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Subject: Powdered Coal Gasification = FIAT investigation.

Replying ‘to the" questionnaire prepared by Mr. Atwell af
Fuel and Lubricants Unit FIAT we. beg to hand you herew1th
_the following ‘answers: i

General remark:-The plant in question was not a commercial
plant but errected for studying and éxperimental purposes.
The aim was to examine the process of gasification of fine
grains and powdered. coal by measuring gas temperatures and
gas composition while running through a plant consisting -~
mainly of two towers combined together, in ‘order to have:

a fairly extended way of the gas. The plant was planned

by Bergbau-Verein, errected by DEMAG :and run by Ruhrgas A, G
experimental work was done by-these three: partners:-for- - = -/
Joint-agcount. It was errected during 1941.at the nitrogen
works of Hibernia, Herme, tests werd made during 1942 and
1943. Many difficultjes arose even from'standsrd equipment:
as well as from lack vf man power..The tests are far from
‘being.complete and the plant should be rebuilt during 1944
which proved impossible because of lack of materigl ‘and

) The- plant ie shown~ diagrammatically in the annexed
tablee. Tt consists of two towers of 1200 mm inner diameter
the walls clad with fire clay bricks containing 39 - 42 % °
Al,03, delivéred by Didierwerke. The lower part of the
,first tower 1is made conical. Devices. are provided to blow
in powdered coal, atr, steam, oxygen or gas not only from
below but ‘also from the top of the first as well as the ;_;
second tower. The. gasifying agent (air, air-steam - and
air - oxygen - steam - mixtures) could be preheated by.
two methods 1) by mixing with hot ccmbustion gases 2) by -
“tubular heater, externally heated and 3): by both methods.
at once. Possibilities of measuring gas tedperatures and
composition were-provided at- several points, although some
difficulties arose from tlie high temperatures of the oxydat
ion zone, when. tubes, thermocuples would not stand and :
where ‘the holes for introducing the instruments soon were
clogged by melting slag and fire clay..Coal mill installat-
‘ion-was standard’ equipment, delivered by Kohlenscheidungs- "
gesellschaft (KSG) of'Berlin, but not quite satisfactory
because. fineness of powdered coal could not be changed in
any’ considerable range by adjusting-the air sifter,rWhich
would have been, of Special intereet.'g ‘

Most of the tests, the results of which—are contained in
two unpublished reports - because the experiments are not
yet sufficient for & definite answer to all questions
placed by ourselves - were made by blowing powdered coal
‘and air with little or medium steam content from below,
running through the' two ‘towers. Some testiwere made by .
feeding coarser material from the top of the first tower,
‘The fuel used was mostly fine coal from the Wilhelmine
Victoria-pit—of the Hibernia- COlliery in~somecases Wwe ™
“used” bituminous c¢oal of the Shamrock pit of the same
colliery and lign te ‘(Renish brown coal). !
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 'In’ some oases we used mixtures of air, oxygen and steam
(oxygen delivered:by -the Hibernia nitrogen works) but as we
» found that there are no diffiou]%,ies to handle this gasifying .
‘agent and to make a much betterCby it we found it necessary |
“jat first ‘and running expense lower  to use air, If the process
would run with alr, which 1s the most difficult task the change
to oxygen - steam mixtu:re would make the pro'blem easier. o

" Some typical results with bituminous coal are the following

JN° of test. Co . 18.)1942) . - 35-(1943)~ 0
-r=- . - without preheating . with preheat_ing..‘

* load |- T b"_ —

~'(coal per hr) .. . 959 1lbs/h T . 194 1bs/h o
. Heating value of coal . 12870.BTU/1b . 12870 BTU/1b .
through # 65 (Tylor) ~90% . ~904%
~ gasifying agent . air 4 steam .. . air + steam
air . 788290 cb.ft./n . 51560 ob. ftf“
stean | 0 s1mefn — — 617~1bs/h |
temperatwre © . . 1400F . oo 523°F
\quantity of eiras produced 100 _650 cb,ft./li_ 66740 cb..ft./h_
 gas produoed ber pound - o P ’
of cml 104,9 cbft/1b - .~ 84,1 cbft/lb .
) composition of gas ‘846 % COp 10',1'7’%: 002
DR 14,5% €0 14,44 Co—
R 69,3 % No - 61,2 % N2
T e -y S B
Gross heating value 7555 B’L‘U/cb £t. . 79,75 BTU/cb £
net heating value - 71,1 ) i ‘-}2-99-% "'“#

Efficiency (cooled gas) 59,2 % |
temperaturé, measured near . - _ o
the wall'(not exact) 0¢ - O . '°C< . °F,
Point -~ I 1260 2300 1310 2390 -
o II 1260 = 2300 - 1280 2336 -
m . Im i360 - 2480 1150 - 2102 e
o IV w1080 e 1976 .-

" 1000- 1832 ~ - - A\
" VI 900 ' 1652 1010 1850

55 %

The .success, achieved was rather low at the beginnmg but it
‘should be_borne in mind that this plant was not 'a“commercial ‘
one and was not built to realize a certain process.but: to
study different processes and to find out the best way .to sdve .
the problem. Before errecting the plant, theoretical considerat-
ions were made which are laid down in the enclosed thesis of
:Dr. Gumz-on "Gasification of particles-in suspension"” (reprintec
and translated into English by BCURA, document No ¢ 1691, File °
"No 611). The first ekperimental work was begun by Reichskohlen- |
“rat—in Berlin-1940-where~ powdered“*bituminous**coal*in‘ suspension*
“was gasified in'a small scale. This expérimental.plant consisted
of a swall tube (3" @, 18 feet long) with external heat:l.ng and
was, worked. by Dr. Nistlers -
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The aim of our plant, therefore, was to have a full-dcale}
test plant although calculations ‘showed that-diffioculties
would be less at atill bigger plants, higher outputs and =~
‘greater diameters. - - o ' : i )
. Many difficulties arose ‘in the first time as well from thg
mill and the coal distribution installation which should be
regulated in a still more exact manner than in a powdered
_doal firing plant, as from the producer itself. As the tests'
- ghowed that it was impossible to keep the temperatures below
the melting pdnt, many difficulties were caused by the narrov
- entrance-of the conical part, which was clogged by molten sl
and, running down of the brick suface. Several times the , .
- plant had to be shut down and the clogging worked out by
Hand from below,-whereby much time was lost. o
The gas produced was of very:low heating value but the
tests showed clearly that an-improvement was possible by
fine grinding of fuel, by saving the volatile matter and. by

the use of higher temperatures, This plant would fot stand .
to higher-temperatures; therefore it had to be rebuilt to
_molten slag removal, better protection of the walls in the

. oxydising zone and greater diameters (eylindrical shape, not
‘éonieal), . v ey - LT

,'2.) Kind of coal is effective from the following points of
view: Amount of volatile matier; reactivity of .coke produced
behaviour of mineral matter, melting point- and melting - v

_.characteristics. In our case a coal with high melting point

- was selected -but=a plant like this shdould fit the different

~kinds of coal or ecenomy -would seriously effected.

. Fineness of coal is essential. The use of ungrOuhd‘fiﬁe“
coal is impossible, Loss of carbon would be too high and .
“gas quality would not. suit to .technical requirements. We
generally used a fineness of 90 % through#65 (Tylor). -

3,). The feeding of the powdered coal from the. powdered coal
‘bins to:the produceriwas.made by an ordinary cell feeder .,
(rotating sliding valve) by means of &lr or inert gas. The
_equipment was standard delivered by Kohlenscheidingsgesell-
‘schaft (K.S.G.) Berlin. Air or gas pressure was up to TO[ '~
1bs/sq. in., between blower and feeder a pressure storage; -
tank was arranged in order to have constant pressures. The~
feeder was driven by a variabl€' speed gear allowing contdn- .
~uous variation of—the—output. The feeders-did not.operate- -
to satisfaction“@acking the demanded continuity. . = ' /i
~“4q)vOther~GQuipmentpof«theiplant,are:.RaWicoalmbin;mcoal.milu
(KSF - type centrifugal mill) with gas heated hot alr stove
- for drying, spray cooler instead of a waste heat boller,
?wo-stageegas-washer and chimney-cooler, R
5.) The gasification chamber itself may be considered as a
‘Tong tube with conical end in which'the powdered coal is

-fkept-in-sus?ensian—andr%rave&s~$hf0ughy$his_tuhev—In-o:de;;_;
'to have.a sufficient long way for the zas travel two tubes’
or towers are errected and connected together because it was
felt to0 -be -more convenient to. feed the. powdered coal from
“below and to ektrdet’ the hot gas below, This was the reason -
for the choice of two towers. Tests have shown that with
high temperatures a tower Woufd be suffic ient and that too
-long.a run.with.£alling: temperatures may deteriorate the
;gaswquality.thuswthe—volume,of.the;gasification;chamber..rw:
‘s ‘Hot:characteristieal-far -the’ volume needed. The quallity:c
‘gas produced is mainly a function of temperatures of the
suspending particles and in order to afford these: temperatu-
res fine grinding and:high preheaping‘is,advisable; The -
most advantageous shape of the-chmaber from structural and
operating point:of view is cylindrical. The walls. should be’

Jprotected against slagg;ngvandléeatHby;coo;ingvbut\sucﬁva
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device is only!practicable if the diameters of -the plant .
are large enough. Therefore the greater the throughput the
better the lifetime of walls, the better the gas -quality.

From this point of view our experimental plant was of semi- -
commercial scale.. . Co : N

6.) Recommanded procedure of starting is to begin with air in
excess and to add so much carbon until the gas quality is
reached, Special feeding and regulating device is necessary nt}
iand was intended to do as proved in the small ‘experimental p &
of Rgichskohlenrat. The plant was run by observing tle tempera
'tures_and the darkness of torch or gas flame at the outlet. }
Shutting down was made by taking away. the powdered coal. If
the' plant would be connected with a gas consumer .or a main . }
line, it would be. switched to free 'gas outlet and then dealt

with as before. ‘ ‘ o i ,

T.) No gpecial safety precautioﬁé; ) ad been” p:’oviged,;as the, .
plant was not connected to a gas main line and atically .
like an open tubeé. No accidents happened. . ~ ) ‘ S

8.) The difficulty of melting down the brackwork can be cured
by suitable materials and by cooling devices. In order to
examine different kinds of-fire bricks 9 types.were tested in
tre upper part of the first tower during the sefond exper imen-
tal period. The worst results had shown a magnesite-brick-
which.not only was dissolved to a high extent but the melting
material corroded!the wall beneath it. The best results

showed "Koruni 90" (corundum brick delivered by Didier - Werk
A.G,) the edges of which remained even unhurt. Quite gbd .
were the—following types of fire bricks: "Thuringia® (good .
qualit%r of fire clay, delivered by Didier-Werke A.G.), = ..
WQOtto E0" (same quality, delivered by Di,OTTO & Co.y-Bochum)..
and "Mullital X* (quality of high alumidium oxide content,;
delivered by Didier-Werke A.G.), "Carsial 0" (silicium carbide
Didier-Werke A.G.) was standing very well the“wear by slag =
but cannot be used in an oxidising atmosphere, because 1t *
burns to'S10g2. B N e

9.) The best results were reached by -a load of about 500 kg/m*
h = 100 1bs/sq.ft. h but time of running-the plant and number
of tests wereunsufficient to find out.'the influence.of load . .
to gas quality, which may be only -slight. Other factors . .
“effecting ‘the gas quality in a more distinct manher are the

“composition of the gasifying agent. No special tesis were
made till now o make synthesis gas with a limited CO/Hy
ratio but thierz is-no—doubt-that this could be done with Y
such/ a plant, if necessary be using a special converting
plant. In the case of synthesis gas, using steam=-oXygen- Co
nixtures as gasifying agent no other:-inert gases occur- than -
CO, and H,0 which can be washed out easily. , - : ;

i

D — v i

--11.) The tests-made by the Demag-Ruhrgas=-Bergbau-Verein- ‘
« partnership :should realise the fundamentals of a gasificetion
of. soli fuel particles in suspension gnd may not be called. .
o special process of-gasification on a commergial soale P
‘although-the main principles of such a Process could veworked;
out in & certain extent. From our experience it .is.pogsible -
to make a comparison or even a critlcism of other processes. -
These are the Koppers=-, the Wintershall-Schamlfeldt and tle S
Winkler-procass.“ . e e s O C T o

The main Peature of the Koppérs process is a-high preheat -
up—t0-120000(=-21.920F)~in-a-regenerator-heated-by-about.the...
half of the gas produced. By this method the economical - -
success ‘18 affected.although good gas'qualities are'possible.”
‘Tests -were made-in-a semis-gommedrial plant with different. _. ..
fuels, preferably with lignite, -lignite coke and other high -
‘yeactive fuels. We c onform with the principle that a high:prek
heat is essential for good gas quality but preheating by '
produced gas is too expensive, wh?n synthesis gas is made.
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In this case a low grade heating gas should be used ami' this .
gas must be washed thoroughly in order to avoid clinkering
trobles in the brick layers of the re'gerierator). |
" The Wintershall-Schmalfeldt-process .is only used with
lignite and, although used in a commercial plant, the effect
was rather poor. Thé main disadvantage -is-the use of a rege=
nerator to deliver the necessa§% heat of reaction to the .
reciculated gas, so that the maximum temperature was ‘limited
by the quality of regeneradir bricks. Bituminous coal could
not be'used in this process. . ;o T

t

. ‘The Winlkler producers are me tly used in hydrogenation
plants of middle Germany, where,predried lignite or lignite |
coke (low temperature coke, carbonized fuel) .are used as
fuel., The Winkler producer runs with fine ceal (not ground) -
keeping and gasifying the coal tn-suspension in'a simmering
fuel bed, Heavy carbon losses occur as soon as bituminous. '
coals are used with this device, although an installation

Por bituminous coal is reported to run in Japan. Testis made
awith bituminous coal in a semi-technical plant at Iudwigs-
hafen had shown that the efficiency would be about 20 % due
to excessive. carbon losses. Gasification of powdered_coal\»

‘will be more effective, as the testshave shown. '
. Didier has-not'developed‘én own process but has worked -
~together-with us. - R LSRR C

Other proposals were made by Pintsch, Berlin, using
external heating and Rittershausen, Cassel, using-electrical
heating, no rlants ‘were errected. Electrical heating would

.be uneconomical at:all events.. : S

12.) Coal composition has only -slight effeet as tke gasifi-
cation in suspension is an uniflow process and all differen-
ces in coal .quality or- composition of the volatile matter
are -equalized by burning them to COz, 502 and H20 in the .
. oxidising zone. No tests were made with variable sulphur -
. gontent. Sulphur will burn to-SOp or HoS depending .upon the. .
composition of the gasifying agent. At all events a puri- -
fication of the.gas~is unevitable but the content of any -
‘disturbing components of gas will be Jower than in any other
\process because of the decomposition of all these constitu-.
-ents—in the oxidising zone. - - e T -
PO . l . . . .. 4._.,// ~ ) "" -.:. . .
13,) Flow characteristics of the pwdered coal could only be.
changed in no sufficient range, in order to examine the :
effect of slight differences of graln size or size. chayac~'.
teristic. The effectof grain size and the difficulties of ..
homogeneousness’ of the air-solid-mixture have already been
mentioned., -~ - S e B o -

~

lh,) As has been said before, 1t has been empected at first
to run the plant in'a dry way and to wash.out the*fly ‘dust
at the end of it by scrubbers. Between the ‘two towers a"
‘deViBB‘h&d‘bﬁ@ﬂ‘?{ﬁV&dﬂdﬁ%O-remOV&~BOLid~par+*f135;8“5 to:
‘recircle the carbon if need be. It was not possible to
remove f£ly ash or unburnt carbon from this point but the
.ash accumulated became molten... . e ‘

. emperatures 1t
-must-be. assumed-that-g.part-of the mineral matter-will be
..came.‘out..in the gasification chamber and must be removed by &
wspecialydeviceeandmtheerestJofwi£1w111,beuentrained,and;; i
‘waghed out behinq.ﬂThe~idea~Waqvtovuse'ayeimilar'device,wa=r¢

been used by Mrss. Szikla and Rozinek

' As the trend of development is to’ higher,

_tating drum, as has b
“in their semi-gas suspension furnace.. . - AEEY

1 ;)'The{pfoéeéﬂfcould‘Ee‘fgﬁlii?d under hiéh’pressuie‘ani‘_'
‘the idea was to extendjthe~experimen:s1to Pressuves up to—
20" atm: (= 286 1bs/sq.in) or more.! No ‘special ‘plans have been
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made +11l now bescause at first the problem had to be solved
at normal pressures. ' oo T : . ‘
. . . |
26.) Moisture content of coal has no gffect on generator per-
formance except the same &8 an equivalent moisture content of
the blast. Moisture content of coal 1axxet-important for the’
pulverizer and 'coal Kes to be dried before or during milling.
Lignite must be predried t0 about the usual moisture of
brown coal briquette e.g. 13 - 17%.. . ‘

—17.) Complete and accurate heat balances Fould riot be made
because the exact weight of input of coal could not be measur=-
ed, Part of the coal dust escaped through the sepdarator of .the

“milling plant. It was planned to change the powdered coal bin ¢
to' a weighing bin by suspending 1t and using & pressure |
. measuring device. : - : o

_ As can be .seen from the tests made the estimated fuel
efficiency was between 36 and 62 % referring to cold gas. !

From these figures it seems possible to get 50 - 60-% efficien-
ey in a commercial plant and that a great deal of the'wastes

“could be regained by using a waste. heagt boiler and by recirc-

ling the unburnt carbon. - . ; ) . C .

18,) lests were made with bituminous coal and in ore case

with lignite, the Ylast .consisted of air-steam mixtures, in
some cases Oxygen was added. Most of the tests wexe made with
air-steam blast as time and possibilities for testing were g
'rather.limited.-The,operating data ean be tdcen from the refior!
‘mentioned but these figures are rnot characteristic as far as
variations of the load,.the preheat 2.30. cause respective .
.changes, . ... .l ‘ ‘ : : - ®

SR R

19,) There are possibilities to exchange energy between the
gas producer and the ‘cxygen plant, as_the\%as will leave the

. producer withﬂxemperatures‘of 1000 to 12000C (= 1832 to 21920F,
so that high pressure stcam may be produceds This energy -

. nearly 25 - 30.% of the heat input maytrecovered with 60 to 707

- poiler efficiency and this energy may be used to drive the ° ~
_ bloiwers, tre coal mill” and the oxygen plant (or part of 4t). .’
Energy balance is much improved by such a combinatlon, the
experimental plant howéVéf,WaS“not”fitted with a waste leabt ..
boilex.. - T g R oL
22.) Oxygen purity: is essential in all cases wheré oxygen
steam mixtures are used for, the production o hydrogen or
gynthesis gas. The effect of inert constituents can be cal=-
culated. No tests-were made with pure oxygen till now but the

_effect of purity is quite clear and needs o elucidation.

.21.). Gum forming]constituents‘and>other foreign materials’
dangerous to the joined gas utilizers will be leéss.1n gases
from such plants as was already mentioned in the. answer -10
guestion 12, No speci 1 examination 6f this problem has been
made till now. : R N o

22,)  Gas produced in this plant was only burnt. No methods of™
vemoving incidental pgua forming constituents have been proved.
If gnthesls. gas will. be produced the ordinary gas pPrification

methods shonld be used. -

2%,) Water gas-equilibrium as well as other gas equilibria
.are.determining the quality of the gas produced with respeet’
utowthe,su:faceutemperature”Qf“tﬁ?f?@lidfpartiCIES“gaSifiedv~«~

This is not only-the. guestion in,this-pibcészbut'may“be“'“:;ww
_condidered as generally spoken, In all kinds of producers
water. gas equiliﬁriumfandfequilibrium‘of“Boudouard!énreationlw
is-reached, e than formation only by 0,2 4. From these reasons
high surface temperatures are necessary and -exira long runs




through gaeification chamber is useless if temperature of the
‘particles. cannot be maintained high enough.

24,) Weathering of ‘coal has no effect to its gaeification
‘sharacteristics, This is only the case with degasifying
(production of towns gas by oarbonieation).

25.) For producing heating gas; air blast or’ air-eteam -
mixtures will be used as gasifying agents. Saving tle volatils
matter to improve .the heating value, by degassing similar to
Wintershall-Schmalfe1ut-nrocess, may be advisable.

v28,) For producing synthesis gas pure oxygen-eteam-mixturee
will be used in uniflow process. H»0, 002, 302 and HQS may -
be. removed=by washlng-with water, {ye a.s

27. ) Recyeling of pruduced gas or supplying extraneoue gas hae
no advantageous effect and is unnecessary, as the oxygen par-
tisl pressure would be diminished by these gases, The pre-
heating of air by mixing with combustion gases (burning high
grade extraneous gas) proved uneffeotive from .this reason.
Recycling of product gas.in. small proportions may be usefull,
from other reasons e.g. as feeding agent. (carrier gae) of
fresh powdered coal or coke. . .

28 ) The process is operable on partial or oompletely oarbon-
ized coal. Low temperature carbonizing would be more, high
temperature carbonizing less effective because of the differ-
ence of coke reactivity. Milling coke is very difficult,
expensive and causes high wearing‘of the pulverizere, milding
of coal, therefore, is preferred and pulverized coal ngy be
carbonized in suspension by product- gas::No tests have-been-
.made with high temperature coke duet, low température coke .
“has been used by Winkler,” Koppers, “Schmalfeldt” with 51m11ar
or better resulis than with coa_ itself -

29.)Proposals had been made o gasify the coal in two or -
-more stages under different conditions of velocity, tempera~
tures, -grain size and so on, but as. separating deviaes Would
“be-necessary-behind each of these stages and separating at..
high temperatures is an extremelgédifficult problem, no ;*”“
practlcal use has been made of t se prOposals. : |

A

" 30.) Effect of size.- oﬁﬁunit to plant cost and cost oﬁ operatloq
‘is"so high that it seems undesirable to' wnstruct commercial .

- plants With much less than 100 tons of codl a day. Ko exact -
calculations of this question have been made till now. A
special advantage of this kind of plant is the posgsibility.:

- t0. construet units, of high ‘capacity.. Operating cost will be: |
low, working cost of product gas-mainly depend upon coal pricex
and in" the case of producing synthesis gas oXygen- prices..

' Although efficiency will be low with this kind of producer
first cost of gas will be-low as price difference of raw coal‘
or élack and cvusned coke is more-than compensated. P

- This was: the reason for continuing the development of ‘
...the_ee. nds.u
the size of unit and power cost, from these reasons too only
big units for producjng synthesie gas maj be considered as
4econom1cal. _ ) . o , .
31 ) As mentloned above factors of" the nos't economical sinz
of unit are: Price of 6oal, energy, oxygen and man - power.
‘Other limitations are of mere %echnical character such as
,“d;ameter 6 gasification chambey, possibility of Wwater. cooling
of the walls anhd so on.. With too small units.cooling would .
effect gas quality, no_cooling would effect life time of"
“walls. From these reasons commercial plants should be. errect-
ed in' large units only.
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32,) - The proposals of errection and operation the plant were

planned by Bergbau-Verein (Dr. Gumz),-Demag (Dr. Pistorius,

Dipl,-Ing. Schneemilch) and Ruhrgas A.G. (Dir.Tremkner, Dipl.-
Ing. Kukuk)., The tests reported were mainly mads. by Dr. Nistler
(German Mines Supplies Organisationz with assistance of Mr,
Kukuk.(Ruhrgas) and Mr, Lilienfeld (Demag). No publications .
have been méde till now because the experimental work is not
Xet-complete. A continuation of the work is desirable.. ,
1though the plant is not damaged- by war events, it is in a ver
bed, state and partly-dismantled after a standstill of 4 years,

- We hope that the above -answers to your. questions will/cover
the whole field, more details, drawings. or further material beyond
the reports mentioned axe‘ng;mavailable. . .
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