of -drawings were-obtained,-in addition to the -

ppendjxj,_and_.the_numbex.s—a"nddescrxptlons—of—
these draw1ngs ‘are gwen below. — ‘ -

o,

LIST OF KOPPERS DRAWINGS

108:92,915 . . 28 July 1938
s e Dust Gasifier -
. Brabag C 3892

ISO 111,860 . . 7. October 1936 ‘ : P
o : : o Assembly of the Cowpenand Combushon Shaft
"BrabagV564 o Tl

IAK 112,745 - Undated . s
B S _Plant Assembly S :
“‘_‘V(Brabag) Rnhland Dust Ga51ﬁcat10n e 3892

JAK 131,928 - 15 January 1942. - S R AR
Lo et 300 Ton: Dust Gas1f1cat1on Plant TR
_Brabag—-Ze1tz PI'OJeCt R

1AK 132,315 . 17 August 1942" e T
R R “Gas,-air, and steam 11nes for Heater Umt
Brabag V 728 oL . o

i 1

105 146,506 - 30 November 1939 S R
WL le o Lijning ‘of the Dust. Gas1f1er I .
R - {(Rhempreussen) Dust Gas1f1cat1on C 3939

'108146,511 = " 05 September . 1940 Coln o
... . Schematic- Representa.tmn of Dust Gas1f1cat1on
-Rhe1npreussen C 3939 N e

"

D aa 2. April 1941
:Magnesite’ L1mng

105146520
: Rhe1npreussen Dust Gas1£1cat1on C 3939

o ‘ : Arrangement of a1r and gas connectmns to. the feed
s spn:al : :

Rhe1npr eﬁsseia* ; 3939




. APPENDIX & {GONT 'D) _

LIST OF KOPPERS DRAWINGS (CONT 'D)

IO_SJIIE,SSI - -25 October 1941 . ' '
“Lining. o£ the Dust Gas1f1er ‘Head- Dust 1n1et
.Rheinpreussen C3939.. .. -

105-146,544 - - 15.September 1942
: : " -. '.Section-and PlotPlan
. ,Rhe1npreussen C.3939a .

105.146,551. . Undated -
: - R _-vAssembly
Rhemoreussen Dust Gas1f1cat1on C 3939

©105.178,452. 22 December 1942 z
oo " Lining.of the. Regenera.tor and Condults
_Rhempneusse‘n c 3939a : .
-I0S-178,479 - Unda.ted (about. July 1943) S
T e T .‘;Schema.t:u: Representatmn of the Koppers Coal DuSl-
o (Gas) Generator Plant o :

105 178,480 j'--Undated (About. July 1943)
e " iSection through the Coal Dust (Gas) Genera.tor '

-48—



APPENDIX b

RSP T

QUESTIONNAIRE ADDRESSED TO KOPPERS BY FIAT 11 APRIL 1947

. Information on the po1nts em.unera.ted below is des1red with
reference to your._ Pprocess for gasifying’ powdered coal, Please assemble
all available information along these lines 1nélud1ng support1ng experimental
Wﬂmmmmmmdmmmm
w1th1n about one week. - This material is to be 1ncorporated in a -detailed - -
report ‘on’your- process and-should be ampl1f1ed 1n any way poss1b1e to- make
a complete and accurate report :

1. Record of‘all forms ‘of apparatus and all methods of 'operaticn .
L wh1ch were tr:.ed and a d1scuss1on of the results obta1ned in each
" case. D1ff1cu1t1es encountered as well as success achleved are

S 1mporta.nt

'Z‘ The effect of k1nd of coal and f1neness of gr1nd1ng on 1ts behavmr '
‘_1n gas:.f:catmn umt T R R -

‘-»:3.».»'-Deta1ls of. equ1pment for feed1ng powdered coal to the reactor and
‘”,‘operat1ng charactenstics of such equ1pment RN .

A Descnptmn and drawmg of all accessorles whxch you regard as more
" or’less” standard equipment, such’as preheaters; Waste heat boilers, -
S scrubbers, etc and their- operat1ng character1st1cs i -

5, '»v‘-.A dxscuss:lon, theorehcal and pract1cal “of the des1gn, constructmn and

: operahon of the ga51f1cat1on chamber. itsélf, S

‘_'8,."...D1f£1cu1t1es 11kely to! be- ‘encountered- because ¢ or‘rosmn or eros1on
.-in any part of the system and preventwe and remedml measures
""therefor : R

product

9 Flexﬂnhty of the urut wzth respect-to nyhrolighp.ﬁtf-
e g&s—composxt' n.' S

.. Exact. method .of ; controlhng the unit’ to makv gas : .ﬁos’_'s’ible;;

._ : cp_znpos;tmx;, p_a;:t;cularty of high rat1o ‘of HZ to CO. 5




“APPENDIX 5 (CONT’D)

.QUESTIONNAIRE ADDRESSED TO KOPPERS BY. FIAT, 11 APRIL 1947
(CONT'D) -

" 11, Comparison of the process -.withpther known 'p'ow‘deroed coal gasi-
fication proc’esses mclud:mg. Demag, Schmalfeldt, D1d1er, etc.”

N w —

12. Effect-of coal compos;tzon and operatmg va.nables on orgamc
sulfur content of the product gas.' :

13 Relatxonsh1p between ﬂmd:zxng or flow cha.ra.ctenstms of the
powdered coal and performance of the generator ’

- 14 Extent of ash entramrnent under- d1£ferent operatxng conchtmns
and any other 1mportant features of the ash -handling problem

‘15, Su1tab111ty of the process for operatmn a‘t elevated pressures up
to 20:atm or more : - : .

16 Effect of mo1sture content of coal On generator performance and
Jgasquality.. o

17 Operatlng cond1t1ons apply:.ng to hea‘l: balance examples g1ven 1n
paper :_; e S TR ! ‘

: .1,8; Spec1f1c ‘h__peratxng data for varmus coals and vanous ga.s compos1t10ns

: 19 Possxb111ty of energy exchange between generator and oxygen v -
phnt _.' AN T LR T S U

“20.'

= 2 1

R of operat1ng varxables on: the content of such matenals 1n 'the pro-
duct gas. g :,: ,‘j e S g

4, -Effect.of _weathéruié‘,_ of coal orr1ts -gasification char'acteristic s,




APPENDI.X 5. (CONT 'D)

QUESTIONNAIRE ADDDRESSED TO KOPPERS BY F‘IAT 11 APRIL 1947

(CONT‘D)

: 25 Preferable operatlng cond:.tmns for mak1ng d1fferent types of

. _hea.t:ng pas 1nstead of synthesxs gas.

26 ",Preferable operatmg cond1t1ons for makmg synthes1s gas ‘of
co ..relat1ve1y h1gh ratioof CO to Hz ’ :

Y Effect of recyclmg part of product gas or supply:mg extraneous
o .»ga.s other than oxygen and steam w1th the coal :

- 28 Operab111ty of the process on partlally or completely carbomzed
- RIA coal - 4 ; ) o . i N

' ‘:2_9.1 :V-Des1rab:ll1ty of: accomphshlng the gasxhcatmn in stages ope:r:atedt
S under d1£ferent cond1t1ons. o Co :
30.. Effe‘ct ‘of‘ size of unit on p}anf t:;ost and cost of Qperatipn; e

3L

e s o e -A‘m-» i Lo . ' L ..-'
Factors determining most economical size of unit. .

H. V. ATWELL

117April 1947 -






