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APPENDIX 1
CARBON BALANCES

Pron the official Betricbsbericht, together with certaa..
asswptions, the following balances have been drawn up.

(1) ¥molc of 1943 (Ref.d)

Synthesis gas made

Produccr gas nade

Raw coal direcct to gas production

Reoxi coal to cool drying plant and
ultinotely sent to produccps 119,050 t

Purchascd coal dust to produccrs 7,076 ¢

Synthesis gas contained CO + Hp = 7he7» and Hg/CO = 1.98
whence CO = 25,0% and Hy = 4S5.7%
asswic CO; = 10,0%, CHy = 3.5%, Ng = 3.5%, Og = 0.3%

.*. carbon in synthesis gas = 0.245 /1000 .2

Producer gas: asswic composition of COg =12,00 = 165, CH, = 2%

330, 774,000:2 (=av.of 12,500:/hr.
522,635,000§ per generator,if 3
303,593 t  olways running)

i

.*. carbon in produccr gas = 0.161 t/1000 .

0.249 x 330,77 = G2,400
0.161 x 522,633 =

.*. total carbon accountcd for =166,400

Coal: assuic raw brown coel contoined 52% Ha0, 29% ¢(z 60% C
on dry basis) and asswic purchased coal dust containcd
12% Hg0, 53 C.

"« carbon cntering as raw coal direct = 0.29x808,593 = B3L,500 t

" h 1" " n Via Coa.l

drying = 0.29x119,058 = 34,500 &
" i " purchascd coal dust = 0.53 x 7,076 = 3,750 t

.« carbon appecaring in synthcsis gas
" " " mroduccr gas

n i

totcdl carbon entering systen 272,750 %
total carbon accounted for 166,400 t
."« carbon unaccounted for 106,350 t

i.c. carbon unaccounted for = 39% of carbon used

. The relatively low output ond air raids no doubt account for
the high production of fucl gas comparcd with April 1944 (sec below)
and hence to the considerable use of the coal drying plant.
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(5) fpril Yok (Ror.9)
Synthesis gas node 45,900 ooo:P(_ 21,300 i¥/hr. por
Produccr gas nade 47,950,000:% generator, if 3 always
Raw coal dircet to gas production 111 u23 t  running) _
Rav coal .to coal drying plant and
- ultirnntely sont to producers 1,012 ¢
Purchased coal dust to producers 2,45h t
Multicylone dust scnt to boilers 1,300 t
Synthcsis gas oontaincd CO '+ Hp = 75.2ﬂ, Ha/CO = 2.0
whenoce CO = 25.1/5 Hy = 50. lﬁ
nesue C0g = 18% CHy = 3.5%, Ng = 3.0%, Oz = 0.3/

.*. carbon in synthesis gas = 0.250 t/1000 2

Producer sos: assune corposition of COgp = 12%, CO = 16%, CHy = 2%
.*. carbon in producer gas = 0.161 t/1000 :?
«*s 'carbon pvoar:l.no in synthosis gas = 0.250x45,900 = L75
" - " producer gas = 04161x47,950 = 7,720
" in cyclonc dust sent- to boilers = 0. 50xl 800__. 900
.+ total carbon accounted for = 20,095.t

Coal: assume row brown coal contained 520 HgO, 29p c
and mssunc ntirchased coal dust contained 12% Hy0, S}A

.'s carbon entering as raw coal direct = 0.29x111, 823 = 32,400 t
i i 1] " 1 Vl a co D-l
drying = 0.29x1,012 = 294 ¢
" " " purchased coal dust = 0.53x2.454= 1,300 t
total corbon optcring systen =33,9% t
total carbon accounted for 20,095
.*.carbon unaccounted for 13,899 ¢
i.e. carbon unacgoumted for = 40.8% of carbon used
Total C losscs, counting cyclonc dust to boilers
as a loss, = L3, 5% of carbon used
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APPEIDIX 2.
HATERI.L BALAIICES

Sufficient information was obtained from the visit to enable
a good deal of information on material balonces, etc., to be deduced,
but the various asswptions nade in the following caloulations should
bc borne in mind.

() Synthesis Gas

Consider a unit on normal output, and assume a recirculated
synthesis gas rate of 35,000 «/hour for a make of 25,000 i/hour;
about 2,500 w/hour oxygen would be used and about 60.8 t/hour rew
brown coal (based on 1943 data) or 29,1 t/hour of water-free brown
coal.

_ How raw coal, on a dry basis, contained 60% C, 4% H, 20% O,
3% 8, 1% N and 12% ash. The analysis of dry coal dust leaving
the drier-was given as 60% C and 18% ash, but no figures were given
for the other consitituents.

The basic data are aos follows:=

(1) 0p found as 0O (25%) and GOy (187) in synthesis gas
= 3,125 + 4,500 = 7,625 13 Mhour

(2) 05 added as say 96% oxygen = 0.96 x 2500 = 2400 #/hour

(3) Hg found as Hy (49.5%), CHs (3.0%) and HaS (L.57) ;in synthesis gas
= 12,375 + 1,500 + 375 = 1k,250

(4) Carbon found as 00 (25%),C0s (187) and GH, (3.0%) in
synthesis gas = 11,500 i/hour = 6,15 t/hour

(5) Hp present in row brovm coal = 4% x 29,1 = 1.16 t/hr = 13,000 é/hr
(6) 0, " L "M = 20% x 29.1 = 5.82 t/ar = 4,070 W/hr

Since about one-third of the coal was corpletely gasified in
the synthesis gas gencrators at least one=-third of the H; and O, in
the raw brown coal would appear in synthesis gas, even if no evolution
of Hz and Og occurred in the dricr, In proctice we should expect
fron the terperature conditions some evolution of CO; & HgS in the
drier. Therc is insuificicnt information available to estimate
cxactly this quantity, but it has been™assumed that 40% of the
oxygen in raw brovm coal, excluding water, appeared as COg in
synthesis gas. With this asswption a complete balance can be
struck and it will be shown that o reasonoble analysis of dry coal
dust results,
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Thus, by asswmtion, 0z obtained froa coal = 0.40 x 5.82 t/hr
= 2.33 t/hr. = 1,630 Y/hr.

Hence, by Op balance, Oy out = 7,625 = 0p in = 2400+1630+1/2(steair
decorposed)

.*. stean decomosed = 7,190 >/hour = 5. 78 T/hour
Hence, by Hz balance ; out = 14,250 = Hp in = 7190 + H, obtained
from coal « H, obtained from coal = 7,060 .hour = 0.63 t/hr.

Lastly‘it is assuned that two thirds of the sulphur in rov coal is
volatile.

It is now possible, by algebreic nethods and without further
assurptions, to deduce the Tollowing Tlowshect, calculated to show
the required quantities of C, H, O and S gasified and also to show
the same analyses Tor dry coal dust fed to the generator and leaving
the drier respectively.,

C Ash H 0] 3 Iy
Raw brown coal to dmier) 60% 125 L 2055 3% %
29.1 t/hr (ary) )t 1747 3.49 1.16 5.82 0.87 0.29
Gases evolved in drier t 0.18 0.36 0.50 0.49
Dry coal dust to gener-)
ator 10.20 t/hr )t 5.97 1.83 0.27 1.83 0.17 0.10
Gasified in generator 5.97 nil 0.27 1.33 0.05 0.10
Dry coal dust leaving) t 17.29 5.32 0.80 5.32 0.50 0.29
dricr 29.5 t/hr. % 53,6 18.0 2.7 18.0 1.7 1.0
Total gasified in gencr-)+4 )
&-tor and drier : ) 6.15 ml 0063 2.33 OcBLl- O.lo

The truth of thc asswiption, that LO% of the Op in raw
brovm coal appeared as CO, in synthesis gas, con be tested only by
secing how the above flowshect fits other known Tocts. It will be
secen that the analysis of dry coal dust is very close to that given

wite independently by Dassow: thus for G, 58.6% corpares with
0%, and for ash, 18,0% corpares with 18%. It should be noted
that the flowshect assuies complete gasification of C, H and O in
the dry coal dust fed to the generator.  From the above balance
the gascs cvolved in the drier, apart from water vapour, would consist
of
CO2 334 o/hr.
S 343 .o/hr.
Hg 3,700 /hr.
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Since the calculation of these quantitics involve the accurulated
crrors in the whole balance they are subjcct to considerable error.
The amount of Hg evolved is impossibly high and the anount of COq
evolved is low. The rcal cause of these errors lies either in

the over-cstimation of H and under cstination of O in the gas or the
reverse in the coal. However these errors do not seriously affect
any conclusions in this report.

The above flowsheet also corfirns that about one=third of the
dry coal dust was fed to thc generators.

Steam Balance

According to thc official monthly roport for April 1944
27,375 t stean were charged to the synthesis gas unmits, (detinitely
cxcluding the producers), Tor a make of 45,900,000 . synthesis gas.
This is equivalent to 0.6 t. steary/1000 i’ synthesis gas. On the
other hand it was stated quite frequently that recirculated synthcsls
gas was satuwrated at 82°C when entering the regencrators at 0.15 ats g.
i.c. contained 0.62 t water vapour/1000 i’ gas. Since 1.k volumes
cf symthesis gas were recirculated for 1 volume made, the quantity of
water vopour entering the regenerators was therefofe 0.87 t stean/

~

1000 i synthesis gas made. The fact that only 0.6 t stean/1000
synthesis gas made was charged against the whole synthesis gas plant
neans that recirculated synthesis gas lcaving the washers rust have
been saturated at a temperature approaching 75°C and containing

about 0.59 t water vapour/1000 ¥ synthesis gas made; for undoubtedly
sore of the 0.6 t steam was used in the form of oxygen saturated

at 82°C (about 0.06 t) and an unknown amount of stean was added
directly to the second gasifier; there werc also no doubt miscellancous
usages of steanm on auxiliary equiprient., It is concluded that the
total quontity of water vapour entering the generators was about

1.0 t stean/1000 id synthesis gas made, both in the form of water of
saturation and in the form of direct addition of stcan.  Steam
actually reactin% with carbon was quite a small proportion of this,
viz 0,23 %4/1000 i synthesis gas made, according to the amount of
steam decorposition deduced above.

The steam balance for 25,000 i/hour synthesis gas rade then

becomes =
t/hr i/hr
Water vapour and dircct stcam added 25 31,100
stcan decomposed 5.8 7,200
<. steam entering dricr 19.2 23,900
Water added as raw brown coal 21.5 39,200

. “.8tean leaving drier
50.7 63,100
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60,000 /hour
123,000 ./hour

snd since gas leaving drier

H

,*, zas aand stean lcaving drier

This rixturc contains :~re than enough heat and water vapour to
permit saturation of recirculated synthesis gas leaving the washer to
a teimerature of as high as 82°C.

(b) Producer Gas

Insufficient inToration is available to deduce an accurate
flowsheet Tor the producers, but a rough Tlowsheet has been deduced
as Tollows. ‘

Consider a producer roking B0,000'ﬁVhour,producer gas, of
cormosition 12% COg, Oe3% Og, 165 CO, 16% Hg, 2% CHy, 53 7% Nae
The equivalent carbon content was 0.161 kg/i’ or 4.83 T/hour., The
dry coal dust rate to the producer is not known accurately, but a
figure of 0.5 t/1000 :© producer gas was gquoted by Dassow, which ogrees
with the figure of 15 t/hour also quoted by Dassow in connection with
the rates through the pneunatic feed lines. With a carbon content of
5846%, to be consistent with the analysis deduced above, this corresponds
with a carbon feed of 8,79 t/hour. Thus the carbon loss from the
systor = 8.79 = L4.83 = 3.96t or L5% of the fced; this is high, but
later it will be that this was probably the case.

Then with the coal analysis deduced above we have:

Hy fed with coal = 2.7% x 15,0 = 0,405 T = 4,540 Q?hour
0, " " " =18,0% x 15,0 = 2.70 T = 1,890 ‘/hour
iy " " "= 1% x 15.0= 0.15 T = 120 “/hour
0, found in producer gas = 12 + 0.3 + 8 = 20,3 = 6,090 /5/hour
Hy " " " "o 16 + 2 x 2= 20.0% = 6,000 /hour
(z 0.535 t)
NP " " " = 0.537 x 30,000 =16,110 -/hour
.*. iy derived fron air = 16,110-120 = 15,990 /hour

% 0, n WM - 3 235 3/hour
.%e 0% burnt to steanm = 4,235 + 1,890 -~ 6,090 = 35 Z/mour
.*e Hy burnt to stean = 2 x 35 = 70 .Y/hour

.*. H, by diffcrence, derived fron coal = 6,000 + 70 = 6,070 -/hour
whereas Hy derived from coal, by analysis = k4,540 -“/hour
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It will be remembered that it was suspected in the
coleulations on synthesis gas that less Hy was evolved in the drier
than appeared from the calculations; if the H and O contents of
dry coal dust werc not 2.7% and 18.0% as deduccd but 3650 and 17,0%
respectively, the hydrogen balance for the producers would be correct,
and there would be a sall positive stean decorposition. This could
well be so, and tends to confirm the air rate and negligible stean
deconposition deduced above, It is noteworthy that the bulk of the
hydrogen appearing in producer gas nay be regarded as derived fron
coal rather than fron steam; mnorcover the C/H ratio found in the zas
is about 9, which is close the C/H ratio found in brown coal tar.
This bears out the contention of Koppers (scc pdl), that the
Schmalfeldt producers are little rorc than distillation and eracking
units, with practically no gasification of solid carbon,

The only figure available for stean usage is 4,622 t for
47,950,000 :’ producer gas charged in the monthly report for April 1944,
this corresponds with 96.5 kg/1000 :° producer gas or 2.9 t/hour for
30,000 ‘i/hour.  Although suall this is ample to pcrmit the
calculated very small stecan decorpositions,

Thus the stcam content of wet producer gas was about
2.8 t/hour = 3,500 Jyhour, so that the wet producer gas rate was
33,500 :/hour

Surriarizing then we have for 30,000 :/hour producer gas:

15.0 t/hour

Dry coal dust
20,225 3/hour

Alr

Hunuwn

Stean decorposcd, say 125 iYhour 0.1 t/hour
Total stean added 2.9 t/hour
The final dust would then contain :

CO.I‘bon = 8. 79 - b—o 83 = 3.96 t = 6077

hsh = 0.18 x 15 = 2,70t = LO%

Total 6.66 1

No reliable analyses of final dust were given us, but there
is réason to belicve that the figures given in Ref.l, of 505 C and
50/ ash, were too optinistic and too low in carbon.

(¢) Combined ilaterial Balance

As a check on the above calculations it is intcresting to
use them to calculate the combined material balence for synthesis and
producer gas and hence derive a figure for the dust losses on the
synthesis gas units,
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It will be. remerbered that the 1943 figures wer

deduce the quantity of raw

Thus for 330, 774,000 3 synthesis gos

we have fron Appendix 1,

Cafbon entcr:mu as rav coal direct

n f u
" " "

Total carbon entering systen

via coal drying
purchased dust

Carbon apvearlng in synthesis gas
* producer gas

Then froa Appendix 2,

Corbon lost from producers at 3.96 /30,000

*, by difference carbon lost from synthesis gas units

Total carbon

» used to
brovm coal fed to the synthe51s gas driers.
and 522,633,000 :2 producer gas,

234,500 t
34,500
3,750 t

272,750 t

82,400 t
84,000 t

69,000 %
37,350 t

272,750

The above of course assuies no carbon losses in the coal drying

plant, or any form of gaseous losses,

potential sources.

Pictorially the above iay be shown as follows:

of which there are several

Carbon entering as
raw browvn coal direct

234,500 t

gas units

Lost as dust from synthesis

37,350 t 13.7%

Found in 330,774,000 7

82,400 t 30.2%

synthesis gas

producer gas

Found in 522,633,000
8,000 t 30.8%

Lost as
dust fron
Sroducer

Carbon entering as raw coal via
coal dryins plant 34,500 £
Carbon as purchased dust 3,750t

gas units

Lost in

washers

tto boilers

water Fron

Cyclone dust

69,000t 25.3%

Total corbom losses

39.0%

S ——
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(d4) Fuel Gas Reguirenents

In the whole of 192;.3 the synthesis gas units required
1,780 T.cals fuel gas/1,000 2 synthesis gas, and in April 1944
1 , 715 T.cals/1,000 3; "in each case the fuel gas, consisted of a
mxture of producer gas and tail gases from the Flscher-Tropsch
and hydrogenation plants,

APPEIDIX 3
DUST LOSSES

Ref.l4 is a note written at LHtzkendorf in early 1942 when
a project requiring larger gas quantities was being considered; the
note was intended to show what alterations would be necessary to the
washer water system and for this purpose gave figures for the dust
enission from the synthesis and producer gas plents. Dassow said
these figures were ra.ther optimistic and colculations based on other
data confirm this. , :

Aan output of 90,000 :/hour synthesis gas on 3 units and of
120,000 /hour producer gas was considerod.

(2) Synthesis Gas

Each unit was taken as losing 3.5 t/hour dust containing-
60% C, when moking 30,000 3Mmour synthesis zas, i.e. 70 kg. carbon
lost/l 000 ? ary synthes:Ls gos.

Synthesis gas composition was taken as 25,6 00, 20% COz and
3e5% CH,, corresponding to 260 kg ocarbon/1,000 2 synthes:.s gas.

(b) Producer Gas

The compos:.tion of dust in the final ga.s was stated to _
vary cons:.derably, the ash from 45 to 55% and caxbon fron 50 to 0%;
these figures are difficult to believe, since 50 + 55 = 105% and
L5 + 70 = 115/01 However the average corposition was taken as 50%
carbon and 505> ash.

The amount of dust was then calculated from the analysis of the
dry coal fed to the producer (187 ash, 60% C) and of the final dust.

C lost in dust = x 0,418 _
Thus € F6T To produder Eo'x 5ogp = 00

i.e. 30% of the carbon fed to the producer was lost as dust,
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Produccr gas corposition vas token as CO + COp; + CHy
(figurcs given on ».8 indicate only 30%4), corrcsponding to 17
carbon/1000 ‘7 produccr gas. Honcc the carbon lost as dust = 3 x 172

I
]
N

=

nu

7L kg carboq/looo 7 dry produccr gas and the dust lost = 2 x 7k
148 kz/1000 @ dry producer gas, or 17.8 t/hoyr for a producer gas
production of 120,000 :/hour.

(c) Overall Carbon Balance

fron the above figures and assuming no other carbon losscs
the following balance can be deduced, showing carbon in t/hour.

Lost as dust from synthesis gas units 6.3 t 10.6%

Found in 90,000 #/hour 230 b 39.5%
Synthesis gas
Carbon in Total carbon

59.2 t - losses
Found in 120,000 “/hour 20.6 t .85 =22:Tf

Producer gos

Lost as dust from
producer gas units 8.9 t 15.1%

It should bc noted that the total carbon loss of 25¢7% _
calculated above is considerabily less than the figures of 39 and L43.5%
calculated in Appendix 1 from official reports of achicved data.
Toking into account Dassow's statement that the figures in Ref.l
werc too optimistic and the fact that some carbon losses could have
occurrcd other thon as dust, e.ge as leakage of synthesis gas into
a regenerator, coacl and gos used during starting operations, it is
considered that at lcast one-third of the carbon was lost as dust.

Allocation of achicved dust losses between synthesis gas
ond produccr gas is very difficult. From the material balances
in Appendix 2 however we can dceduce the following:

(2) Synthcsis Gas
Carbon loss = 37,350 t for 330,774,000 ? synthesis gas
of 113 kg/1,000 :© dry synthesis gas nadc

This agrees with the figurc of 70 kg/1,000 -7, deduced from Ref.k,
allowing for thc .wmch greater overall losses achicved in 1943,




- 32 -

(b) Producer Gas
Carbon loss

3,96 t/30,000 ° produccr gas
132 kg/1000 :? dry produccr gas

Hon

This is greatcr than the figurc of 74 kg/1000 :?, dcduced
from Ref.h. It is hovwever in linc with dust concentrotions given
by Dassow (sce bclow) and with the cmount of dust fed to the
produccrs. The achieved 1943 cofficicncics cannot be accounted for
by lowcr losscs on thc produccrs, vithout sllowing highor losscs on
synthesis gas. . '

Dust Concentrations

In Appendix 2 it is deduced that with 2 synthesis gas unit
on norrnl outout the wet ges rate at the cxit of the drier ond
cyclonc was 123,000 </hour and the dry dust leaving the dricr waos
29.5 t/hour.

Using thc cbove figurc of carbon loss of 113 kg/1000 3} ary
synthesis zas made, the corbon loss for 25,000 ‘“/hour would be
2.82 t/hour and so thc dust loss, vith 60% C, would bc L4.70 t/hr.

Hence the dust concentrations of wet synthesis gas become:

lecaving the dricr 250 g/i? wet gos 5 29.5 x 1000/123)
aftcr the cyclonc 38 g/:3 wot gas (= 4.70 x 1000/123)

.. corbincd scparator & syclonc cfficicncy 85%

The figure of 160 2/-3 quoted by Dassow may have referrcd to the dust
contant before the cyclonc and after the scparator, the difference
being duc to large material rcioved in the separator.

Also in Appendix 2 it is deduced that with a producer unit
on full output the wet gas ratc was 33,500 “/hour and dust leaving
the Multiklon was 6.66 t, Thus the dust content after the
Multiklon was 199 gﬁp‘wot gos. This is to be compored with
Dassaw's wory roush fisurc of' 200 z/-? for gos before the
boilers and ultiklon and it should bec noted that even the optimistic
figures of Ref.l lead to o dust concentration of about 135 g/?'wet
zas after the iultiklon. i

Conclusion
e conclude from o considerction of all the cvidence that
thc following figures arc probably ncar the truth:

dust in synthesis gas before cyclone 150 to 200 g/P wet gos
noo " " after " 30 to L0 g/id vet gas
" " producer gas beforc Multiklon 200 to 250 g/.2 wet gas
o " " after " 150 to 200 g/i’ wet gas
carbon loss in synthesis gas 80 to 110 kg/10007 dry gas mde

i "

" producer gas 100 to 130 kg/1000 .2 dry gas



