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GUMZ POWDERED- COAI_. GASIFICATION PROCESS
"

ABSTRACT

‘ Cooperatnre exper1mental work on powdered coal gas1£1cat10n
was conducted by Demag, Bergbau Verein and Ruhrgas in the plant of
Hibernia at Herne, Germany, during 1940 - 1943. The design of the plant
was based largely on theoretical considerations developed by Dr. Wilhelm
Gumz but the process has been referred to occasionally as the Demag
Process The plant comprised two vertical reaction chambers each hav- .|
ing an’inside d:ameter of 1.2 meters and height of- apprommately 14 meters.
‘The mixture of powdered coal and ga.s1fy1ng agent .was passed upward ‘
through the first chamber and down through the second. Most runs were
made with air steam mixtures-as the gasifying agent. A few runs were madcz
with-air enriched with ‘'oxygen-but none with air replaced by oxygen. Only
moderate preheating of the gas1fy1ng agent was used (600°C max1mum)
and conversion of carbon was rela.t1ve1y 1ncomplete in all runs. A s1ng1e
unit with minor modifications was ‘used: throughout the program and -
trouble was always experlenced due to the accumulation of slag in the first
"reactor.’ The ‘process was not rega.rded as ready" for’ commercial use and
“no proposals for commercial units were made NearIy all or1g1na1 experl-
_mental data areravailable.. ‘
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L. IN"I‘RODUCTION; .
A Ob_]ect:we

-The ob1ect of the present investigation was to get all’ a.va11ab1e
information about a German method of gasifying powdered coal which was _
usually referred to:in this-country as the: :Demag process. It 'was.discover- .
ed that Demag was one.member of a group of three compan1es which’ worked

: cooperanvely on this'project during the war. The process is more ‘properly
-identified:as the'Gumz process, after Dr.’ W1lhe1m Gumz who was:one of the’
most active participants.in the work. ‘The. present 1nvest1gat1on was con=.- -
ducted by FIAT concurrently W1th the investigation of the Koppers powdered
- coal ga51f1cat1on process dur1ng April and May 1947 for the-purpose of -
determuung the comparative merits of:the two .processes and the p0551ble
. ut111ty of both of them for coal gas1£1cat10n in the Un1ted States: S S

. B. Evalua.tmn Sk o “"'."5’1‘: . t )

A A very complete record of the expe:mmental work in questlon .
‘was obta1ned from:Drs. Gumaz. and N1st1er who: had been act1vely engaged: in’

.. the conductiof the experiments.and were the ‘best possible’source, of: 1nforma—
'»:'tmn They stated:frankly that-the exper1ments had been unsuccessful in séme
: respects -and that they:did not: regard the process as ready for comfhercml

- ‘use.: No. operatmns had. been conducted with pure oxygen as the ga51fy1ng

: ,agent and losses in »the form of’ free ‘carbon.were: always h1gh »-_v1n the . = g
‘V1c1n1ty 0f:30: sper cent. ‘Although ‘only minor mod1f1cat10ns -of: apparatus had“
“‘been: tr1ed the: conclusmn had been reached that the reactmn chamber must’
be: designed for operation at’ such h1gh temperatures that the ash caf be
’ :d1scharged in the: imolten state Sy o Rt

c The or1g1nal research reports on the Gumz proceSS are ava.11‘
; .-’ab'le but the:ddta thereinare less s1gmf1cant than they ‘might be because -of
inaccurate tempera.ture measurements. Although no claims for commeéreial *
’_-operab111ty are: made, 1t is be11eved that the record of exper1ence in connectmn
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name . Since 1934 Dr. Gumz has been one o£ the mena.gers of the Bergbau
Vere1n (U:uon of Mining Interests) of Essen and in recent years was head of
its subdepartment for fuel utilization. -In 1938 Dr. Gumz published a paper
on Gasification in Suspensmn1 setting forth the theoret:cal considerations on
'wh1ch h1s process was subsequently based. - : : :

Conf:.rmatmn of these theones was. sought through small scale
expenmental work in the laboratory of the Re1chskoh1enrat in Berlin in 1940
under the. directmn of. br. Frederic N1st1er .- Contributions to the theory of'
gas1f1cat1on have: also been made by Dr. N1st1er " Experimental work on a
larger: scale .was. conduc’oed in. the plant of Hlberma. AG at Herne from 1941
to. 1943 : . S . e _ o
: Informatlon about all of these act1v1t1es was’ obta1ned by
1nterrogat1on of Drs. Gumz and Nistler in ‘April and May, 1947. Wntten
answers to a. formal questionnaire regard1ng the work were obtained from these
men and likewise cop1es of all available reports. All documents thus ob-" B
tained are being reproduced on Techmcal Oil Mission Microfilm Reel No.

238, from: -which: copies.or pr1nts may be: obtained through the Library of .
Congress "‘The.original documents are being forwarded to the: Office of .
.Techmcal Serv1ces, U. S. Department of Commerce. Dr. Gumz stated that
his only previous 1nterrogat1on along these lines.was by Messrs. Johnson and
Bushow ‘of: Hydrocarbon Research Inc about September 1946 S
: : The present 1nterrogat1on was conducted by Messrs.z.H V Atwell
and B M Rosentha.l of -FIAT .with the ‘assistance of- B.sdeResseguxer of the: " +~
French Institut; -du Petrole, .and undér the direction of Dr. W. F. Faragher,‘ ek
Chief of the Fuels and - Lubncants Unit of FIAT: The: cooperatmn ‘of off1c1a1s
of the North German Coal Control, partmularly Messrs. Shaw and. Follett, in
.1ssu1ng necessary orders a.nd perm1ts, is gratefully acknowledged v :

f', -

THEORETICAL‘ ONSIDERATIO’NS S

_ P 'I‘heJGumz thes1s pubhshed in: 1938 set £orth the’ theoretmal con- w
'suleratmns involyed: 1n"fhe' 'tra.nsfer of. heat and matenals ‘to! part1c1es of coal -
suspended in'a’'gaseous medium. Here ‘it was pointed out that: the: relatxve
veloc1ty ‘between a free partlcle ‘and-an’ upwardly flowing- gas steam has the,;‘
’largest poss1b1e':;va1ue when the gas veloc1ty is; equal to the suspend1ng veloc1ty

, _2_



to prevent accumulation of partic,les in the reaction zdr’xe thevgas velocity

must.be at least as great-as the'suspending‘ velocity of the coarsest particles."
The rate of heat transfer to suspended partlcles was calculated -

by Gumz by the use of principles estabhshed for heat transfer to cylmders S

‘ (tubes) and by mak1ng several assumptmns as to the app11cab111ty of these

. prmc1ples, which may or.may not-be Just1f1ed The results of these calcula—'
tions are expressed graphically by Figure 1, page 5, which:indicates a very
pronounced effect of particle size on- rate of heat1ng by the surround1ng
hot gas. : ‘ '

: . By: assuming certaln alalog1es between the transfer of heat and
the transfer of matter to the surface of suspended partmles, calculatmns were .

made on the. rate of conversion: of coal particles to CO. (gasﬁmatmn) by
reaction with_ oxygen or Water vapor For these calculations a constant

. part1c1e temperature was also assumed, and that the rate of materraI transfer
rather than the: rate of chemical reaction would be llrmt:.ng In this" way. _

. Figure 2, page 6, wasoderived. 1nd1cat1ng a relat1vely large effect ‘of partlcle.

. size-and a relat1ve1y small ‘effect of temperature Many other- relat10nsh1ps -
are brought out in the- orlgmal paper :

b

Seane The conclusmns reached by‘Gumwex_e_admltted to be only v

quahtatwe. One of the most serious: disturbing factors practically would be
‘ the. .progressive: change in‘ash content of.a reacting particle of coal which:
f',would mod;fy its. suspend:mg veloc1ty, its.heat conduct1v1ty ‘andiits ma.ter1al
d1££us1on charactenstms ‘The Gumaz: theories were attached. parttcularly‘by '
: Totzek of. Koppers during the: present. 1nvest1gat1on on.the ground-thatthe:
assumed d1fferent1a1 veloc1t1es -do-not-exist:in the case of very: fine. ‘coal:-:
Avpart1c1es, Whose behav1or is most 1mportant 1f complete gas1flcat1on is-
,sought 1»,-;_-' S e e . A : SR

letler, 1n u.npubhshed calculatxons1 has attempted to pred1ct
-'the rate of react1on~of coal. part1c1es ‘with steam on a thermodynamm bas1s o
:'jby estunat1ng the rate at wh1ch the. requ1red ‘heat.of. endothermm reaction. -
.will be: supplied:to the part1c1es by.a comb:matmn of:radiation.and: convectmn
“from’ the surrounchng hot, gas.: Assummg that a- part1c1e temperature of i
‘1_~_~8000C is:to be ma1nta1ned An order—to ‘have.asuseful.rate: )of. reactmn he. con~:
r:'_ clud'e, that the:effect.of the temper ire. of. the support1ng gas: would be. asg i
‘illustrate “by F1gure 3;:page.’ ‘ ] ‘ sy '
v because of the many. assurnptmns ,«1nvolve, in 1A‘s.der1vat10n h15 1nd1cates
‘a’ very pronounced effect of temperature wh:u.:h is. in sharp contrast to. the
fconclusmn reached by Gumz -and"w}uch seems to be : better agre‘ement wrth

8 May 1947



;of the rate-of-gasification curves derived by the two different methods of
.calculation led Nistler to the conclusion that for very small particles the :
rate of gasification will be limited by rate of heat transfer but for larger
particles it may be limited by the rate of material transfer as assumed by -
Gumz. In any event Nistler points out that the behavior of & small particle
‘remaining after partial gasification will be different from that of a‘particle
of the same size coming directly from the pulver1zer since the former will
have a much higher concentration of ash whichmay accelerate the’ reactmn .
'by catalysis or retard it by interfering with material. transfer Obvmusly
the latter would predormnate as the. gas1f1cat1on approaches completion

thus 1nd1cat1ng that somethmg less than-100% reaction-of the carbon content"

"of. coal will -represent: the morst practmal solution of the problem.

-

! IV REICHSKOHLENRAT EXPERIIVIENTS S

» : . Dr N1stler stated that alI records concermng hlS expenments _

for. the Relchskohlennat in Berhn had been destroyed by bomblng and fire "~
~but he. prepared a.summary. of that work from memory. The fo_}low1ng is a
‘ condensatmn of h1s summary.. . : :

‘ The apparatus used for the Berlm expenments is. shown ‘

Md1agrarmnat1ca11y by F1gure 4, page 8. A -small’ gas fired boiler:1,: produced
superheated steam at 75 p.s.i.g. which was reduced to atmospherxc pressure ,
by valve.2. The ‘steam passed through an‘electric superheater, 4, the last:
stage of which was: made of platinum wire wound throu, h the holes-of a- ceram;c
filter to attain steam temperatures aup to 1200°C. Then- the steam- entered

‘the reactor:6, consisting of a vertical’ steel tube which was. heated by dow.."
voltage current The -tube: material was’ S1croma1 wh1ch re51sts h13h temper- .
atures and sulfur corrosion. .The tube was 6 m long and when heated to 1000
OF: it grew longer by: 10 cm, ~At'such & h1gh temperatu.re the steel tube would
‘sink dowrmunder its own we1gh\t and therefore 1t was: kept in tensmn by two s
/counterwexghts. ‘ T ’,, S LTI LN M -

TR The steam entered the reactor tube through a f11ter and 1m1ned1-
.ately above the filter.the: powdered coal entered the tube. The coal feednig ‘
ga.pparatus, 5 cons1sted of.a;small coal b1n, a feeda.ng screw and a tube. below
the :Eeed:mg screw 1n which a; horlz.ontal ‘shaft with" sp1kes ‘was rotated by a:
motor.in- order to keep the: dust in suspensmn and to: ma:mtazn a: cont1nuous
flow of the coal dust this! way.’ The further. transport of the coal dust 1nto

'.the reactor was carned out by steam at about 150°C.f‘

; Beyond the reactor the steam and the’ reactmn products ‘had: tw S
;pa.ths controlled by the ‘valve,’9. F1rst1y”the measuring’ equipment ‘consis 1ng

‘of a: dust collector with. filter 10, .and a ‘condenser\for the steam, secondly aits
by- pass w1th a rough separator only The reactor tube was carefully 1nsu1‘ ted:

4
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‘with fire- clay,:asbestos and; slag wool. - The whole 1nsulated tube was cover-
ed by a sheet iron tube of 500 mm d1ameter ’ o S : ;

v On the even1ng preceeding .each run the low-tension transformer
7, was switched on to heat the reactor dur1ng§the night. The temperature

. wasg recorded by.a. s;);.p_emtrmcnxdex._ln.the.mnrnmgmhen_the..temperamre_

scheduled was nearly reached, the boiler was heated and the coal bin was .:
filled. When the boiler:gave steam the- valve, 9, was set to connect the
.discharge pipe, 8, with the by-pass.’ (leferent from the pos1t1on 1-shown in
the figure). Then the Whole equipment was brought to-normal pressure and
.temperature conditions. Then th l'zest was. started by switching on the. _
feeding apparatus-and putting the valve, 9, into a position to connect the dis-
charge pipe with the dust—collector as ‘shown in the figure. The time of
operatmn was about 30 minutes. "When the coal bin was empty all electric
energy was switched off and the dust discharged was removed and cooled
1mmed1ately, being very reactive.” Gas sarnples were taken before the. gas
had. pa.ssed the fllter. and somet1mes after the gas meter as a control only.
. The prope.r workmg of ‘the plant was controlled by calculat1ng
the mater1a1 balances. (Carbon in-fuel = carbon-in’ gas'+ carbon in dust
'recovered) ‘The losses were found to- be below 10%, generally about 5 % and
most likely due to the smallest part1cles wh1ch were: d1ff1cult to recover _
completely L = : e :

» Powdered and dr1ed b1tum1nous ‘coal from m1ddle Germany
(Ge1seltal near Merseburg) .with about 8% ash content wa.s used. It was® - -
ground ‘to the same fineness as used for combustion in, bo11er~house51\w1th
.a maximum below: 0.1 im. Operat1ng tempefatures were. 800, 900 and”
1000°C. The results were compared with. the -results .of carbonizing the same,
coal at. the ‘same temperatures. The quantity of the steam was always very .
lugh and. about double the’ quantity required for complete gasification of the.
fuel " This was" done to ‘be free. from the 1nfluei1ce of vary1ng compos1t10n of

the medmm along the reactor ,}._ R

e When operatmg at ‘800_9C the volatlle materlal was ga51f1ed T
only and nearly ‘the. Same- ‘Tesults: were obtained as‘when the coal was" ‘heated
in a: china: pot at 800°C..-At 900 and. 1000°C the attack of the steam on the '
flxed carbon: could be: clearly observed but. the .externt of’ conversion: was not
as h1gh as would be predicted from- F1gure 3, page 7. The dxscharged dust
was found: to contain about: 40% of: its:original carbon after having been

suspended for about.2 seconds’ inpure steam at-10062C. The procedure
appears ‘to: be - attractwe only at temperatures wh:.ch are’ cons:.derably above

1000°C.



The dust recovered was screened and the fractions were examin-
: ed separately in order to find out the different behavior of the particles of
various size. No considerable difference could be found and the 1ncrease of
~the ash content was nearly equally d1str1buted over-all sizes. :

The powdered bituminous goal was sc,e.ened_andathe..dﬁiexent.__
sizes of particles were gasified separately. A sét of screens was used with
holes ranging from 0.03 to 0.15 sq. mm. The best results were obtained
w1th the smallest particles at. 10002 F. in which case the dust recovered
contained about 20% of the or1g1nal carbon content. The analys1s of the gas "’
samples showed no difference for the various sizes of the grain, and the com-
position of gas was determined by the temperature of the- process only: This .
would. indicate cons’tancy of the surface temperature - :

. Dr, N1st1er felt that the principle of the’ Re1chskohlenrat exper1—
ments was sound and that' more useful data-could be obtained if it were '
. possible to operate at: higher' temperatures To this end he recommended the
use of 1nternal heatlng by' burning methane with oxygen and quenching with.
steam to give a mixture’ consisting mainly of HpO with some CO and. CO; at
such high. temperatures that the temperature will: 'still be 1000 to 1500°C"
after adm1x1ng the powdered coal. The useofa ceramic-reaction tube was
also recommended, with external heat1ng by the same combustion gases so
that any diffusion through the walls of the tube would not apprec1ab1y change
the composition of the reactlng m1xture No exgerlments of this character
were carr1ed out. " - - - o

_1 .

V RUHRGAS PILOT PLANT " SR

A Purpose and. Plan of Work o o e

‘ .""?" Lo The organ1zat1ons cooperat1ng in the p1lot plant work were Demag,
Bergbau Vere1n, and Ruhrgas. The follow1ng 1nformat1on about these com—:-_,

panles was furnlshed by Dz. Gumz TR ::_, e

S The Demag A G Dulsburg _Werthauserstr 64 founded in 191 )
manufactures heavy- mach1nery for theiron and steel 1ndustry, collieries, ete. .
Demag A.G: has- a spec1a1 department for: gas producers and.is; . among others,
licensee of the Humphrey Davis - gas producer, for: Germany Ch1ef eng:meer
of the g__producer department is Dr. sztonus o DI S i \) T
- - The Ruhrgas A.G., Essen, Herwarthstr 60, founded in 1926\/15
a company for ‘the’ supply of coke oven gas by means of long’ chstance pipe:
lines. -Among other things the. Ruhrgas A.G. also’ developes new methods for
gas techm.c The managlng d1rector 1s Dr. Gummert

PR
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. Ver'ein fur die bergbaulichen Interessen, Essen, (since 1945 the
German Mines Supplies Organiia,tion), was founded in 1858 as a union of the -
collieries of the Ruhr district. Originally the Bergbau-~Verein had economic
inj:erésts_ only, but since 1938 the main object was scientific_and technical
research work, All the then existing research institutions were united in ..
dhis-association—TFhe-fuei-utitization-départmentwas occupied With problems
of co‘r'nbustion and gasification.. Head of the managing committee was manag-~
ing director Dr. Buskuhl (deceased), and the manager.was Dr. Sogemeier.
‘The head of the department. for fuel treatment and utilization was Dr. Reerink,
now in private work at Es sen-Bredeney, Ruttelnskamp 2; and the head of

the subdepartment for fuel utilization was Dr..

Gumz.

S The objectivé of th'e Demag'-RuHrgas4B,ei'gb,au work was to

. develop & process for making either fuel gas or synthesis gas - from any
kind of powdered coal and particularly from low grade coals of high ash con
‘tent. The experimental unit was designed to permit the study of certain '~
fundamerital characteristics of powdered. coal gasification and it was recog-
. nized that a commercial unit might involve radical changes in design. '
s The design of the plant was worked out jointly by DriGumz of

. Bergbau-Verein, Dr. -Pist'ovriu_s"a‘rvxd Dipl Eng.Schneemilch of Demag, and
Dr. TraencKer and Dipl ‘Eng. Kukuk of Ruhrgas A.G. The plant was con-

. 'structed by Demag on the property. of Hibernia.A.G. (synthetic ammonia) at
“Herne _ne'arfv,Wanne Eichl. The site was dete_rmiheaby theAavailabili’fy'vdf =
'»oxygfen”fror‘n af‘:\L,iX{de%Fﬁnatkl‘un—i.t in the ’adj_acénf .Krupp”f.'[»‘rz_'eibstbff Werke.

- . The operation of the plant wag in.charge of Ruhrgas under. the

immediate direction-of Dr. Nistler of German Mines Supplies Organization "
‘iwith the-assistance 6f Mr. Kukuk of-Ruhrgas (currently with Bischoff A:G. . .
in Essen) and Mr. Lilienfeld of Derhag (currently with 1 he Reichsbahn in .

‘Hannover.) = _’ ‘

— Lo L B -

~oiooe. o The unit.was built during thé period from October: 1940 tg June:
1942 and the reaction chambers:were dried out carefully over the next two ",
“months so that gasification experiments could begin in.Augusti1942-Ds. -
‘Nistler stated that the experimental plant cost 750,000 marks and the cost
of its operation over the two year period was 400,000 marks. The unit re-
.quired 4°or 5-operators-per Shift, . -7 SRR T OY . ) T

RS
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‘B. Des éir;iiijzi'dn'd‘f 'Appii"rafﬁsj‘,ﬂj =

A -

A schematic-representation of the experimental plant at Herne -

s given by Figure 5, page 13, 'A scale drawing of the overall plant.is shown._.
as Figure 6, page 14, and details’of the reaction chambers are givenin '+ .
Figure 7, page 15, Figures 8, page 16, and 9, ‘page 17, are photographs of the
unit. frdhi“‘:gp,prp*imatély;":op"pjdsé!;é directions. ©~ 1 ' ' '
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Refeumg to.flow. d;agram Figure 5, page’ 13, raw. coal was
wexghed into storage bunker 1. from which it was dmcharged to; the. pulvenzer
2, furnished by the Kohlenscheidungs Gesellschaft of Berlin. Through the
pulverizer was.forced a stream of hot. combustion -gases from furnace 5 by
blowers 4 aud: 6. to_dnyLihe_coaLas.lt.was.be;ng-puhcemzed.and-to.conveyurt——
through éyclone separator 7 to one or the other of powdered coal bunkers 13. =
From these bunkers the c¢oal was d1scharged by rotating d1str1butor valves 15,
into venturi.l6 where it was picked up by a stream of air from surge tank 20
and conveyed to the desmed entrance point of reactmn chambers 30 and 31

" The two reactmn chambers ‘were vert1ca1 and had an overall

he1ght of approxnnately 14 meters and an.inside diameter of 1.2 meters.

‘The§ were lined with firg clay br1cks conta1mng-39 -42% alumina furnished by
‘Didierwerke. A passag Way connected the two chambers near the. top ‘and L
in-the lower: part of this connection was a hopper from which it was expected

to discharge-ash or u.nconverted coal through the eJ ector. 34.. On the assumption
that gas:.ficatmn would be accomphshed below the fusion temperature of the.
;coal ash,. a centrifugal-ash se¢parator was prov1ded at, the bottom of ‘the
second’ reactien, chamber, but actually. 11tt1e or.no ash was collected at th1s
point, The lower part of the first chamber was conical and & vertical pipe -
extended up some- d15tance into the cone for admission of the'coal and:the -
.prJ.mary air which: conveyed the coal as shown by. F1gure 10, page 18. This
primary.air amounted to. .about- 10-15% .of the total: aijr: The ga.szfyzng medium,
“_wh1ch was mainly air, was ‘admitted at thé bottom of the first chamber through
the annulus arou/ﬁd the coal Ieecl pipe:; Connect1ons were prov1ded for ad--
.m1tt1ng the' m1xture of coal: dust and. pr1mary air- at the top of e1ther chamber
but such operatlon was rarely used , S SR

: i The preheaung of the gasﬁy:.ng agent was accomphshed 1n1t1a11y !
by dn‘ect admzxture of ‘the- products -of combustion of fuel gas, and sub- - .
'sequently by 1nd1rect heat1ng ina.gasfired. tubular heater 25. Air’ for gas1— :
f1cat10n was supphed by a.turbo’ blower 22 Oxygen for the same- purpose
‘was: obta1ned from a. LGde—Frankl uxut‘of Krupp Tre1bstof£ Werke and wag .
<1ntroduced by a steam injector;23, Steam’ could -be adm1xed wzth the gas1£y1ng
agent or: could be supphed separately to the bottom of,the f1rst reactmn
'chamber : o . . R o . .

: Th hot gases leavmg the second chamber were" quenched by a,
water spray in. tower 32; which’ would be eplaced by a. waste ‘heat: bo1ler = .' »
':for commercml operatzon.. FolloW1ng ‘this ‘wag'a double wa.sher 35, to. ..
£urther cool the gas and to.remove.all entralned ash.; .The water from the' '
firgt. or:lower. sectmn of thxs f1nal washer ‘was c1rculated through a setthng
basin: 38, wh11e the water: from the final’ scrubb:mg sechon ‘went to coolmg ;
tower: 39 «The clean gas. was. metered and sampled. and: then d1scharged to
‘the, an;_ through 11ne 36. s1nce there was no loca.l use for 1t as fu.el

Cel2-



‘1. Bunker -~ = 18, Gas Compressor -  _ 35. Washing Tower L

2. 'Pulverizer 19, After-cooler =~ 36. Gas Line . : . '

3. Classifier ' 20. Surge Tank ... .37. Torch .. FIGURE 5

4. Blower . 21. Water Separator - 38. Clarification . . ‘ :

5. Hot Air Furnace ' 22. Main Air Blower 39. Cooling Tower, ' ) -SCHEMATIC DIAGRAM OF

6. Furnace Blower - . 23. Oxygen Venturi LO. Sludge Pump =~ - . RUHRGAS PILOT PLANT

7. Separator - 24+ Checkvalve Back Flow - 4l. Cooling Water Pump I ' .
* 8. Filter - 25e¢ Tubular Heat Exchanger : , , L : M

9. .Suction Blower 26. Burner ’ ‘ (7 S

—10,—Switoh-Valve—— 27 Mixture—Preheatorr . ; - 2 : =
11. Dast Seals - 28. Burner Prehéater . L S (/ﬁ\‘ . B . ,
12, Filter Dust Seal. 29, Air-line’ : ‘ ) A ; oo S
13. Dust Bunker 30. Gagification Shaft I r/, _ ‘ o i by []

14. Level Indicator = 3l. Gasification Shaft II
15, Distributor . 32, Spray -Tower = . - ' nE
© 16. Venturi. K .+ 33. Auxiliary Chimney. S , } AN Py
.17, Suction Filter 34, Dust & Coal Ejector L 0 ' : . : i o
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 FIGURE 8
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FIGURE 9

s RUHRGAS PILOT PLANT _
.SPRAY COOLER, WASH&R AND COOLING TOWER

GASIFICATION\CHAMBERS IN REAR
17




Slag Accumulation in
N Experiment\‘No. 25. A
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:.-Tube Before Shortening

‘.__b‘e: "Shqlfltgﬁéa 800 mm..

'Aﬂéo.’mm N

s
. fleoo
L 300.0 0 - : v
w0 seale®lizo . | 7 LFIGURE 10
e LOWER END-NO: 1 REACTOR"

18



v . Quantities of air, oxygen, steam, or m1x’cures thereof and the
temperatures and compositions of these streams as well as of product.
gas were measured by conventional. means and apparently with sufficient
accuracy The location of 1nstruments is shown by Figure 11, page 21.

— Temperatures in the reactmn chambers were measured by
Pt/Pt Rh thermocouples. These were originally protected by Sicromal
tubes which soon burned out and were" replaced by Sillimanite tubes. For
"“various reasons, the reaction chamber temperature measurements were .
never reliable, and. were probably in most cases too low by several hundred
degreeS/ At Lea.ch temperature .measuring point in the reactors a’ sample
i tulge was prov1ded through which gas samples could bg drawn for analy51s

: Quantities of raw coal consumed could be determ1ned by d1rect
: we1gh1ng but this was impossible for the powdered coal and therefore . -
. reliance was placed on cal1brat1on of the rotary dust feed valves at d1fferent
_ speeds which proved to be somewhat uncertain; ' :

’  The powdered coal feed1ng dev1ce was a standard rotat1ng valve
: made by Koh]ensche1dungs Gesellschaft (K.5.G.) of Berlin. It might be -
'descr1bed as -a cylindrical plug cock w1th grooves cut 1engthw1se in the
surface of the plug. The rotating plug was approx1mate1y 10 inches in. '
dlameter and 2 feet long, pos:.tﬁined horizontally. ' This valve received. powder-
ed coal by grav1ty from the super1mposed/ounker and d1scharged it into an .
‘air conveyor for dehvery to theé gas1£y1ng”c‘hambe; -;f,eeder_seldom '
- gave-the desn‘ed umform1ty .of flow and was partlcular y roublesome when
the coal was not—eompletely dried.  This is 1nterest1ng in view of the state-
ment by Mr. Totzek.of Koppers that such a feeder should be sat1sfactory,
~in’con t?“ast to the screw feeder used on the Koppers-Rhe1npreussen unit.

Dr. Giinz expressed the personal opmmn that a Fullet- -Kinyon:: pump would
-be’ sa'gru:f‘actory but'there appears to ‘be cons1derable doubt about the best
_:soll_i ion of- th1s problern, partlcularly f'super atmospher1c pressure is to be'
‘..usedzp RSP ' R :

C.. ?Op,erati'ng. Procedu'.r‘e: ‘

AR , Experlments;f were conducted W1th two b1tum1nous coals 1dent1f1ed
;at W11hem1na—V1ktor¢a and Shamrock 1/2 and a ‘brown. -coal from Neurath.

. Theé composition and'screen analys1s of these coals is given. 1n\~Tab1e_c .cpage
~20. Pre11m1nary opération» 6f the coai“‘grmdbr soon. demonstrated that the
‘capac1ty of this .mill was not greater than. 2.00 Kg/hr compa.red with a rated
»._capac1ty of 800: Kg/hr F‘urthermor‘\e it was-found 1mposs1ble to:adjust: the :
'mill’to g1ve the ’desxred differences 1n f1neness of gr1nd so’ ‘this var1ab1e
"'could not be 1nvest1gated as’ 1ntended

-19-



TABLE 1

. COAL CHARACTERISTICS

Lo

Kind of Cnal Bituminous : 1 -igr‘rite Bitumiﬁous
Or1g1n . Wilhelmirnia-Victoria . Gew.Neurath Shamrock 1/2
Ash, wt.% . 10.41 o . 5.22 . 5.92 .
Volatile Con~- .=~ . . - S k Lo . SR
stituents, - : . - FEES B R e
Lowte % - 29.82 . 54.28 . 21.1 .
Total Sulfur . 1.0l e ol 0.49 T 1,02
‘CombBustible .. .ot
Sulfur .- ©.0.87 co S 0u44 o e
‘Hydrogen -~ . 4.62 | . 7 L -4.T4.. 4.42
Carbon - 76,87, < ... 64.95 . .. 836
Oxygen and + . s AP A
N1trogen 23 T L 24065 L e
<I-I\1gher heat1ng R e : S
value'kcal/kg = 7559 .. . N -3 & B A 3 /-1
Lower heating . . - .- i g e
" wvalue kcal/kg ~ 7310 -0 .. 5855 . 7'91531

S Because of the small capaclty of the m111 1t ‘was. foupd unposs1b1e
‘to br1ng_the reactors to operatlng temperature in'a: Teéasonable time by burn-
“ing coal dist alone; and-therefore the practice was:followed of preheating

the uiit by burmng gas therein and’ switching from gas: to coal dust for the
“final heating. - After attammg the desired operating temperature ‘the rate of

. coal dust feed was increasedto give" only partial combustion, and other gasi-
£y1ng agents (steaxn, and/or oxygen) Were supphed as: des1red'1n an attempt
to- make gas of the: de51red compos1t10n ol TR — ST :

e n R R N . o -

..... . K B

- As the cr1ter10n of gas1f1cat10n, as d1st1ngu1shed from complete iy
’_combustlon in the. reactors, the appearance -6f the: product gas issuing, from '
-the- unhghted ‘‘forch’’ 37. was used. ‘The'coal: du)sLt feed rate was adjusted, .

with other- opera.tlng variables constant uirtileth e-%‘tércl_ﬁj;&as slightly smoky,
1nd1cat1ng an.excess of. .free carbon. --~At the same time steam was supp11ed '
1o the bottom of the first chamber at a sufficient’ rate to hold the average
1mhcated temperaiure in the reactors -at about 1300°C. However‘ there is
_ ev1dence that reactor temperature measurements were ‘quite: unrehable and
-"therefore/the steam supply probably seldom:*s/érved the mtended purpose '
EEEE ‘In’ report1ng data the e££1c1ency of the operatmn was calt:ulated as '
"the upper heat1ng value of the g{ts from a k1logram of coal d1v1ded by the upper

e
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héating. value of a. kilogram of coal. .-
‘ D. Experimental Results; 1942 Operation

.. Experimental runs 1 to.30 1nelus1ve were made during the per:od :
”"o‘f’Au‘g‘u‘St I7 %o J{elcember 21,1942 after which the unit was shut down for over-
- haul. 'Operation was resumed on Aug. 4, 1943 and runs 31-40 were made * ' -
.between then’ and November 24, 1943 when the unit was shut down permanently:
‘due to exagenc:.ﬁs of'war. The two periods of operation were covered by two e
v ,.Dema.g reports from which the run data sheets have i been zeproduceu as’. -
Tables II 1L, IV, and V, pages 24 through 27. . . .

’

: The f1rst elght test per1ods (Table II) ‘in the 1nterva1 from Aug
17 to Aug. 26 incl.'1942, did: nottinclude quantitative measurement of the air-
used for ga51f1cat1on and therefore .are not very significant. Most test periods
were shorter-than-one hour and the longest was. three hours. It was-concluded -

_ necessary to have ‘both reaction’ chambers at a temperature of 1200- 1300°C.
-and some’ slag,y,,elther of .ash or ‘chamber" lining, was found at the bottom-of -

- the first chambgr after operat‘:mg at an 1nd1catec1 chamber temperature of.
. 13oo°c L _ . \ A

_ o Runs 9 and 10 were made with a-s hortened coal 1nlet tube in the
Bottom of Chamber No. 1. to. fac1htate 1gmt1on of the gas for preheat1ng the .

‘.chamber (See Fig. 10, “page 18) Air was the gas1fy1ng medium preheated to

" about 400°C. by combustmn of adm1xed fuel gas.: Ges: productmn amounted:

10 6:6.cu. meters per. Kg. coal with an upper heat1ng value of about 65 kcal:
‘per m3 " After the .run a ring of. slag” was found in Chamber No. 1.about 1. 5

meters above the end of the burner. tube. Although the cause of this slag:

formatmn was not estabhshed, the short burner tube was’ suspected and there-—
fore this tube was réstored to its’ or1g1na1 length ‘It wilk' be noted that the .’
. temperature :m Chamber 2 for runs 9 and 10 Was only 900 950°C '. DR —

. Runs 11 and 12, Table III page 25 were made: W:lth no preheat-
' 1ng of the air. used for gasnf:lcatlon. Although there do. not- appear to be- any
strxctly comparable runs’ with: preheat1ng ‘the conclu.s:.on was reached that S
pveheatmg by’ parhal combustlon was not advantageous beeause the’ reductmn :
in oxygen content offset the increased. temperature of the gas1fy1ng agent '
(U81ng 450 and 280 Kg/hr of steam the p‘i“'oduct ‘gas amounted to 5;97 ’and 6 28
T /Kg of: coal with. heat1ng values 6f 557 and 648 kcal/m3 at: 1000 1200° :
indicated chamber temp ) In subsequent runs uurmg 1942 ‘1o preheat1ng

was ‘used.. ; . .

g Runs 1 3" 20 (Table III) were made W1th four d1fferent rates
of coal dust feed viz: 140_285 435 and 540° Kg/hr At each rate: one'run was
made with’ sufficient’ air to give: ubstantially complete: combustmn (runs i
13,15, 17,19). and: compamon un: v/ere made w1th reduced air rate to. give -

22—



ga51£1cat1on Although steam was. adnntted with the intention of malntaxn'mg
a ceiling temperature o;E 1300° in chamber 1 and 1100°C. in chamber 2 the-
- reported temperatures vary con51derab1y and their" accuracy is uncertain. |
as yields were-succéessively 6.60, 5.62, 6.55, and 5. 88 M3/Kg indicating no
consistent trend with charge rate over thlS range. Gas heatlng values were
466 542, 672 and 680 kcal/M3 at the progre551ve1y hlgher rates of coal
feed : ; s o

: Beg1nmng with thlS sgries of experlments when temperatures :
and other variables: had been?bablhzed as well as’ p0551b1e gas. samples
were taken from top; middle, and bottom of €ach chamber to. 'determine the.
change in. c?omtmn with pro ress through the reaction zone. The results

. of these'me surements for Runs 14,16, 18-and 20 are shown graphically by

~Figures 12, 13, 14 and 15, pages 38 through 31 Slmllar curves were obtaln-
ed for other _experlments in. whi the sarme tests were made )

These curves ‘indicate that the oxygen in the air was cons;uned

»rapldly in th formatmn of COy- whlch was complete before the second.sampl-
ing pointan poss1b1y before the first sampling point. . Subéequently the CO,
‘concentration declined w1th a correspond1ng lncrease in CO and HZ' the Tattex
f“’result1ng from the reactmn of steam with CO.0rC. .In gene ral a nearly con-.
-stant”Lcomposxtton was reached before the outlet of the first chambezr, but in .
some cases the CO concentration seemed to pass througha maximum and then
decline 1n the second chamber probably due to decompomtmn to COZ and C.

: The 1nd1cated sequence “of reactmns is also belleved to be '
sxgmﬁcant since it x\qe’ans that heat’ will be: transferred from the. coaI/partmles
=to-the: surroundmg -gas.during:the, 1n1t1a1 hlghly exothermlc combustlon w1tf1
(o] and that much of this heat must be’ returned from the gas:1 to the particles -
during. the endothermic. reactton of COz and HzO w1th the: J:emammg carbon
“in the subsequent sectlon of- the reactlon zone. : N

These endothermlc reactmns w111 tend to be_stow: because they 7
cool the surface of the. reactlng partlcles This. tendency‘may not be’ serlous
if the T rate of heat tyransfer from the surroundlng pas is. Suff1c1ent1y hlgh
However, Gumz. and N:Lstler believe that the latter rate can be sultably high
only if the ‘gasiis at. such a high. tempe rature ‘that ultlmate fusmn of the coal
ash-is unavoxdable Such reasoning’ p01nts to the 1mposstb111ty ofia - “dry '
.process; unless with’ very long reactlon tlmes ina un1t ‘of correspondlngly
low capacity, whxch seems “to. be contradlcted by the cla.lms of operab111ty of
the,Koppers process U ST : BRI A

fRuns 21 23 and 25 Table IV page 26 were made thh progrerss
wely mcreasmg amounts ‘of oxygen adnmxed w1th the ga51fy1ng a1r.. Companson
runs 22 and: 24 were made under 51m11ar condztlons w1th normal air. :'The EEE
coal: dust used in these experlments was somewhat coarser than for prevmus




'Experiment No..,i..

= Date’;

fNature of Experimenu
Length .of 'Run -
; COal/Dust Quantity

Up er Heating
"Loger Heating,

“ Fineness (Reaidue on 0.2 “mm Sieve) <.

"Gasifying Medium

Quantity

. Steam: ' e
.;nbn—Heaeing Gas to Preheater

Temgerature
PortionI .

Gas Produced
‘Gas Yield. .

fHeating Vhlue

Efriciency bas
JAlr-consumptio

Value i
Value -

1
vn

Ho upper : Lo ;Z‘

Hy lower .
is cold,gas
n.

'Gas velocity basis 1.2 m diamq
" operating temp. K

”Residence time.
‘3”9hamber‘A

(;n the Reaction

at

o

'TABLE

II

. POWDERED. COAL GASIFICATION DATA - RUNS 1-10

30 -

Dimen- 1
sion .'17.8 .
: ~,' . "Gas?‘
min,
- kg/h k32
T T m2 9.15
_kcal/kg 7450
7150 -
:% R -2
ER 4 "Air :
B SR
T. 3000
- Nm3/h - 80
‘og 1170
on 1120
" 21000
" 820
" 710
on. ..
- -
n -
¥ 1
% b7
" Sy
" N -
e E -
Lo . Sl :
Nm3/ﬁ,' -i
JNm3/kg -
© <kecal ¢
R SR -
o -
-
Nm3/kg -
ﬁ/éeé -

04&‘

'80‘,;

2 3
17.8 17.8
GasP - Gas,

.30 .30

432 7 132
9.15° 9,15

CILO  7LA0
7150- 7150

2. 12

‘Air Mpl =
o

3007 300
: 80
1170 1170
1130 .- 1150
1010 - 1040

. 8,0 - -880
720 770
. 460 480
480 600
VI VT
13 0 134
.. 0

8"0 6.2
= L0
- 217
- 21

i s
.25.8 . 25.8

das} Céé
. .70 25
- 580
- 1R
7650 7440
7150 . 7150
Sl 12
Air-\\\ ir
© 2507 350
70. 770
1305 . 1180
1230, 1160
= 1220 \1150
© 1130 100
1080 1030
=470,
- 470
vioovT
11,61 -9,
© 01! 0
S12,1 18,
9.1 - 15,
0. 0
67.1 - 57.2
642 1025
599 - 950

.,_N \H—' N )

6
Gas

180
390

7.86

7440
7150
13

25.8

=~

[
d
2]

por T
\n
o

Yt o

10 .
L9 -

Gas
240

5.1

7440
7150
12

Air



[IExperimenc No.
jDate i )
ffNature of Exper ent
“Length of :Run: }?--
',Coal Dust Quantity

5~upper Heating Value ';f. _;a,‘; ‘7,'

. 'Lower Heating ‘Value -
:Fineness (Residue on 0 2 ' Sieve)

C.Gasifying Medium
;’Quantity !
- Steam. L
Heating Gas to Preheater E :
xygen coal ratio

._J!EEEEE!EEi_
. Portion I

- operating temp,-.

hamber TR

Regidence time in the Reaction B

TABLE III

POWDERED COAL GASIFICATION DATA = RUNS 11- 20

. Dimen- SO 12 13
" sion .7-10,9 . 10,9 23.9
. " Gag' Gas  Gas
min- o 260 90 30 -
kg/h S35 315 1o
' Tg m2 6.7 . 6.7 X 2, 97
', kcal/kg 44O TLLO - 7440
_ “T150 © 7150 ° 7150
.v% 12 12 2.
MR A e
Nm®/h- " 1680 1680 1250
kg/h 450 .-280 o0’
Nm2/h o fo 0 0
Nm3/kg ‘
°¢ 1200, 1180 1290
LT ‘- Te . 1290
N G - 1370
Mo 4 1020 "-1040 - 910
L3 1000 - 1020~ - 990
on -t g ‘910,
:, 10 N} 0.
RN 4 <1102 11,20 1644
n 0,475 10,27 0.
" 012,27°12,8 7. 0.
n - 6.2 8.6 0
S 0 .0 -0
L 70,0 °. 67,2 - 83,2
‘Nmd/h 1880 1980 © 1220
Nod/kg 5,97 6.28 8.72
.ik;al . 557 . 6L8 o
LW st 52760 -
%Bf o bheT 54T -
NoZfkg - 5:33°75.33 -
m/sec” - 2.78. 2.52 ¢ -
4 Bl 2o
T8.3 952

|-0W

TR

23.9

w Gas’

..90

1,0 -
12,97,
Ny
7150"
12

: AMdr

‘850

=

=
o0 - NOWH O
R

15

25.9-

"Gas

Q.
285
6.08

D740
730

L Adr

2300
0
0

140

0
81.6

2280

16‘1

25,9

Gas
- 200

285

608
76407

7150 °
12
Mr
1400 -

© 220

17

299

Gés

165

435

9.26

7440

7150
C 12

Adr -
3500

‘19
2,10,

GaS
225-
540
11,5

7440

17150
12



| ZABLE TV
TR U LIV POWDERED COAL GASTFICATION DATA - RUNS 21.30

B I TR . 7 7 . ——a= R 2 .
: E;périmen ﬁo.’ Coen el o UDiment - Y Lod2 23 2 25 26 27 - 28

T _
t L . { : o2 30
e . B ~siou1 3_11 11 11 13.11 - 14.11 24,11 1,12 4,12 15,12 17412 21,12
Nature of Experiment S L Op=Gas "Gasv .‘og,sas: Gas O2-Gas © Gas . Li nite- - ‘Lipnite Lignite
Length of Run_ O : '_~ - min. . 60 -~ “180 210 - 120 , . 120 150 180 . é 1.0 gO -
Goal Dust Quantity . : ' 540 580 - ".580 §357+ 540 395 ) SAO‘ ALBO 10
S o c§ 11,5 ©° 12,36 12,36 © . 9,265 11.5 8.4 12,36 11,5 . 9{25 .6
Upper Heating Vaiue Lo R jkcal/kg 7640 S 740" 7LLOT  7LLO TLLO.  TLLOC LD 5545 55k5 5545
Lower ‘Heating Value | - s kcal/kg 7150 - 7150  7150:- 7150 7150 7150 - 7159 * 5257  52§7- 5257
Fineness (Residue an: O 2 mm Sieve)' L% 37 3.0 3703 737,30 3743 37.30 . 69.0 3730 b . A
Gasifying Medium ,';1 oA . . r%/ A1r+0 S Alr+0n Air - Air+0p- Air Adr Air AL Air
“:Quantity .. B R Nm3/h 1903 7 2760 909 - 2350 536 © 1860 :-2170 1630 - 1260 - 060
- Oxygen Content . = e l TU34.9 o 21-0 1.3 2L k7 21 21 oA 21
Steam Quantity ~. - i S kg h 0900 1111 250 - 400 -0 0. Q0 - 0
cygen/coal . ratio** ST Nm /kg 1423 0,99 0,65 1,13 0.47- . 0.99 O, 79 0.63 - 0{62 . -0.,45
S IR . . - I R A T
"Temgeratures DN S ,: R e L . . o .
E Lo - 1170~ . 920 1230 .. 1040 1400 - 1100 .1230- 1170 1220
: . 1235, 1000° 1360 - 1280 --1150 ‘1180 1130 1100’ .- 1010
et © 1390 1440 71420 © 1440 1190 1280 1209 (1170 - 1020 :
i\O% © 1160 - 401 127075 1260 :. 1080 1080, 1150 . 1040 900 ,
'1CD” o F1070 1210 - 1140 | -"10701 980 960 11066, 1000 870"
e L 840 1250 - 1160 [ 1100 1.1020 "~ 1000 1100. 1020 o 880
- o750 2. 100 © 30 85 . 35 35 35 ¢ 35
. , Sl e R |- . 17072100 200 - - T T -
) Aol L b : g oy . i - A
\\Gas Analxsi . A S A S AN " L e L .
Sample Poine T P *7 7 Toreh -Térch Torch - morchv-Torch .Torch Torch Torch Torch
00z % 17.1°- 13,8 20, 3.9 722 115 7.3 8,9 .
ozw ' %1 043 0.1 1,5 0.1 0,5 - 70,20 0.2 0.3 0.2
co- . % 1863 7 B05. 214, 6 21,6 9.5 15,5 18,0 18,1
H 4 - % 16.6 9.3 20‘7 2.6 25(6_ 2. 6.L 8.1 H 8-0
] CHY / 4. 0- 0 0. o0.. 0 0 .. 0.5 -0 - 0
, ',_Nz - A _ CoR o TTWTIT o 68.7 36,0 7703 29,9 76,0 70,1 64,7 65.0
Gas Produced R R fmd/n .1890- 3140 1050 . 2360 1235 1650 ' 2290 1790 1030
Gas.Yield ' . - e M fke g 3,5 T5) 1081 B2 2029 438 3,95 3032 3.33.
Heating Value: Ho uppet - Keal/Nmd 1060. 31 1278 - 263 . 1433 373 0 7110 %91 791
SRR kcal/Nm3 980 496 1178 - - 251 1310 - 359 675 . 752 | 753
EffiCiency basis cold gag - iv : k99 49.h L. 19.2 ° Lk.d 21,0 37.8 47.4 - L7.6
Gas velocity basis 1 2n diam, at : o g S . - o .
- ‘operating temg n/sec ) 3, 74 5.10° 1,51 2,9 i= 2,30 2,68 2,02° 1,19
Residence time in the Reaction T Lo e . O A C ' -
: Chamber Rt il visee .6.1A,~ b5 1520 7.9 - - 10,0 4.6 114 19.4

:::Believed by Gumz to be typographical error, should be 111

(
‘*Not reported in original data.



.o MABIE'Y
et POWDEHED COAL GASIFICATION DATA - HUNS 31-50 L
Comens TR gy 35 36 37 38 3
Ao 3.1;3 11 8.L3 11 8.L3 28229 9 28-29 9 23,11 23-2h 11 23-2& 11 23-
Dust; Mixture Pre-: .

A
bell 23-24,11

. i Pre- .
fgom . heating ,C-- Preheating Preheat.:lng = heaung
a OVe i - : T . : )
1,5 1, 5.7 Duration Zg “hr . 1,  Duration over,, 3L hours
/ 7:3.28 ' 7'&0 7‘51{8' '7228 0 860 etos  seas. | 4% 8008
1/kg 7250 © 7150 | 7150 7150 - 7150 7758 7758 7758 7158 - 7758
: -Air ' Air+02 Mri0p Mr o Mrl o Mr fir ¢ Mr . Mrl o ar
30 410" BT 30 a; s g0 <3 L 370
1220 38 1680 . 1460 . 1641 1405 © 1408 158 1575
';' 21 - ca. 17 298 . 2 T A S T 2
.:;f;zzo_ 800 - 800 | . 200 330 280 280 ‘289 - 290
SO0 2 g 82,2 - 61 7.5
460 940 940 1310 ‘1310 . 640 : 1000 {1000 . - L5t 740 -
e Emooe=tt 13300 01280 1400 1320 14,000 137 1350
71380 -'lod0 1200 1380 - 1150 1339 ''1ae 1360 129 1280
920 880 . 880 ".1040 1080 1150 1170 - 12200 121 . 1209
SO few ie 950 1010 e- 1000 10,0 1084 1076
#2730 410 410" ca. 300 330 450 460 400 - 43 - 410°
8.3 12,65 118.51*53 9 30100 102 %.9‘ 9.6 10, 8,9°
R Y By S-S 00 R 0
L3 107 17,0 5.4 Lok 123 139 139, ' 11, .1
oho 24,25 22,8 09,9 L3 13.0 1305 . 13:0. 10 12,7
1 169.0 ‘;52,4 42.0 . 67.4 B2 &5 837 . 6315 . 63
: Nm3/h == ==: 1970 1890 2010. 174 750 1830 1935

. - 20! 0. ]
g L Soh8 5425 L4e677 LJOL T 4,07 4. «50 -
,7Kca17§m3 690 1063 - 1208 T.707° 0870 - 767 831 .. . 817 69%[ 813

By lower. . Keal/Nm3 647 - 945 1100 660 802 © 704 - 786 1 723 . 63 753
; 3 ﬁaa baaia) : 3 0, 36 [S= L e 2045197 0,55 - 0,395 —= i wn T 038 :0.’311,
§ 0-preheater. k al/Kn’ R Sl o759 71000 101, 83 21 7 e
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~ runs but Dr. GurrTi ex_'px"esséd the opinion that the difference was not great
~enough to affect the results. . ' - '

. When using enriched air it was stated that large quantities of

steam were required to prevent overheating of the reactors. However it ,
will be seen that the quantity of Slﬁa.m_did_ng};dechne;rfeg-ula-ﬂ&owithf———*h—
-declining oxygen/coal ratio which suggests that again the inaccuracy of re-
actor temperature measurement made proper adjustment of steam flow ,
impossible. The heating value of the gas increased with increased air en-
richment and corresponding reduction of nitrogen content of the gas. ’

: . Ineexperiment 25 gas composition measurements were made at _
* the middle of chamber 2 and at the wall-at level VI but no signuicant.
difference was found. Special water .cooled sampling tubes were‘inserted
.for these measurements s_;i.ncqé_:&;-qua,:‘tz tube tried initially was fused, in- .
- dicating much higher. true temperatures at-this point than recorded. This
is further born out by -the fact that a (I:onsidérr%ble accumulation of slag was
found in chamber no. 1 at thﬁ, end o'f_rE'QrVZB*'E‘_s shown' by Figure 10, page-

_ . Experiment 26 was made with a distinctly.coarser coal dust -

- than used previously. The most nearly comparable run appears to be No.

. 22, although it involved a higher coal charge rate and higher ratio of steam -
to.coal, So far as comparison is possible the use of cocarse dust appeared:

- to give less gas of lower heating value.. ST Lo P

o .- Run 27 was made with a relatively high ratio of coal to'air in"
~an attempt to réduce the ultimate CO, production. _Steam was not.required

to prevent excessive indicated temperatures.. The resulting gashada
‘relatively.low CO2 content, 7.3%,and ashigh heating value, -7 11 kecal/Nm3,

. but'the efficienty was only 37.8%. . - Lo e T e

j Ry _Runs 28,29 and 30,.we_re'rha_.‘d_e' vwith-lignite;at‘ charge rates,ofﬁg_j_j
540,430 and: 310 Kg/hr. and relatively low ratjos of oxygen to coal, 'Indicats
ed reactor temperatires were 100-200°C. lower than usual even without.
.thg'.;intﬁddu;ﬁdn\oflste‘am; _Gas yield and quality was- good and thermal "
efficiency was high.. The ratio-of CO, to CO _in the product g"as‘_,w'a;s-_.exvc':epfAidn'-»n .
' . Inspettion of the reaction chambers after run 30 showed the -
brick lining to be 'co.véredfw“ith‘a-c’h"oc.élaté,colored.glka.‘ze'-whicvh.ha_d.péne-- 7

trated the bricks. to.a depth of 5-10 mm, The mortar. joints had been attack- "

ed more seriously than ,ﬂfé—=biticks;thém'se_l’-¢es.‘ ‘Although the analysis of the .’
glaze agreed well with that of the bricks it was concluded that the 'slag was: -
Probably molten ash from ;t_'hej‘cqal-:jiinfagd‘ifion to. being superficially: attack-
ed by this slag, ,,th’é}br»iékwork'hhduundetgcip"e ‘sintering, shrinking and: -
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settling as a result of high temperature operation. However, the cylindrical
shape of the lining was not seriously distorted.- In.view of the probability .
that even higher gasification temperatures would be desirable it was recog-
nized that a more durable reactor lining and better means of discharging .
molten ash would have to be ‘devéloped for prolonged operation. Therefore
Mg@uulypavrtwf‘m%mmywmmh?‘pﬁm‘f i€ purpose "

of improving its performance in these respects. -

E. Changes in Unit Construction .

o To permit the periodic discharge of fused ash a dip leg with'a
‘water seal was attached to the bottom of the first reactor as illustrated by
Figure 16, page 34, This also served to indicate the accumulation ‘of slag
in the air inlet passage since the resulting increase in back pressure ‘would
blow thé water seal. e : ' - S
S " Test blocks of different types of refractories were built into the..
lining of the first reactor at the level of temperature measuring point III"
:(see Figure 1l), :The nature and location. of these test blocks is shownby
Figure 17, page 35. The result of their examination after the ﬁext‘period"pf :

.operation is reported on p.—algé:3.'7.;-_-<"' o

sl In addition to these changes in chamber No. 1, a new dict was
installed to insure an adequate supply of hot air to the mill for drying the. .
coal diring grinding. After this'change a mill-discharge temperature of
)-120°C. (intake 600°C.) could be maintained -when grinding 800 Kg/hr,,
- thus insuring dry coal and smoother operation of the powdered coal feeding

device, S

- F.. Experimental Results: 1943 opétafiop”.:f;iﬂ B L
S _',-'E;..xpérimentaﬁl \eroﬂ;i_was-‘re'sﬁmed;. in July 1943 :_ahd ‘the da_.ta' for-

_the sﬁbse,qu'ent:r't__i‘nsj.arcv.sumhjai'ié,e.d‘in Table V, page 27, from the second -
" Demag r’épq‘lft;{l In run 31 the powdered (L;'d.é.l;‘Was‘,"fsup'pli'ed‘;fo,. the: top rather =~
_ than‘ the bottom .of chamber no." 1. ‘At the fend';'o‘f this:run the.trap at. the "
. bottom of the. chamber was filled with'codfse ‘coal particles: ‘The gas yield -
‘was low, ‘perhaps because of low average reactor temperatures. The .
. possibilities of this.method of operation can hardly be appraised on the " -
_-basis of:this one ru R v R L

AR Runs 32 and 33‘w’e"ré1-1'1‘_exf made with the g‘a‘siﬁcqtiﬁﬁ,iaii{'b_e;in‘g‘ :
‘Preheated by combustion of admixed fuel as and then enriched with = '
~extraneous oxygen to offset the oxygen lost by combustion. It was found =
very difficult to control the rate offoxygen addition since the oxygen supply
‘pressure was low and’ variable. Yields of 'gas from these runs were not -
reported but it -_i's::_i;nfé_'_résting to bhqte"tha.j; ‘these: wﬁé;‘é;thg‘ioﬂly runs made-in

SVl T
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which the Hz concentration was lsubstantmlly h1gher than the CO concentratmn.
The heat1ng value of-the gas was h1gh : :

S:mce the combustmn products from this- preheat1ng by admixture

changed the reaction conditions so that comparison with air gasification .=

.ﬂone_wasﬁlffmulkﬁ—madeeide&to—mmlﬂmdmse%hemw
heater for’ subsequent runs. It'was also decided to make longer runs in the
future if possible,since conclusmns from short runs might be very mislead-
ing because the large heat’ capacity of the generators would not permit the
operation to reach truly constant temperatures. (The problem of measuring
true react1on temperature rema1ned unsolved). R

: : Runs 34 and 35 were relat1vely long runs- under apparently
steady conditions. without and with the indirect air preheater A, slightly .
lower production of gas of substant1ally h1gher calor1f1c value was obta1ned '
with - the preheater :

) Subsequent runs were made on coal from the Shamrock mine
wh1ch had-a lower melting ash'than the Wilhelmina-Victoria coal prev1ous1y
used and: ‘was more representative of Ruhz productmn in general With th1s
coal it was intended to determine the poss1ble limit" of air preheat when

‘ chargnng 430 Kg' coal per hour. (Thls quantity of coal was the maximum which _
" could be handled by a temporary air. supply: l1ne in use wh1le the regular air
blower was be1ng repau:ed) - : ’ : : '

: After a short’ permd 8 hours of operat1on w1th air preheated to*“

: 450°C ‘the unit had to be shut down because the lower part of the first re-

i actor was ‘plugged with slag ‘The nature. of thls plug is shown by. Figure 18
_page 38. .Slag normally accumulated as a ring R ‘on the: chamber wall at '
the hottest zZone some. ‘distance above ‘the top of the coal’inlet pipe. Dr1pp1ng
. from the: innerwsurface .ofrthis.ring the slag was._falhng—nnto the relat1vely
‘narrow comcal bottom of chamber I and when viseous; as in the case of .
-Shamrock. ‘coal, would: plug this zone.  To avoxd ‘this difficulty the burner p1pe

“wasg extended as shown'hy’ ‘the dotted l1nes of. F1gure ‘18 with the hope ‘of
correspondlngly raiging the ring R and leav1ng more room below to;handle
slag wh1ch dr1pped therefrom IR : AR :

NN ”W1th these changes Run‘36 was made w1th air preheated to 450 '
°C but only 14 hours of- operatmn could be obtained’ oefore the bottom of
chamber I'was. aga1n completely plugged as shown . .

‘ After complet1ng repa1rs to the air compressor Runs 37- 40 in-
clus1ve were made to determine more exactly the effect of air- preheat1ng
Except fo"r‘"this factor other ‘variables were essentxally constant. “With pre-:.
"heating to. 370°C (Run 40) the gas yield and heating value seemed to be ’
shghtly h1gher than w1thout preheat1ng (Run 39) However Dr Gumz -p01nted
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out that such short runs(6.5 hrs.) were not sufficient for reaching tempera-
ture equilibrium and he doubted that any resl 'effeg:‘f‘ of preheating was shown
by these runs. Further evidence that the runs did not serve the intended
purpose is provided by the relative coﬂStancy of indicated reaction ‘tempera-
ture with or without preheating and with'_&:onsta;it steam supply. :

o After the conclusion of runs ,31-40:the.intgrior of the reactors
was examined. In the test zone of the first reactor the.carbon bricks had *
.burned out compl'ete"l_y’_ and the IKC and Rﬁbinjt A bricks had fallen out-due
to being used in insufficient thickness. -However; é.,»éidge-‘of-sla.g___was found
below the location of"‘RubinitAuindiéé‘.ting‘that this brick had been attacked
by slag before it fell out.. The Magnesit brick (No. 9) had also been severely -
attacked by slag, and furthermore were badly cracked andloose in the setting
presumably because it was not resistant to temperature changes.. T

o Korunit 90 (N5.73) showed the least. attack with no visible change
on'the surface or eédges. The fire clay bricks Thuringia (No. 1) Otto 60 (No.

4) and:Mullital X (No.-8) also stood up well. -Carsial O(No: 2) also withstood - .
- the slag attack very well bt could net be used in an oxidizing atmosphere be-
_cause it is then burned.to Si®2. - : R : : T

. .Inreactor No. 2 the jbi'ickwor;lg_;yy;a's'undama!.'g‘ed ‘ﬁhbug’h,_cbv,‘ere-ti-wifh
. a ﬁni_fbr.m glaze of slag.. i B o L : T / '

" VI. DISCUSSION OF EXPERIMENTAL RESULTS

'>A'.f' lMa‘fé‘i'iarBalang'és ‘_ B

L " 'To-get some measure-of the aceuraey-of the rotary feed valve a’
" charge off"S_hamrock'ch‘al. was weighed into the mill bunker and thenpassed.
_throughithe mill, bdryrer; sepahator and feed valve in the normal marnner. “The
‘feed valve indicated the passage of 36500 kg. of coal dust compared with the
~weighed discharge of 39800 kg (dry basis) from the mill bunker. -The ...~
- deficiency of 10.5 per cent was believed to be mainly loss from the collector.
_beyond the mill:which was being run without filter bags because they imposed
_too much baf;ii pressure. - - . oo R B e AN L S TN
Sl .Dui'i'ng" the périod of-operation ofi Shé.mfaék ‘coaian atfer’npt was
made to obtain aniash balance. The ash content of the coal {Jggi'ghed.tb'the" :
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' m1ll was calculated to be 2414 kg. ‘The ash in the products was distributed
as follows: B

P .
Solid slag from the dip pipe * 7. 950 kg .
Dry solids from the " settlmg basin- = . .
3300-l<g-wrth—+0~64—‘7u ash— - '.. — - 352‘k‘g—_’_—_"
© 6920 kg with 4.84 % ash : P ~y, . . 335 kg
Total ash.récovered ' T . 1637 kg
Ash unaccounted for - o ' 777 kg
- v ' =32.2%

\ . .
Th1s large dlscrepancy was due in part to unrneasured losses
-of coal dust between the mill and the reactor and to accumulation of slag

in the reactor, with ghe latter probably ‘being the major Iactor.

Another ttempt to get an ash balance was made in run 36 and
resulted in the recovery of about six per cent more.ash’ ‘than was*charged
indicating that the relat1vely h1gh temperature in this run had released ‘-'4
some accumulated slag from the walls of the reactor B -

; For the ent1re operatmn on Shamrock coal the carbon content
of the_slgudge in the washer setthng basin amounted to about 30 per cent of
the carbon in the coal charged, assuming six per cent loss of coal between

. the mill and the:reactor. From run 40 the carbon equivalent.of the gas
made was only 66.5. ‘per ‘cent of the carbon in the eoal charged. The loss of:
. .33 5 per cent Was ‘believed ‘to be ma1n1y unburned carbon in. the settler; )

} . The sedxment recovered from the settling bas1n showed a {lower
.. ash content than the raw coal, which was,presume“u“t_’be due to the forma-,
tion'of free carbon in thelgasﬁ)ung zone either by the: aecompos1t1on qf cO
"“-(Boudouard' ssreaction). or the cracking, ‘of hydrocarbons from the coal,
both. A considerable: deposition of ‘s&bt was observed in the system beyond-
the first. reactor, The total loss:of carbon~(around 30.per cent) was: :
‘'recognized as- proh1b1t1ve and_it was suggested that dry "réctwery and re- '
' cycling: m:.ght be’ necessary - . P e

rnSy—

-E.fReacton Dvesrgn

' : o In view. of all mdu:atmns that- operatmg temperatures must be
so l‘ugh that the- ash would be-molten and the. slagging of the refractory
lining- ‘might bé §érious, a reaction’ chamber with externally cooled walls .
was' strong},ye recommernded.. This-in turn would necessitate .a relatively
‘large diameter so ‘that the cool walls wo would not too greatly reduce the
temperature of the reactmg m1xture : : ‘




: N1st1er bel1eves that the reactor mameter should be at least

three meters. which he estimates would reduce the reactor heat lossés to
about five per cent. The height of the reactor should be at least eight. meters
-and pref.erably ten-meters. A coal charge rate or ‘500 kile per. hour per '

Square meter cross section is believed possible. A reactor of three meters
_l_r_l‘t_ema_l_dmmetemwhus.handle-about—ssoe« hour—Ht-was reconi=""
mended that any future exper1mental Work be conduct d with a reactor. of abou
this 51ze '

‘ Although the Ruhrgas experiments did not. lead to the design of a
commercial unit," Gumz was of the opinion that a commerc1al unit should
have a capacrty of ‘at least 100 ’cons of/coal per day. o

C. Coal Compos1t1on ,

-

. The Ruhrgas exper1ments revealed no'effect of coal comp051t1on
on . the ‘ease of gasification.and Gumz’ claims -that. cbmposatzon would be rela-
tlvely un1mportant in powdered coal gasification; Desulfur1zat1on of the gas
produced would be unavoidable but is expected to be s1mp1e because of the.
exten51ve decomposition of sulfur compounds in the oxidation zone ‘However
no exper:mental data along th1s line were available. "

: : L -
, Although exper1mental operatmns d1d not demonstrate the effect

of fineness of coal, Dr. Gumz stated that fine grinding is essential to avoid
excessive unreacted ‘carbon... Most of the Ruhrgas work was done -on coal .
ground so that 90% would pass through a No. 65 Tyler screen. Even finer’
gr1nd1ng\ was - believed desirable. No information. was avallable from the
Ruhrgas work: regarding the flow- characteristics of coal pafticles of d1fferent
' srze " In normal operatlon the coal would be completely entra1ned and not
in the “flu1d1zea"'sstate A R 2

TR Mmsture content ‘of- the coal was stated to have the 'same effect
on gas1f1cat10n as water vapor from: any-other source. However mo1sture
—content will. 1n£1uence grinding, ‘and’ 11gn1te should be nredrled to 13-17%
water content ‘to facilitate fine grlndlng Gumz stated that Weather1ng of’ the
coal would have no effect on gas1f1cat10n by h1s process but no data were . | -

avallaole bear1ng on: th1s po1nt e SRR L oy !

St Gumz beheves that h1s process would be operable ‘on: hzgh tempera-
ture coke oF low) terhpera.ture carbomzatmn char, with the latter: ‘being’ some-=
what more reactive.. A further ob_] ect1on to operatmn on high temperature :
coke, is:its abrasive: character and’ consequent wear’on’ gnnd1ng equ1pment

The hydrocarbon gases’ recovered from" carbonization can be blended to in- o
crease the heat1ng value of the gas from the generator, 1f fuel gas rather than '

synthes1s gas 1s des1r_ed
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_.D.. .,Oper'ating.Rrocedure,:,.‘_,

When u51ng a1r as the ga51£y1ng medium, preheatlng was con-
cluded to be unnecessary to make.a gas having 'a heating value of 700 _
kecal/Nm3 from either Wilhelmina or Shamrock coal. Wlth air preheating
-the heatlng value of the product gas was increased by an amount slightly
greater than the quantity of heat supplied to the Dreheater. However 1n no’

run was the gas1fy1ng agent preheated to moré than 600°C

Gumz stated that the maximum Aheatlng value theoret1cally ob-
talnable by ‘the ga51f1catlon of powdered coal w1th air at atmospheru: pressure
is 1050~1200 kcal/m3~ o : o - o .

‘ To attain the desired heat1ng values of 950 lOOO C with air as.
the gastfylng medium it was assumed that the coal would first be carbonized
to give hydrocarbon gases which would Jbe used to. enrich’ the gas made by
process1ng the powdered char from carbon1zat1on w1th steam and air.

: Gas hav1ng heatlng value of more than 1000 kcal per, m3 was
made w1th air. enrlched w1th oxygen.. However the Ruhrgas expenments
1ncluded no runs with: more than 47% oxygen.in the gas1f1cat10n medium, .-
and the effect of higher concentratlons on gasification rate and gas quallty is.
not known "The opinion ‘was frequently expressed that ope ration with: high
oxygen concentratlons .would. be easuéh"l than. operatmn w1th air, but certalnly '
the: problems assoc1ated w1th hlgh reactlon temperatures would be agg ravat—

ed. oS S »_ﬂ I r,.‘ SR o

v In the Ruhrgas operatlons the thermal eff1c1ency of. coal con-.
‘verswn ranged from 36 to 62% and it was expected that 50 to 60% effunency
could be reahzed 1n a commercm.l plantv ‘ Comme rc1al operatlon should -

1ng “the’ reactors at temperatures of 1000 to '1200 C. - Thts l'reat would be
used to generate hlgh pressure steam ~to meet part of the requlrementsrof
. the blowers mlll and oxygen plant Due ito: uncertalntles Ain: coaI quantltles

IR

S Gumz beheves that the coal charge rate can be about 500 Kg per
sq: meter reactor cross sectlon although experlmental work had not estabhsh- .
ed this’ factor w1th any certalpty “The’ coal dust would preferably be ad-
’ml“tted through the 51d of_the reactorvnear the bottom so' tha.t the bottom

could be uSed sol,ely for the dlscharge-of molte;n ash

_detr1menta1 because of: 1ts dlluhng effect on the reactant oxygen. GaSIflcatmn
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in two or -

‘

more étz{g‘és’: \#/.arév‘ll)élniéx;éd‘undesirable because-of the difficulty of

) sepaxgtihg reactants between stages at high te;xiperatures». '

No. measurements o the gnrn"-"foz’-ming.cbnstituents in the gas

were made. du.::ihgo‘_theR—tﬂxr.gag experiments. However-the opinion was ex-
pressed by Giimz that gas from hig process would give little trouble from—

gum or could be easily refined by,convgntiqnal processes. >>Nb mgtho'ds of
measuring gum forming constituents had.been developed.... ' ’

au.rnz reported that no s'pe_ci,alr safety precautions were'msed on

‘the Ruhrgas unit and mo-accidents occurred. However Nistler .admitted that
.one explosion had occurred.in the grinding mill but this was. due to improper
adjustment of the combustion gas generator for drying coal in ‘th‘elMiLl{qnfd

should.not be regarded as a normal hazard. of the gasification process. -

,Neithei-....Gumz_. or ;N'is‘.tlea:‘_;wére_‘tery enthusiastic ébout the

.. Possibility of gasifying powdered coal under superatmospheric pressure al-

* though they Apo‘inted"pu_f.; that the recommended reactor with ¢ooled walls might -
_-operate at moderate pressure like the Lurgi units. The feeding of powdered
coal £0 a prressure unit-was regarded as a difficult problem, for which no_solu~.

- tion was offered..

‘i

E. Coinparison With Other. Processes K

' Nistler. sfated.,that he’»km.&wﬂf_v..:no other: experimental f-vtrqr'li"'”i"ff )

, Ger‘mq.;;y.__‘.on péy_vdgifgd cg_al,,g_a.sifiqatioxi exc_ept_ that of--deper;s‘,' 'a.nd‘ regalj)t:lixig :
-the Koppers process neither Gumz nor’ Nistler had any extensive-or first ' -

- hand information.. = 1

S S . S o L K .‘T‘“-Nn,w ST ~'~I-:-i-'-.:.;., o
- Gumz agrees with Koppers on the de-smbﬂitYiOf--Plfehea'.t:'mg,the T

: “gaSifyi‘ng“. agent althoughtthe extent. of preheating used: experimentally was- a -

of 600°C. in the Ruhrgas ‘work compared with 1200°C. recommend- -

_ed by Koppers. - However Gumz:-points out that preheating.in. Cowper stoves: . -
aSTi'écoirirhénded‘by:,\Koppers?\'ydtild__{ require-low grade yet clean fuel gas if -

it is to e

‘economical, and the gas produced on the-unit'.would probably be -

“too c'ostljr‘ for such use.‘if_',.rna'dé with oxygen to a"f:i);oa.ch’ sYntht_ési‘s ‘gas

composition.’ "~ . -

.-

'.:L_Gxi;sz:~.'anc_i.-.Ni_s_’tle';;r.di‘d{@iqtjregard-théu-Wiﬁklerfﬁr}éé’esé as com= -

‘. pgﬂﬁtiﬁg;_s_i,nc__e*i’_c,;ﬁ]i‘erafes on.relatively coarse coal and. the fine p‘é‘i‘,tiélesf_{‘ o

are carried.out of the geherator ungasified and. are normally burned as

‘powdered

fuel for. power gengration. Likewise the “Wintershall-Schmalfeldt .

Process was'regarded as.in.a-different catagory since it.-was “,qpej_‘rab‘ié, only. -
‘on lignite as was:limited in temperature by the quality ‘of brick-available
for re'g'exie_rato_r‘;cbx’_xStructiOn. P
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Proposals by P1ntsch for gasifying powdered coal with externa.
"heating and by Ritternhausen for u31ng electncal heatmg were regarded as
1mpract1ca1 i

F. Proposed Futu‘re'Wdrk e

: R The Ruhrgas unit was not darnaged by bombmg but was shut
down.more than a year before the end of the war and robbed of a great many
-accessories which were needed for other ‘more important work. Since the B

- end of the war the plant has. probably determrated for lack of care. .It was

- not 1nspected during the present 1nvest1gatzon, but atcord:.ng to Nistler it
could be put back in operatmn if the necessary accessor1es ‘could be ob-
‘tained..

In january, 1944 N1stler recommended further work along the

followmg lines: : :

» 1. Study the.gaszfmatxon of eoke: from low temperature carbon—
1zat1on, with stepwise variation of air preheating, with and without steam.
S:ane such coke. wduld contain little. volatile matter, much soot in the product

‘gas could be attnbuted to coO decompos1t1on, the extent of which was in-
'_,determmate from runs- on powdered coal. ‘ '

_ 2. Repeat expenments on gas1f1cat1on of W11helm1na coal w1th
»d1fferent degrees of air. preheatlng o '
: _ 3. Study the gas1f1catzon of the carbonaceous sludge from the o
washer settlmg basin to determ1ne the feas1b1hty of recover1ng and re-
cyclmg this matenal : : - :

RSN

It had been’ suggested that a quench between 'e fu:st and second chambers
m1ght give the same 1nformat10n., ‘With a smgle chamber a further study of-"
top feed. of powdered eoal was recornxnended ' .

“In- carry1ng out~the above program it is” obv10us, though not =
spec1f1ed that more accurate means of measunng reactor temperatures
would be very unportant. B v ERST T » ‘

- - Work on the ex1st1ng umt along the above lmes would be subJect
“to.gerious -apparatus: :dimitations,. and work’ ‘with a -reactor -of larger ‘diameter: K
havmg cooled walls was recommended by both Gurnz and N1st1er.



APPENDIX 1

LIST OF GERMAN PERSONNEL .

Personnel ‘Interr'o‘gated v

Dr W1lhe1m Gumaz*’ German Mxne Supphes Orgamzatlon, Hyskenallee,

Essen
‘Dr. Frederic N1stler** German Mlne Supphes Orga1nzat1on, Hys'kenallee_,.
Essen . - o b B A

Dr. ‘Otto P1stor1us, Demag, Du1sberg
Dr Schneem11ch Demag;- Dulsberg
L
Personnel not 1nterroga.ted but known to have had some connectmn w:th the
Dema.g Gumz work,” = Ton : : v
. Dr. Gummert AT Ruhrga.s, A. G., Essen o '
Dr. Kuckuck - - .- ~ ‘Bischoff A. G., Essen formerly ‘With Ruhrgas

Dr. Lilienfeld. N : Remhsbahn, ‘Hannover, formerly w:.th Demag'
- DriMueller o Demag, Duisberg =
D Reer:mk . DU _‘Ruttelnskamp 2, Essen-Bredeney
Dr. Schemman : L ‘ _Ruhrgas, 7A.G., Essen .
Dr. E. E,. Schulze S " Demag, Duisberg "
Dr Traencker <. 7.7 'Ruhrgas A.G., Essen
. : i : ' J o

ol Blbgraphy on: page 45
**Bmgraphy on page 47
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Date of Birth .

p]ar‘p of. Rirﬂ"\

BIOGR:A'PHY OF

..V-WILHELM MAX AUGUST GUMZ

May 21st, 1901 :

Rombach{-kdnraine}——ﬁr

Present Address

C1t1zensh1p
Rel1g1on -

'Fa.mily .

. _M_ember;ship in .
‘Political Parties. -

Education | N

-Empldfrnent

; ‘Esjsven_, Hufe].andstr."fvanvu-
."lderme.:r_' : N
, Rrofesfant ‘ :

Married since 1933, two c_:l}»i.ldr_‘ven .

"None .
' [

Nerme o

‘ _-1907/16 Realschule (seconda.ry school) at: Rombach
1916/18 Lyceum at Metz (Realgymnamum} '
‘1.9 18/19 Practical duty with ‘‘Rombacher
" 'Huttenwerke'™ (Rombach blast furnace and steel
- works) :
1919/20 Eng1neer1ng Un1versity of Ka.rlsruhe FE
1920/°21 Duty as a. draftsman ‘with Gelsenk1rchner .
 Bergwerks A.~G., Abt.. Hochofen—(Gelsenku'chen -
Colhenes, blast furhace department), techmcal ’
' office at Gelsenk1rchen i/W. -This 1nterrupt1nn
-of: my educatmn became necessary from econom1c -
" reagons., '
1 921724 Engxneermg Umvers11:y of. Darmstadt con-—
-cluded 1924 by diploma.. Degree of. D1p1 Ing
1938 Degree of Dr.-Ing., Engmeer:.ng Umvers1ty of -
Berhn by the the 1s “Gas1f1cahon of Sohd Pa.rt1cles
1n Suspensmn SR : [ S -

—51924/25 Mumc1pa.1 e1ectr1c1ty works o£ Ma.1nz, e
. - supervising heat ecofiomy. - » o
~\1,92.5/Zl;—&‘,en'nens Schuckert- Werks A. -G., Berhn—

] .Siemensstadt; department of power statmns y
Development and. calculatmn of the. Benson h1gh
pressure bo11er a‘nd dxif-erent thermodynamlcal
work," : :

1925/29 Luftvorwarmer G m b H., Berhn (A1r pre-_




Employment -

BIOGRAPHY OF
’ WILHELM ‘MAX AUGUST GUMZ
(CONT'D)
. - . &
heater Corporatlon of Berhn) a daughter Company
- of Aktiebolaget Ljungstroms Angturbin, Stockholm,
.Sweden Construction, development and sale of the

- Other b-j{-wqu - ‘

- Heidelberg, consulting engineers.
* Since 1934 Member of the management of ‘}erem

L.Jungstrom aif preheater in Germany and. most
parts- of: Europe Employment as chief engmeer
later as. the managing director.

1929/34 after the dissolution of Luftvorwarmer
G.m.b.H. continuation of this activity as.a chief
engineer of. Kraftanlagen Aktiengesellschaft,

~fur- die bergbauhchen Interessen, Essern, now

changed to German Mines Supphes Orgamzatlon
- charged with all problems of coal ut111zat10n i

(Combustion and gasification). ’

" Editor of “Feuerungstechnlk",' a. techmcal penodmaly

“from->1936 to 1944, autlior of different books and.
papers on problems of combustion, gasﬁxcatmn
Caif preheatmg, steam boller practtce coal fuel

' uﬁhzatlon N
1947, March- zsth Contract w1thHQ USFET

Offlce of A. C of S , G2,

-
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" BIOGRAPHY OF .
DR, FREDERIC NISTLER

Born on July 11th 1912 at Plana pear Man.enbad Bohem1a.

Joh

- Prese
Nationelity: ' German‘ ‘

. State C1t1zensh1p : 191 2- 1 9 18 Austnch-—Hungarxa.n Mona.rchy.
" 1918- 1939.Czechoslovakian.
193 9 ~now German. (Mumch a.greeme\nt)

N

Marr:.ed smce 1941 two chlldr-en v
Natmnaﬁ.l:y of” w1£e and ch11dren' Czechoslovakxa.n

State C1t1zensh1p. Czechoslovak1an. Present Address Plana. u Mar. -
' Laz., Smetanova 199/II Czeehoslovalua...

Education:

- Pubhc school and grammar school at Plana t:lll 1930.
' »Engmeerlng umversrty at Pyrague from 1930-1935.°

: i Employment'
: 1935 1937 asmsten’c under Prof. Bre:nl, techmcal un1versﬁ:y of Prague,
»r’department £or steam boxlers and steam power plants. ; o
1938 employment at "Bra.unkohlen.forschungsmstxtut" (bltununous coal .
“research laboratory) at Fre;berg, Saxonia hnder Dr. Rammler. Plans and
_ calculationsiof an" expenmenta.l;plant to study ga:sxflcat}on of b1tuxnmous e
" coaliin- suspensxon._ 5 ; 8 O

‘_ 1939 1941 constructmn and runmng of thls plant in Berlm.. T

‘ 1942 1943 employment at “Bergbauvere:m", Essen, under Dr. Gurnz. B

’;*’:Run.mng 34 the ‘expenmental plant for gaszﬁcatmn of powdered coal in s

““suSpension.constructed by Demag-Ru.hr gas-Bergbauverem accordxng to" "

- calculationf.of Dr. Gumz Current work about cornbustlon a.nd gas produc-,; :

' 1ng combustmn turbxnes.. : LT :

: 1944 three month basm trmmng at the Luftwa.ffe, then mscharg%d for work
“to'the Henschel aeroplane factory at Berhn ‘Work under Prof.; E"’Wagner R
(now U S.A. ) W1th the rockets "HS 298“ end “bntterﬂy" hll the end of the wa.r.
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BIOGRAPHY OF
DR, FREDERIC NISTLER"
(CONT'D)

o

Autumn’ 1945 employment as an interpreter for Enghsh Gema.n a.nd Czech at the’

Ameme&n«GwrkAH&t—ra-OHwe—&t—Hana——Gzechos«lova&ua. L
‘1946 t111 now: Employment in German Mlne Supphes Orga.nlzahon at Essen under
Dr. Gumz. Main work: Steam drive for road transport. -
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Bourcoud, A E.
_-——Gaszfzc&tlon—of—Powdened—G‘o l T

Chem, and Met. Eng. Vol. 24 No, 14" %
6 Ap:nl 1921 page 600 T

T yf— R

Dema.g-Ruhrgas-Bergbauverq1n e Giy e -
-Bericht uber die Versuche an der Staubver\ asungsanlage im. Ja\‘_. e ;1!
Unpubhshed Report o Yo '

AN S (R LE T S b e L s e

Demag-Ruhrgas-BergbauvereJ.n
Bericht uber die Versuche an der Staubvergasungsanla.ge 1m Jahre 1943
Unpubhshed Report :

.FIA'I‘ Fuels. and Lubncants Umt S o S e S

" Questionnaire by H. V. Atwell dated 1" April ‘1947 submitted to Gumz and- -
Koppers : ; . . - V

»German M1nes Supphed Organ1zat1on
Answer to: =EIAT. q&es’honnmre, 14 Apr11 1947

l

.4Gu1nz, Wm., : : '
Vergasung in der- Schwebe - : L L
' Reichskohlenrat Report Né. 80 Feb 19 9 L et
Reprlnted from Feuerungstechn1k Vol 26 1938 No 12

. (-Gumz, Wm. T
‘Gas1f1cat'1on m Suspenswn : :
‘.’_'Br1t1sh Coal Ut111zat1on Research Assocmtwn Document :
' r_:,C/691 Fxle No. 611 3 _Iuly 1939 (Translatmn of Re1chskohlenrat Report
- ‘No 80) : , , ;

'_Gumz, Wm- T AR il

.. Der Schwebvergaser Bauart Sz1k1a-Roz1n“k als Feuerung und a.ls
Gaserzeuger.s., . -
Reprmt.from Arcluv fur bergbauhche Forschung Vol 3 (1942)
“No 2 page 122~ 29 R D :

'.Gumz, Wm : : =
Verfahren zur Herstellung von: Synthese gas .
Verfahrenstechmk Z. VDI-Be:heft 1940 No. 2" #
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N1stler, Frederic ’
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Oel und Kohle No 17, 1 Ma.y—1942
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APPENDI.X 3

QUESTIONNAIRE SUBMITTED TO -
GUMZ AND NISTI_.ER BY-FIAT -

-—~dn£ormﬂzomon~the—p01nts—emmeratedrbeiovrrs—demed—wrth~
reference to your process for gasifying powdered coal. Please assemble all-
available information along-these lines- including supportlng exper1menta1
data, dra.wm.gs, calculations.etc,; for d1scussmn with FIAT representatives
within about one week. This mater1al is to be 1ncorporated in a detailed re- .
port on your process .and should be ampl1f1ed 1n any. wa}r poss1b1e to make a |

complete and accurate report

1.

;9'{
'.s1tmn. ST S e e B IR

,lQ

‘ etc and their operat1ng charactenstms

Record of. all forms of appara.tus and all methods of operat:.on wh1ch

_.were tried, and a- d1scuss1on of the: results obta1ned in each case, '
D1f£1cu.1t1es encountered as well as. success’ ach1eved are 1mportant..

The effect of k1nd of coa.l and f1neness of gr1nd1ng on 1ts behavxour in
gas1flca.t1on urut o S o -
Deta.1ls of equ1pment for .t'eedlng powdered coal to! the reactor and operat-
~ing: character1st1cs o£ such equ1pment - ¥

Descnptmn ‘and. draw1ng of all accessones wh:.ch you regard as more or
less standard equ1pment, -such as. preheaters, wa.ste heat bo11ers, scrubbers '

o Recommended‘procedure for .'sta'rhng, run:mng and shutt1ngdownsuch a'..:'

e

Sa.fety precaut:,ons ‘and:devmes e

D1ff1cu1t1es 11ke1y to be encountered because of corrosxon or eros;on in. '
anyfpart of the system‘ and prevent:we and remedaal measures therefor :

E e

Flex1b111ty of the umt w1th respect to throughput and product gas compo

-

Exact method of controlhng the uxut to ma.ke gas of any- poss1b1e compo-
s1t1on, partxcularly of high ra.tlo of HZ to [ole] S T

Compar1son of the process w1th other known powdered coal, gas1f1cat1on B
process 1nc1ud1ng Dema.g, Schmalfeldt, D1d1er, eté.

O



APPENDIX 3 (CONT'D)

QUESTIONNAIRE SUBMITTED. TO
GUMZ AND NISTLER BY FIAT (CON'I‘.‘D)-

—rmmmmmmmmmmmmm

. tent of the product gas

g -1:3,_ Relatmnslnp between flu:dwang or flow character1st1cs of the powdered
. coal and performance of the generator.

4. yExtent of ash entralnment, under dlfferent operat1ng ‘conditions and any '
' other 1mportant features of the ash handhng problem

15, Su1tab111ty of the process for operatmn at elevated pressures up to 20
atm or more.

16; Effect of moxsture content of coal on generator performance and gas
qual1ty s ) o ;
17, Operatmg cond1t1ons apply1ng to heat balance examples g1ven 1n paper

18 : Spec1fre operatmg data for varmus coals and vamous gas —composrtmns.

‘.Z _.__Vu,: 1_ o
19.. Poss1b111ty of energy exchange between generator and oxygen plant

20, Effect of oxygen pur1ty on operat:.ng characterzstxes ‘Of generator. o
21 ‘ Methods of determ1n1ng gum—forrxung const1tuents of gas and effect of
operatxng var1ables on the content of such ma.terlals in the product ga.s

Methods of removmg gas £orm1ng const1tuents and other~£ore1gn matenals
ﬁom product gas‘,. ' ?—_;5 PRI CNEEA S R D , e

v

.' Importance of the water gas equ1l1br1um in determmmg composxtmn of
the product gas. _ ; R L .

j'.:,'24‘, " Effect of we/athenng of coal on 1ts gas1f1cat1on charactenstms.‘ :
25 Preferable operatmg cond1t1ons fo-r~mals1ng dlffererrt types of. heatxng
L gas 1nstead of_ synthes:.s gas S ; S T

Y

26:‘ Preferable operatmg cond1t1ons forbmak1ng45ynthes1s gas of re"lat:.vely
g h1gh rat1o of CO to HZ ; :

‘ Effect of recyehng part--ofvprodue. .‘g s:,;or Supply1ng e raneous g
other than oxygen and steam w1th the coal

Sae



 APPENDIX 3 {(GONTD)"

QUESTIONNAIRE SUBMITTED TO'
GUMZ AND NISTLER BY FIAT (CONT'D)

Opera‘mhty oi the process on partmlly or completely carbomzed coal.

28, |

29 ‘ Des;rab1l.i;y-<>‘f accomphshu:gwthe ga51ficat1on in stages opera.ted under
- different conditions. ‘ PR

':;0 Effect of: s1ze‘ of. umt on plant cost and cost of o;rﬁatmn

x 31. | «:Fact'o.':;s‘, detérm1mn_g rr_iost ec‘onom1;a1 size, of. um:t.,.,

‘H. V. ATWELL . .

“11th April, 1947

.' _-53'—'





