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- In high temperature oarbonisa:bicm processes as generally praotiaed
"coal is heated in the absence of air, when a limited part of the coal
substance is converted to ags which, mainly because of Hts high content
of methane, has a celorific value of about 500-600 B.Th.U's ver cu.ft.
Coke remains ag a solid rasidue, and in fact the weight of coke may .
represent as much as 73% of the weight of thg coal carbonised. Some of
this coke is used for .heating the retorts, so that the quantity of coke

for disposal.smounts.to: about 60% of the we ‘of-coal carbonised.
Thus for évery 1,000 cu. to of coal gas medd, ”{here is produced about,
0.9 owt. of poke. -Ges and coke productien are_inter-dependent, end the

proportion of gas to coke ‘is ‘nearly the same for all cerbonisation
‘processes. But the relative demands for geseous and solid fuels:varyy
«nd this variation in demand is conmmonly. met by gas:.ﬁcatim of same
of the.coke to g:n.ve water ga.s. .

. Gonsiderable interest has been aroused 'by methods for the direct il
gasiﬁ.oatim of tdal in which no solid fuel remains as residue. It .
coal is completely gasified in a continuous process with alr and steam, ,
the gas produced has a low cﬂori.fic value of. 130-180 B.Th.U's per cu.ft.
The calorific value may be. increased by using oxygen insteed of air,
but the value at 300-350 B.Th.U.'s per cu. ft. is still far lower- than.
what is required for towns gas. If however the gasification of coal
with steam and oxygen is carried out under a pressure of several
atmospheres, the proportions of the gaseous constituents formed are
altered, the most striking feature being the increase in the formation
of methane, so that the oalorific value of the gas is increased.

-

The gaaiﬁoation ‘of ‘coal w:i.th steam and oxygen under pressure to-
produce directly gas suiteble either for towns supply or for synthetic .
processes was developed by .the Lurgi Gesellscheft fur Warmetechnik, :
Frankfurt-am-¥ain, from provosals made by O, Hubmenn and F. Danulat. It
is intended in this repart to review the published literature on tbhe .
subject; to report information supplied by the technical staff of the
Lurgl Company, to describe the plant vis:.ted, and to meke a. cr:i.tical
e:nauﬂ.nation of working results. : , S

“irtsvmwor"mummm

. "Three articles on the -Lur;gi process of high oressure gasifica.tion
have been published by P. Danulat. nehllgeeewllschaft Periodic Review,
No. 13; Gas and Wasserfach, 1941, 84, 549; 1942, 557)s An earlier
booklet ("Die restlose Vergaswrig fester Brennstoffe mit Sauerstoff
unter hohem Druck", published by Schack at Frankfurt»—am 1936) gives a
~full theoretical treatment and the first expeﬁ.memtal results. . The
‘ reactions involved are ‘as follows:~

CO +. H20ﬂ002 * H2—-F‘9£}—k.cals.@er_g.mol
.C + CO2 g CO “41.87 -

CO + sCHz,.+H20+1+9.

COo + ﬁCH 2H20+39.56

Cc o+ 2H2@ l'. R 2 180.07

A




———=——"""Consideration of these reactions shows that the proportion—of ——
methane formed on gas:.ﬁoatim increases with increasing pressure, -
- and decreases with inoreasing temperature, as shown in Figures 1
-+ and 2, which are taken from the second of the two papers cited.
"In Figure 1 the effect of pressure is shown, and comparison of the
" ourves with those of Figure 2, showing the effect of temperature,
“indjcates that the first figure refers to a conatant temperature of
1000°K (°C absolute) while the secomd figure refers to a constant
. pressure of 20 atmospheres. Danulat then deduces the composition
and calorific value of the gas after removel of water vapour and
~cerbon dioxide, as shown in Figure 3, which also shows the
theoret:n.ca‘l. consumption of oxygem. It is seen that by ga.siﬁoa.tion
at a presstyre of 20 atmospheres it is, ideally, possible to m'oduoe
"a gas with‘a calorific value of about 5000 k.cals, per NoCuetie -
= - (measured at 0°C and 760 mm. ), that is, 562 B.Th.U's per cu. ft. at
" NiT.P. ary, or 523.5 B.Th.U's per cu. ft. at 30" and 60°F wet
(stenderd Temperature and Pressure, or S.T.P.), assuming that the
normal cu'bio metre refers to dry gas. - _

In wtual prac“t:.ce the ccmoos:.t:.on of the gas does not agree:
exaotly with-the, theoretical values shown in Figure 3.: The more
reactive the fuel gasified, the nearer does the gas approech the
ideal, This is shown in Figure 4, which gives the calorific value
in relation to the. gasification pressure for the ideal case and T
for brown coel and hard coal. The difference in behaviour of
. brown coal and hard coal, which is due to the lower reactivity
and lower content of volatile matter of the latter, is._shom in the
- following ta‘ble. f .

| TABIE 1_ ‘
) oL - Gasification of fuels ufider pressure
Source - - T " . - . Middle Germany Ruhr
26 m.m. : B LT 2-10 3-~10
inches - . 0,08-0.39 . 0.12-0.39 .-
Gross caa.oriﬁc value k.ca.l.per kgm 44,950 ¢ 75600 »
’ BoThoUo'Der Ib. - 8,900 Coe 13,700
Can'bustible material % . - 709 88.4
? cmm . % h - - ' 81.2
Water . % o 18.5 6.6
% . . = 10.6° - 540 C i
)Tar (Fischer tes‘b) % ety -
Gasification pressure, a‘hnospheres gauge - 20 T 2
Generator load, kgm.per.sqemepershre - 770 . 310
Ib.per sq.ft.per hr. . 158 . 63
. Oxygen consumption, Vol.% of purified gas 15.0 19.8
. Steam cmmmmtlon, kgme Necuemegas . - 1le35 ., 1.40 -
> . _ . Ib.per cu.f'teN. T Pe o& ) - . 8 .
L. C . _of . Oe 0.087
.- 1b rocuo ft.5. T-Po : : . 00081

-

i o N : ) geis . . -0.979



»@Eﬁ—%ﬂlm of gas:-  Qrude Purified
O2 . T 3L T 36

'.%.
e

o
N,

HS | % Tl 000 L
CpHy % 0.8- . 0.8 . © 0e2 ' 03
on = % 031 0.1 - T > T
08 % el - 20.2 . ,'__205# 278
, % - T 35.6  51.9 38.8. 524
gﬁz_ % ST 1545 - 22,0 12.3  16.9
P R - - 1.0 14 1.0 1.5
Gross calorific- value,: 3100, k390 . j3010 - 4100 -
K.»:m:l..pe:r~ MM S S SR Rt
B.Th.U.per on.ft.S.T.P.. 325 y ll-m . 315 T 429
Specific Gravity (Air 1) ' e ' 0;&-32 B
Gas-Iield N.cu.m.pecr tomme of coa.l ‘ - :
640 ' - .. 1s70-.
cuofto 'NQTOPQPQI" ton 2}. .9 U . Co 56,3%
: cu.ft. S.T.P.per ton 2., 600 '60,1;00'
Ter Yield, % of codl contmt 83.3 o To= -

The canpositiorn of the gas is alao influenced by the period of
reaction, that is, by the generator load. Increased throughput at
constant oxygen-steam rsates results in a lower proporticn of methane
and a lower calorific value. Under the.most favoursble conditions -
en increese of 50% in the rate.of throughput .of fuel wiill’ 10&;1 to’ n. :
fall in calorific value of’ sbout 200 k.cals per NeCtelme
(22.5 B.Th.U's per cu £t5 NeT.P. dry, or. 20,9, B.'.l‘h.U*s per- cu.rt.
Se T.PO ). )

- . The process of gasiﬁcat::.on is described as follows. Tha fuel
is fed7into the top of the generator, where it is dried by the Hot
gases leav.lng. “The hot cmide gas passes through the top layer of
fuel with a considersble content of water vapour, and leaves at a’
temperature of 300 to 600°C depending cn the water content of the - .
fuel. At saturation the exit gases at 20 atmospheres. have a pa.rtm
pressure of water vapour of 8 to 10 atmospheres, aorre

saturation at 170-188°C. The saturation temperature at atnospher:lc
Pressure would be 75 te,80°C; - Hard coal presents no difficulties
in the drying zone, but the water content ot brown coal must be
limited to 20 to_25% in order to avoid condemsation. The dried fuel
passeb down. the generator and is carbonised by contact with the. hot
gas with a h:l.gh yield of tar, coamparable to that obtained in '
‘atmospheric low tan;aera:mre carbonisation. It is necessary that the
fuel does not ceke or stick during car'bonisat:.m under pressure,
Caking: causes resistanoe to gas flow and. uneven distri‘bu'bion of gas
"thraugh the ' fuel. :Bro'n-coaﬂ.—i:rm
pressure and i readily gasified. With hard coel it is necessary
to select those coala which do not ceke at the pressure and under
the conditions of moveméent ‘in the generator; and this can be tested
only in actual operation. Some coals which do not cake at atnospheric
pressure develocp marked caxing ‘properties at high pressure..’ On tho
other hand, . a gas flame coal from Upper S:I.lea:la which wis weakly -



cak:lng at a‘lmospheric pressure could be gasified satisfactorily,
because pressure did not increase the caking appreciably and t:‘he
movement in the gemerator prevented the caking from ‘becenﬂ.n.g
. effective. +In general it was found that leen herd coal, could’ M
‘gasified under pressure sat:.sfac‘bm'ﬂy, while gas#Teme coals ususily’
required pre-treatment to reduce the. chktng propert:les. ‘Coals with & .
h:.gh ash centent, VP to 30 or A.O%, can’be: gasified. sa‘biafantoﬁly .

‘APter cax:'bon:tsation sthe. fuel passqs ﬁz.rther down_ throug ‘"”“l:he
gasiﬁca’bion zone to the cambustion zone at 'the base of: thamm
When, stewi and oXygen react with the fuel there.is first formai s gas
practically free from metheme., As this ges risen.thrdugh:the fupl* “Ted
its temperature falls and reactions ocour leading to the romation ‘of
. ‘methane.- Figure 5 shows the effect of temperature on methamq fomﬁm
agoording’ to Tramstel and Reuter ‘(Feuerungstechnik, 1941; 1285 159) E
. The smount of methane cbtained from. Tfuels by high temperatuyre

- carbonisation at stmospheric pressune as dqmpared with pre,asm
) gasiﬁcation i shown in Table 2. .

Lf‘

. M.Mn FROM @gﬁ .
- ‘Combustible Substance 63.7% _ Ccm‘bustible Substance 92.85..
- Ash S - 22. 3% Ash = _
‘Water - L% - . Water - S 1.2%
Atmospheric , -Gagification A'hnospher:lc I 18] ca’ -
Larbonisation ~ - - a.t 20 ag. L Carbonigation - at 20 atm,
% Necuem.t. % N.cu.m.t. . % Necusmete % NeCuemete
COp 22.8 A42.1 | 30.15 3_01..5 © 1. 1le8 3.8 | 27.0 580,5
~HoS 2.4 4.5 | Ooi45 bbb Oel 0s2’' §{ 0,0 0.2
- 1.—5 2.7 \\ 006 6.0 T 006 M 1.3 . 0.2. /h‘} )
Op Ouh4 0.7 | 0.1 " 1.0 ] 0.3 ° G.6 | 0,0 0,6
CO.  15.8 29.2 | 16,5  166.7 3¢6 7.6 | 20,3 436.1
R '32’1' 8.1 340 3435 68.4  1hhe3 | 38.5 B827.5
Tet al 185. ' 1010. . _; 211.0 | 21‘0.0 '

_ The ta:gpera(mre in the ccmbustiozn zone is devendent -on. ﬁhe A
melting point of the ash, below which it is necessary to operatés .

- ‘The temperature is controlled. by the -relative amounts of stesm snd

’ ozwgem. admi.tted, and. experience has shm that there 13 g nost MIQ

.7
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ratio which csn be found onJ.y in actual eperation. Any -
_deviation frem this ratie is accempanied by a decrease .in
perfermance. Thus inorease in temperature reducesy rethane .
fermation, while decrease "in temperature lowers the reactivity
of the fuel. - A lew melting point of the ash by 1imiting the
highest pu-md,saible temperature of eperat:.cm ceuses a reduction
in the highest attaimnsble calorific’ velue of the gas and reduces .
“ the rate of production beasuse of the lower reactivity. . The
combustion is very canplet& snd the ash is d:.scharged with at
noat 5%, of ccn'busti‘blb ma{:erials T _—

‘I'no f‘urther working résults givm in Danulat's papers aré "
reproduced in Table » g’hbse may bé campared with the results
giveninTable 5 P N‘ o o SR

"

Gas:lficat:.m of Brown COal at 20 atno sheres ressure o
ScurceefBrownCoal.-,' _ 'Im:ls:l.tz._ Mid, Germany
Size  meme - T R . . 2=10 - 2-10

:Imhbﬂ .‘ . : ’ _ . : 0008-9039 0008"0.39
Combustible Meterdiel L 5 725 ..
Water S ek .- 16.9 -
Tar 10.2 - 18
Gross’ oalcr:lﬁ.c vaa.ue k.cal.perr kgn. 4736 7 . 50
Genarator 1oad, kgm. per sq.n‘per hr. 7% . - 8%
Oxygen omsuupticn,?’l.% of puriﬁ.ed. gas 15.0‘ L 147
Steam cdmsmlpticm, kgn.per N.Cu.me.gas - 1.10 ' 1.30
. 1bopel' c‘bﬂ.N.T.P.ofw 00069 : 0. 081 .

1b.per cu.ft.S.T.Baf'gas 0,064 0.076
: cempoaition of puriﬂed gas:- : '

(X)z % . e : . 3. ° 107

cnﬂn - % o e — 0e5 . 0.8

o % | -7 0l . 0.2

co . % - ST T 22,8 . 21,9

’ v % ' o 48,7 50ed

%» -«‘-:g a R 2.9

Spocuic Gravity (Air:l) . o.z.AB 0.426

Gross celorific velus, k.cal.per N,ouh 4280 ... . -4510

B.Th.‘U.‘por CUeLteN. T Po hﬁz ) 507 -
S B.Th.U.per C'u.oftQSQT-PO % . . . gg
eld N,Ouee: tame of coal ‘ : - -
R A 55 B
Tar yield of cosl contemt = < - 2?&.0 - I3



' This value may be compared with the’ work:l.ng results given in Tebles 10

'~

-6~

- F:Lgure 6 is a flow diagram.of the -process., This will be
amplified later when describing the plant visited. Plant results
have shown that the. efficimcy of steam deounpos:.tlon in the
gesification procese is 65 to 70%. “(Note:= The Bohlen results
given later disclose a much lower efficiency.) -The ter cbtained .
from brown coal confains a -higher proportion of the lower boiling
constituents than is the case in low temperature: carbonisation at
atmospheri¢ pressure and lebs dust and éreosote., - . The content of '
material boiling below 180°C emounts t5°18% by volume. The bitumen
and paraffins originally present are cracked but slightly and

: nw-destnwtn.vely, and hydrogesnat:.on of the tar does not take place.

As a result of using a h:i.gh gasifioat::.on pressure wh:i.ch favours
the " exothermic fomat:.on of methane, the oxygen consumption is - - -
reduced, as 'shown in Figure 7. The energy requirement of the
process is. correspondingly reduced, it is shown in cauparison with
other processes -in Figure 8, which gives the energy required to
manufacture gas to be del:.vered. at 20 atpospheres pressure. Danulat .
does not camplete fully the -diagram for atmospheric gasification. -
followed by atmospheric cata]ytjn conversion to a higher cé.lorific

- value, but.indicates the campresaion and pressure washing

requiremesnta. PFigure 9 is a heat balsnce for gas:.ﬁcatikonvat

- 20 atmospheres. This gives the calorific value. of the gas and tar

as 76.5% of that of the coal and steem, or 85.1% of that of the coel
alone. The calorific value of the gas is given as 62.236 of that of
the coal .and steam, which corresponds to. 69.2% of that of the’ qoal.

and},asshaminmableho

| JHERMAT, ERFICTENCY OF GASIFIGATION = B
| - ST ma -7 T awa
_ Coal P - Germsny M "I..__m_.y_sitz;'Gemam ’
Caloriﬂ.c value of cosl, kecal. 4950 7600 4730 - 5030
yiela. N.cu.m. P:;;r;g; of 61.0 1570 - 760 680
' Caloriﬁc valne. of. g:::lk.cal.per 14.390 -~ - 4100 L2800 4510
Thermal efﬁciemy, ’;;f'&";oal, % 57‘ .. 8% : '59_, S a

It is seen thst the result for I.ausitz brown coal agrees with :

-the diagram, but that the values for the Middle German brown cosals

are lower. The thermal efficiency of conversion from coal to gas
is much higher in the case of hard coal in fact is equal to the
cohversion of brown coal to gas plus tar. t will be noted that no

N figlmes are given in Table 1 for the tar yield fran hard coal, and
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_the evidénce of Teble k points to-the fact that no’ apprecisble.

quéntity of ter was formed from the Rulr lean coal.

‘A11 solid nonsceking fuels are. suitable for pressure gesification -

such <as brown coal, lesn hard coal and their carbonisatiocn products.
"Jurgi have gasified hard cosls from Wiescls, Concgrdia and Karsten—
"Zentrum, as well as Amalie.coal ‘after ageing. - Artificial ageimg can
be used to reduce the ‘caking properties of-coals which are unsuitsable
without treatment. A high-gas content of the coal is not necessary,
but has the advantage of increasing-the calorific.value of. the _gas ;> °
produced on gesification by -100-200 k.cal.pér NeCu.m." (112~225 B.Th.U.

per cu. fte N.T.P. or 105-209 B.Th.U. per cu. ft. S.T.P.). The -
yield of gas- depends on the gquantity ard nature of’ the combustible '
materisl in the fuel. With fuels rich in bitumen, as for example"
Middle German cosls, which give a high yield of tar, the gas yleld-
falls off, as shown in Figure 10. The reactivity of the fuél has a.
great influence ‘on the calorific velue of the gas, fuels with . )
greeter reactivity giving at the same gasification pressure,geas with
a higher calorific value. Increase in gasification pressure raises - -
‘the ealordfic value but there are technicel limits to this increase.
Wiesche lean coal gave on gesificatiom at 20 atmospheres a gas of . o
calorific value 4100 k.cal. per Necu.me (461 B.Th.U. per cu.Tt.N;T.Ps -
‘o 429 B.Th.U. per cusfte. S.T.P.), and it is calculated that at -

30 atmoasphexnes the calorific value”would be 4300 ke.cals per N. Cu.m.
(484 B.Th.U. per cu.fte N.T.P. or 450 B.ThiU. per cu.ft. S.T.F. )
With less resctive fuels, such as high temperature coke, the calorific

velue on gasification at 20 atms. ‘would be 4000 k.cal. per.NeCUems
(450 B.Th.U. per cu.ft. N, T.P, or.419 B.Th.U. per cu.ft. S.T.P.)s. The

celorific value of the gas obtained. frem.various fuels at different -
pressures is shown in Figure 1ll. o : ' ;

: Puels with a low esh melting point require a high consumption
of stesm and oxygen-because of the low operating temperature. The ash
. content may be as high as 30-40% witbout csmsing difficultys The
sulphur content. can be high, because most of the hydrogen ‘sulphide
formed is removed in the pressure water wash, and does not over-load
the oxide purifiers. The size of the fuel mmat not exceed 25 mem.

(1 inch) owing ta the construction of the coal feed mechanism, and
must hot be below 2 m.ma (0.08 inch) to avoid excessive resistance to
gas flow and carry over of dust. - B - :

| Of the costs of gas production by gagification and carbonisation
Danulat states that whereas in carbonisation the retwrn for the coke
i8 of great importance, in gesifjocatiom it is the actual gas oo
production costs which are decisive. Calculations have shown that ..
pressure gasification is cheapest for Middle German brown coal, because
of tha low price of the coal and the high refurn for tar. With regard
_to hard coal, Danulat.-points out that the coke obtained on. =~ .
carbonisation is a high quality fuel; 3if however the coke is convéerted
to water gas so as to-give & mixed gas and no solid residue from the
cosl, then the costs are dearer than in pressure gasification of lean
cohl. Refereénce may be made ta an-article by Traenciner (Gas and



-Wuserrach, 1939, 82 590) from which Figure 12 is reproduced; the
figures used by Traemckner are taken from the working of the Iﬁrachfelde

plant.

" The information give:n :l.n this section is. a'bs'l:raotea fran pu‘bliahod
articles in the Geman Press, and serves as én mtroduotion. - The |
first high pressure gasification lant rated af 3¢5 -a13ion cu.m. per
anmm was put to work on the AJ Sachaische Werke at Birsohfolde : L
(near ‘Zittau) in 1936, using 2 generators 0f£:1.15 ma intmaﬂ. diameter
».each capsble of producing uwp to 15,000 cu.m. per day. This.has 'béen
‘described by Drawe (G.W.F, 1937, 80, 806). 'Lerger plents with ..
genérators of 2.5 ms internal d::.ameter were put to work in 1940 om -
the A.G. Sechaische Werke gt Bohlen (negr Leipzig), and in 1942 on the
Sudetenlandische Treibstoffwerke at Brux (Czechoslovakia), with :
capacities of 150 and ‘80 million cubic meters per annum or ABO:OOO and
230,000 cu.m. per day respectively. .The Societa Italiana Carbm-anti.
‘Sintetici-proposéd to erect a lwdrocar‘bon synthesis plant. at
San Giovanni Valdarno (near Florence), in which sy nthesis gas yas to
be 'made from lignite by the Iurgi process, using 8 _generatars of 2.5 me
interna.. diameterworidngat24.5 atmoaspheres pressure. Site preparation:
‘wes not far advanced at the itime of Italy! 8 defea.t. m plant at
Bohlen was. visited an. May l;.-ljth, 1945. - e

¢ [ESCRIPTION OF mnommgz_.m_g_r"'-j:

: Ad:jacent to Sthe ‘Sachsisache Werke is a large ma.rogemation wou:ka
(Brabag 1, owned by the Braunkohle Benzin, A.G. ), and it is an
dmportant part of the ectivities of the Sachsische Werke to supply lov
| temperature tar for hydrogenation. The large low tauperahxrg ,
- carbonisation. plant used for ‘this® purpose is of the “Lurgi 'Spulgas®
design, and carbonises brown coel briquettes. Brown coal is delivéred'
from Bohlen mine with about 52% weter. It is dried in order to -
reduce the moisture content of the finer material to sbout 15%,
although the lumpy coel still retains up to 25% water. The dried fine
material is then: ’br:lquetted without binder into 2iinch cuvbes. - These: -
oubes are delivered to the low temperature carbonisation plant, and in |
the handling a considersble quantity of material is broken off from
the cormers. The broken briquette pieces, together with the larger =~ -
lumps .of the dried brown coal which are not suitable for briquetting,
aere gasified in the high pressure plant. . Additional 'b;‘iquettea are
often brought in from Espenhain. In general the briquette pieces and
dried lumps are gasified in the proportion of 1 to 2 but it was
stated “that broken pieces alone or dried lumps alone cam be used .
suwocessfully. The size of the material is from 3 to 10 mem., with a
maximm of 20 m.m., and the amount of material below 2 m.m. must not.
exceed 8-10%s The materisl is transparted to the plant by rail in—
special containers’ holding sbout 4 tons each. The cantaingr has.au
‘sutomatioc valve at the bottom whiock: cpens when thp canta:.nar wlowered
bythe travelling crane:l.ntotbo mker.. . S :
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The gesification plant has & capacity of 150 million cubic ,
meters (5,700 million cu.ft. at S.T.P., that is, 30" and 60°F wet) of:
towns gas per annum, which is supplied at a pressure of 19 atmodpheres
to the grid serving Leipzig and Magdeburg. The plant is in two parts,
consisting of 5 older generators (1940) and 5 modern (1943) housed in
one building. Figure 13 is a view. of the generator house which is.
314 (102 £t.) long by 17 m. (56 £%.) wide, and 32 m. (105 £t.)- high.
The projecting structures at the top are for coal ‘elevation to the -
‘bunkers which occupy the topmost floor of the building. The modern
generators differ from the older ‘type in the design of the: charging .-
pouch, grate drive mechanism, and arringement for. scraping the

nerator dome. BEach generator is rated at 3,000 cubic metres g
(114,000- cus £t. S.T.P.) per hour and is normelly:operated at 2,500
cuem, (95,000 cu. Pte S.T.P.) per hour, measured at 0°C and 760 .mem. ,
the calorific value being 4,200 ke.cals. per ctem. (472 B.Th.U./cu.ft.
at;o°c, and 760 m.m., or, :assuming -that the German stetement refers
to dry ges, .40 B.Th.U./cusft. S.T.P.). War time difficulties had °
often resulted in the plent producing gas with a calorific value of
only: 3,900 kecals. per cuem. Attempts had been made to “increase the
celorific value. to 24,500 ke.calst per cu.m. (471 -B.Th.U. per cu.ft.
at S.T.P. ) but, this had not Bén found possible at the mormal working
pressure of 20 atmosphereés. ~ The opinion was expressed that a calorific
vealue of 4,500 ke.cals./cu.me. might be maintsained by gasifying at
25 atmospheres pressire, wheh methene synthesis would be promoted
further. A . . : : T

» The charging pouch on the modern generators consists of & )
chamber 2.75 me (9.Q fte.) high by 2.0 m. (6.56 ft.) external dismeter
constructed of M.2 boiler steel of thicknees 42 m.m. (1.65 ins.)with

' & capacity of 7.5 cueme (265 cusft.)s It is fitted with two valves,

“one at the top commmicating. with the overhead fuel bunker of 50 to
60. tons capacity, and one at the bottom leading to the generators. -
Beth valvee..are opersted manually and are shown disgrammetically in
Figures I# end 15. The method of charging is as follows. . The bottom
velve is closed, and the gas in the pouch is blown off to a small
holder. The rotary valve is then opened, allowing fuel to flow into
the cylindrical sleeve. The conical velve is opened. As this valve
falls, it permits a cylinder resting on 'it_to drop to an exteni .
limited Dy stops provided for the purpose, leaving the coal from. the-
bunker: free to flow through the cylinder and the space between the
bottom edge of the cylinder and the valve. When the pouch is full
the top valve is closed. . In rising,- the valve makes contact with the
novetle cylinder, thus shutting off the coal gnd leaving the valve. .
surface clean when it meets the seating.  Gas is then let into the }
souch firom the generator through e special pipe-comnecting them, and
Pinally the bottam valve is-opened. It takes 5 minutes to charge the
pouch, -end it wes stated that only 2 men ‘per :shift are recuired on the
charging stage of ‘the-new generators -as compared with 5 men on the .
old generatorss. The quantity of ‘coel .in the pouchis indicated by the
freedom or difficulty of movement:of" thebBottam. valve. When this

¢slve closes' freely.the: pouch: is -emply.. ‘Ventilators are fitted over

-
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the coal.’ charging valves to remove any gas which escapes: and to
minimise dust nuisance (Figure 16), and the coal bunkers are: purged
contimously with nitrogen which is a 'by-produ:..t from the air - -
‘seperation plant. The upper explosive limit with brown:coal was..: .
stated to be 15% oxygen, but it was custanary to maintain the oxygen
~din the 'btmker at, not more than 127, : /

' The total volune of gas ‘blown off fran +the coal pouches .
represents 5-7% of the total -gas made, end it is not included in the
_reported gas meske, The gas- is drewn from the holder -and burned in a
super-heater, which raises the temperature of the steam used for -
gasification fran 380°C as d.ehvered from the power stat::.on on the
works, to 500°C. _

The top valve ‘of the pouch is compos‘qd of He 30.1Y steel seatingv
ageinst a Buna S rubber ring dovetailed into the top ﬂa.nge of the
pouch. The normal life of the Buna ring is 3 months. The bottom .

-valve has a remova‘ble conical insert .of herd "Panzer" steel which .
makes contact with a sharp edged seating of chrome alloy .of 60.11
steel. 'The seating is ususlly renewed after one year of" service,
when the initial line of cantact has widened to 7-8 mm. The free
.operding of both the top-end bottom valvesis.250 mems (9.8 ins.)
dismeter. As indicated in Pigure 15, a metal ring of triangular.
cross-section filled with cancrete is inserted at the bottam of

the charging pouch to fill the' acute a.ngle in the necke

- The generator consists of a spher:.cal ended cylinder of' overall
height 6.8 m. 222.3 fts) by 2.8 ms (9.2 ft.) external diameter with .
walls. 15 mem. (059 ins.) thick, with a capacity of 35 cu.ms
(1,240 cueft.)..  The cylindrical portion of the generator is brick’
lined from the top to within 1 m. (3.3 ft.), of the grate, .It was
stated that the bricks were dry set in contact with one another and
with the steel, and that no difficulty had ever been experienced with
expension. The brickwork in the older ‘generators has lasted over
4 years. The. generator is enclosed in a pressure cylinder of extarnal
diameter 3.0 me (9.8 ft.) with walls 47 m.m. (1.85 ins. ) thick, the
anmalar space constituting a water jacket which is connected to- a stean
drum, the small quantity of steam produced (60 kg. or 130 1bs:/hr.
at most) being led into the gas offtake. In this way the pressure
inside the water Jjacket is maintained equal to the pressure inside the
generator, 's0 that the gemerator wall, which is exposed to the gases
at high temperature, is not stressed with the difference between the
gasiﬁ.ca.tian pressure ond the atmosphere. The steam drum is 1 m. ‘
long horizontally (3.3 £t.) by 0.6 m. (2.0 £t.) in diameter and is
connected -to the top and ‘bottom of the water Jacket.

A eki.rt is’ prov:uied armmd the coaJ. inlet for the purpoee Bf

aaintaining a gas space .over the fuel bed. The skirt also serves’

as a support for a system ‘of scrapers for the removal of pitch and-
carbon from the dane.of the generator. These sorapers are



-11~

electr:lcally dxriven at 10 arevolutions per hour ‘through rednch.m
.;gear:lng by & moter rated at 0.5 k.w. and are. operated for a

6 minhtes every 2 hours. The position of these scrapérs is shown:
in Pigures 17, the drive being at K; an additicmal scraper .
projecting to the metal wall above the firebriok hsd been

‘added at a later date. The generator shown is of the older type
in which ‘the coal pouch is closed by a ﬂange which must be
unscrewed for ﬁlling "Inside the skirt is suspended a coniocal
ring and beneath it a double cone whose combined purpose is to
avoid segregation . of the fuel and to equalise the pressure -AcTOSS
'bha fue:l-. ‘beﬂ. 17'b 13 a draur.i.n,g of the genu'ator. . -

is detend.ned ’by the quant::.’hy ‘and character of the ash.. The ash
zone normally extends 300-500 m.ms . (12-20 ins.) ebove the grate. .
The temperature of ‘the fuel bed and condition of the ash are
centralled by the relative smounts of steam and oxygen used for
gasification. : The 'bempera:mre in the reaction zone was stated to
be 1050-1150°C. The minimum permissible melting point of the ash .
is 1100°C, and fuels ?m‘baining up to 304 of ash-may be used. The
carbon-oontent of the ash is 5-6%. Figure 18 is a reproduction of"
a determination of the mélting point by the Bunte=-Baum method of ‘
& ssmple of clinker taken fram the wall of a genecra‘bor, and

Figure 19 shows the results of a similar test on the fuel which was
in use at. that time. "Both determinations were made by the
la‘boratory staff at Bohlen, who cammte‘tf ‘that the s:lnte-ing tq@m
ature of the coal waa rather low. ,

- The grate is a1lightly dcmedihfor-, ard is canposed of three
‘sections, in each of which is fitted a detachsble portion’
incorperating a plough arranged to direct the ash passing over. the
edge of the grate into a cylindrical space beneath the grate.
Photographs are reprodwed in Pigure 20, It was stated that -
staticnary ploughs sbove the grate were tried and abandoned. A"
vertical vane attached to thé grate shaft then scrapes the ash
'into an opening leading to the ash pouch. The dismeter of the
grate is 1.6 m. (5.25 £t.), the centre being- 150 m.m. (5.9 insa¢)
above the ciroumference. 'The grate sections are -prefersbly cast -
from 258 chromium steel; and have a normal life of 3 years. The
drive shaft of the grate is hollow to provide the inlet for the
oxygen and ste-nnﬂ.xt:ure nsed to asify the cosly - The- opening
_is covered by a cap of 0.8 m. (2.6 ft.) diemster supported to give
'an opening of 20 m.m. (0.8 ins.) between the cap and the grate '
(see Figure 17b). The grate is driven electrically by & 4e5 kew.
-motor through reduction gearing and a ratchet device which affords. .
adjustment of the speed of rotation. The mechanical parts are .
protected by shearing ¥olts. The shaft is packed with metal asbestos
of square section with provision Tor lubrication. ¥The grate a.nd
drive mechanism are supported fram the generator shell. :
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. The ash leaving the gemerator passes intc the ash peuch
through a valve which is exactly similaz in constructiom to the
bottam valve of the cherging pouch except that its dismeter is
300 meme (11.8 ins.) instead of 250 mem. | ash pouch is 2.45 m.
(8 £t.) high by 1.57 m. (5.2 f£t..) internal diameter with wails
7 Mmem. (0,28 ins.) thick smd has a capacity of 3.5 cu.m. -
(124 euv.ft.). This thin metal wall is.surrounded by a
wall 1e7 me (5.6 ft.) external diameter with walls-
(1.58 ins.) thick. The thin wall is only a linring deaigned to
provide an insulating gas space between the ash and the preéssure .
well. The base of the pouch is closed by means of a disc clamped -
by four swing bolts. A thin Klingerite packing ring set into the
disc forms the actual joint, and this is renewed after three - .
discharges. ~The pouch is surrounded by a stesm coil at ‘the base to
Prevent condensation of water on the ash. - The ash is discharged
- through a portable sieve into a water sluice at intervals of sbout
2 hours, the oxygen and stesm released on reducing the pressure
being allowed to escape to atmosphere. ~Alternatively the ash can
' be discharged into bogies and wheeled awey. Gasification is not
interrupted. Steam is used when increasing the pressure again to
-working level. - The sluice water is sent to a settling pond where
the ash is separated, and the clarified water is. then returned to
the plant. In oérder to avoid dust nuisance the sluice is.fitted
‘with & ventiletor which maintains it under a slight vacuum.

It was statéd that there have been no difficulties due to
clinker formation except during periods of irregular operation,
and the ash discharged is normally very fine, Daring air raid
Periods irregulerities in operation led to clinker troubles
necessitating 4 shmt down periods in one year for each generator.
- In normal times a generator can be operated for 250 consecutive days,
which include sbout 30 miscellenecus minor shmt down periods
- totalling 90 hours. The total time lost for both major and minor

repairs is about 2,000 hours in a year,"

" .-In order to maintain a high calorific value of the gas, the
. emount of steam used must be as low as possible, the limit being
defined by the character of the ash.. If sintering occurs, the
generator must be cooled by the addition of more stesm. Slag
formation in the generator is to be suspected if the jacket
temperature fluctuates, or the gas make varies with a rise in
outlet gas temperature and an increase in the power consumption of
the ash extractor. o - ‘ :

The rate of extraction of ash is adjusted to the generator load.
If too much ash is extracted, the ash contains too 'much combustible
material, while if too little ash is extracted, the gasification .
zone -moves upwards, a&s shown by a rise in the outlet gas temperature.

3803 - A
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. Temperatures inside the generator. at tﬁo..:l.nﬁezf surface of
the brickwork lining are measured at four. points by thermocouples.
projecting through the steel shells and evenly spaced around the
circunference 1.2 m.- (4 ft.) above the level of the top of the ,
‘grate. It was stated that these. temperatures ‘are not relisble as
a means on ooitrol, and more. importance is attached to.the outlet
ges temperature and to the character of the ash discharged.

.. Casification is contimuous, and the interval. between . . -
_charging the poudh depends on the relative sises of the pouch and .
gemerator. The interval is 20 mimutes with the old gemerator, and
35~45 mimmtes with the new generator. - - S :

A generator can be started up fram cold in 12-18-hours using

25 cuwm. (88 cusft.) of ash with a thin layer of coal on the top,

- fired with wood and wood wool.: Air is substituted for oxygen when
_starting up; spd the pocr ity gas is discharged to a stack at the"
top ¢f wiich it,is burned (Figure 17, No. 9), the gas outlet valve
of the gemerator being shut and a spade inserted (4). Steem is.then
-added,. coal being run in at-intervals. When the generator is hot, gas
making proceeds using oxygen -and stesm. . T - . .

-~ The oxygen 18 supplied by a Linde-Frankel plant housed in a '
sepsrate building 53.5 m. x 31l.8 m, (175 ft. x 10k £t. ). .. It consists
of. I units, 2 of 1,000 cu.m. (35,300 cueft.) per hour amd 2 of = .
2,000 cueme (70,600 cu.ft.) per hour free oxygen capacity. The oxygen
is of about 95% purity, and is supplied to the generators by )
cemipressors st 23 atms. and 409C. ' The instelled power capacity of the
oxygen plant is 4600 kw. It is not ppoposed in this repart, to
describe the: ration of the Linde~Frankel plant; fall details are
availsble slsewhere. : S ST o

" The ‘gas leaves the generator at a temperature of about 300°C, .
pessing through sn offtake pipe whidh is provided with hand operated
scrapers, shown at L in.Pigure 17. These are operated twiceé per =
shift. The offtake pipe also contains water sprays. The gas then '
passes into a spray cooler, F. It wes.clear that the design of this
spray cooler hed given trouble. The apparatus is dealing with waten
gas, tar, and dust It appeared that four or- five differemnt designs
were in use on the plant, the general design in each case making use
of changes in the direction of gas flow and the action of the water
spray to wash out tar and dust. The overall dimensions were-2 m.
(6.6 £t.) high by 0.5 me (1.6 £t:) diameter, -and the whole cooler was
water jecketed for additionsl cooling. . The tar-is discharged through .
'a trap.and the water is re-circulated’ through an indirect cooler G

to thé'spraya.'S?' and 8 in Figure 17.)s A total of ‘sbout 500 cn.m.
(11,000 galls.) per.day of water is discharged fram the spray cooler
systems. -Dust is carried awsy in the water end in the tar. Troubles -
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due to enulsification of tar and’ water have been experienced. The
gas leaving the spray coolers at sbout 150°C and 20 atms. is :
co]lected separate]y fran each half of the housee.

. Each streaun passes through twvo ve:rtical water tube nr:i.ma.ry
coolera, when ‘the temperature is rediuced to 100 c, then through a :
tar precipitator of the multi-baffle tyve, followéd by three vertical
water tube secondary coolers to condemse light oils. Each primary
cooler possesses 48 tubes 7.16 me (234 ft.) la with 48 mem. = .
(1.9 ins.) internal diemeter and walls 4.5 mem. (0.18 ins.) thick
and has’a heat - transfer surface area of 60 sq. Me 2640 sq. ft. ).
Each secondary caoleér possesses:174 tubes:7.16 m. (23.4 ft.) long ..
with 23 m.m. (0.91 ins.) internal dismeter and walls 3.5 Meme .0
(0.1% ins, ) thick,” snd has a cooling area of 102 sq. me The gas is
then washed with oil in a Raschig ring scrubber 9.5 m. (3 ft.%
high by le2 ms (3.9 £t.) diaméter, to recover benzole. These units -
are shown in Figure 2l. Referring to the structure with a common
platform staging at. the top, the two primary coolers can be seen on -
the lef't, and next to them a low vessel which is the- tar precipitaton
Then the ihree tall slim secc:nda.ry coolers cen be seen, and on the - -
right the broader benzole scrubber. The scmewhat shorter vertical
cylinder just to the right of the structure is a separating tank.

The second and simila:r: stream can. be seen at the baolc.

The cooling of the gas, re moval of candensable products, and
0il washing is followed by scrubbing under pressure with water to
remove carbon dioxide and hydrogen sulphide. Each of the two gas
streams is washed in two towers in parallel, 2.1 m. (6.9 °ft.) in
diameter and 21 m. (69 ft.) high, packed with two layers of 50 m.m.
dismeter x 50 m.m. high Raschig rings, the total packed volume
being 52 cu.m. (1,820 cu.ft. ). per tower. Water drewn from a
collecting tank is pumped to the top of each tower, and led from
the base to a turbine of the impulse type- -where its pressure is .
reduced from 20 to 2 stms. During this expansiomn carbon
dioxide and hyd.roged sulphide and cther dissolved gases are -
evolved,-and work is performed of which use is made by coupling .
the turbine -to the high pressure water pump and the electric motor
which drives it. - The mixture of water and gases leéaving the -
—turbine is separated in a vessel whose gas space is comnected to the
turbine housing so that the rotors run in a water~free gas ~ = .
atmosphere. The gas and water are led separately under their own—

pressure to the top of the aeration towers shomn in Figure 22
of. the washers can be sé¢en also behind-the aeration towers).

are two aeration- towers Por each gas streem, 16 m. (52.5 fta) high
vy 4 me (13 ft.) dismeter, packed with wooden boards on edge. It
will be seen, however, that there are actually five and not four
aeration towers in all, and similarly there are five pressure :
washing-towers. Plans had.been made to add a sixth aeration tower
and asixbhpressurewashimg tower. This may have been done in order’
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to :mcrease the efficiency of rendval of ca.rbon dioxide and hyﬂroge:n
sulplﬂ.dex, or so as to have spare apparatus available as reserve. The
aeration towers are divided into two parts. In the dpper part which
contains. two layers of boards each3,36 m. (11.0 ft.) high presenting
together 3,000 sq. me (3é\500 sq. ft.) of surface, the water, now.at
atmospheric pressure, releases gas which together with the gas
cvolvod fram the separating véasel is led to the power ‘house and .
purned to generate steam, - The watér then passes through a seal’ 'to the
Iower peart of the tower ccntaining two layers of boards eech 3.12 m.:
{10.2 ft.) high presenting together 2,800 8Q.. m. (30,000 sq. 2. ) of
surface, where it is blown with air; this air containing hydrogen .
sulphkdde is sent: ta the base of -the power house chimneys, where
(1t was said) hyﬂ.rogen sulphide and sulphmr dioxide react to give .
sulphur which jis. dn.scharged to the atmosphere., This is believed
to be the present system; but the plant dooments describe a three
stage aeration tower, - consisting of (1) a top. stage where: gasea are
evolved by reduction in pressure, these geses being burned (2) a -
middle stage where air is drawn through by a fan and sent to the -
boiler stacks (3) a final- stage where air is blown through the water
.and’ discharged to atmosphere. ' The aerated water returns to the. :
collecting tank. The washed gas passes-to a aeparator for removel
of entrained water. The amount of water circulated in. the pressure
wasling system is about O.1 Cueme per N. cu.m. of gas, or 580. gallorna
p‘r 1,000 c‘bft. S.TQPQ - ‘

o Difﬁcultiea due to corrosicn of pa:rl:a of the plant by hydrogen
sulphide and.oxygen at 20 atms. pressure have been experienced.. Chrqne

steel centaining up ‘to 23% of chrcu:hn haa proved to be resistant.

[ —

- After watermshing the gas passea to the I.ux pm'if:.ers, one
stream of which is shown in Figure 23 viewed “From the charging stage
of the generator house, while both stresms can be seen to the left of
Figure 13. purifiers consist of two parallel streams, each of
four boxes, of ch three are in use while omne is ‘being re-charged
with oxide. The working life of a charge is about four weeks. The
‘boxes were built by Klonne, and are 1.5 m¢ (4.9 ft.) in diameter by
75 me (2445 £t.) high, containing five trays each with two layers
"of oxide 16~18 inches deep, the gas flowing in parallel through the
ten layers of a box while thé.three boxes of a stream are worked in
series. .The gas enters with 10-30 of H2S per 100 cu.m. .
(4=12 prains per 100 cu. ft, s.m.? and leaves with O.1 grm. per .
100 cu.m. (equivaleént to Oeg pParts per million by volume). }% was
stated that 20 tons of Lux ‘were used in a year. . .- '

' Gas leaks were a very ser:.ous source of annety in the early: da,ys
of the plant, but were finally overcome by ‘care in the. select:.cn of B
'jointin.g materials and in worrhnansh:lp. . ,

" The total pressure loss in the whole cooling and purifylng plant
is about ane a'h_nosphere-
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. In operation there are three. attendants and. one tecbn:lcian '

per shift in the control room, which contains a panel for each .
generator, on which are mounted a recorder for the carbon dioxide’

content of the gas made, steam snd oxygen flow meters, & gas :
pressure recorder, end a five- t temperature indicator.  The

total nunbér of men ass:.gned to the plant, including those on the .
. linde oxygen.plant, is 207. .This excludes boiler men and. power . ,

) ;‘horuse attemdani:a.*irhe_men md:.sh:ibnted aa—followa'- e

. xninoa- repairs . 1/'shift

Supervis:.cn, including laboratory a.nd off:.ca -

. O:pera.tion. £6s plant, 3 shifts x 29 , .87
- oxygen plant, .3 shifts x 10 L
- gas treatment plant 1 shift 1 © 35

: , iniscellaneqna . .1 shift o 15 .
l[ai.ntenance. repaiv crew ' 1 shift . 2g

It was stated that the cost of' the gas plant oanplete
with oxygen plant, offices,. land railroed, sidings, 'roads, C .
utility services, eto. totalled 11 million merks. Of this =, .~~~ :
swm, the first five gemerators with all buildings and' o )
ancillary equipment snd services amounted to 6.5 million worka, S '
and the second five gemerators with thé additicmal- ‘bu:l.ldings
and eq,uipment required amounted to 4.5 million marks. - . .

Plant Results

. Frcm the documents tsken fram Bohlen it is proposed to
. -quote scme typioal reaults of the working of the plant.

able§ : - : L

" Wor resultsfortha thofS tember, 1
S ST (5 older generators ava:ila‘ble) o ,
‘ Pnﬁ.ﬁ.ed gas S 6,566,771 N.cu.m. 248.7 nill.cu.ft.
Ty ‘ ' T+ 7 65407 tonmes 6&.3.6 tons
j'Bcnaole o o - 216.91 tonnes - 213.3 tons®
-Gas liguor .. 8,154 cusme - 1,792,000 Iup.gells
lu:!m do:l].y gas prod.uotim 268,01..1 N.cu.m. 10.1A. m:l.sli.gn.ft.
”loan da:u; ges production 218,892 N.ou.m. 8.281. niilzc;n.ft.
Mean hourly genmerato¥ output = ... 2,396. N.cu.m. i’*%: .28
Mean ator loading of 0.79h tonnes/ 16é 6 l'bs.sq.ft.

drj.od coal per hour - . E _ . 8QeMs

e B
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m_%__mgtim : B
‘Coal:- briquette p:.eces, as delivered 4,297 tonnes

dry, ash-free

lumps from drier, as del:-.vered ‘65593 tonnes

dry, ash~free

total coal used, as delivered 10,890 tonmes

C -~ dry, ash-free
Pure o::ygen used e

volume per unit vo]_..pur:.f:l.ed gas 0.149

._Steam for gasification. .
o per volume pur:.fied gas

. Total steam used S ‘
per volume puriﬁed %as

Electncity used in oxygen plant
- per volume of pure oxygen
Total electricity used -
) ' per voltne pu.riﬁed gas =

.Dast content - - —
Water content

Setﬁ.n.g point

42

50.9 C

‘Gross calorific value 9,486 k.oal./kgn.

4,326 tans -
.3,218 tonnes ' " 3,165 tons -
6,484 tons -

',,081 tormes . 4,016 tons
10,710 tons

75299 tonnes 7,181 tons

97 59T Rcu.m.; «BG«MH.M

: S.‘.I'.P.
Co 001‘!-9 .
. 9,355 -tonmes 9,20l tons g
1.11-2 k@om.m 0.0826 lbs,cu.ﬁ“.\
. . m. : ’ SOT.P. - )
'9,892.. tormes 9,737 tons
1.51 kgn./N.cu. q 0878 1'bs./0uft.
S.TP.

1, 2k, 340 iwm. 1,2&4.3&0 XWh.

' 1.28 KW/ cu.m 0.0338 kWh/cu.ft.’

S.TePe

1,839,008 kfh 1,839,008 k¥h _

.'\20.280 kWh/N. cwn.0.00739 k'h/cu.f‘t.

: - SOT.P. .
‘Water:- Plant water 147,767 cu.m. . 32,480,000 Imp. gall.
i: water . 1,027 cu. m. - 225,900 Imp.. gall. -—.
' "Total per vol. of* pm-iﬁer © 2246 litres/ 0.131 galls/cu.ft.
gas " . Necueim. . 7 SeTeP. -
: Re-cycled cooling water 53,277 cu.n\. _‘11,720,000 Impga‘!].
Gas:- ‘ . . Relessed gas Cn':de gas Parified gas -
S cop % - 87<3 - 32.9. 6.5
9) 0.1’ - Qa2 . C.1l
. . 1.6 13.2 - 1846 -
H : 363 - 35.0 . Bl.2 -
. % P ‘ 2.9 ls.‘l- ‘ 22.0
R, U 1.0 1.1 " 1.0
'Sp.gr. (air:l) led2h » oom 0. 457
Celorific value(gross) 4,339 kecal.N. 54 BoTh.Us/cteft.
Of Mﬁed gaa - ‘ c‘-l.mo * ) S.T.P./.;
Par: Dmity at 60°c 0.932 kgn/litre

17,080 B.ThU./1b.
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Bemole. Dm:tty “at 15% 0.828 kgn./:mz-e ,
, mstn:ute t0180°C 81.6% .
- wm3100°C .85.1.15
5%distillingat - R
gross. calorific : "'_9,766 k.cal./kgn. '17‘,-5,80'3,‘!!1.’0./]1:.’

valuc o , _
=14 guor: caa-bon d:l_.o'ﬂ,a.e’ L 'k.h.?? gi./l:ltre B 0. 1B% by who

- Ammcnia " 5153 gm./litrer  0.415% " ®.

L ~ Pheniol - 4723 gme/litre \_0.472% "

Tar REERTEEE 27.912 gn./l:ltre - 2.791%

Coal, as ‘delivered - ' Briﬂtte gieoes T %a_
 combustible ma.te:rial % 75.9 B 61.9 -

Water % o _ ‘132 - . 28Be9

Ash % , c T 12,0 942 .
Tar content % = = - 148 : 123 .-
Garbom.qa.ticn rater 18.9 - 33.9
Dy, ash-free c % . 68.01 . 69.89

781 o 7.51

- gross C.V. 7,042 k.cal./'k@. 7,069 k.oal./kp '
se 12:680 B.Th.U./]Sb.12:720 B.ThT. /1b: .

Yields. =

ﬁ.eld of pnr:l.ﬁed gas fran coal 603 N.cu.m. per 23,’200 cu.ft.
tonne SeToPe/ton -
Purified gns from. dry, ‘ash-free 900 N.cu.m. ‘per 34,630 cu.ft.
B  coal tonne SeT.Ps/ton
Tar plns Benzole calculated on. =
'buisofta:rincoal'bymscher ’ N
”m P 60.% <t
_6Proporticnoct‘“bmzoleini'ar».’ .
.. plus Benzole 24.9% L
Taxr plus benzolo Recovery frm o '
Gas 133 g.per N.cu.n. 0.00774 l‘bs.
] . - . . OuoftoSoToPo
Tharlnl efficiency. caleula.ted .
~on the Gross Cdcrr:lﬁc Value‘
Gu + Tar + Benmle e - 71.6%
Gas - 55. 3%
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. Oxygem pur:l.ty e 5%
Stesm decomposition (exci.jacket) 45.4% L
6il cmsuupﬁ.cm (869 kg. new 1766 xgm. - - '3592' ‘lbs.'.
. __* charge) o :
. Greue ‘consumpticn - 72 kgm. 159 1bs.
-'!arlo.sinliqtm ‘ 227tonnes» 2231:@3-'
based on coal content = 15,78 ’ '
Quant:l.ty oﬂ.’. released gas. . 3,530,030 cn.n. 12#.7 lill.cn.ft.
S 3,346,000 Nom 12608 mlicu.fto A
- - To . )
(Scne o:r the ner gmtm a.vaila‘bla)
Froduction ' i
Purified 8"'&8 : | 10;791, 350 N.cn.-. ADB.k unimre.s,r.n
Tar T 1,184.96 tommes. - 1,166 tons-
Beazole . = . 503.46 tonmés " 495.5tons. | -
Gas Iiguor = - 15,962 cu.l. S ”5,510,000 Inp.galls, L
Maxizum daily gas prodm:tion l|-26,496 H.oueme - 16.15 mill.cu.ft.S.T.P.
Mean daily gas production 372,115 N,cu‘.ua. 1410 -a.n.un.rt.s.r.r.
Mean hcmr]y gmratcr ; 2,400 N.ouime ._-90,860 ousfte S ¥iPe .
output” '

‘Mean genaratoz:.loading af - 0.770 to&mea/sq.-. 157.7 lba. per:. aq.i"t.
. dried coal per . hour _ _

% brianbte pieoés, a‘aw 14.,825 tonnu | 71&.7&#@3 o

_ dry,ashfree . - 3,657 ¢ - 3,598
lwmps from dr:ler. as 9,399' - . o -9.21:5 .
Sy s 5921 v 5,62, *
coal f;-m Elpenhs:l.n, as 3:108’ - 3;058 -
. dxy, ash-free 2,064 - - 2,032 -%
tatn}. coal uqod., ag 17,332 " 17.050__ -
> aa uh-fr.. 11,642 ® ALash
Pl?L ozwgen 1,680.469 r.cu.-. 63.& d.ll.cu.ﬁ. 4
Do S.TP. -
volume per umit volme 0,156 . - "', :'_001.56_ .
Bte- for gud.q.oaﬁm lh,8OB tennes 1&.589 tons
pexr’ volt-o purified 1.37 kg./h.ctun. &0796 lba./cu.ft.

g.. ' BRI SdT. P. -



-'l‘otal stem used T
per. volune puriﬁed gas _

‘Electriofty used = _
- per. volt.ne puriﬁed gaa»

Weter: Plant water .
_per. volume pur:lfied gas

nrimd.m water
Re-cyoled cool:l.ng water

0il used (:I.nc.900kgn. old o
ol

per. volune puriﬁ.ed gas

Grease used

' pefvolmepuriﬁad gas '_

-20=
18,435 tornes

1.71 kgms/Nocuams -

< 2,866’1’04 kWh.

" 04265 kWh. /N.cu.m; -
- _,19#,784 cu-m. o
g _;1804 li‘bres/'N.O‘u-m: :

) ;’EﬁBS cu.m.’
.'55,680 cu.m.

1,795 kgm.
0.166 gn./N.cu.m.
82 kgn.

‘0.008 gl./Nazn.m.

:_0.107 gall./mx.:t%,.,

SeTuPa:

- 724,800. Im-sall-r R

12, 250,000 Tmpe-
nll-

3’958 ]bs. ‘

0.@966 sz'--/
.1000 ou.tt.s.!!.t.;:.

: 1.81 Ibs,. .;“l' )’.»
0.00047 - 1bss/ . -
1ooo cu.rt. s.tr.a.

- . . . RN
. . s, s PO ¢
J e - y
: " . e 0
. : ’ e
_ ;
:

0.8

- .0ed "
12,9
350_7:& L

e 1.5—~ L o le2

| D 0.771 — 6.463
| 1]-’251 kocal /.N'.c‘u‘mo M-205 B.Thq“./cuoft
1l L ) - o L s.T.P‘
Tar: Density &t 60°e o 0.930 ksm./iitre- :

' ‘_Duat content - . 0.06% o o
Water: centent 0.65% T , o -
Setting point 33.9%. R T
Gross c mfi.ﬁo value ‘9,611 k.cals/Kegm. 17,290 B.Th.U./1b.

Benzole: Dﬂ@y 8t.15°C  0.827 kgm./litre T e

- DistyIlate’to 180°G gz,].% o | v

n 190°%C 6.7% . . . s
95% distil:liug at ‘215°6¢ y
grosa calerific ~alue 9,976 k.cal./kgn . 17,950_3.':1:.1!./:1:.
. Cixde ﬁoaa. :ﬂz..ag gn./l:lti'e . 0.478% by whe|
BOIXES. " - - A. i L Ooll\om
et . -~,_,—-z,,291 ~-- . Dek29%
, B R——— ;}.736 : . 1-1*715




‘'Coal as delivered . -

Lo -

coal

Purified gas. from dry, -ash-

free coal

Tar plus Benzole caloulated an
'baaia of tar in coel by
Praportion of 'benzole in Tar

. plus:-benzole

Tar plus benzole - -recovery

- frow ges

Tar loss in liquor
based on coal content - .
Thermal Efficiency calculeted

72.7% -

,29".8% -

235 tonnes . .

10.XM%

- on. the Gross Ca.'l.orj.f‘ic Value _

.Gaa + Ter + Benzole

Coal

’ G-da

Miscellaneocus
-Oxygen Purity

- Quantity of reléased gas

Staff’ employed

'orknen enployed Geman men.

. _ Average anployd

.68

577

95,1%
. 4,816.376 cu.-.

. 107
German wamen 4
Ukrainian men 4
Ukrainian women 12

. Other men, - 25
. Poreign e
Total 192

during month 186

Number. of man—shlfts worked in 4, 681

the month

Gas production per max'x-vsh:.ft-

2, 302 N.cu.m.

927 K. cu.m./tonne

. 157 gn./N.cu.m.

e Esperhein

Bri ette ieoes
"cambustible material % 75-5 3-0
water . 28.7 o ‘ 1903
ash- % 10.2 803 y 1‘&'3 T
tar content % 1562 12.7 ' 12.8.
carbonisation water cantem:% 21.0 35.2° 25.7
d-ry._, ash-free' % . o 70.05 ’ . 71. 22 ’ 69. 78 '
' : H % o 5028 5,.2"7.";» ‘5.5
- S % . 3- 339 ©ledl9
| N4+0% 21.67. 20412 _,___20452_
“Groass C.Vs, ke.cal, /kgm. 5807 6747 - 6884
| IR B.Th.U./Ib. . 1Z,240 12,330 12,1;00,.
Yields | LT
Yield of Puriﬁed gas from 1623 NeGueme /torme . '.-23,980 cu.‘ft.S.T.B

ton”

" 35, 680 en.ft.S.T.

- 0.0091,4~ Ibs. /cu.rf.'

S.T.Po

231 tans

13

© 170 mill.cu.tt.

| 87,380 cu.rt.S.12
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The otily figures availa?ble for daj.ly production of gas are those
for November, 1944, during wh:.ch month- 'bombing intu'fered only .
slightly mth productien. \? o .

‘Table 7

PR,

Dail Production Y3 ng the)&onth O Noveaber. . 19k,

Day Gas Produced - Celorific Value .Observations
T Necueme —OWFES.TePy  keoale/Re BeThoUe/ —— oo -

1 405,337 15:3503000 ~ . 4160 - 436 .

333,683 1236303000 : L Lo
-2 T 3170 - - 437

3 402,443 15,240,000 . - = 4230 4
oy 3745399 14,180,000 .. 4060 - 425 3

5 322,395  12,210,000- . 4070 526 . '

6 = 245,083 9',281,‘000‘ © 4095 _2.28~', Shorta,ge of o2
8 366 794 _"13,890,000 “ 4080 527 Air Raid
"9 416,950 15.790, 4020 421 Coe
10 ' 386,587 14,530,000 4070 T 426 L
11 279,418 . “10,580,000 4020 - 421 - '

12 377,503 = 1k, 300,000 4050 - 424 ;
13 443,490 1 ?20, 4030 . n22 ERTEE
15 37#.431- a 14.170,000"_ 45130 432 Alr Radd-

16 382,240, 14,#70, S R30 &332 SRR
17 374,169 __“_.110.170p000‘;;‘ - 4065 - 425 - e e
18— — T 20 431 Coal Shortags
19 309,973 . nai7,30: ‘ ,'4090 427 ' T

.20 369,065 13,980, 4105 430 -

2 299,842 - 11,350,000 . 4100- 4529 Air Raid.
. 3 : Wn.ter ?ubo

221 - 335,814 - 22,720,000 4350 34

.23 395,105 14,960,000 4050 42l

2L 385,715 14, 600,000 -, 4095 428,

25 352,93 - 13.560.000 - 4300 429 m Raidj

26 270,720 10,250,000 4120 - 431 _

27 . 324,916 12,300,000 4100 429 Afr Baia

28 370,901 14,040,000 4160. 436 o

29 ' 374,262 1#:170,000 4130 . 432

Total e e

- 10,600,850 401,400,000




-

: . The. ]Ateat results avanla:ble are thoss for Jamuary 1945, ;}ust
‘before bambing began finally to reduce production, nmot because -
'the plant was damaged, but because the adjacent Hydrogepation .
plant was severely hit. Phe -resul ts were taken from the off‘ico
Tecords and are not so fn‘u as those g.ven above from the

eng:l.neor'a file. ) _ | | )
WORKING EESULYS FOR THE MONTH OF JANARY 1945
T ' (10 gene:utors a'n.ilqble) |

‘Purified gas , B 12,365,90!.. K omlm - 4684 -i.chutt S.I.P
Tar o . ,101.32 tomnes 1,082 toms .
Bensole » o &7ke78 - “705 .

Maximun daily gas pro&xc‘bia; 476,190 N cuam 18.03 nill.ou.ft.&!.?

Mean daily gas prodnotion 399,892 . ® | 15413 " .

Measn hourly- gemu'l:ar output 2,300-2,500 :* 87,000-95,000 LI

29.1_-2299_0' ‘ o L

‘bonl:- briqnotte pheces as dau.veud. _ o
4,859 tommes @ 4,782 .

tons
dry, ash-free 3,639  *. 3,581 *®
Lumps from drier as deliwered 8,101 - . 7.97&- "
.ary, ash-free 5,347 . 264 %
Py = N I . S R Y
. dry,ash -free 4,343 . "‘i"’?‘i .
tohl coal used,as delivered19,600, " 19,282 %
: ary, ash-free 13.329 S 15,119 .
Pm oxygen used 1 799.198 N cusm 68.15 nill.cu.ﬁs.'!..?
Stean for gasification 8,183 tormes | 17,890 tons- _
per volume purified gas 147 kgn/N cudn. 0.0855 1ba/cu.ft.S.TP
Total steam used - - - 24,096 tommes - 23,700 tons
per volume purified gas 1.9 cuai 0.1128 1bs/cu.ft.S.TP
_ nootx'icity’ used . 3,402,865 Wh 3,402,865 XWh'
per volume purified gas 0.274 XWh/N cum  0.0072; klh/on.ft.S.!.P
mt'ﬂtor used &7,2& CleMe 5‘},3&,@ IQ‘ R .

per volume purified gas 20 litrea/h cuam 0.116 Imp.gall.cu.ft.
S.TPe.
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LY BSOS R -

Gas L. o gelmod . Crude Gas  Purified &
HpoS 4 . 3e6 . 1.6 . o.o -
02 e - Oe2 L 0e2 . 0e2
co 3¢5 . 12,1 ' . 16.7
Hz - o 940 375 5243
No | . Lled . 13 . 1.1
8pegre (.:u- -. 1) : 1.288 0.753 0eh99

Calerific Value ( gross) of

purified gas | 4,01.8 k.ca.l. N.cu.m. ] I.M.Th.v/cu.ft.
! ’ . QTQPQ

Coel, as douvmd ggtte pieces Dried 1 ' Bs 'nha.in

‘pombustible material ﬁ' . The9 “ _ 23

nter»a’. . 135 . a5

ash - % . - 11e6 9.1 : - 129

tar content 4 15.5 - 1366 '13-1;.'

Carbonisation water A

, content /& - 23.1 31e3 . 26,2
a The low calor.'l.fio va.lue wa.s aacribed to air ra:l.d :I.ntemxpticns.

Yields - '
Pur.!.ﬁ.ed gaamluﬂ.ated on. dr.-.‘Lad ooal 632 N.cu.m./tonne 24,320 cu.
f'te -T.P.per ton
d.ry, aah-rree coal 929 N.w..m./tcnne 35,770 ocu.
ft. .T.Po/ton
As a final uunplo of tho wrk:i.ng msults, the most important
figures for ‘the year 191.3 may ho of :lntemt, since they show the veg

P

. I.-!'&:w
;Toh.l vohne of par.tﬁ.ed g.s mao 97,796,608 N.cu.m. ﬂoymu-,
. . , ; Gos émg-ft‘SoT-Po .
Colly £ . 0«9 - 0.9
0 % . 0e2. | 0.2
B. . T W96 . 3561
CH, &% : - 2241 15eh
N2 K 0.8 0.8

pe . . "H.S l.6
gross oaloriﬁ.cd.,}GO t.ctl./:s‘f;l /w.ft. s Hy!



Taxr made :- : o »'11,593_ tonnes: - ' 11,400 tons
BenzqQle made : 4,483 tonnes . 4,408 tons.
Calorifiec value (grog ) of tar 9 »549/k, cal. /kem 117,180 BeTh,U/1b.-

Sp.gr. of Tar (at 60°C - 0.955
Calorifiec value (gross) of bensob 9,'751/K.cal./m 1‘7,530 B, Th.U/1b,

Sp.gr. of benzole (at 15}:) 0,828 ., |
Liquor made - 108,180 “cu,m, 23,790,000 lmp.galls,
canposition of liquor: =C05 : 0,485% . |
| ‘NHz ~ = 0,454% _ ,,
‘ ~Phenol - . 0,499% . o B
. Tapy - 1.125% BT L
Tar content of 1igquor . 11.25 gm/litre '1.125% by weight
Mexirum daily gas production 401 982 N cu;m.‘ . 15¢22-mill, cu,f't,
o . S.T.P, .
lMean daily gas proc_luc,tion - 96'7 936 N cu.m. X 10.14- mill,cu,ft, -
e o - 8.7.P,
Mean hourly generator output . 2; 495 N.cu.m. - 94.440 cu. ft. VP'
Mean ,Generator loading of dried d
- coal” per hour 0,794 tannos/aq.m 162.5 1bs/aq._£t.
Total quantity of coal gasified,’
- as delivered ’ 156, 244- tonnes 153,800 tons
dry, ash-free - 106,319 tonnes 104,700 tons

Calculated. composition of mixed coal:-
combustible material 68.1%

'_ water .

‘ash L 1059%7‘
tar content. 13, 6%
carbonisation water  26.9% .
dry, ash-free:- C = 69,49%

H ___5.85%

Sy

N plus 0 21,.57%

gross C.V. 7,014 k,eal,/kgm = 12,620 BeTh,U/1b,
Gas yield based on coal as delivared '
- szs N/cu.m./tonne 24,150 cu.ft,
: : S.T,P. /ton

Gas yiela based on - dry, ash-tree coal : _
. 920 N/cu.m./tonne 35,420 cu.rt,

S.'.l'.P /ton

Tax and Benzole y.teld based. on content
‘in coal 75, 8%
Tar loss in gas liquor . 5.8% '
Thermal efficiency- caleulated from gross cafl.orifio value
Gaa plua Tax glus Benzole .vg,oﬁ
: Coal :

Gas « 57.,%




Quantity of released gas 42,780,295 ow.m. 1,511 million ou. ft.

Composition of released _ _ , _
g . @si=  C02 8,.5.H2S 3.9,ChHy 0.5, 0 002, CO 2.2

- 7 Hpleb, CHy, 3+3, N2 0.88 ‘
| SR Ggoss (,}.V?l(Ca.lc:). 860 kioal/N cu.m.
=2 ‘ o (— o o ' : 90 B.'.l‘h.U/cu.ft-&T.P.
Purity of oxygen ' 95.08% : : |

Pure oxygen used . - 14,083,721 Necweme 533.5 'mill.éu.ft.S.T.f‘.
per vol.of purified gas  O.1l4 - . S

Steam used for gasification - YL ’ -
o : ' 127,022 tonnes 125,000 tons '

‘per volepurified gas 130 kgm/N.oueme 0.0756 1bs/ocu.ft.S. T.P
Total steam used - 154,425 tonmes . 152,100 tons: . =~

per volepurified gas  1.58 kgn/N.owm. ~0.0919 1lbas/ou.ft.S.T.P,
Eleotricity used . .25,010,256 K wh 25,01 million K Wh

per vol.purified gas = 0.256 K Wh/N.cwm 0.00676 kWh/cu. £t. S.T:P.
Plant water used - .. 25,056,452 cu.m. 452 mill.Imp.Galls,

' per vol.purified gas® = 21,0 litres/N.cu.m 0,122 galls/cu, £t. S, T. P,
Re-cycled coeling water . 353,868 cuem. - 77.8 mill.Imp.galls, -

per vol.purified gas 3.6 litres/N.cum. 0.021 galls ow ft. S.T. P,

Staff employed + 15 ' Workmen employed 173
‘Total fﬁan—stﬁ.f‘t_s worked 50,259 |

Gas produced per man-shift. . , g - i .

. ' R A 1,942.N. cueme - 73,560 cu. £t.S.T.P.

On inspection of the -plant records, it is found that the only
figures for the power consumed in producing .oxygen are those for . i
September 1942 (table 5),; and for August 1943. In the other periods
only the total electrical consumptinn is given. - The figures for
oxygen production are 1.28 and 1.13 k Wh per N.cu.m. giving a mean
of 1.205 £ 18- k- Wh/ous £t Se T P : d—i
conversation t the power requirement for oxygen production _
éxcluding campression is 0.9-1.0 k Wh per ‘N.ou.m. ; which is high -
because- the turbo-compressors on the plant are inefficient. I+t :
was hoped by fitting new rotors to reduce the power consumption for -
uncompressed oxygen to 0.8 k Wh/N.cu.m. (0,021 kWh/cueft.S.T.F.). .
The power required to produce oxygen and compress it to 23 ,
atmospheres was stated to be 1.1-1.2 kwh per Ne.ou.m. , th&t is to.
say, the power for compression is 0.2 kWh/N.cu.me This figure of
1.1-1.2 kWh/N.cu.m. agrees well with the mean consumption in ' .
September 1942 and August 1943 of 1205, . .

The cost of electricity was .stated to be 1.1 pfénnigs  per kwh,
so that. the power cost for the production of uncompressed oxygen
was 1.0-1.1 pfennigs per Neocu.m., while the power cost for the
production of oxygen compressed to 23 atms. was 1.2=1.3 pfermigs -.
per N.ouw.me. It was further stated that the total cost of oxygen
production was 242-2,5 pfennigs per:N.cu.m., of which total 4.0% A
represented capital charges, 40% power costs; and 20% chemicals,



e otc. This wouid give the power oosts

0,91, 0 pfennigs per N.CU.m., which is in
fa:l.r agroenmt with/ the costs calculated from the

consumption. FProb the figure of 40% is not very aocurato.

N.cu.m. of purified gas. For the ubole of- 194-2, 1943 and
1944 the plant records how an average total omsmpﬁon of

0, 270 ¥h per N.cu.m, (0.00 per ou.ft. S.T.F.), and -
inﬁoodmmnaoftba plant‘moo quotedahoveisthe ﬁ.gure
80 low as 0,22.

. The. . gverage wWale rate at Bohlen was slightly under 1 mark -

por. hour, Chemists enployad in routine analysis were paid 1.50
maxks per hour. There were only two qualified chemists on the
‘ p‘.lutt, md tha:i.r salaries were 800-900 ma.rks per month.

Bnaod on ‘costs of fuel at 6,50 marks per tonm, utor»a.t
6 pfemnigs per cu.m., electricity at l.1 pfemnigs per kW¥h.,
labour at 0.4 pfemnigs per N.cu.m. of purified gas, maintensanc-
at O.4 pfennigs per N.cu.m.- of purified gas, and oxygen at
2,2 pfennigs per N.ou.m., the total cost of gas was stated to
be 3.8 pfemnigs per N.cu.m, ~After desducting a return of
1.4 pfennigs per N.ocu.m. .for by-produota, ths net cost of gas
wodmt:lo:: m stated to 'be 2.4 pfennigs per N.cu.m.

 The manager and enginser in charge of the plant stated that
the gasification plant operated anooth]y and utisfwtorﬂy,
‘snd was amat suooeasful wite

. critioal hnd.naﬂ.on of the Pxoce!g,
T__x;n;.‘z,__f_fzsim ‘

From the results for 1943 repmduoed in Ta.ble 9 it ids -
‘caloulatsd the celorific valus of the coal was 12,620 x _
Q681 = 8,598 B.Th.U/1b. or 192.5 therma per ton. The tar
yisld was ’166. 1ba/ton of coal, and the calorific valus was
17,180 B.Th.U/1b. or 28,5 therms/ton of coal. The benzcle
yield was 6452 1bg/ton of coal, and ths calorific value was
17,530 B.Th.U/1b or 11.3 therma/ton of coal. . Ths gas yidld was
24,180 cu.£t. S.T.P./ton of coal and the calorific value was
456 B, Th.U/cu.f¥ or 11Q.2 therma/ton of coel.

The thermal etf;ciency wass~- _ | _
Gas Tar Benzole = _150 = 778Gk
- - - Coal - o 192.5 ‘




28~
m omcimy of. gas poduet:l.cn (I.G.P) was:
. Gas’ T 1062 _72.2‘ .
c.,,;.g.m,;. it BT |

'mamrignrstahmaecmnto:thonolmmtp
miuproemstan.llti:ahminthemxtmﬂcnﬂnttb'
’mofulmodmtasmmumahouldprmaibm :
.23% of the total steam used on the plant, . The ;
anamting t0.0.77 x °.®19 z. O.m ibs, of s )
gas or 15.5 lbs./therm of gas, is sypplied by durning brown .
coal in the boilers; If the aane @Gal wére used for this- ‘
purpoeouiemdinthemtw.llb.ctcoal rouldrauo

2&5_3_.&.59.& = 4-2111». or-toan-
1,328 |

% boiler efficiency and
;:,?&ﬁ;/:‘%ao ndﬁ?&@l‘b.dcoﬂmmuirﬁtzr-

raising steem per theim of gas made, o 0,181 tons of soal per :
ton of coal gasified, The rcv:l.aod theml ltat.ent ‘with these
usu-pucnsha- R o -

-G'oa'l' aaliﬂod oL - 0.847 tau B\

-

Tar y.uu , o | 141 1bs. | a.a. therms
Bemsble yield . Shels 18, 9.;6 therms
Thenmal ofﬁcioncy m"""“’ = &0 ..

x.G.P. ﬂi“& ‘8--“.-.- 58,8%

: neresultaatthemmregasiticaﬁonotharacoal m‘-
given ‘in Table 1, It is perhaps important to fhat -

these results refer to the smaller Hirschfelde tor, It is
calculated that the ‘thermal value ©f one- ton of Rulr leam coal was
307 therms, and that theeasyieldm259 thems. ‘ lotara.- .
benzole is reported to have been formed, .

Thermal otfieiemy = 3_-6.1’- = _§‘g. = Bh.sz *

-

'~

Rofmmmihueinthocmdhanlcoaltatho
calculeticn of the gquantity of steam raised by burning the relaaud
gases, The steem requirement of the process is-given as 0,061 1b/.
cu.ft. of gas (18.9 2bJtherm of gas), but it is ndt certain whether
this is steam far Mﬁeaticn only, although it prohn‘bly ise It

3803 As



is therefare pointlesa to makq more ©xact eatimtea. - It will be
assumed that as in the case of brown’ coal 1545 lba, of steam per
therm of gas made must be raised by. hard coal, Using =
hard coael of calorific value—I3,700 BiTh.W/1b., the fuel reguire= -
ment for steéam raising is 1 1lb. per ‘6471 1bs.. of steam, or 2.31
1b. per therm of gas,. or 0,267 tons per ton of -coal gasifieds - -
m revised therml atatemnt with these asamtiml is 1~

-"T:Pertonotcoal used 307 therms

cm gasit:loﬁ )  :0e790 tons - 2h2 therms
Gas yield S 47,700 h;;.ft.S.T.P. of 205 them
’ CVe *

'.l'homal officiency = I.G.P.% = 66,98

. FPor ccnpariscn with carbaniaation prooenea. ealculatim
will be mede based on data by F.B.Richards (Gas J‘wrnal. 1934,
208, 339) for continucus vert:lcal retorts.

1 ton of hard coal carbonised . —305 tham
Gas y:leld ( deducting 0.6 therms used on the vorkn) at.
B . 450 CV., 20,770 cucft S.T.P. . 93+4 therms
_ Tar yield 0,073 tons of 370 therms per ton _ 27.0 thermr
ﬂowz:dbroezeofamtham/ten - _ o
- For -sale 0456 tons _ 127.7 therms
. for heating retorts 0169 . §T7e3 therms

for raising steam ' 0.023 * 6.4 therms.
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The a‘bo've calculations are sr.mnnarised in Table 10 together
_with fignres for the earbonization of hard coal in coke ovens
Vfollowea. 'by the mamzfa&tnre of wa.ter gas frcm all the saleable cok:e.

- These f:l.gures may ‘be cempared w1th the heat balance diagram,
Fig'. 9. The assumptions méde in the.calculations for high pressure
rgasification in part (b) of Table 1Q must be borne in mind.’ .

Similar calqulat:.ons m.aw be made .to tske account of the mel
burned to raise steam to generate electricity for the oa;y'gen plant
and far other uses in the process. ,

 From 1942-% the total. electr:.cn.tar consumpt:.on is O. 00712
k Wh/cu. ft. df gas = 1.562 kWh/therm of gas = 172.0 KWh/ten of.
“brown coal gasified. It: may be estimated that 12.0 1lbs. of steam .
‘are required to generate 1 kWh (steam at 350 1lbs./sq. in. and 300°F
superheat—~ezpanded 0-28% vacuum with an overall efficiency .of
64%Y. Thus steam required to generate electricity is 2064 1bs./ton
of coal gasified, and considering for the purpose of the heat .~ .
balance that the same fuel is used as is gasified {whereas in fact a
much cheaper form of powdered brown cosl was used), this needs
2064 = 490 1bs. of coal or 0.219 tons. The statement includin.g fue];
l;..12
required to raise process stean a.nd to rai se steam for genera.tion
of electnc:l.ty then beccmes. . A

-1 ton of 'brown coal gas:.fled needs 0. 184 tona of coal for
process steam and 0,219 for generat:.on of electricity,
total 1 40 tons- used. ~

: per ton of coal used . 192.5 therms

= 100%
Coal gasified . 0.712;. tons 1373 thems ,
- Gas yield 17,260 cu.ft .
S.T.P, of 456 C.¥W. 78,6 therms = z,o.s/.
"Tar plus Benzole: 164.5 1bs. ~ 2844 therms = 14.8%
. Total thermal yield .. 107.0 therms = 55.6% -.

E.G.P, %8. 78.? . = k7.9%



Table 10

~_Efficiency of Garbonisation and Gasification Processes

System

High Peessure Gasification

carbonisation

Car'bonisation
water gas

y manuf'agture

‘Fuel

|| Brom 6ol

[

| Hard Goal |

‘Hard Coal

Hardooal

(‘.y.l of g#é. “B.’I‘I;I:.?U/gi;vfté;

A6 w o

1450

: N L

| - Thems

. Therms

Therms

%

Therns - %i

Tar plus benzole
QOoke plus breess .
- Total: themal yial& W
B.G. P, '

Pgr 'toh of total coal used f' | .
' '”,, 9393 -
1 33.

- .'[127.0 J660

:-Gaay:leld now
" 'u}N.

. Tar plus 'bonzole ' . LB
Coke plus breeze " . ‘.!'. S
Total thermal yield " .. *}
EQGQPO ' ) .

. Per_ton of- am’ma,teag |
Gas yield " .M ST :

1

. ‘z 192‘5 i,.
1440:2:
_150.

-.(‘b) mel regg. i‘or ateam inoluded 2

1 .

l._j_'259 .

100
513
390 % 20 7

72. |

160 | ‘q":oo |
18,5
A5 |

‘1 92- 5 "

N 668

) f A3t
B 8'»5-:_
A 81,.

T e

66:8 |

100
30,6
849
" b0
83,5

93y
27,0

2511-0 5

100
iy 300 6

305
936k

4277

'_,2481 l 81k

. 65.

849
A9 -

00
613
33

6l
63

305
187
. 80

197

-1oo"
597
53

Z}.O

305
182
40 -

192

oA
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A ¥For hard coal it is stated in Taeble 1 that 19 .8 volumes .
of oxyzen were needed per 100 volumes of purified gas. - Fram. Table
5 and from the figures for August 1943 the electricity required far
oxygen productian is 0,0318 kWh per cu.ft. Thus eleciricity
supplied to oxygen plant is 0,0318 x 0,198 x 60,400 k¥h per ton of
hard coal gaaiﬁed 380 XWh, Steam required for generation of -
this power is 4560 l'ba. But this is not all ths electricity
required, ~ From Taeble 5 it will be assumed that 594,668 kWh. are
required elsewhere per 28,7 million cu.ft. of gas « 1.5 kWh per
60,400 cu.ft. of gas or per ton of hard coal gasified, Thus steem
Tequired for total electricity consumed is 6,290 lbs. - This needs '
2_._@_ 9381bs.othardcoalor0.ul9tonspertonofcoal

[ )

L

gasified, Thus for 1 ton of bard coal gasified there is needed
0,267 tons of coal for process steam and O.419 tons for generating
electricity, total toal used being 1.686 tocns.

Per ton of coal used R .-307 therms .,1,06’5__»

Coal gasified 059 tons ’ 182 therms

Gas yield 35,800 cu.ft.of 429 G.V. 1514. therms = 5028

nemal efficienoy s BGF. o 50 .25

. L .
It was stated that the gas relmod when charging the coal

pouch amounts to 6% of the meke; +thus the quantity of gaa
discharged fram the pouch “dn 1943 to

'96'4 X 34703 « 236 millich cucfte S.T.Pe °

Assuming a C.V. of 330, the thermal value of this ges was'
836 x 330 = 0,78 million thems. = It was used for superheating the
_ . _ Wﬂww—im
superbeated fram 380 to 500°C, The heat required was therefore
0 g 0,316 million ‘therms at 100% efficliency or

——100
0531 million therms at 60%. efficiency. It ia therefcre munbd
that 0.25 million therms of gas from the pmchos were added ‘to the
gases released in the pressure washing process, ‘

The quant:lty' of gases releaaed fran the nresauro 'aah:l.ng m :
1,511 million cu.ft., of calorific valus 90 B.Th.U. per cu.fte, -
therefore amounting to 1.36 million therms. If this gas together
with the gas fram the pouches not. needed tor steam suporheating was\
sent to thonod.lago it would raise :

' x 0,65 = 35,200 tons of ateun, "~

y 2,240 x 1328

- at 350 r%l por 8q.inch gauges and 720 r ummi.ng eff:lc:loncy of
sing gas heating, and :reed water at )



Th:l.s quant:.ty of steam raised fran released gases ‘represents
2§;200 = 23% of total steam used on the plant, It is not known
152,100 ‘ _
whether this ruswl ‘steam was credited in the c_‘ost'e -etatement, .

By - Prodncta ' ’

8 yield of tar frun brown coal -is high, amountn.ng in 191..3
to 166 lbs. or 174 gallons per ton of coel, with a calorific value
of 17,180 B.Th,U. per 1b., and containing little dust and ‘water,
The yield of benzole is also high at 64 1b. or 7& gallons pér ton’
of coal, although the quality (for example, 82% distilling at
1800C) is pooi campared with that habitually produced in
carbonisation practice (85-90% distilling at 160°C), -The yielas
are much higher than those obtained in the carbonisation ofcoking.
coal, which are of the order of 10 gallons of ‘tar and 3 gallons of
benzole, but the entirely different nature of' the coals must be:
-bérne in mind. . . o

The , sulphur recovery is e:&treme]y low. The sulplmr' coxitent
‘of the Bohlen. coal was' 3.08% on the dry, ash-free.basis or 3.08 x
0.681 = 2,1% of the coel delivered to the plant. Thus the sulphur

in the coal gasifled amounted to l..? l'bs. per ton. 3

Y
Yet: the quant:.ty of Inx used. in the pﬁn.i‘:l.ers was stated to
be 20 tons a 'year, so that it is reasonable to estimate the

salphur recovery at 20 tons a . year. As a check, consider 100

‘million cu.m.” of gas containihg 20 grm. of HgS per 100 cu.m at
inlet of pur:.f':l.ers. : S

oz _x400_x 106 = = 32 = 19 tons of sulprmr.
B5h x 5,20 3 S

'; - Accepting a fa.gure of 20 grm, of HéS per 100 cu.m. of gas
{8 grains per 100 eu.ft.), and a gas make of 21,.,180 cu. £t . per ton,
the sulplmr recovery is - .

8 x 1..8 = 0.3 l‘bs. per ton of coal.
7000 o o

The gases released fram pressure washin.g conta:med 3.9% of

HzS and smcunted to 1,511 x 106 = 9,850 cu.ft. per ton of
e -

‘coal. Thus the sulphar present in these gases was .
2_50 x 0.0 gg x 32 32 1bs. (Assum:mg the lb.mol., to occupy

385 cu.ft. at the conditions of measurement) More sulphur is
discharged to the atmosphere in the air sent fram the. aeration
towers-to the. boiler stacks, and in the gas released f'ran the pouch.
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The sulphur balance is therefore as follows:-
‘Sulpbwr ik coal = - 47 1bs. per tom
»

Sulphur recovered in purifiers Q3 "
Sulphur in relcased gases from water 32 .

Sulphur in released gas from pouch) “< 147 " ®
Sulphur in air from water regener— ‘ :

. The gas ligquor amounted in 1943 to - 153,800 = 155Dwmp.
gallons.per ton of cosl gasified, and it contained @.454 x
155 = 7-1b., of NH; per ton of coal. It does not appear that
this ammonia (which is roughly equal to that recovered in
carbonisation practice) was recovered; no plant for the -
treatment of the liquor was seen, and the plant resords make
mention of the “"tar loss®™ in the liguor, This tar amounted
$0 1,125 x 15,5 = 17.4 1lbs, per ton of ocoal, which is '
11,% x 100 = 1740 = 5,8% of the tar oontent of the cocal.
13.6 x 3249 300 :
The phencl in the gas liquor was 0.499 x 15.5 = 7,7.1bs per -
ton of coal. These losses of ammonia, tar and phenol are
appreciable, but the diffioculties in working up so large a
volume of woak liguer are great. : - .

- —
- In the abstrast of Danulat's paper it was stated that
the orude gas leaves the genprator at a temperatire of 300 -
600°C depending on the water content of the fuel, and with a
‘partial pressure of water of 3-10 atmosphewes.For a gas make
‘of 24,180 cu,ft. S.T.P. per ton at 20 atmospheres and a water
partial pressure of 9 atmospheres it is clear that the water
vapour in the hot crude gas would amount to 9 x 24,180 x 18
. . v . ieeem . ““_1—1 = ‘

940 1bs. or 94 gsllons per iom of coale Actually the water
-oontent of the coal gasified was 21% in 1943 or 470 1bs. per
ton.  The stesm used for gasification was 1,820 1lbs, per tonm,
80 that accepting the only value known (for Septasber 1942) of
45: 4% steem decomposition, the undecamposed steam was 990 1lbs.
per ton, The smount of steam generated in the Jacket was
stated to be 130 1bs. per hour. For a gemerator loading of
162,5 1bs. of-ary ash-free coal or 206 lbs. of coal used per
8q.ft. per hour the coal gasified -was 5.65 tons per howr per -
gensrator, s0 that the steam added to the orude gas from the
Jacket was 23 1bs. per tom. The total of the moisture in
coel, undécomposed stemm for gasification, and Jacket stesm is
&7 +99 + 2 = 148 gallons per ton, Thig does not agree with
a partial pressure of 9 atmospheres, but.agrees well with thg
liquor meke, The quantity of plant water used in 1943 was x
0,122 gallons per ou.ft. or 2,950 gallons per ton of ocoal, - -
which includes all coolers and preswmably make-up in the water
washing plants and miscellaneous uses. ‘




ot

carbon Dci.axide Renoval

Pran the ﬁglma fcr 1943 it :i.s seen that the crude gas
oontaimdSZ.lﬁcoz,vhiohmre&medtoL?%inthop:riﬁ.d
gas by washing with water undexr pressure. The quantity of -
carbon diaxide vremoved in thovaterwashm tbmfcre S

2 (324 x 7-7; x 24,180 = 8,820 ou.r't. s.r.r. per

tonofmalorZ?Blbsofcarbonpertonctoo.l. ﬂncoul
contained 69.49 x 0.681 = 47.3K of carboi or 1,060 Ibs. per. .
ton, so that 26.$éortheoarboninthe coalmmhpdont
- Mlosscgoaromdia:ideisaoomdtho

process of high pressure gasification in whiah internal heating

ocours. It represents the cambustion of part of the coal
to, supply the: heat req,u_u'enents of the gasifiocation roaotions.

- In Table 41 are given ocmparable figures for the
‘paiﬁcationod’lmhrha.rdcoal Thecozinthomxdegasm
27.0% (seo also Table Z)andintho ptm‘iriedm‘l,%
oozwashedoutm »

( (2’0 x 22 0 - 1-02 X 60,‘!-(” 21,500 cu.ft. S.T.P, Per

730 -
ton of coal, or 678 1bs. of carbon per ton of ooa.l The oo&l
cantained 81.2%.of carbon, or 1,820 lbs. parton,aothgt '
: 37.3¢ of the carbon in the coal was washed out COZ. '

m dso of Plant. )

e gemrator nmse for a di:uy product:lon of m.a = 35

million o.ft. Of gas (January 19&-5) ooaupios a ground Space

of 192 ft. by 56 ft. or 5,712 sq.ft. The oxygen plant oocupies

& ground- space of 175 £t by 10 £t. or 18,200 sq.£t. The

total groum space cocupied W the gasirzcatim units is thus.

1,600 sq.ft. per million cu.ft. per day. ‘' These figures may

be compared with a contimuocus wertical retort house producing

9 million cu.ft. of gas dailyoooupyingagroundspaoo of 207. £t.
by 58 ft. or 12,000 sg.f't.; that is, 1,300 sq.ft. per million cu.

ft. ‘per day. (The retort house also produces in addition --

‘aoks: which haa a thema.l va.lue eqnivalent te 12—17 nilliqn aupft.

ofgl.s).

S Lclo;er oonpar:l.aonis proba.bly that between the highpressm
mtwaﬁamttedutergasgemtwq The high : '
pvsaure gonerator working on brown coal miﬁ.os 206 1bs. per

‘Bgafts of oross section per hour, producing 206 x- =
8zzgou-ft.argu or 2220 x 4! 104 = -
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thems per sq. ft. pcr honr. The ﬁ.gnna for. pprd coel are 63 1ba.

porsq.ft.~porhonr(rab1o1)or 63 x 60,400 = 17020n.ft.ot
2250 ‘
guporaq.ft.perhouror zozxggg n7.3thnmporaq,ﬁ.por

- Aoa.rbnrottod water gas generator will guity 86 1bs. of coke-
per bhour per sg.ft. of gensrator cross-section; producing 2740 cu.
£t. of ges per sq. ft. per bour which af'ter carburetting heas a calorifis
valus of 500 B.Th.U. per sq. £€., so that thes output corresponds to '
13.7 therms per sq.ft. por hour. Thus the rate of prodnction is
a.'l;-oat donble that in the Lurgi genentor.

' T lersaramllincomariscnto'ha.tismmny
instelled in cerbonisation practioe. Thus assuming that all the
coolers at Bdhlenhnm of the type using a large number of narrow
thbes presenting a heat ‘transfer surface area of 102 sqg.m each .

' (whereas in fact some of the coolers possessed only 60 £q.m, sach)
tho"‘total cooling surface presented would bs 510 sqQ.m. per stresm
of 7% million cu.ft. a day, or 5485 sq.ft, This corresponds to an
area of 730 sgeft. per million cu.ft.per day. It is cuatomary in
the cooling of coal gar from comtinuous vertical retorts to allow
2,000 - 3,000 89, £t. Of heat tramsfer surface per million cu.ft.
per day in the form ot primary and uoonduy water-tube congonser..

_ !heox:l.dcpnr:.ﬁ.crs are vuyanall :inoouparunnriththe '
baxes used in ocarbonisstion practice, becauss most-of the hydrogen
sulphide is removed in the pressure water wash. On the other hand,
ground spacs is required for the washing unlurat:lon towers and for
the ancillary pumps and motors. -

* Phe benzolo scrubber is 31_f£t. high by 3.9 £t. dianotor for a
gas load of 7% million cu.ft. per day. This is a smaller tower
than would be allowed in good practioe for benzole recovery from

th_gmw:phericmsm. Fo figures were given
for the benszole content of the stripped gas, but it is known that
in en experimental high-pressure Fischer-Tropsch plant operated at
BShlen the gas was passed through astive carbom for removal of tho
regidual bensole befou pusing to the catdytt. ‘

The BBhlm plant is not laid olﬂ;c-pnoﬂ.y It appomfrcn’
~consideration of the individual plant units that a camplete plant
for khe production of 15 million ou.ft.’ ‘of gas per day could be
1aid out in a rectangular space approximately 750 ft. Ly 200 £t.
This includes the ongon pluzt, gon-rgtor-, ooohr-, washers and

Zhe Mtion ot ths- P.'I.a‘nt. ‘
- The ﬁgms:l.n!able_ﬂ Mthtt thoplmt mmc:t the




36 -
rate of 468,400,000 = 630,000 cu.ft. per bour. . It is stated im
' 31 x 2 S - t . , '
more than one place that the average gemerator output is aroumd
91,000 cw.f$. per howr, 8o that the number of generdtors in use im

Janusry 1945 appears to be 630,000 = Y (T
. | - 791,000 -

- In fact it was ocustomery to aim at operating 4 new generators
and 4 old generators at a time, while the other 2 generators were
being overhauled, ' The plant was run as a base load plant, _

supplying:gas directly into the high pressure grid at a very steady
rate day and night, summer and winter, alike., Although a gensrator
could be brought into operation in 12-18 hours from cold, there was.
no attempt to operate the plant with variable output. Since there
was no ges holder on ths works, fluctuations in demand were .
Presumably met ty the use of holders (probably installed previously
by normal-type gas works) situated at oonvenient points in the
toms where the pressure had been reduced for use in the consumers®:

| The desirability of operating at a steady rate is also due to
~the dependence of the gasification plant on the oxygen plant. The
Linde~Friinkl plant contained 2 units each capable of making 35,000
cu.ft., of oxygen per hour, and 2 units each capelile of p ,
70,000 cu,ft. per hour, The average oxygen consumption in January
1945 was 68,150,000 = 91,700 cu.ft. per hour, s0 that' 1 large
unit plus 1 small upit would have been sufficient for the duty. It
was however more usual to work two~-thirds of tha plant, that is,
1 large plus 2 small units, or 2 large units, at decreased unit -
output.  Sudden large variations in output are not desirable in
the Linde-Frinkl process, and there was no storage holder for
The oontrol of the gasification appears to be satisfactory, -
depending on adjustment of the relative amounts of steam and oxygen
used, and the rate of rotation of the grate. Mamual labour is
‘amall in amount, and includes no arduous tesks such as |
-~ vertical retorts, charging- ovens, or discharging coks. The
charging stage is protected fram dust and gas by the use of
ventilators over the coal charging valve, and there is no nuisance -
in the bouse from the discharging and quenching of coke. = The use
.of nitrogen in the coal bumkers eliminates risk of fire or explosion.
Working conditions are probably considerably better than in most
retort houses, but the risk from possible gas leaks is more serious, .
and szlking was strictly forbidden in the generator house. There )
are noproducers and consequently no ‘handling of coke for firimg,
and no risk of leakage of producer gas which is very rich in carbon
_monoxides The labowr of cleaning a large mumber of flues anmi .
adjusting the check tiles from time ‘to time, with the control of”
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mte haa:b boilsrs, :I.s abolished. A1l th:ls np:maonts a
desirablo sinpl:i.fmtion in gas making.

The 1oaso:famniaipththge quanﬁ.wotvarywakgu
liquor discharged from the trap in the spray ocooler oircuit is
not 80 serious in view of the alternative sources of smmonia as
is the loss of phenol, Ihich is of value as a starting maberial
in organic synthesis. It is not surprising that no-attempt was
apparently made to work up ths ligquor, but in view of its ocontent
of 1% of tar there might be more difficulties in same situations
in discharging it as an effluent then were apparently mst at
Bahlon. —

. Ths loss ofsulphur in the water mb:i.ng prooeas is high.
Oof 47 1lbs., of sulphur present in 1 ton of brown coal gasified,
only 0.3 1lbs. is recovered in axide purifiers. Part of the
balence of sulphur is present in released gases which arxe
burned for steam ra.ining oar stesm superheating, while the
remainder is preseat in the air used for regenerating the wash
ntar, and this polluted air is sent to the bass of the boiler
stacks where it was said to react with the sulphur dioxide in
the -waste gases to form elementary sulphur. This is-a doubtful
matter. . In any case, 46.3 1lbs. of sulphur were discharged to
the a.tnosphe:m as aulphur diozx:lde r:lth possibly some clcuntary
anlphnr.

Oxide purification is oorrespondingly l:l.ghtonod. ?hcre is '
no gas drying plant, and none is needed, because the gas becomes
highly unsaturated on expansion to the low pressure reqnired in
the oonsuuera' services. »

!:.th regard to the valves used in the charging pouch, it
was learmed that in the Lurgi high 'pressure gasification plant
et Brix a hydraulically operated valve is used to oclose the top
of the charging pouch, 4 drawing of this valve was obtained,
and Figure 25 is 2 sketch showing the essential features.

~ The Iurgi procoss of high presaure gasification of brown
coal is now a proved suoccess at BShlen and Hirachfelde, and . '
presumably alsco-at Bréix.© Information regarding the high pressure
gésification of hard or black coal is mot so positive, , Three .
trials of hard coal were made at Hirschfelde, and the reports of -
these tests were obtained from Lurgibaus, Frankfurt. - They are
given in the next section. These seem promising, but the
calorific valus of the gas made ialmrthanthatnado from
broun coal, ’ .

' At BShlen the lamger and !nginacr were aakad parl:icular],y
for details of the use of hard-coal, Their answer was that

Silesian hard coal -had been gasified in theplant for
per:l’od only, La.pparant;l.y_about two montha, and that the best
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conditions of operation hed not been found, It was stated that
'Enhles due .%o sticking and clinkering in the gensrator, and dust
: e in the sptay oooler, bad been experienced. dur:l.ng the trial
of bard coal. ‘ _

: The 'behev:i.om- of a hard coal in the I.urgi. generator wuld
depend on its caking properties under the oconditions of tequereture,
pressure and movement, and the properties of the ash, which A
determine the operating temperature. Careful tests of the
p:mpertieeotehardeoalwuld bave tobenede before embarking on
its use, and it is doubtful whether any tests liave much valus except
“those carried out in the actual generator. . For ‘aistrict gas, the
low calorific value obtained fram herd coal is a dissdvantage which
might have to be countered by increasing the generator pressure; and
here it must be emphasized that despite the charts prepered by Lurgi.
showing the effect of préssure in ‘increasing the calorific valus -
of the gas made, no plant has been run at pressures of more than
twenty atmospheres, so that a plant at 30 or 4O atmospheres would. be
a new engineering undertaking. The very high steam pressure
required is then a limitation to installation of the proocess. For -
gasification at 20 atmospheres it is necessary to genarate stpam .at
350 1bs. per sq. inch. The installation of -suitable boiler plant
must be considered as part of - the project of high pressure.-.
gasification. S

) 'henge-cttbeemectcelm.ﬁ.ovaluehasbeenmedeetﬂ:e
high pressure necessery, the problem arises of how to rediuce the
pressure for the service of consumers. The h:l.gh presgure is an
advantage only when a high pressure grid is used, but in any case.
the pressure must be.reduced at same point befare. reaching the ~
consumers’ services, There is further the gquestion of .whether to
store the gas for meeting fluctuations in demand at the high or low
pressure, For district use where no high pressure grid is in
existence it would seem preferable to reduce the pressure in the
Works and to store the gas in a low pressure holder feeding the
distriot mains, The gas would be expanded through a turbine with -
recovery of the energylwthecouplingoftheturbimtothe
driving shaft of a convenient power unit. - The following estimate
is offered of the amount and value of the energsoreoonred, it
being assumed that waste heat is available for heating of the gas.
beween the expension ete.ges of the turhd.ne'-

!heoretieel po'er from isothermal expansion; 19 atna. to 12
ins. ¥.G. = 0.092 kwh per H-cu.m.
Powsr neovenble as electricel energy (70% overall efficisnay)
= 0.064 kwh per Necu.m,
Yalue of pever reeoverable (beeed on Blhlen cost of 1.1 pfg.per
‘ ey h-h) = 0.071 pfg. per H-cu.m.

; \c‘ i . u.;.-,:_w -

Fo coiis are given in Damulat's two papers which have been
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abstrected in a préceding sectiom of this report, but
mads to an article by Traenckner from which Figure 12

It may bs moted that the values shown in the figure do zot agree
o ok _ _

exaotly with operating results quoted ,
‘ﬁgm the rollor:i.ng costs may 'be rend. .

o _821.9_1}. . - _ i
Costs_af Gas Production (r;gm__ kner) 3
Coml = o SRS - 1,00 :
Operating chargeés - : S s 1.00
Capital charges . . R . 090 . -
‘Potal charges ' o o 2.%3

croﬂitform-ho&nta ’ o
"tm L S ' . )

2,30
Thcntigmsmyheoc-parcdﬂ. tho tu-antannda at
- the

'BShlen. ‘ThS comsumptions are tamr 1943 (‘.b.h‘l.o 9)
:ag, 12
- T co-gofcasmt:onatnahlg

. — - =T ?Iami.g-perllcn.-.
M&Wﬁ&mat&snrh -~1.01.-
opmﬁngcurgo- npcmvo.zssmff '
ltlol ﬁ‘q . 0.28
- Steam LSBEp. -.t : B "

"o.z1pcg. L 033

Water 2..6 litxts a.t

0.006 pfg. 015
Labowr S , Oek0
Main tqnancé | o 0.40

lliaoo]lanow: Ty aifference O.27 |

a—— -

Total ) ‘ - 1.83

Capital obarges. ~ 11 million marks at 12.5%

(assamed) ——0-9;—



- Totel charges 3.86
Credit for By-Products delD
Fet ocost 2,40

) - :
In the above table steam has been valued at 0.21 pfennigs .
per kgm, for the following reasons:- power was stated to cost 1o
PLg. per kwh, and assuming the power atation ‘to generate steam at
‘200 1b. per sg, inch and 700°F . working with a vacuum of 28 inches,
the overall effioiency of power-production is estimated to be 684
The steam conswmption per kwh would therefore be 11e4 1b. or 5.2 .
kgm., whence the steam is worth 1,1 = 0.21 pfg. per kgm.. .

. - Oxygen costs do mot appear individually in the calculations
but are included in . the operating and capital charges. - This is
because it would be necessary, in order to charge the known oxygen
consunption at the stated cost of 2,2 pfg. per K. cu.m., to chargs
-the capital costs of the plant exclusive of the coat of the Linde-
Frankl plant, and this. last_figm,_isﬁmhio_vn.w-f - - L

. Capital has been charged at 12}%, and the gas production -
ocorrespording to the charges on 11 million marks is taken, not '
for 1943 (when the plant was mot fully in action), but for January
1945, that is, | s S

11,000,000 x 1 = 0.93 pfg. per N.cu.m.
12.x 12,366,000 L
The mia&namous operating charge of 0,27 ptg.,_'per' N.cu.n.-
is inserted aimply to meke the operating charges add up to the -
stated figure of 3,80, L : S - R

- The main difference. between the figures given hy Traenckner
and those quoted at BShlen is the higher operating charger at
BShlen and the higher return for by-products. This differencs

may be due to war conditions.

The return for hy-products at BShlen includes tar and
benzole and possibly sulphur, and it may include a credit for
the steam 'raised by burning released geses, The credit for
sulphur and steam could not in any case be large, as inspection
of the quantity of sulphur and the total steam charges will show.
Negleocting this possible credit, the return for tar and benzole .
amounts to 1.40 pfennigs for ' ) , ’ '

15,808 x 1000 = 0.162 kgm. per K cu.m., that is, a return of

. a -

Ei_!'%_ = 8,65 pf'ﬂ_migs‘perk_p. i'fu..narka ba
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considered equivalemt to £1, this return corresponds to 0,67 pence
per 1b, or 64 per gallon, which does not seem unreasonable. g
A further examination of the labour charge may be made, If
the plant employed 173 men working 50,259 man-shifts in 1945 at
about 8 maris per shift (it was stated that the aversge wage was 1
mark per hour), then the total labour charge was 402,000 marks for
a production of 97,796,608 Necu.m, , oxr O.41 pfennigs per N.cu.m.
This estimate agrees very well with the statement made under
interrogation. : o ' ' - ’

The cost of oxygen was discussed in the section on “Flant
Results®. The evidence agreed that the power consumed in -
production was 0.9 - 1,0 kwh per Nect.m. of oxygen at atmospheris
pressure., It may be pointed out that these figures do not -
represent a high working efficiencys - Figures as low as O.5 kwh
have been guoted for the production of 1 N.cu.m. of. 95% oxygen in
large modsrn Linde-Prinkl plants. ~ o

e~

The Gasification of Fard Cosl

: On the ocoasion of a visit to the chief offices of the Lurgi

' Company at Lurgihaus, Frankfurt-am-Main, enquiries were made :
regarding the behaviour of hard coal in the Lurgi pressure -
gasification process. Reference was made in reply to the
information published by Danulat. (The figures given in Danulat's
papers- have been reproduced in an earlier section of this report)e.
FPurther informstion was obtained in the form of three reports, and
it is proposed in view of their interest to countries possessigg
deposits of hard coal to give a tranalation of these reports,
together with conversion of the figures to British units of
measurements. - . : ~

o imental Production of Synthesis Ges fxom
Haxd Coal from the Karsten-Zentrum mine, Upper Sibesia
‘A.Gensral. | : |

~

An experiment to produce synthesis ms from hard coal from
the Karsten-Zentrum mine, Upper Silesia, was carried out at the
. Hirschfelde works of the A.G.Slchsische Werke on the 17th and 18th

of September, 1938. : . : '
o The reserve generator of the works was available for the
experimenta.. The oxygen plant was operated at maximum production
The proporticning of the oxygen between townd gas and synthesis gas
to_be adjusted to the demand for towrns gas, so that
y 2 limited quantity of oxygen was available for the experiment
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an synthesis gese The qcri.mtal ‘conditions were n folio-:-

' The coal, vhi.ch was dol:l.vered with a size of about 3-10-.-.
(0,12 = 0.39 inches), was gasified at a pressure of 5 S
atmospheres gauge with a mixture of oxygen and dteam.  Owing to
the production of towns ges at the same time, the condensing and
purification plant could mot be used for the experimsnts, and so
the ges cooling had to be limited to a preliminary cooling to .
about 100°C. These conditions prevented the carrying out of an
exact measurament of the quantity of gas, as well as the v
camplete recovery of the tar which was produced. The gas

yield was arrived at from a carbon balance on the throughput.

The tar yield obtainable is well known from previous experienoce.
An attempt was mede to bleed off a portion of the gas and to
obtain a sample of tar hy cooling this stream, but it was foumd
that the l:l.ghtu' constitusnts of the tar were not fully :
recovered. - For the same reason no satisfactory recult was
obtained in the dotam.mtion of the banzole oontont ot the gu

sample.

!he conﬂitions described above had to be accepted because
thoprodmtmnoftomgumwttobehuﬂerodwtha _

— the experiment had the object of testing the ho’haviour'ot--
Upper Silesian hard coal in the Lurgi pressure gasification prooess.
and in particular of finding whether a synthesis gas of the

required camposition - CO2/H> ratio 1:2 - could be pmanood -
_d:l.notly without d:u‘ricultio. in operaticp.

rheooalnscdmwdghodbymm. Acanh:lmdumlom
takcn dm':l.ng the c:por:lmntrorcoal anllyais- _

 The gas unp].en ror ana].yai.s were taken at the outlct of

L

. Orifices wers used *bo maaure the,quantifw of steam and
n%ﬂ. The temperature of the superheated steam was about
470°C., . The purity of the axygen was determined at regular
-intervals; it could be altered by addit:i.on of air at the amt:\on
of the oxygen calprosaor.

M
' Aﬁorthagmtorhadbeenmningonhuﬂcoalforabont

2l hours ths teat was commenced.
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Owing to the limited amount of oxygen available for the
expariment,; the gensrator load smounted to only 290 kg. por sq.m
(59.4 1bs per sq. ft.) per hour. This limitation of the
generstor cutput resulted in unfavourable conditions for gas
.formation. . A fundamental principle of the appliocatiom of
pressure gasification for the production of synthesis gas ig the
use of high generator loadings, smoumting in the case of Upper
Silesian hard coal to 600-800 kg. per sgem. (123~16k 1lbs. per
‘8g.£t;) per hour, since by this means the period of reaction for
gas formation in the fusl bed is sc mnch reduced, that methene
‘formation is greaily suppresseds The results should thererore
be corrected to correspond to normel working conditions. -

Gasification procesded smoothly. The ash was fins, well -
burned, and showed no signs of slag formetiom, although the
generator was run comparatively bot. .. There was no difficulty
lus to caking-of coal, even though the coal drawmn. out on L
emptyihg the generator showed signs in places of slight caking

‘togethsr of the coal perticles. The emptying of the gensratoxr
showed that no deposits had built up on thewlls. - -

The retis of CO:Hp could be adjusted readily to 1:2
‘D !ggglgniig" o | | ' A

1. Cosl. Proximate analysis. Ash | # 6h
'._.tﬂ‘ S 7.2

Volatile % 323
100.0

M timate Analysis C - % )
| | I S g e

'8, -
o ool % T2m-

o P 09,0

 Calarific valus, gross 6,626 K oal/kg. (11,520 BT Us /10-)
~ Sime analysis below 0.5 mems (0.02 ins) % .°?3 |




0,04 ins) & -
1.0 = 2.0 mem, (0,04~
Over 2,0 m.m, (0.08ins) % 99.5
- Raw coal gu:.fiod per 24 hours 8. 31 tonnes (8,18 tons)
Gomratou.' loading per hour 289 kg/sq.m. ' (59.2 lbq/;q.
_ ‘ Lt
Ash and moisture free coal ga.s:i.fied per 24 hours 7.18 tonnes’
- Gensrator load:lng per hour, ca.lc. on ash a.nd mutnre free coal
2, Crude Gas Analysis COp + HpS % 26,4
92 - 01
Co .A 2.5
TTHy T T % 1.9
. CH - % 67
N2 (by difference) % 3.0
| ) 100, 0
HpS | £ 0143

Iield per <4 hours 17,1..70 R.ou.m, (661 soo cn.tt.S.T.P)

3¢ Purified Gas Analysis -
1.0

co %
Cofln % 0,5
02 % - Qa1
co 1 - 28,9
Hz & 56e4
CH, ' % 9.8
Nz (by aifference) % heot
» _ ’ _ 100.0
Ideal Synthes:i.a gas (CO+ Hp) # - ‘8503 -
Ratio - COsH, 1:1,95

 Yield por 24 bours 12,200 N.,ou.m. (46,200 ou. £'t.S.T. P)

4o Oxygen. Quantity per 21;. hours 2,720 N.ou.m, :
(10,300 cnortoSoToPo)
- Parity ' % 8362
Pure ozagonperzhhoursZZGONou.m. o
(8 5& O‘L fto SOT.P)
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5« Steam, . Quantity per 24 hours 11,880 kg. (26 190 1bs)
' Temperature C 465

6 Performnco figures:—
" Crude gas yiold 'basod on raw coal 2,100 Ne.ou. m. /tonne
_ (&),800 cu.Tt.S.T.B/

o ton) -
Purificd .. w. W 0w a = ,465 N, ‘CRe1e /bonne.
. - | (56,1..00 O £e ST B/

ton)

axygen ccnsmptlon Vol.par un:.t vol. 0.130 .
-erude gas .
. Vol.per unit wvol.
"purified gas 0.186

Steam conaumption 0. 680 kg/N,cueme

crude gas (00395 1lba/cu. ft.

S.T.P.)
o 0.975 kg/N cu.m. pur:i.f:.ed gas

T (000567 lbﬂ/ ocu. £'t,
E .
The ezpera.mants ‘show that the mquired CO/H, ratio of 1:2 v
can be meaintained without difficulty. Owing to looal conditions
the generator had to be cperated at the relatively low *oad of
about 290 kg. per sgeme (59.4 1lbs, per 8q.ft) per hour whereas under
normal conditions a throughput of 650 kg. per sq. m. (133 1lbs. per
8d.ft. ) per hour is to be expected. The low load is the- ‘cause of
the relative]y high methane concentration in the purified ges of
9%  If the results are altered in accordance with these facts, the
follo':lng values are obtained:-

1. Composition of Purified Gas:< COp % 1.0
‘ Cpia % . 0.5

2 % 0,1

- CO % 30.3

H, % 60.6

G & 55

(vy ‘difference) N3~ % 2,0

‘ 100,0

crou Calorific Value 3370 k.oa],m.cu.m. (353 B.Th, U/cu. £t.

S.7.P.)
Content ‘of CO + H2 90.9%
2, . Gas Iield, based on raw coal- 1,535 N.cn.m./tonne (59,060 cu,£t.
~ SyT.Pyhon)
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ngen consumption, vols. per wmit vol. . 0.186 .
of purified geas -
be 8toan consuaption (based on purified gas) = 1,00 kg/B.ou.m,

(0.0582 1bs/cu.ft.8.T.P. )

. Dus to the opmtionofnkingtmgume:pmﬁnm
had to be carried out with oxygen of 83% purity. In indipendent
operation of a synthesis gas plant it would be proper to use _
cxygen of 95% purity, so that the ni an contmt oct the synthesis
gaa would be altered accordingly. .

' The gas yield is calculated from the carbon blaa.noe, taking
sccount of ths reduced methane comtsnt. The result agrees with
the thermal effiociency of gas and tarﬁproducti.on fomd in noml

'vo&:hg namely 854

. It may be conclmlodﬁwthemulta tl:ntUpper Silesian haxrd
‘coal from the Karsten-Zentrum mine is well suited from the point
of visw of yields and charsoter of the products snd of warking
oconditions for the production of synthgd.'gu tur_thewlwgi*_g o
mlmre gu:.ﬁ.cat:l.on process. -

Itisotadvlntago for the econcmics of the process that
the .cost-of Upper Silesian hard coal is low and that the cost
of production of gas is influenced by the simultansous production
of vumhlc low tmmture tar.

m-z_-_' ntal Gasification of comm-an Lean Coal

) ._t 20- ‘m

' In conjunction with a synthesis gas oxpari-nnt uth
Concordia lean coal, a gasification experiment was carried ocut -
with the same coal at 20 atmospheres gauge on the 6th and 7th
of March 1939, with the object of ascertaining what celorific

valus may be expected. ‘ ‘ -

The vntb.hgucpmunncaniedontm'ﬂnaﬂ:
to 5th March 1939, commencing at a gasification pressure of 5 -
atmogpheres gauge. (htbehthhmhthepmummimnud
to10a:hupheros,andatnoononth-5thrdmdagaintos :
atmosphores. On the 6th it was found by poker exploratiom that
the fusl bed was uniformly soft. - rhcproummtlunrahod_.
-wmamuaamgmﬁcaﬁnnmdoutatmmm

mﬂuhhhxohitmpoaaibletomthom-nd
pucwcnhrmhingﬂantformutzmoothatﬂn 4
calorific valus and composition of ths purified gas were determined
dir.oﬂ,y. Itm not pOBs:lhlo, bhowsver, :i.nmvot t!n shortness
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of thepcr:od, toneuuro tho ga8 qunntityandso dotemine tla
ontput. - '

: !hocomardiaooalmanhwredvitha-motsto101.-.
(0.20 = 0,39 inches). It proved to be very suitable for pressure
ga-iﬁoat:ion. o - . e B

Gas content on hnati.ng to 1100°c 400 - 420 litres/kg. 'j,th
' 5% Hz (64 = 6,7 ou £t/1b).
Calorific value, gross 8042 2:1/13. 14,480 B.‘.‘l'h.U/lbg
.. 'nett 7 -° (13,990 *
‘Size analysis:--  below 2 meme (0,08 inches) 7.0%
: 2 -5mm, . (0s08 = 0,20 inches)

| - ,.__mr_;, _ __5 n.n.;* R 1(3: Zoﬁgohas) 73 l.ﬂ

CBuds Gas, 6/7 March,| Purified ] P44 '
~ determined ~ calculated - dotermiped
G0z £ 3.1 1.5 . 1.5
Col, # 0.1 Oet. " Oe1
O % O Ol 0.1
05“ % 13.9 19.9 1 2150
B % 304 5604 56.0
CH, % 128 18,3 18.6
B2 £ . 2.6 37 27
Grosa celorific valus k. O, 5080 130
- B.Th. U/ow. £t S.T. P, . A
| 27 432

!hegenmtormmatabcut%ofitumlod. The

- oxygen was 84% pure.

rxom the results, gasi.fioat:ion ot legn coal it 20
ahospharoe with normal loading of the generator may be apectod

to yield a purified gas with a

gross calorific valus of- 4,000 to

4,100 K. cal. per Bcuem (419 ~ 429 B.Th.U. per cwft.S.T.P,)
On discharging the gensrator no trace of caking was found.
During ths. rholc ponod of toat:ing, gesification prooceeded

-ooth'.l.y.
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'Experimentsl Gasification of Wiesche lean
- ooal at the Hirschfelde Gas Works

i

-

— . At the request of the MUlheimer Bergwerks-Verein, Essen, a
gasification test was made on July 24 - 26, 1939, with Wiesche °
lean coal (Stinnes) at the Hirachfelde Gapg Works of A.G. Sichsischs -
Werke, The test was also of interest in view of the gasification
project of the Fried.Krupp A.G., Essen, gince it was. proposed that
Wieache coal should be exchanged for Amalie coal, which had been
found in previous tests to be unsuitable owing to caking (Note: .
from D;.nu:l.a.t's paper it eppears that Amelie coal is suitable after

: The Wiesche coal was delivered with a size of 3= 10 mem,s
(0e12 - O.39) inches. 4 sample which had been tested previously
in the laboratory had shown no signs of caking, so that no -
difficulties from this cause were expected. ”

The test was intended to show that Wissche coal can be "
gasified by the Lurgi pressure process. At the same time it was
intended to determine the composition and calorific value of the
gas as well as ths output, and to study the influence ef pressure
~on the gas composition-snd-calorific values i

B, Comdit ong

. The test wes carried out in the stand-by gemerator of the
Works. Sinoe there is no stand-by for ths condensing and presasure.
washing plant in Hirschfelis, this pPlant can be used for any length of
time on the test gas only when the calorific value reaches that
roquired for the supply of Zittau, namely 4,200 k, cal. per N.cu.m.
(m B,Th.U. pexr ocu, ft. S.T.P.) ) ' .

. After funning in for about 40 hours thé gensrator reachsd a
steady condition, and measurements were commenced at 8a.m, on
the 26th July. Observations and measurement during the running
in period had already shown that the coel was gasified very
‘smoothly, bt that a calorific. value of 4,200 k,cal. per N,ouelme . - -
ocould not be attained at 20 atmospheres. Consequently the -
production of purified gas and the measurement of the quantity of
gas had to be restricted to 2 hours. Before and after this period
of meagsurement ths generator wis run for a considerable time with
the same loed and at 20 atmospheres, but the crude geas made was
burned .
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As pa.rt of the teat, the operating presaure was reduced %o
15 ~ 10 atmospheres gauge without altering the load or the rat:o
of ocxygen to steam used for gasification. After reduction of -
the quantity of oxygen and -steam, the pressure was rsised again
in stages., In this way the dependence of the gas campoaition
and calorific valus on thes pressure was determined.
htnpohtion may then be used to detemine the behaviour at
pressures above 20 atmospheres. The Hirsohfelde plant can
not be operated at p:resauras abova 20 a.tlolphms. '

Mmmnt o

The nanh.ty of coal guif:led was n:l,ghcd by orsne over a
period of about 11 howrs during the test. Since small
variations in output could mot be avoided dur:ing this time and
4the period of complete testing was only two hours, the gquantity
of coel was proportioned over the period ascording to the load
as mesasured by the oxygen rate, and so the amount of coel
gasifrisd during the short period of the actual test_ was
ca.lonlatod with sufficient- accuracy.

B The - qm.ntity of purifisd gas udo was msasured dur:lng the
test period by means of an orifice and ring manometer with
indicating and recording mschanism, The readings were
ccrroctod for pressure, temperature, and gas density. Am

m—cmtcrwd—w—mh—cmﬁﬂ‘c
‘valus and was checked sgainst a heand calorimeter. The -
composition of the crude and pur:i.fied gaa was determined by
individnal analysis,

Oxygen and stm rates were measured by or:i.ficen and high
.Jpressure U tubes. The temperature and pressure were read at -
the s ame time as the diffemsntial pressure. Since the point
- of measurement of steam tempereature was before the regulating
value, about 5°C must be deducted for expansion through the _
valve and heat losses. The purity of the oxygen was dotemin‘o‘d

regularly by analysis.

Phe charts of the- mardi:g instruments for the test period'
are attached to the report.

1. Coal., Sise Anslysis. Below 2 m.m (0.08 ins) 3. 6%
\ 2 =3 mn (0.08 - 12 ins) 2.4%
3«5 mn (0,12 - o.aomgm.t.ﬁ

5 -10 mm, (0.20 ~ 0,39iks)83. 6%
Over 10 m.m, = — 0.0%
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Proximate Analysis | N

© Pixed € 81. 2%

N Volat:ﬂ.o httu- . . Te16%
‘Water 1 - e 6568
Im !qoraturo ansaY. S ~ A
GOh o - - 910%‘

] Taxr ' s ' 0011$
. . liquer . ) 0.33%
L . Water ‘ 6. 56%
Ges (by diffora:oo) 1.55%
Hoarl: thromhput of raw cosl 25l kg - 560 1bs
, - dried : 238 » . 52 %

Tt 1 Ash apa’ 225 * - A94 "

'~ moisture free . ",
mtor lond per bour, rew ooal, 210 kg/sq.m.  43.0%/

dried . 197.% - " - a03®
Aahand 3
-moisture free . 185 " 319
% . Gan Anslysis  Purified gas
: me- .;rnzif_i_-.e_aa_-." calculated from .
D, £ -27. 0.7 1,0
' & ; 62 - .2 " 0e3
- 0 0.0 0.0 . 0.0
ﬁcs" I3 20.3 26,5 . - 279
% 38,5 549 . 52,9
% 123 - 16.1 - 169
BN £ 1.7 1.6 1.0
Calorific value determined ' ' | .
- . . .-_3920 k.oal./N.cu.m,
| T 410 BeTheUe /cue £t 8o Lo Fo
calcnlntod 3003 /050 4132 k.ell. CUals -
~  3E 424 4328 !h.ﬂ/n’u.ft.s.!.r. _
Purifisd gas mada #50 N.cn-r/hourﬁ ,300 cn.tt.S.!.P.)

‘3. avgu uri
P qznuv (1005) 85.1 Ligﬂoar (3,220 cu.rt.s.r.r')

he Stu- Temperature (superhsated) 490%
, quantity 600 kg./hour (1,320 1bs).
5 Rm figures .
. Ges yield m raw coal 1690 N.cu.m./tonne
T 65,000 cu, ££.8.T.P./ton)
dried - 1810 N cu.m./tonne ’
‘ (_69,609 cn.ft.S.!'.P./ton)‘



‘Ash and m:l.atm 1920 X, ousm. /tonns
free - . (73,900 cn.ft.s.!.r./tu)

m u--pﬁen, vola.y-r val. or purified ges 0,198
ﬂhu Mpr vol, of purified ges 1.40 kg./Mcu.m,

(o.oau. 1b-./¢u.rt. s.:.r. )
& Inﬂm of prusm on Gas Gc-positim. ' L
M Pressure ”36.1 - 15,06 21,0 30 atm gann‘c '
| -+ (extrapolated)
| 25. £ 2%k 2.7 2.0 283
£ 0.3 62 0.2 0.2
o, % . . G2 0s1 0,0 ' 0.0
: & % , . 17,6 18,2 20.3 22,2
_He - M. 3 43:8 0.5 38,5 33.3
CH, £ 91 10,8 12,3 13.9:
| 2 < - ' T 1.6 2,5 17 . 1".9

Gross calorific valwe 2800 2860 3003 3040 k.ocal,/N-owems
- ‘ . 293. 299 3 38 n.ry.v./cn-tt-'v

- 0t D _ BTPs .
RBatio Bp/CO = - 2,49 2,23 .93 1.5

% 140 1.0 1.0 10

% "Gk B3 03 0.3
£ . 83 61 0,0 0.0
: L 2he3 25,6 219 1.2

%

3

TRk 5687 52.9 ik9
- 12,6 152 16.9 19.6
5 T ) 148, - 1,0 1.9 1,0
Gress cslorific valws 3866 4020 - 4132 4285 k.enl.ﬂ =
- : o W k21 A32 448 B.Th.U. tt.

. The extrapolatien to 30 at-.phcn. gauge m-sm was
-performed as tdum:- :

bcoqunmuummmumnum

the logaritim of the pressure. nthiawtb-thnaeontaut
is ealculated with scouracy. Further, the ratio of H, to CO
was plotted in relation to the pressuro; amd the other gaseous
ctastitusnts were assumed from the anslysis et 10,15 apd 20
stasspheres,  The crude gas 80 estimated wus then used to
a]mut&puriﬁoegasandihulm"lm . As a check
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the relation of the calorific valus of the purified gas to. the -
pressure was employed, where the calorific value should be almost

directly proportional to the logaritim of the presswre. =
Camoclusions. 3 _ e o T
- The Wiesche coal was gasified very smoothly. The ash was
fine; = signs of caking oould mot be detected, ~ The gas - o
was 1680 N,cu.m. of purified gas per tomne of raw coal (65,000 -
CW. ¥, 8. T. P.- per ton) which is satisfactory, The o .
consumption (0.198 volumes per volume of purified gas) and
Steam consumption (1.4 kg. per N.ou.m. or 0,0814 1bs per cu.rt.
S.T.P.) are higher then in the gesification of brown cosl. ' This
is to0 be asoribed partly to the lower content of volatile matter,
and partly to the lower.reactivity of the lean cosl. A4 low -
reactivity influences unfavourably the atean decomposition and
mothens formation. Consequently the calorific value was also
low at about 4000 k. cel.per K ou.m (419 BeTh.U. per cu.ft. S.T.F.)
The calorific value and consumptions can be improved only to a .
'slight extent by rumning the gensrator at a higher temperature
because of the risk of slag foarmation. -

. The influence of pressmrs om gas consumption and calorific
valus was detemmined Ly reducing the pressure to 15 amd 10
‘atmosphéres, Extrapolation then gave a calorific value of 4285
K ocal.per Noowems (448 BoTh.U. per ou.ft. 8.7.P.) for purified
§as resulting from geasificatiom at 30 atmespheres gauge.

' —%-ntmtion*ot'th"n“ thromhpnt was made -at the comclusion of
the test at all 3 pressures. It had no noticeable influsnce on

| List ofnoc\-anhtahm m'munmzﬁ
- Photogrephed by camere A. Reel 12, _

Docwmant Fo. Déscription

26 _ Description of high pressure gasification plant.

277 . Anslysis of dried lumps of brown coale

28 Analysis of briquette pisces. *

29 ' Amalysis of gas from high pressure plant, .

30 - . . Working results for January 1945. B

31 " Pusion point of slag. . o :

32 Estimated costs of construction of plamte

gg o - Rle of descriptions, instructions and' results.
Drg. Flow sheet of lrowmn coal processing. o

36 : Drg. Flan of Slchsische Werks. - :

37 Drg " —do-

3  Drg. Lay out of Gas Flant.
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Drg. Gas oconnsctions in gdes p].ant.
—Drg. I'lew d:’mgri of ovgcn plnnt.

. Drg. Diagrsm of high preunro generatcr.
" Drg. Diagrsm of coal supply to gmzafcr.-
Drg. Studs om generator. -
Drg. Pressure vessel. ’

: Brickwork of genora.tor.

. Coal distributor for generator.
Coal distributor (for another: plant).
Charging ponch of generator.
Automatic wvalve for charging pouoh (a.t Brtz)

-g.. Valve of charging pouch,
‘ -do-

.D:.achargins pouch.
. Ash dischargs device.
Steam and water pipes omn 8‘1‘"‘/%"
o Jig for rogrin'ﬁng faces.
. .. Drg. Hoods flor gases from pouch.
. Drge - Temperature msasurément po ts-
. Drg. Sorspers in ganerator. . ‘
Drg. Off take elbow valve,
' » Primexy cooler,
' nzg. ‘Secondary cooler.
‘Drg. Tar separater.
Prg. = -do- u-r-ngmt of nozsle r.tngl.
~ Drg. Bensole scrubber.
m'gr Pressure Water Washing - groimd plen,

ABBIRGPR BB LI PUNLBEELEEFEREEY
5

List of Doouments taken from Prankfurt in Bag 2708
o ' L y Camera A. Reel 36.
Dooment No, -~ - - 0 - Depaription

Report of test on Concordia lean coal.
Report-of test on Wiesche lean coel.

- Report of test onhr:tan—Zentn- hard ooal.
Drg. Asssmbly of gemerator.

" Drge G—mtcr.

Y INTY
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B

 Analysis of broksn briqustte pisces.
Analysis of fuel from )
Analysis of dried coel lumps. - ‘
Flant log shest of pressure water wash,
Flant log sheet of condensers.
-0~

: r;;w-,-P.l.anir,los-vshutaei—fm:lgmm—.

Sketch of coal feed to generator.
« Disc crank of grate drive.

-do~ . ‘
- Drge Dischargs section of bunker.
Drg. Discharge section of bunker, |

- Drg. Pipe lines of pressure washing plant.

- Irg. Ventilation of generator house (Brix).
Drg. Preasure washing plant (Bréx).
List of Jointing materials, .
Drg. Klonns high pressure purifiers.
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Ehotographed by cemers X, Heel 8

~ Lurgl process for ayathesis gas production.

Document Bo. 1 consits of ane large sheet which gives flow

7!&;:.., gas oampositiom, consmmption of coal, oxygen stsam and

with tar amd bemnzole recowery, end estimated capital
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costs of ths plamt, for the fellowing processes for the
production of synthesis gas: pressure gssification with cracking
of the rest gas; pressure gasification with coracking of the gas
produced; atmospheric gasification with re-cycling of CO2;
slagging pressure gasification; pressure gasification with
cracking of the gas produced, using regensrators; Koppers rest
gas eracking combined with pressure gasification; pressure
gasification with re-cycling of CO>; and low temperature
.carbonisation followed hy the Winkler Gemerator.

. . Document No. 20 gives data including estimated ocosts for
a project for a synthesis gas plant of cspacity 550,000 N.ouw.m,
per day for Rumoi ococal in Japsn; also similaxr data for a :
aynthesis ges plait of capaocity 81,800 N.ou.m. per hour using
pressure gasification and cracking. ' At the end of the typed
sheets sre fiow diagrams with quantities for the process to
0.666. There is also a diagram of the water connections to -
the hydraulically operated valves of a charging peuch togethex
with time table of operations. ‘ :
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Iaiat.o‘f Gonicraion M&PM' |

mtro = 59.37 :i.nchos = 3281 feot.
sgemetre = 10,76 sq.feet.’

. Cusmetre = 35,31 cu.ft, = 219,97 Im.gallona.

ou.ft, at 0°cana760m.n. ary = 1.073 cu.ft. at 60"?»&30

_ inches wet.
cu.metre at 0°C and 760 om. dary = 37.88 cu,ft. at 60°F apd
- 30 ins.wet, ‘
cn.nntro of gas per tome of coal = 35.88 cu.ft, of gas per
~ton of coal., -

cu.metre at 0°C and 760 Bem. dry per tonm = 38,50 cu.ft. at"
and 30 ins. wet per ton. '
k:ilograme = 2.205 1bs. avoir - ‘

kgm, per sq.m, 0, 2048 1bs. per sq; £E

kgm, per cu.m. = 0,06243 1lbs. per cu.ft. |
kgm, per cw.m. at 0°c ‘and 760 m.m, dry = 0,05818 1bs, per ou, -
£t. at60°Fand301ns. wete

gnm per 100 cu.m. at o°c ana 760 mem, dry = 0.4077 grains )

” ' per 100 cu.ft., at 60°F ang 30 ins.wet.
tonne = 009&2 m
kilogramms ..caloxie = 3,968 British '.lhsml Units. -

k. cal.per imn.. = 1,8 B, Th.U, per 1b,
l.cal.per cum = 0.1124 ETh.U. per cu.ft.

kcel.per cu.m at 0°C end 760 m.m. dry = o.m_ww4m_

ft. at 60Pp gn3 30 ins, wet.

litre psr cu.m. at 0°C and 760 m.m. ary = 0,005806 Iulp.gan..pér

_ Q&&_&tﬁ_a&!-m%._m._'et,.‘_ﬁ___



o BY VOLUME

% 8y VouuME

% & rume

C ANO OXVEEN CMSI/”P’/ON IN RELATION 70 PRESSURE

FIGURE -/

GASIFICATION PRESSURE _ATAS

m‘r
w0 \—F ]
S\
50 _\ © waATER VAPOOX
A = Z 7
20— , ey
{ /’ .
. o / . B ’ .
0o &5 o K5 20 25 W 35 L
GASIFICATION PRESSURE ATMS. :
THEORETICAL GAS COMPOSITION : IV RELATION m PRESSURE
| FIGURE 2
50 : _
.'og
%0 , .
2% AN
30 o < yronost
20 I~ - o :
o — | % . — ‘
0 — - = ! ‘
—00 - G lOOF——— (050 _NOO . NS5O . w200
TEMPERATURE ~ OK
THEORET/CAL GAS mmw/rm IV RELATION 70 rfufﬁmfw?[
- ¥
FIGURE 3 e ® ;
P — Y —43f ["™§
: . . ./’C/".— : - §
40 - %” 5000 -40, 000
- S . " (_ ! ‘
o108 P ”‘"‘M 5 — . a
30 = LT ey L [ 90, 000 x
Lt Ceom | amerro - -
, ,,,"ﬁ:, )/ < - b
20 "—r"’y’ 4000 28 000 3
. , l ) - R
(?// 3 L2000 s
o . y - =0 b
0 5 s S5 B 25 .0 . I5_ 40

THEORETICAL COMPOSYTION OF PURIFIED GAS, 0/[0}?/:‘/6' Vll(/t'



- FICURE &

L

i

) i FRO

P

Y

CALORIER VaLoE
N OUS. PER N Cum,

20

t

§
Q.
83

s w o
- CASIFICATION PRESSURE ATHS.
oms CALORIFIC IRLUE OF GAS FROM mmv s 7774
- AN KARD' colz :

FIGURE &

o . o
_H2
‘ b i - ' \\
3 - %0
> _ a
. L2
. %0 850 - 70 | - 7m0
: F fﬂ’fll’m€ C' .
m#”lf/m a" ”[I’mf V/ 4 mt’&f(/ﬂf meﬂm
"’f‘ o FIGURE &

! ELENERATON
2 cooers :
L O SCHUBBER .

€ PRESSUPE JONER MSSIHERS. 9. MBI TONER | -
5 o4IOE roswreRs . . :

FLON D/IACEAIN or MM MJ‘/W//DA’ e’/ /4



FIGORE ~ 7

y TOX NN ¥
o E&%a&isg . N L HMN S WM

- - _ 1 % ,.....\. : * “am
TIRINGHE cooEem o !
: . . T & 5 .
Sy SN \\&.ﬁu%____g_________ ] S mmm mmma NI
e M |  wadbyaned ow Routvanisrs wmdsomr| S M.,,u A DI
”. AN\ . N { 11 & . - e IN
4 ] * . @
| N .
£ NS P RER { |
ERE I 1 NERE gﬁ__________________..m N |
[ANE ] NN g N 38y | °° NN .m
W E 8] (Y e © S :
al HRE I . : W -
11 Y AT & : N §
. . ’ ] N ] - ’ . , m ”
4 | S | A N
. : . 3 : ] a N
R Z_z// /////ﬁ/./é R (W0 2wy \NersmoRKK) m m
: . . " - . *
' % 9
sedReRBRERRS SIS
¥ 2 & & & & &



FIGURE 10

o | g
* . A 5 A
§ woo |5 T —
X : /650
N 1600 278 ————
S re00 (260 ~
* 200 - 730 oe0 |
1000 . <
\3 800 55 T
N 600 ~§ -
GAS VIELD PER TONNE OF DRY ASH-FREE COAL
- o - ’ -~
- FIGURE I -
N - 2oz
o . RHINEL N, BROWN COA,
4700 Y53 2547 |
. #4600
~X-—es00
3 ¢e00
4300
: €200
S oo
. 4000
¥ oo
X 3800
9700 ) ; - .
T GROSS TALORIFIC YALUE OF 645 . . T
IN. RELATION TO FUEL AND GASIFICATION FRESSURE
FIGURE /(2
’5 . . :
/3 - =
2 _ CARBON/ISATION
N, : CAPITAL %
. :f L. .2

X 10 22

N [ XY

N cone
| & 8

[ N K

AN 7 |- \\\ -—

g ; PRESSURE
§ p AL 7 B L BASIEICATION
— 7 " &r raooUCTS L AR

<3 _Cranits ool — acwzons. -

S 7 R gas
o LA - oL B - PRooerrow |

COSTS OF CARSONISATION ANO GASIFICATION -






4

FIGURE

HANISM

LEVER MEC

HAND OPERATED. °

FUEL FEED. .

U~ QOTAW VALvé.

RADIAL LEVER,

CYLINDRICAL SLEEVE

RUBBER VALVE SEATING.

]

BB RBmaTwnmnm - S

WO I FITFIP I

4

[rrmirstmsine tnunRLe RNy

——

LockK CHAMBER.

—

DiacRAM ofF FUEL FEeD To UPPER CHAMBER.-




||

5.

FIGURE
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_DiAGRAM OF BOTTOM VALVE OF UPPER LOCKCHAMBER,

LURGI H.P_GASIFICATION PLANT-BOHLEN.
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FIGURE 20

The Same, .viemd'rn:im the rar side, snowing the plough. -
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view of the plough, the section beang turne
cloaome down. Note 1lft, mark on plough. _
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