_ITEM No. 3. coPYN;m

FILE No xxnx s T o
@mﬂifleaﬂcn szcem&p '
. b‘g?authorityw P
_S‘*{“Q%“Li ‘7‘(0 msmmwmof Steffs
3 W (393.:» E@ Wb W‘:

’*‘{”’ S -
3 $




: RFS'I‘RICTED —

'I’HYSSEN'SCL—E GAS TND VASSERVERKE G
"~ 7 DUSIBURG-HAMBORN = .
DS BURG RAMBORN

shd

XRUPP_TRETBST ERK. wm-mcm
\-GALOCSY GAS PRODUCER -




RESTRI CTED
TABLE OF éom'ms

SUBTECT . ' paEN.

Smary’ .....'..d..................0..00..I.....l o
Introductionooooo.....00-‘0.00".0..0...0.00000..5
v. Statement by Dr. A. Rettenmaierl ‘e eeseROe® 000 . LK J .5

Wanne-EiCkel Install&tion,,....................'6 A

“Draw:mg Showing Cross Section of B ,'. e
The Producer...l0.'..".‘...-..'.0"Q’....‘.....eA

' Wanne-EiCkel Oper&ting Results. eere eecesresssron 07
List of DocmentS0.0.....l',;.'........l..v.'......".‘.g‘
'Appendix I - Thyssen-Galocey Process E

J'Appendix II - Preliminary Report on the
: Thyssen-Galocsy Plant at Wanne-Eickel



" KRUPP _TRELBSTOFFWERK, WANNE-EICKEL -

[

Slnnma_;_x s

o 'I'he Thyssen' 8che Gas and Wasserwerke at Duisburg-
Hamborn and the Krupp Treibstofrswerk at Wenne-Eickel
are considered a single target for the purpose of reporte
ing the information secured on the Thyssen-Galocsy Slag-.
ging Gas Producer Proc‘ess. '

The follow:lng»were members- of th'e team_:_

“’“Mr. L. L. Newman (American)
“Br. H. J. Rose (American)
_Dr. E. T. Wilkins (British)

The Germans 1nterviewed were.
Dr. A. Rettenmaier o )Thyssen'sche Gas und :
Mach.. Ing. Albert Breisig)Wasserwerke, Duisburg—
Dipl. Ing. Erich Comblés ear LT
Gen. Mgr. Wanne-E:lckel—P-lant* S

" Visits were made o Duisburg-Hamborn on June .
.128, 1945 by Dr. Rose and Mr. Newman, and on. July 2, 1948
by Dr. Wilkins end Mr. Newman. ‘A visit to Wanne-Eickel -

was made on J uly 25 1945 by Drs. Rose and Wilkins and.
‘Mr. Newman.

-

This ~report presents the statement made by Dr. -
-Rettemnaier and Ing. Brelsig and 1ncludes a sectional

' drawing of ‘the: generator. Appended are=(l) a statement
j,(sup 1ied in English) pf. the Thyssen—Galocsy groceg_sﬂ, :
‘an 2) 8 Preliminarr Reportwn the Thyssen-Galoesr—
_Plant at Wanne-Eickel (Translated frmthe‘ Geman .by
_Lieut. Young, NAVTECMISEU). R P R :

.......

All or the available figures are- presented with-
.'-out change.__ No attempt wes made to check the claimed’
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efficiencies and percentages of steam’ decomposition, nor
have any calculations been made on the rate of gasifica-
tion. The previously published data on -the Thysqen-
Galocsy Process are.not available for comperison with
the results:presentéd to this investigating group. Tt
appears, however, that the gas composition is-about as
previously reported, but that the- oxygen conqumption -
“which is one of the major factors in the cost of pro-.’

duction =--is approrlmately 50% hlgher than mentloned in
: any of the reviews.
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_ THYSSEN'SCHE GAS UND WAQSERWFRKF G.m b. H.
DULSBUKG-HAMBORN
THYSSEN-GALOCcY SLAGGINC GAS PPODUCER

”InﬁroductiOn.

Almost. every. review of. Germgn complete ges=
ificatlon ‘processes, particularly those in which oxygen
is used for the continuous production of water: geS, in-
cludes a description of the ThJseen-Galocsy Slagging
Gas Producer.  These descriptions have generally been
based on pilot plant operations which -have been con- .
ducted for severel years on 2 unit which_was gesifying
two “tons. of cozl-per day at the Thyssen'uche Ges und
’Wasserwerke~ethursburg-Hamborn-:nawonevaae1fving~10-
+tons per dsy at the ammnnIa synthe51o plant ot -Pecsy
_Hungary. ~ , P

B —_ —

The results reported, though sketchy °eeﬁeé to
indicate that non-coking or weakly coking coals having
‘esh of low fusion temperature were suitsble end .that .
“the gas generated had a higher quality than in other

- continuous gaelflcutlon processes using oxygen =t nor-.
‘mal pressures. The. admis&ion of oxygen at two levels
,and the use of reclrculating gas to spreadwthe reaction
zone was claimed_as gn important advantage because it '
lessened the intens; Y combustlon Qno len fhened the‘
flife of the refract ,

. On the basis of the foregoinglnformatlon ‘a vi°1t -
was made to the plant and. the personnel directly con-
“cprned w1th 1ts operatlon Were 1nterv1ewed.u¢wg

,Statement by Dr. A Rettenmaler."’f_ffff‘*f”féiﬁjfe

A On June 28 1945 Dr.vH " Pose and Mr. L L.
_Newman visited: Dr. ‘Al Rettenmaler at.the offices ¢ of
“the:Thyssen'sche Gas’ und, Wasserwerke, I59 Dulsburg--w
Lerstrasse, Hamborn. j_;l T : S

i Dr. Rettenmaler stated that he was 1n charge
ot the develooment -work and confirmed ‘that 2 two ton
per day- unit” Dased on the: Galocsy patentsmw*s built:
'at the Works for prellmlnary research on. the slacglng
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operation using oxygen for ga51flcatlon. The unit -
demonstrated the possibilities of the process but was
not sufficiently lsrge to furnish. conclusive -date on -
the results obtainable in the ga31ficat10n of Various
fuels.‘ ‘ v . .

A unit capable of gasifying 40- tons per dax —.
was, thereforey, erected at the Krupp Treibstoffswerk
at-Wenne-Eickel. It took. two years to build the unit
becduse of wartime restrictlons on the use of labor
and. materials. end ihterference by enemy bombing.  No
~use was made of. the 2 ton unit at Dulsburg-Hamborn
during this construction period. It was hoped in the
AO ton\unit to demonstrate thet 1t was feesible to-

regardless of the ash flowing temperature. It was
desired to establish the operating conditions under
which any -fuel could be best gasified so that adjust-
ments could be quickly made for each -grade of fuelf—s»

The fuels available in. the Krunp company's own
mines -range from poorly coking cosl with a volatile
metter content of 35-40% in the upper seem which is
at e . depth of- 400*meters, through—eoking coal ‘in one -
of the lower seams at & depth of -700-metérs. - Below
this depth there is a series of leaner. coals all the
way to anthra01te. The younger coals in the upper ’
zones were considered the most econamlcal to use 1n _
the slagging operatlons. . - |
The tests 8t Wanne-Eickel were. frequently in- -
terruped. One test, however, lested four weeks end
it was established that coke 40 to 60 mm in-size could
be gesified without . any operating difficulty. “Al- ..
though leboratory ‘deterninations showed; an_ash: flow -
temperature ‘of 150000,-it as. E“_wﬁ_that trouble~-free .
~operation: could only be. me; ntained at 1600°C with coke
‘conteining 8-10% ash end without the addition o?——————~
limestone or iron fluiing materlal. S .

i Other tests were. tried w1th the use of refuse f?
from the Demaquuisburg generators containing 40 toso%
ash, end. also non-coking coal. Various comblnations of
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fluxing material (20 to- 40%) were tried, but ﬁhe téets
were. interrupted before any conclusive data could-be
_secured by one. of three possibilities, nemely: (a)
" the bombing of -their own plent; (b) bombing .of the
Krupp plant which ‘supplied the steam, “electricity. -
. and water; and (c) bombing of the Stickstoffwerk Hi-
_bernia which supplied the oxygen. Only two deys of-
operation were conducted with- coal and- no stability
of operation wasg attained.

- 4. The best sizes of coke wére stated to be 80 to
. 60 mm. No dlfficulty was experienced in gasifying 40
%ons per day with a yield 0£:100,000 cu meters. The-
gasificetion rate was limited by the aveilable amount
- of oxygen.. The calorific. value of the gas was about -
- 2700 calories (290 Btu per ‘eu.Pt.) and some means of ..
methanation would be required to make the gas sult-
“able. for city distribution requiring about 4200 cal-
ories (450 Btu per ou. rt.). . , v

R Dr. Rettenmaier was. very enxious to resume . :
operations, and hoped to test 3 to 5 mhnsize coke ‘breeze.
He desired @lso to have ‘at least one month for testing
. ¥oung coals end. six. additional months for meking tests
with other'KruPp coals. R s

o In commenting on oxygen costs Dr. Rettbnmaier
steted that the: ~power: cost was’ about. 4.3 pf. per KWh
at the works and was prohibitive for oxygen prg&uction.
“The cost. of purchased ‘oxygen was 2.3 pf. perm He -

felt ‘that he could obtain cheap: oxygen . (1 to-2. pf. per
m3) by using the’ coal screenings to- generateisteam at-
high pressure. for driving the turboblowers and com-'
pressors in- the Linde-Frlukl plant and. by using the :
exhaustisteem 1n ‘the gesificetlon process. -~;,

~unit because the Thyssen'sche Gas -gnd Waesserwerke =
is aygas company ‘buying coke oven gas which 1t pure -
iries and distributes through «pressure grid system.
‘Intermittent water gas machines: are uged for standby -
purposes only, -and asaproducers ‘are. kept -in- readi-¢~,
‘ness to transmit gasm,or heatlng the. ovens: in the event
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of any failure of thelsupply'of blast furnace gas nor- . .
mally used for this purpose. The water ges machines are
'Demag and the gas broducers Koppers.."i' o . -

e No documents were available., The reason given
by Dr. Rettenmaier was that one commission consisting .
of three Americen officers had previously visited and
.evacuated whatever documents remained after the genéral
destruction.resulting from Allied bombings. - Neverthe-
‘less, he promised to provide copies of drawings, which
-were in process of preparation, and statements regard-’-
ing the process and operating results. . _

. These documents were secured on July 2, 1945 o
by Dr.. Wilkins and Mr. Newman prior to the visit to -
'the Wanne-Eickel installation on the same day. -

'Wanne-Eftkel InstalIation., -j'_ 'f;‘;‘_“ wfx9”*":“

: + . The Wanne-Eickel 1nstallation was v1sited on-
Monday, July 2, 1945, by Drs. Wilkins (British) and .

Rose and Mr. L. L. Newmsan (American) under the guldance
of Dipl.-Ing. Erich- ‘Comblds, ‘General Manager of the
splant and Dr. Rettenmaier and Herr Breisig, the: eneineer
. who. supervised the. operatlona It was found that’ the;;_ -
‘instrument house was comvletely destroyed and there was. -
considerable damage to the piping and the- structLres 'sur-
—rounding the generator., The: generator 1tse1f was. in fair
shane and a good 1dea of tbe Lind and positlon of the

aslfound to be blast furnace e
h;gh and about -ten feet 1n

- The generato
shaped about u5”ff
diemeter.a :

vThe#tuyeres;atﬁthe We S ’eveL are: actuellv water _
ch ‘jtbe produeer*or any r

jﬁof additional"oxvgen for tPe purpose or suprlylng
fditronal heat to balance the emount: required for the
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reduction of the steam and carbon dioxide and to m“lt
;the ash. " Only one of the two upper levels of tuyeres

48 used et a time, the choice of level depending. upon
the conditions—of operation. This division oFf the
combustion zone ‘coupled with the burning of gas in the
lower tuyeres 1s claimed to-lessen the intensity of -
’combusthn end prolong the’ life of_the refractory 11ning.

: The bottom of«the shaft is lined for about one’
‘meter with a carbon refractory to° resist the action of
the slag. The center of the’slag’'tap hole is.650 mm.
‘ebove the bottom of the sheft while. the iron 1s,with:w;
-drawn directly off the bottom of the shaft. The Te-
-meinder-of -the- generator is lined with firebrick. The
brick -in the zone Just sbove the lowest set of tuyeres
,isrnoledﬂby_waterweirrulating"inwtwowtiers of steel . . .
~water Jackets arranged eround-the circumference in ten
equal segments. Two tiers are required to permit the .-
,replacement of any segment.. The steel shaft in the -
upper zone is. kept empty by the " system of charging the
‘fuel for .the purpose of balancing the’ wall effect of the
,generator.‘ The unit resistance. of the center of the =
fuel bed is thereby decreased to the point wheré it 1s :
“equal to or less than the resistance of- the fuel bed
along the wall.; ' L S _

:

L The piping was. arranged to. provide for any
{possible combination. of operating requirements.. The :
‘Stesm inlet to the oxygen line was at aconsiderable
distence from the generator to- provide for thorough
mizing ‘of 'the two.  The oxygen pessed through.a .
;water seal designed to act as & barrier to .the- travelw-
‘of any -gas from the generator into the oxygenhline and
;the formation of an explosive;Tixture._ ‘There. was. no vent,
dedito ‘% ‘re

‘A% onghdafpreliminary‘report £ th Wanne-ﬁ
b as_furnished: (See & endix)IIJ,no Te-
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‘claimed to have established the feasibility of gas-,/
'1fying coke in slagging operation',3~“

et _.Dax",',__ S 1 T
e ) Charge : :
T Oxygen (pure)Nm5
.-Percentage. purity
Steam, tons- .
Auxiliery: gas :
,(i.e. gas . produced
> bugﬂu§ed in. the. .
. -process). Nm5 :
Coke (40-60 mm’ dia)

32350 .. .24800" ..

~tons =~ . v :
. Amalysis: - 'wf;
Water 5. 0%
Ash. ' 8.5% -
‘“V“M"“end“””“
¥ w1e8%
Heating .
Value 6865
Kcal/kg S
SRR Oxygas (Total I TN Y e
(gas less aﬁxiliary R L T
Y gas)NmS . 105400 84665 89270~
Analysis 003 AR - S 8ol
= 0 R

?f:24.e o

Voo
Lower Gaior fic
“Value cal/m2
¢Stquedecomp sition %
*Bercen_age.gasifin oy
tion (Total.tas c.V. g i

for*'

'-;QRequirEmegts
‘ h XN 0

' : ! by )
not reached because of the limitation on the,amount
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of oxygen whieh eould be supplied by Stickstoffwerk
Hibernia. Herr Brelsig was emphatic in K8 statement
that better results might. have been obtained if more .
‘oxygen were avallable to qperate the unit at™g" higher*
ratel ' "He becked“his gtatement by 4dding’thét' the re-
sultscwere im Eoved whén nne- of ‘the burneré ‘was turned

ff"and the-available- supply of oxygen Wi _;divided among
the remaining four burners. . Although hehadmitted that
‘the operation was not quite 'as” Snooth, ‘he* ¢laimed “that -
the ﬁgf;ciency was increesed ‘as a\result of“the decrease .
of the~héat 1osées in® the cooling water oirculated through
the: tuqeres . A

N : PR S

o Dr. Rettenmaier felt thatothe use of a8 slagging
gas producer built along the linés of a blast furnace
«iswthé;best~meansmof;proxidingﬁthewlargemxglumes of .
synthesis gas regquired for even moderate . quantities of
~synthetic liguid fuels ‘produced by the Fischer-Tropsch
process, and that ‘the admission of g controlled emount
of steam above the" combustion zone’ would yield the de-
.sired ratios of carbon monoxide and hydrogen.u

;List of Documents.,vv. 3

e lﬁ“\Deserigtion
Se A@pendix I
ao N Prelimiﬁ. I"y‘:» 2
~at Wenrjg-Bickel fin German
8 S raming Mo, T: -
,Plan2°ﬂkpril 2@'*2941"
- :C Drawing No. T.G..6"
Test%Plant, May 29, 1941;
g § Drawin No..~
v_ducer~C‘Undate T
o ‘,‘Drawing Nb T:
'ducer - July'4, 1945,
V.L,\;f——;ﬂ (:‘”"L <

lR port on- the Thyssen-Galocsy Plant,
) See Appendix II.
60. - Plan of Wanne-Eickel Tesu;

inuome ‘a3 mo fof FEadE



APPENDIX I

Thyssensohe Gas-und Wasserwerke DuisburgJHamborn,.
May 1945 G.m.b H. = . : :

T h y s s'en - Ga 1 o o s y - (T.-G.~) ‘ ruo ° e.ss-'

applying oxygen for tdal gasificatlon of. solid fuel
or reduction of ore 1n a, blast-furnace. s

The application of oxygen 1nstead of air-blast for the,
-gasification of so0lid-fuel has .become econmically inter-
esting, -since the Line~Fraenkl-process made possible to
produce it: cheap, 1f a: ‘great quantity. is: wanted. . Lignite
has already been gasified . on largest scale with oxygen
in: Winkler-gaSproducers.a ‘Technical’ difficulties; .es=:
pecially unsufficient: duraebllity:of refractory materiesls
~atwthe”attaineﬁ"hrgh"temperaturesr*preVented*ti&iﬂnmm«
similar large,plants for non-béking bituminous coal.;f‘-

The TPG.-process overcomes these difriculties with a
trick of . the proceeding, nanely by the division of - the .
extraordinary ‘vehement :combustion ‘with oxygen into two =~
‘steps,: either of which: can:be- easily-controlled,. In the
“Pirst step a mixture of: oxygen and steam ‘is'blown—into

an’ entrance-chamber of the Producer and ‘therein simul<-
: a’‘quantity of ‘any- combustible matter is: -

enl o ‘resul gas: mixture 19 heated up =
to‘the tempe ature, at ‘whicgh stedn and’ carbnic aeid“
g to react: quickly with hot egrbon; “in- the< =
' ”'ﬁthis ﬁot mixture is admitted to he . solid
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egactly_the.heat_gained by the. combustion in the first
‘step. N L P S RN UE
After having studled the process during several .years
.in a semi~industrial producer, consuming daily 2 tons -
of bituminous coaml, & producer of industrial scale -
with complete testing installation has-been erected during
the last war, using Surplus oxygen 0f a synthetic em-
monia plant and producing gas for synthesis of benzine. -
An existing shaft-furnace 12 m high of 28 cbm contents -
with an internal-diameter of 1,35 m at the burners, was
adapted to test the system.  With the maximum available
quantity of 29,800 nebm with 85.5% oxyZen consequently -
26,300nchm pure oxygen- & day, the producer:consumed =
47t of metallurglcal coke thus producing 105.400 = -

‘nobm gas of,2.600 keal interior calorific value, that
m;s#274ii”1064k¢al/day;',A“threéfday!s;test;atvtheiequql
consumption, using only 4 of the 5 Installed burnérs . =
demonstrated; that the maximum output-was not yet reached
 with the availsble quentity of oxygen. The producer was
in operation during several months-and has given full- ,
satisfaction-in spite.of many war events, by which sudden
~interruption oxtenﬁar:ivedimbstlyeby@&estrdying:conduit;&~
- pipes or wires, by cutting off steem, oxygen, auxillary:
~~gas,@electricecurrent@orycoolingéwaterfwevenJSQMetimes,WA

these-all -together. . Thése repeated interruptions have

‘hindered until now the gasiflcation of a supplied: - '
‘stock ‘of 500t bituminous coal of the.same quallity, . =
which had given best results in the small testing. plent.

The producer itself has héver been essentially demaged
and’ cen start, 1f ‘the synthetic ammonia plant.is able to

‘simple construction, no.chenge of: .
mechenical device or work ex-

Continuous working; simpl
0

valves during the run,
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Immediate adaptability of- the output to the consumption
places start from coal to full Tun- in 12 hours. T

'Economical advantage

Utilization of nearly all available and cheaper oombus-,
tibles for total gasificationm, using as an example coal
with high contents of ash or- uot suitable for. coke- .
production, in case of need mixed with -ashes. in order .'
to prevent caking in the. shaft, 1nstead of classified
‘eoke or producer-coal. . i .

;Cheaper gas for industrial heating and synthetic pzocess.

fProduction of large quantities of lowatemperature tar as
[by-product of an ecnomical industry.vv; ‘ _

1

—Suitablewsphere-vfm

Production of large quantities of gas, from lOO 000 to -
1.000.000 cbm/day in a .single. unit, with low: contents of
carbonic acid and nitrogen, ‘eonsequently ‘of hiﬁh ‘com-
bustion temperature with a calorifique value of 2,700 to

'3.100. kcal/nebm according to the gasified combustible.
Especially suitable for the following purpose or

gas production° | ,11a“,,,,gw;L,m;;:f'ﬁ.‘

Heatingegas for industrialéflants, ggymﬂf; Q;Q;m,ﬂ;j~"

thesis of h‘drocarbons, securing nearly the

5 : i e "Since ‘the waste
.gas of; the synthesis is poor on nitrogen, it can be re-
;'turned almost’ totally as’ auxiliary-gas to the burners. .
.Methane and other not ‘desired hydrooarbons become therebs
;regenerated to gas for the synthesis.w:-» e e




Diminution of the costs or plant and operation: Air -
‘heaters not needed, since preheating takes place in the
entrance-chambers of the burners; smaller furnaces ‘and
blowers an account ‘of-low- nitrogen contents. ;“

Immediate ade tabilit ‘to _change -the heat required by
change of ore qualti es or_mo sture or,atmospheric -
oonditions. o ' S el : _ i

T

: 3 Tor the reduction of ore in consequence of
the. combustion of. blast-turnace-gas and of the diminution
of heat losses. Most economical use of furnace-gas, since
its quality and quantity can be regulated and its use is .
fmnltiplied on.’ account of the low nitrogen contents.

R

Thyssenschg Gas- und Wasserwenke
[T, _.m. QH. e



APPENDIX: IT
Duisburg-Hamborn, Mav 1945'
PRELMNARY REPORT ON THE: mssm—eﬂeeswe%%r——

" WATNE-T I
Translation - by Lt. Yong, Orig;nal German i¢:;;
- Report filed with Documents- ) T

'The nlant was operaéed in four perxods, namely.--
I..  TRun from 25/10/43 to 22/11/45, end, Hlbe“ria sus-,
_pended ‘ B

'IT. . Run from. 5/2/44 0" 10/9/44, end off streem, coling
mww"rfchambers burned through .

?III:"‘Run from. 13/4/44_ and'"29/4/44.- to ?5/5/44 end Hibernld
rrrrrrrrrr suspended ) . R

IV. - Run- from 17/6/44 to 4 /7/44, end bombs on lines nnd
wmmmzzfe/‘%mtowes-/ 7/ T

. The first and second runs served to teach the
,operators, who" were mostly ‘Duteh workmen who had never:
worked ‘on blast furnaces or: ga31ficat10n plants before.
2 The operation confirmed~eur suspIcions that tempera-
‘tures in this work had to. be maintalned appreciably higher
then in blast furnace’ operation, but- that the burner ar-..
g N , : ; - he :

highly;heated gasificatlon.mixturevcame ‘out of:
“tips in a ring ‘header, 1.100 metres’ ‘gbove the
which was placed 1n & break in “th linlng,and

by an arrangement of:"tuyeres", opper.:
used 1n blast furnaces,‘but made of. weldedkiro ‘because
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had proved itself in the third run. With the introduction
‘of Baldur coal new difficulties were encountered, chiefly
‘becaquse of enemy action, and the run had to be stopped be-
causge Hibernia couldn't supply- oxygen. Adventage was

taken of the ovens' cooling -down . to ¢clean them and to ex-
‘emine ‘the condition of the lining, for the fourth runm,
carbon lining was used instead of the clay used. 1n the third

: The fourth Tun was‘stopped after warming up because
Hibernia couldn't supply oxygen, and the-two warm-ups,

16 deys later, by direct hits -which suddenly cut off . ,
-the gasification material. Both interruptlons were too -
snort to allow switchlng from the coke needed for warming
up to hard coal. o : : o
~-«~wwDamagewwhichwthe~p1antwsufferedwfromwenemy_actlonww
.could in all cases be fixed on.the sbot without-any -
particular shop-work: and certainly in a shorter time than
the fuel plant and :Hibernia could again supply. operating
meterial. ' While this was the. case, however, a mew attack
was-made, ‘So“that from the end ‘of .July 1944 to the middle
‘of January 1945 further moving the plant to foreign :soil .
was. 1mpossible. Gasificatlon of the local hard coal was -
not ‘earried out. On 17/1/45 and 23/2/45 ell the buildings
were smashed by-bombs and, with part ot the;r contents, .
campletely destroyed.v Work was stopped but. the: wrecked
»maohines were cleaned oﬁt and the useable parts of the
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Coke (40-60 mm. dia.), -

tons- T 48.6 -41.3 -
Analyﬁis ‘Water 5% Ash a 5% S and gas, 1. 5%
S ' Heating value, 6865 kcal/kg.
A
(b) Yield I | ‘ “
nygas (surplus) Ncbm 105400 84665 89270 ‘
605 4.6 2.8 2.1 .
.CO 65.3 '70.4 S ML.0
H, 24.6 231 = 23,3
CH7 "~ 0.2 0.2 - 0.2
"~ Np 5.2 . B.4 BB
| Huo- 2600 2735 . 2760
‘,Steam decomposition,% ‘‘‘‘‘‘‘ 82.1 . 90.1- ,90.%
{;Percentage gasification - . 85. 6'j7 :85 2 7 86.7
;(c) Reguir ents for each l Ncbm,Oxygas ey “_h%FZ‘,
pure oxygen, Ncbm o 0. 30*?ffjo zgjff'io;zg
Goke, kg.1_' *guo:44 ~-;'o 467fi 0.46




