“Cuul Corbonization in tho Laboratory"

It is of groat importanco to dovolep laborthry mothods which aro suit-
able to dotormine tho yiolds of coke, gas ammonia,. and bonzol of o coal by
carborizing o vory smnll quantity of coal, whoroby it is “nocossary that. the
yviclds which arse obtainod by tho small senlc carbonization cerrospond with
the yiolds of o commorclml+nguratlon. Such 0 mcthod is vory usoful for tho
'fﬁllOWIHL roasens: -

A Coko ovon dosignors ond constructars must vory ofton dosign comploto
coko ovon plemts without being ablo to got datailod information about the
"sroporties-.of tho conl which shall bo earbonizod in. o now plant. .is ox-
porionco shows, tho customor furnishos o fow pounds of coal. and - OXﬁocts to 2
got information about tho quantitios of the prad ucts whlch arc: proalucod by
tho commorcicl carbonization procosse.

Coal mincs arc ofton“lnturestod tﬁ kncw tho prn' rtlos of ﬁho coals of
vorious sooms without baing eblo to mako full scale tosts.

_ Such o mothod is also vory 1mnortant for coka.ovon cporﬂt“rs boowuso
it is possiblo to supoervisc the proper rumning of the Plent by a stﬂnaurd-
izod laboratory tost. It can bo ocasily obscrvod whother on 1ncromso or do-
cronso. of the yiolds dopends on anAwltor vticn of tho quality f the -conl or
"o caroloss oporation of tho Ulwnt._

Furéhormoro, it is‘possiblo nvestigato tho influonco ~f tho carbon-
ization tomgoraturos ~n tho 'ol ds. ot . ' ‘

roqulromonts.
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It must be possiblo to roarouuco tho rosults within; claoso llmlts and
~the hoating’ oqulﬁmont must be dosigned in such o monnor that distinct
“temperotures coan bo meintaincd over long timos. 4 e
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Doscrlatlon nf thc “pﬂurutus

appe tus c0n31sts ofs

Tho carbonizotion arranggmont;

Tho condonsing and scrubbing system.
() >




-.ce Tho gas-cclleoting oquipmont.

Thce carbonization arrangomont:

Likc 2ll cokc ovens thc carbonization arrangomont is composed of thg « Jre e

.carbonization chomber and tho henting systom which furnishes tho thormel
‘units which are roquircd for the doc-mposi%ion of the coal. - _

A coke oven chamber is nearly completelyjfilled with coal. The
liberated gases and vapors ascend partly through the center of the coal
and partly near the. oven-walls. ([They-are —Tollected in the upper-pert of
the chamber, the so-called gas c¢llecting chamber, before they leave the
chamber flowing through the gas agcension pipe into the gas collecting
main. The yields amd~the composition of the products are influenced by
the temperature of the oven walls and the temperature of the walls of the -
.gas collecting chamber which is always a‘little lower. -Therefore, the coke
oven chamber of the laboratory is subdivided into the carbonization part
and .the gas -collecting part in order to be able to imitatec’the comfiercial
carbonization process. The temperatures in both sections can be kept on
-~ different heights. The gas collecting -chamber is kept completely empty in
order to maintain always the samc cracking surface area,. T

The refractory bricks of a wall of a coke oven arc mede of silicon
-compounds. The laborstory chamber is made out of quartz glass. in order to
obtain th¢ same cracking propertics of the walls., Quartz glass is very -
resistant against high temperatures, but duc to a modification of the-
erystelline structure by the influcnce of tempcrature the guartz glass will
become brittle and crumble. Approximately 100 tests can be éarried out
utilizing thc same quartz chamber. The chamber has the form of a tube, which
is closed at one end and equipped with a ground joint at_the opposite end.
The lcngth of the tube is 75 cm (29.53") without the ground joint and 80 cm
(31.5") including the ground part. The inside diemeter is 20 mm (7.87T%).
_ The tube must have an absolute uniform width over the entire length in order |
to facilitate the discharge of the coke. The- tube-lies in two eleciric ) B
furnaccs which are mounted on rails., One is 42 cm long (16.5") and the
second 20 em (8"). The proper regulation of the temperature is performed
by hcat control rhecostats (slide contact type) or regulating trensformers.
The controlling instrumcnts must be ablc to maintain any désired teémpecrature
(up to 12000C = 2220°F) within 100C (18°F). The tempcratures arc measured
at the outside of the tube by unprotected thermocouples (mode - ef=Pt=Fh)
whereby one of the two measurcs the tempgrature of the carbonization zone
and thc other that of the ecracking zonc. - Rcading resistance galvenometers
show thc applied temperatures. The consumption of electric current is im=
dicated by rcading ammecters. T ' -

b, The copdensing and scrubbing system: o
The condensing and scrubbing systcem consists of =~
" the tar recovory_arrangcment . :
the ammonie absorption togcther with thc dectermination of the
carbonization water ' : Lo T T
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the carbon- diOxide end h;'r'drc.vg'o‘ﬁ 'éﬁlfidc a.bs_o'rp"bionv. .
the bgnzol-extxggpgggksyﬁﬁém R

The tar vepors arc sxtracted “from tho,gaé-by'a.filtofing proccss at-a :.

temperaturc which is higher then that of the dcw point for watcr vepors.
The filter consists of = short tube which is made of quertz glass. Tho tubo
is stuffed with cotton wool, which has becon dried to a constant wecight at a

temperature of 105°C (2219F) . The tube is comnoctod with: tho ccrbonization .

chamber by a ground joint, The tube is 20 cm (8") long including the ground

pert, which has a longth of 5 em (1.,97").. The width is 20 mm (0.787"). Tho' =
tube is in a water-bath and is enveloped by 'thc stecam of -the boiling water,s - -

Tho cotfonywOol extracts both the ter and the ammonia -compounds such as
emmonium chloride end ammonium sulfete., Duc to the temperaturc of BhHe
water bath.no water vapors arc condensed, S '

«Thetgasaoqswammonia vapors are absorbcd by a soluﬁion of dilutcdfsﬁf—
furic zcid (165 by weight), - Th¢ solution is filled into a Geissler potash
absorption bulb which is connceted with the teor cxtrection tube by mcans of

_ a rubber stopper. Most of the water vapors, which arc formed by the de~ ww.

composition of thc bitumen, arc condonsed in the Geissler bulb, Thc watcr
“vapors.-which .romain in the*ges arc completely absorbed during their passage’

~through a, following U-shepo drying tube with side arms and ground stoppers..

‘The U-tubc is filled with Caleium chloride.

Two Geissler bulbs, which are filled with a solution of potassium’ -
hydroxidc absorb carbon dioxide and hydrogen sulfide., Thoy arc followed
by two U-shgpe drying tubes with side.arms and ground stoppers which-aro
filled with calcium chloride. The caleium chloride rctains the water vopors
which cscape from thc U-tubes duc to thc vepor pressurc of the potassium
hydroxide solutien. s : N S : - ,

* The benzol vapors, which .ere present in thc gas, arc absorbed by .
pctrolatum U.S.P. which is filled in two. Geissler absorption bulbs with
‘side arms and ground stoppers. In order to sccurc & complete extraction |
‘the U~tubcs arc packed in chopped ice. The application of a peraffip oil
spstead of active charcoal has thc advantage.thet only. benzol vapors but no
gascs likc butane, propanc arc absorbed., The absorption bulbs arc protected
by a calcium-chloride fillecd U-tube against water vepors which might come

bock from the -gas collecting bottle, - o T T e

The permancnt.gases arc collocted in 2 large aspirator bottle which
has a czpacity of approximetcly three .gallons. The bottle is closed by a
rubber stopper which is cquipped with a  thermomcter, a water column guage
and two :stop-cock=-tubes for the inlof end outlct of- the gds or water rcs- .-
poetively, - As ges flows into the bottlc the sopc volume of watcr is dis-
ploced., It is collected by 2 sccond bottlce which is arranged “undcerncath
the "first onc. ' i : . -

-~
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: Pefformagéc of the Test

Preparction of thc coal scmplc:

The delivered coel is corcfully mixed “in order to get a represcentative
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sample which is dricd in ordor to determine the moisture content. The avcrage -
size of the coal piecccs should be roughly estimated. The dried coal is ground
to a size Which-iS'su;table for thec performancc.of the analysis (particles must
pass sicve #170) . Two. bottles are filled with the ¢oal, onc for analytical
purposes and the sceond for reserve. The stopper of the. sccond bottlc is
carefully tighteoned; the bottle is storcd away after having becen properly
labeled. o ' SR | S o :

- Approximatcly 5 g of the pulverized coal arc put into a weighing bottle
with insidc ground stopper for thc¢dctermination_of'thc.hygroscopicfwater S
content. The sample is dried applying a temperaturc of 105°C (221°F) wutilizing
a drying oven. In order to get figures of the proximatc snalysis the content -
of volatilcs, ¢oke residuc and ash is detormincd according to standardized spec-
ifications, R T o ST '

Exactly 15 g of the pulverized coal .arc weighed utilizing an aluminum scoop.
. The coal is filled into the quartz tube by mcans of a pencil brush and a :
“funnel with a long stcm. An asbestos plug is placed on- top of the coal ..
" charge in order to kecp the .coal in its proper positions oL :
. . . AR

The absorption bulbs are filled with: thc respective absorbing agents:
and wcighed by mcans of an analytical balancc, In order to prevent any .
losses. the oponings of the bulbs are tightencd by means of close fitting = -
- pubber tubes and short glass rods. The U-tubes are weighed with the ground -
stoppers closcd. The content of the U-tubes may be uscd for a couplc of
experiments. A refilled U-tube miast. be saturated with carbon dioxide because
of the proscnce of alkalinc compounds: in the commercial caleium chloride which
would absorb carbon diotide from thc gas. _The .carbon. digxide must bc carefully

replaced by dried air before the U-tubes arc weighed.. . . :
" ho short quarts tubc is stuffed with dricd cotton wool and also weighed,

: The gas collecting bottle is complctcly filicd.with‘a'véry'diluﬁed sélué#
- tion of sulfuric acid, T ' - : , T

The abédrption buibs, the Uetubés and the'gas-coliccting bottle arc fitted
~ together by means of rubbct tubcs, The stoppers of all U~tubes remain closed.
The two quartz glass tubeé are‘cbﬁnectod by thc ground joihtéAwhich-aro’v

greoased by a very thin coating of pulverized graphitc (graphite must be free
from any greasc or 0il) . The combincd gquartz tube is inscrted into thpltubes
of the clectric furnaccs and the thermocouples arc adjusted. -

- . The water bath'is’slipﬁgd over the tar filter, vhich is cqyﬁoctcd‘with.thé
ammonia absorbing bulb by mcans of a rubber stopper. e S o

All stop-cocks aro.opeﬁcd and all connections arc carefully examined to see _.
if they are air-tight. - :

Duc'to_thé differonce of the height of the gas- and watcr-collceting

-
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bottlcs the apparatus is subjccted to a slight.vacuum pressure. Any gas
bubbles which con bc Tasily seen on . their passage through thc sbsorption
bulbe indicatc that the apparctus is not tight. L ' '

The two clectric furnaces arc in such a position,: that the end of the -
long quertz tubc which is filled with coal is not covercd by the small fur-
nacc. With 211 thc preperations and adjustments finished the carbonization
cen be started. E o

The clectric furnaccs ond the water bath arc heated to the proper tem=
peratures.. . .. o A NEEE o :

‘Temporatures which are necessitated to perform the carbonization:,

. It was found out by trizl that the. temperagturc of the gas collceting.
zonc must be kcpt at 8500C. (15620F) if the normal operation of & coke oven
shall be imitated, whercas 9500C (17420F) arc nccessary to mect. the roquirc-
ments of gas works practice, . ' ' ~
e The_cathonization is performed in two stoges, at first the small fur-

nacc, which is mounted on rails is moved very slowly over the coel at &

temperaturc of 7500C~(.1.3820F.). s - -The velocity with which the furnacc slidcs
over thc coal depends on the gos volume which is liberated per unit of time,
In order to scecure a proper absorption of the various constituents two or
three gas bubbles per sccond should . poss through an absorption bulb, With
a growing distance bctween the two. furnaces o ges burncr is kindled, -the
" flame of which heats the quertz tubc in order to;prevéﬁ% any condcnsation
of oil vapors. It is also possible to wind 2 wirc spircl around: the quartz
tube and to hcat by-clectric. currcnts— As soon as tho .copl is complctcly
covered by the furncce tho smell furnacc is mo¥dd ‘Back to its outgoing posi-
tion. It is now hcatcd to higher “tempcraturcs. The temporature depends on
the volatilc content of the coal,. A conl with & volatilc contcent of 20%
o7 less requircs a tcemperature of 000G _(16529F)..whereas the tomperature
must bo rgised from 10OC (180F) Qorrcsponding with an incroase of 1% of the
volatilc contént of the conl, 4 coel with a volatilc contont of 25% requircs
. “hé applicetion of & temperaturc of 950°C (1742°F)., All cools which have a
. volatilc content of 30% and morc are subjected to 2 temperature of 10000C
(1832°F). ‘ _ -

~"With the progress of the corbonizetion the volume of the liberated
geses deercases substantially. As soon as almost no gos bubbles can be ob-
socrved the corbonizetion is finishcd. - The stop-cock at the entrancc of the
ammonie absorption bulb is-c¢loscd and the conncetion between the bulb and

the tor filter is looseded.  The clectric furnaccs end the gos-burnor are =.. =70

-shut dewn. - -

. .
i

Since 211 absorpéibn“bulhﬁmand U-tubcs_orc—£333E

pruisiniiind &")-».’.}:»&-‘u_:-‘:‘

.gullll I foen .

ith_gas, the latter—™ -
‘must be replaced by air'in crder tc be oblc to detcrmine the proper weights

of thc bulbs and tubcs. The citrencc of the rmmonic absorption bulb is
connected with an.qspi;;tor'botﬁlc, thc stop-cock is.rcopcncd and approxi-
matcly 1 liter (0,035 cft) of dricd sir is 1cd. through the absorption- and
gos-collceting equipment, S L
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Inlct and - outlct stop—cocks of thc ges collcctlng bottlc arc closcd
- and 'tcmpcruturc end prossurc of the gas arc n_nstr.'ntly road cnd rceorded.’

411 stop-cocks of thc U-tubos are closed, thc lhttcr arc dlsconncctcd

from .thc absorption bulbs the inlcts and outlots of which arc tlghtoncd bv‘w;

the rubbcr tubes end gloss rods., . '
' The quartz tubcs arc dlsconncctcd and the ter flltcr tube is shorfly

dried in a drying oven whercas tho eoke bearing tube 1s wolghed uftoL '

cooling. : : . : '

Dotcfmig ation of The Yields and Composwtlon of thc G

The~contont of the gas collcctlng bottle is leOd by =bak1ng the
bottle and two samplecs are drawm using gos sample tubes. The actual. g_s
volume cons1st1ng of th¢ carbonization gas and the air which wes blown -

- through the condensing end absorption cquipment is determined by ncasurlng.

the volume of watér which hes becen displeaced by the liberated. gLSus from _
the gas collecting bottle.

.Examplo:
Actual gos volume 7355 ccm
Barometric pressurc: 764 mm Hg ‘
Gas pressurc rcad. from the water, column ggugc 85 mm Hg‘
Temperature of the gas 319C - -
- .- Reduction of thc gas volume to norm‘l conditlons
Letual pressurc 764 - 85 = 661 mm Hg o
- ppassure’ of saturated water vapor at 31°C = 33.7 mm He-
Factor for reducing the gas volumc = (661 - 33.7) x 273 _ oL
- | - 760 = (273 ¥ 31) 7AL
‘Roduced gas volume 7355 x 0.741 = 5452 cem
Actual composition of. the gas as detcrnlned by e. gas analys1s,

'CO

Y - 11 % by_vqlume

0.9 W wEmAL

3 n |

5.1
EEEE

. =.20.2 M

AN A7 S o — 4 =g

. The volumc of the admixcd cir cen be cgl?ulatcdmfrbm'thc dkygen-?on-h*F

tent of thc gas.
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Air content -"z;ﬁig_%g_ = 18 3 % by volume
J Vo1umc of the admixed air ¥ ﬁéﬁgigalﬁiz.;_icoo cem
Oxygen-volumo 208 eccm. : ‘
Hltrogcn—volumo_zg__ "
1000 " ccm

t

Volume of the carbon dioxidc: 1.1 X 2 o .
. : . 100 57 ccm -,

Volume of the oir + carbon dioxidc = 1000 £ 57 = = 1057 cem

_ng{lt\ T &=

Volume of the cqrboanQ%Eﬂh*gasdﬁrtl from CO,, HZS bcnzol vcpors.  _
5452 - 1057 = 4395 cem A L

K ——

Volume -of the carbonlzutlon ges (frec fron C02, st, bonzol vnpors)

bascd on 1 ton of dry coal - 0.004335
0. 000015 = 293 v’

Actual volume of the gascous compound s, which arc proscnt in the ges:

- '=qu P ”1§of 2 = 57 cem
‘_CﬁHm;'QQQE%éﬁéig = 48 cenm
© 0y 2+gi%554?g 208 cem
| ﬁaliﬁaiéég = 277 ccm ;“n -
H, .éz,zigbﬁgﬁa = 2580 ccm,._t.¢
CH, : gl;éi%BEAEQ = 1178 ccm .. -
Nz :_%Q4g5%62422‘= 1104 ecem . - ) . L" ) «f

Composition fothg~gas‘freo frqm'g?;;wCOZ,~H2§,'bcnzpl vapors

CnHm‘ L8 cégT
co ¢ 277 0
'32 :2580 W
CH, :1178 "

¥o :1104 - '792 » 312 com
Total 4395 cem

ey
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CpHp = 48 x 100 = 1.1%
- 4395 |

CO - = 277 x 100 6.3% .

' 4395 \

H, 22580 x 100 = 58.7%

‘ 4395 |

GHZ, =1178 x 100 26;8%_""
- |

N2 w312 x100 = "7.1%,"-';_,» _ S
55 At

The follow1ng flgures are utlllzed for the computatlon of the heatlng
value of the ga$: -

Cnlm L , _ '16500 o 15500 keal per Nm

co . o ‘ 3020 o , .3020 nooon u

Hp o : e 3050 s | 2570 " Woon
vGHA : .‘ ' ~ 9520 8550 " v W
Heating value of the gas free from 002, HoS, benzol vapors -

| ‘ | H.H.V. . ;, 5V, ’
CpBp oo - o S 17

o o 190 T a0

H —— —- g5 Y 1500

ST

v ;n gw‘mu\,ﬂf@‘qr‘gﬁhuaa»,'-'ﬂ' '< - NW\“M..':” -......u“ l‘ ‘ . ‘ E ““M.i‘m"é . - ~m- h' 22 Coe S
| | 4712 415% leal per Nuw -

The following flgures are utilized for the calculation of the den31ty
of the gas: ‘ : . o

R T L A SN TN AR, it et Loty A T e
"

h;.9769 g per ccm

i

Shz

'1.539 n o n
1.2604 " ﬁ" "

%
K
i

{

A

= \;J‘r.‘.-liv

1.2504 n,>:“"'ﬁ“'"
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Ha ,¥ 0.0898Wg”per‘cém’
- CHj : 0.7A68 MW "o
T Hp o : '1.2506 w o w
Benzél vapors:“ EWE LR '6‘
Galculatlon of the den81ty of the
CiHp =~ 11 x 1.2604'= 13.85.
. CO - 63-x 1.,2504 = 78.80°"
Ho © 587 x\l'0.0'898* . BR430:M°

CH, - 268 x 0.7168 = 191.50

-~

No- 71 x 1i2506 =_ 88,93 % -
E 725.38 !

Density of the gas 0.425 kg per Nm

" .- Coke yield

quarts tube empty o "115 3265

CYcoar o 303%5
Weight of the coal 7Y 5,0000

' Quartz tube SH. coke' - C U 126,2786 g
Quartz tube empty o T 1&5:5265'P
Coke - T 109571 g

“Percentage of coke: . .10,9521 x 100 = 63 02% |
T 1 7T15,0000 . o

Determlnatlon of ammonla, carbonlzatlon water and hvgroscoplc water-

" Absorption bulb filled with diluted’ H2804 L 45 3648, 3

—

n  after experiment‘ T "46¢1217 "Z’*

WO T &=

Absorbed and/or condenséd'* f'..,'”' 'f"~,.].1 O;Eggéﬁé~

. ‘ -tube before experlment _ . 23&4732 g
- n . n. affer experiment i _ o 2288
:Water vapors absorbed - - 0.3751 g
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Total absorptlon 0. 7560 S £ o.jﬁsl 1 .1320

Sqall amounts of oil are: condensed in the absorption bulbdb, -

The average quantity of oil which is condensed is 0 025 g as fbund

out by trlal.

Amount of ammonia, carbonlzatlon water and hygrosc0p1c water-.

11.1320 - 0.0250 = 1.1070 g

The content of the absorption bulb is carefully transferred to a dis-
tilling flask Whereby the 1astptraces_o£_the solutlon.are removed by dlS-.—_

tilied water. A solution of sodium hydroxlde 1s.admixed andjthegldberated~-

ammonia vapors are distilled intoc a measured volume of"decianérmai’eolution
of sulfuric acid, The surplus acld is neutrallzed by decl-normal solu-

tion of sodium hydrox1de. The quantity of- ammonla can be calculated from the

O

consumptlon of the decl-normal sulfurlc acid solutione.
applled o .35, OO ml :_decl—normal sulfvrlc ac1d solutlon'V

for neutralizing 10.30 " A deci—normal sodlum-hydroxide solutlon k

consumptién. """‘ 24770 ml  deci=normsl sulfuric acid soiutlon -

N
=

quantlty of ammonia = 24 70 X. O 0017 & 0,0420 g

=0 042 x. 100 = 0,28%
15 o '

carbonization water'¥'hyéroécopiclﬁater"l.lo70 -‘0.04213'1.0659 g

The quantity of hygrosc0p1c water is. determlned by a separate experlment

5 g gr of pulverlzed coal: are- drled ataa temperature of 105°C (221°F) .

Welghlng bottle w1th ground stopper empty - 16.3587 g '
' _A~;‘ " -f_ fn#.,ﬂd P A " f'coal :. 1p __;;zégz n

- -
)

- 6aéiwwmj&~‘fﬁkn>ﬂ_ T . . D 2‘5'0000 .

5




' Weighing bottle with ground stopper and coal : | 21.3587 g
n o " v n a ] ' af.ter‘ d'rying ' 21_2162. g
| loss 0.0425 g

—

hygroscopic water O 04g§ X 100 0 85%‘" ——

Quantlty of the hygroscopic water of the carbonizatlon experiment ﬁﬂ]w'd”‘*“”m

15 x 0.85 = 0.1275 g
~~300 e

Quantlty of the carbonizatlon water 1 0650 -v0.1275 : 0. 9375 g -

Percentage of carbonlzatlon water based on dry coal-'

0 9375 x 100 = 6 25%
© 15

Determlnatlon of the tar yleld-.r“

The cotton‘wool'of the tar filter;does not only&eﬁtracﬁ“terwvapors"put_
also ammonia salts, which are floating 1n the gas-like unit. ‘The-dried tar
filter is welghed@ The increase of the weight represents the quantity of tar
and ammonia salts, The cotton wool is transferred‘to a distllllng flask{ the
last traces of ammonia salts are removed by a 9pray of distllled water, e.
solution of sodium hydroxide 1s admixed and the liberated ammonia vapors are
“distilled 1nto a measured volume of deci-normal solutlon of . sulfuric a01d
1-The surplus acid is neutrallzed by deci—normal solutlon of sodlum hydroxlde.
The quantity of ammonla can be calculated from the:conaumption of dec1-normal
sulfuric acid solutlon. - . e

Applied  © 10,00 m1~deci—§pr@§1 sulfuric acid solufion
for neutralizing '. '.35'" 'deci-norﬁal‘sbdiﬁm hydroxide

consumption  _ 2.65 ml deci-normal sulfuric acld solution

" ‘quantity of ammonia '2.65 x 0.0017 = 0.0045 g
o ' & 0.0045 x 100 - 0.03%
15 S
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tar filter before experiment ‘ .53.4573'3

;{ R _5,;9318 .
terﬁf‘ammoﬁia o "‘e _” ' 6.4745 8"
tar s 04745 = 0.0045 = 04700 g
botal quantity of tar 0.4700 £ 0.025 . 0.4950 &

= -0.4950 x'100 - = 3.30%
. 15 : e _— S
Determination of GOy and HpS ‘ | L llIT e

The sum of 002 HQS 1s determlned by welghlng the Geissler absorptlon
bulbs and the two follow1ng U-tubes before and after the .experiment,

absorption bulb. #1 before experlment o 41 2354 g : ’
[ S 1 1 after " 5!04891 "

increase of'weight | S '——?;;£Aé531;gwe;w@%“

absorption bulb'#éibefore'experiment~" ,'42.037L g
mooow " after " 42,0900

increase of welggz o . 0.0526

U-tube #1 before experlment - . 14;3216

increéase of Welght "’fw“ o . 0.0456 

U-tube #2 before experiment .. '13.9g46 g

"o after . . " | . 13.9882

increase of weight B _ - 0;0336"

Total amount of COg , A HoS:
o - ~ 0.,2537. ¢
0-0522)"v
0,0456 n
0.0336 "
0.3855 g

The quantity of HpS is determineéd by titration using a deci-normal solution’
RS C A e ;
- of iodlne. : o ' |

: The alkaliné content of the absorption bulbs is transferred to a vol-
ey metmi-eftask (volume 250 ml) and filled up with distilled water. Exactly
- 15, OO ml of a decl-normal solution. of 1od1ne are filled into aniErlenmeyer

- 12 -
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'”flask and dlluted sulfurlc acid is admlxed 50 ml of the alkallne solution
arc slowly plpetted 1nto the 1odine solutlon. The surplus iodinc .is deter-
mlned by a deci—normal solutlon of sodlum thiosulphate utllizing starch

solution as 1ndicated. ' _ -
o applled 15, ool ml deci-normal :mdinc solution |
" 935 " oo sodium thiosulphate solution
_consumed S 65 ," deci-normal iodinc solution
quantity of st ' 5 X 5.65 % '0.0017 = 0.0480 g

 0.0480 x 100 .= 0.32%
e .JT.];"S'..,‘_,-.,A..A-.. [ o vee

22. ;2""4' 'z 2.1 cbm’ por ton of dry coal
‘ _ ' 34 o ,
quantity of CO2 .3855 - O 0480 = 0 3375 g

:2272 X, 100 = 2 25%
15 '
.Cafbon-dloxzde whlch 'has ‘been determlned in the gas gz 57 cem

- 1000

= 0.112 x 100- o 75%
15

Total amount of COp = 2.25 £ 0.75% = 3f0°% f

or 22,4 X 20,:-15;2'cbm'per'ton of dry coal

o Determlnatlon of the Benzol | ‘
The absorptlon bulbs arc Weighed before and after the eXperlmcnt the

increase of the weight shows the amount of benzol vapors which have been

extracted from the gas. o

| Absorptlon bulb #1 before the' test- h‘  - 38,9763 g

u n w after R T T ‘ | '29,11,59.g4

Increasc of the'weight IR o .0.139643

- sl
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Absorptlon bulb #2 before the test-'
" Tw T after o w
Increase of the we:.ght

Total amount of benzol 0 1396 ,l 0.0029 =

o 1425 % 1oo _ 0 95%
i’-"~T“::-:: 5

Lo

. x 9.5 . . 2 '7 “ch;per 'bon of dry coal

Galculatlons concernlng; the gas

' Gas yield :anl €Oy st, benzol-'

' 293 cmb per ton of coal

e e i e s o - -

l\

1521{ |'t.n.n'ii

S
i

AT R i L] N P - - . )
2.1 “ . .-" e "A.-'-. .'.“.- .,"" Foe

"-2;,_'7;1" DR EUIRER PR | I | R

Total gas yield 31310 n B Lt

Thermal mits in form of gas per 1 (A of dry coal (w:Lthout benzol)

0.293 x 4'712 1375 lrcal per Kgi”

Since the heat of combust:Lon of benzol (benzene) is 10, OOO kcal per kg,

o 95%~benzol yleld represent: 9.5 x-10 = 95 ‘keal-per- kgmf dry coal.

Thermal units in form of gas per 1 kg of dry coal mcl benzol

13'75 / 95 14'70 kcal per kg of coal

Gas yleld per Welght = 293 x O 425 = 12.45%

The results of the assay should be recorded apply:.ng Speclal forms. The '

follom.ng pages contain al essent:.al fn.gures » wh:.ch should ‘be recorded W:L'bl‘r

a proper dlstrlbutlon of the paragraphs one sheet of normal s::.ze is 1arge

enough to represent all data of the assay.

-.'f.llq. -
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Carbonlzatlon Assaz

Deli%eréd from:, Charlton mlne, Lucas, Iowa

Physical propertles:v Nuts size 1"

Proximate Analysis (on dry coal)

Volatile matter = 29.69% - . Ash: 6.5%

fixed .carbon 70.35% Moisture: 5.6%

Carbénization.Temperatureé S |
Carbonlzatlon section : 750/1000 c o ) ,‘-Cracking'sectidne'85doc

, Results of the Assay on'drx coal
Gas volume (free from GOy, HoS, benzol Nm3 per ton o 293
Gas volume (incl., COp, HoS, benzol Nm~ per ton . : 1313
'Higher heating value of the gas free from €Oz, HJS, R

‘benzol _ . ~—- -— kecal per Nm : .  o 4m2
Thefmal units in form of gas~fw1theut benzol) K““l per kg' S K i

. Thermal units in form of gas (1nc1uded benzol) U S j;W"'V147OQ
density of the. gas - : kg per Nmak"  0.425
) A. Volatile matter on dry coal

re-—

cogv . | ) 3.00%
HoS o | 0.32%
Tar . - 3 30%""
Benzol R 0.95%
Free ammonis . 0.28%

Fixed ammonia =~ - = 0.033

Carb. vater - o s
- Dermanent gas o 12,450

' 27.43%'
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73 022

B Coke
100.45%

TotalA/B | - :
C, Compositlon of the Gas

CnHm" 1.1% by volume .
co TRUECIE T
Hy : 587 m m
CH, : 26.8" n
Np :  7.m v o
_Yield of ammonium sulphate 1.27% |
Remarks: 4 ‘ _‘.' : ..,_' , : e e e i :
: Swolllng propertics of the coal-‘ o ~  0.58 kg por.sq cm "
16 |

Gaking propertics:
(811051an mcthod)

dark groy

' Cplor of thc cokc: .
‘ small por9s, mcltcd

Structurc of the coke:.
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Low_Temperature Carbenization of Slight Caking Coals. L

Low temperature carbonization processes of coal intend to carbonize
the coal by the application of lower temperatures than usual : when thé
coal is carbonized in normal coke ovens. The main object ef low temperati~
carbonization processes consists of an increased tar yield and a coke
the thermal properties of which are often superior to those of a high
temperature coke. The chemical-composition.of the tar is substantially.

- influenced by the application of lower temperatures which prevent a
far going decomposition of the oils. One of the most remarkable
properties of the low temperature tar is its high content of phenolic, .
compounds which iften amounts to at least 20¥., Experiments were - )
carried out to use the phenolic compounds as raw material for the
manufacturing of plasties whereas the oils can be refined by wvarious
methods or used as fuel oils, Depending on the content of volatiles
and the composition of the bitumen coals react differently during
- the carbonization process. 4 strong caking coal begins to soften
at a temperature of approximately 360 to 420°C (680 to 790°F)
-as a resvlt of the. decomposition of the bitumen, The coal substance -
becomes semifluid whereby the melted substance envelopes the solid
particles and glues them together, The mmerous small coal particles
of the coal charge form large picccs of coke. The first step of the
solidification of the semifluid substance is the formation of semi-
coke or low temperature cole which still contains a certain percentage:
_of_gases.—Cerrelating to the rising tempcrature the gas content of the
cokc is lowcred. The coke-shrinks and forms cracks due to a decreasc
of its volume., Thc volumc of the gases which are liberated during the
heating period determines the physical propertics and rercentage of
- shrinking of the cokc. Only a prepcrly shrunk coke can bc easily
rcmoved from the coke oven chamber by a ram without damaging the
walls. of the chamber. A non-caking coal Yoes not softcn and does
- not beeome semifluid, gases are liberated and each singlc picce of
coal preserves its initial form. Mostly intérmittently working
processes arc applicd for the carbenization of caking coals whercas
contimiously opcratcd furnaccs arc .very convenient if non-ceking”
coals must bc carbonized, Unfoértunatcly manmy coals which yield
large volumes of tar develop such caking properties which exclude
the application of. cither intermittontly or contimuously working
proecsses of the types usually cmployed., The coke, which consists
of agglutinated picces of coal is not hard cnough that it can be -
discharged by a ram. .On thc other hand, thc spongy coke clusters
do not descend throughithe narrow chambers by force of gravity if
continuously opecrating proccsses are ocmployed, It is well known
that - comparatively large and hard piceces of coke arc nccessitated
for thc opcration of blest furnaces or foundry kilns, whercas
most soft and smaller picces of cokc arc oftcn suitable for gasi-
fication processcs, domestic hcating, oporation of boilers and other -
purposcs. Sincce we do not know any comrmercial processes which can be
utilized to improve the caking propertics of a coal it has often been
tried to convért a slightly ecking into 2 non-caking coal, It is _ 7
‘possiblc to destroy the eaking properties of the bitumen by oxidation '
or thc influcnce of an clevated temperature. Oxidation is performed
by oxygen vhich is prosent in fluc gasecs. 4 treatment of the coal
with hot flue gases rosults in a substontial deercase of the caking
-properties of a coal., Heating a coal to temperatures -of approximately:
209 (359F) below its softcning point affécts alse its ceking propertics.
But, depending on the sizc of .a coal, the time which is reduired for =~ -
an cffcetive trcatment eften is so long that the economy of the proccss
is unfaverably influcnced., The provessing temporatures must be carefully
controlled and very narrow réactors must be employed in order to secure
-a uniform tompercturc throvghout the cherge, Exporiments,which were
carricd out at the Otto pilot plant showed ¥h&t thé-Ofto low--bemperature
' carbonization furnace, which was equippcd with horizontal twin flues,
was ablc to carbonize non-coking as well as slighlly eaking .coals. But,
due to the time vhich was required for the altcration of the czking

¢ -




properties of -the coal, the capacity of the furnace was reduced,

- Since procvesses which alter the caking properties of the coal are
not a solution of the préblem to carbonize skightliy caking coals,
devices must be de31gned whlch are it to handle the ahove mentioned
coals, : 2 :

An externally heated rotating drum can carbonize slightly
caking coals, provided that the spongy coke clusters can be
properly discharged, Dde to abrasion, dust is formed when the coke
is moved threugh the vetating drum., The dust is carried away by the
liberated gasesrand picked up by the condensing oils, ceusing the
formation of oil-water emulsions which are sometlmes almost impossible
to break, :

In some casés narrow steel containers 3 to 4 inches wide and of
a limited height are suitable to carbonize slightly caking coals.
Due to the intermittently working process, -special devices, such as
rams, must be applied for the discharge of the coke. The discharge of
-the coke is aggravated if it is. so soft that the ram cannot push out
the coke but only penetrates the surface of the coke charge and comes
-to a standstill due to the sticking properties of the coke. It is also
.possible to spread the oven walls , whereby the coke is easily discharged
.by force of gravity. Due to the limited)size of the chambers mumerous
units are required if large quantities of . coal must be carbonized per
.day.

: The'attached.sketches show the principle of a furnace which
probably is suitable to carbonize slight caking coals which are fed
to the furnace as muts. The furnace consists of a cylinder into which
a set of plates is placed which bear the coal charge. ‘Revolving
.rakes . which are shaped like plows transport the coal charge from the
.feed in place to an opcning -through which the coal is discharged to

the following plate. The plates serve as containcrs for a hoi
recirculating liquid, which carries the heat necessary to carbonize
the coal. The liguid is led to .the bottom plate, flows from plate to
plate, and is recireulated from the top plate to the heating systems—
'Thc plows must bc designed in such a mamner that a uniform distribution
of the chal is maintained and that tho single piece of coal is tilted
from onc .side to the other, so that the coal .comes in close contact
with -the hot plate. The openings which comnect. thc -various plates
must ‘be wide cnough 'S0 that coke clusters can be discharged. The
following calculations have been performed in order td cxplain the
proposcd process a little more in detail, but it must be mentioned .
that carcful considerations must be made béfore final de51gns can
- ‘be determined,
Diamcter of a plate .5m = 16,4 £t
Diameter of the axle .05m-= 1.64 ft
Area of a plate: 19. 635 sq, mcter :
- 0,196 " .
: 19.439 sq. meter
- Thickness of the cozl ‘layer 0.05 m
_Volumc of the coal 19.439 x 0.05 = 0.97195 cbm
Bulk density of (the coal 0,75
Weight of the coal per plate O, 97195 x'0.,75 = 0 7289 metrlc toﬁs
Number of plates per furnace 12
Weight of coal per furnace 12 x 0,7289 = 8,7468 metric tons
: The carbonization time of a Krupp-Lurgi-steel furnace (width
0.06-0,07 meter) was approximately 3 hours when coal nuts were -
carbonized, Taking the same figurc as the basis for the determination
of thc throughput of. the furnace, the daily capacity dof the furnace is
—2-‘h—3—¢14—— 2 69.97 metric tons :
Size of the slots for discharge of coal or coke respectlvely
¥idth 0.25 m _
Length 2,25 m : . ) .
Surface area 0. 56 sq. neter =~Q&§é—f§%99 = 2.88% of the area of a plate"
”_Actubl throughput per day 69,97 x O. 9712 z 67 95 metrxc tbns per 24 hours

‘[




Time which is requ1red for the coal to pass over a plate._

E_z;é_ l—— = 15 minutes

Throughput per minute:.EéZ;ﬁg_,= 0.047 metric tons per minute
_ 1 o . 0 x 60 . ' .
‘ = g¢%%z = 0,063 cbm per minute h

" Number of rakes per plate: 16
Surfacc area bethon 2 rakes. _23422 1 21 sq. mcters

Weight of coal betwccn 2 rakes: Qi%2§2 = 0.0455 tons

e « 0.0455 = 0.061 cbm
0,75

Assuming that thc coal ik’ hbqpcd up to a certain: cxtent durlng its
way over the plate and th 't only 66% of thc plate arc covered with
coal, thc actual thickness of thecoal bed would amount to .
.05 0,07 meters

0.66.
Ve1001ty of the coal durlng its passagc over the plate' ‘
Circumforence of the plabde: 15,7 mcter . s

‘Time passage: 15 minutes o
V91001ty ut thc outside of the plate: ligz*é'l.OA meter per minute

. Clrcumfcrcnco of thc axlc"l 57 mcter

Velocity ncar the sxle: —igz - 0,104 meter per minu%e

TAverage velocity: 1,04 ; 0@104 = Ofﬁﬁéwﬂggg;ﬁ;;f_minufe

&
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Hoat Consumntlon of thc Process

As mentioncd before, the platés arc supposed to bé narrow chambers -
through which a prcheated liquid is recirculated which transfers its
heat to the coal, Organic silicon compounds have been developed during
reccnt years which have extremely high boiling points. The liquids
have a very good resistonce against high tempcraturcs, and are non=-
corrosive. Thc application of hot recirculating liquids instead of
fluc goses has the advantage that the volumos arc much smaller, beecouse

ncarly the same thermal units can be transferred by .l .wolume of the
llquld'us by.1,800 volumes of fluc gascs. The hoating chambers become
very narrow, resulting in small distances betveen plates. The distances
between the platos darc not determined by the width of the heating
chambers but by the height of the rales, Furthermorce, the rate af-
heat transmission from a hot liquid $o the steel wall of the plate is
much better than that from a hot gis,. L

Heat consumption per 1 kg of coal:
Temperaturc of-thc discharged coke: 5500C (1022°F)
Assuming . that the liberated gases are superheated if they cont&ct
. thc walls of the heating chnmbers, the average temperature of the
'outg01ng gases is supposcd to be 500°C (9320F),

T "' Yiclds based on moist coal
' Coke . 74.9%
e T 8 . 7%
- Benzol 0.9%.
Carbonlzotlon
Wator 4.
Gas _7,8%f7

Moisturc
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263.9 keal per 1 kg of coal

Assuming that 15% of the thermal units which are introduced into
the furnace arc lost by radiation, 236.9+36.5 .= 273.4 keal per kg .of
coal must be available at. the entrance of the furnace. v

Since no data were available of -thc physical constants of the
orgenic silicon compounds, the followling calculations must be based
on various assumptions: : .

Spec, heat of the liquid 0,3 kecal per kg per degree C

Density L " 0.7 kg per litér :

Temperaturc of liquid &t entrance of furnace 6509 (12020F)

" n. R M outlet " " 3509 ( 6620F)

Thermal units available per kilogram of liquid: -

650 x 0,3 x 1 = 195 keal
350 x 0.3 x 1 =_105 kecal o
, 90 kcal per kg of the recirculating liquid.
Quantity of liquid which must be recirculated per kg of coal =

TR

273k .= y = .
ELe B.OA-kg.;?B% = 4,34 liter = 1.15 gallons

Quantity of coal which must bc carbonized:
© 67,95 metric tons per 24 hours :
2.83’ [N IR | 1 5. hour ) X
0.-047 n " 1" mimzte o .~ o
. Quantity of licuid vhich must be reeirculated: - :
67,950 x 4.34 = 294,903 1 = 294,903 cbm = 77,900 gallons per 2/ hour
2,830 X 4.34 = 12,282 1 = 12,282 cbm = 3,260 gcllons per hour
47 x L34 = 204 1 = 0,204 cbm = 5/, gallons per minute
‘ S “341= 0,00% cbm = 09gallions per sccond.

" In order to sccurc -a proper distribution of the liquid which
flows through the-heating chamber of the coal carrying plates, it is
subdivided into 8 compartmonts. The height of the heating chamber id
supposcd to be 30mm (1.18"). The velocity oq;tgi liquid during its
flow through the heating chamber depends on its distance from the
center of the plate. '

The follbwing table shows thc welocity of the liquid,
depcnding #n its distance from the conter of the plate:

Distonec from the center .0 - - v Velocity :
v ) " fect v m per sée, feet per seo.
16,40 - . . 0.0578 11.384
8.20 : 0.116 22,83
3428 0.29 . 57.09
L& 0.578 113.8
The singlc compertments are connccted by channels. -
Velocity of=the liquid during its: flow through -the channel-
= 1m per sce - 60 m per mimte - 196.9 feet per mimte -

_Crpss scétion of tho channel & 0,0034 m3 X seg = o 0034 sq. meter

K cC—X
Width of thc channel 4if the height is 30 mm (1.18"),

X x 0,03 = 0,0034; X = g:gg% = 0.113 m.=11.3 em = 4.45"

The recirculating liquid, which cnters the furnace at’'a temperaturc
pf. 650°C (1202°F) and leaves at 350°C (6620F),-is-ledsto a steel preheate:.
which is”hcatcd‘by;gas’, t o . S -

-




Calculat:u.on of thc Heat Consum'ptlon of ‘the Prehcater
l Based on 1 kg of: Mois‘b Cog_J_. )

Volume of the rocirculated liquid 3,04" kg per 3 kg of’ coal -
3.04 x 350 x 0,3 - 319 kecal
Heat losses during its flow to the preheater, 10% - 31.9 kcal
Heat content at the entrance of the prcheéater - 287, 1 keal
Temperature. = 2w =
pC 3.04 % 0.3 = 3159C = 599°F
Temperaturc of the liquid at the inlet of thc carbonization chamber
650°C . (1202°F) = 3,04 x 0,3 x 650 = 592 keal..
Heat losses during its flow from the outlet of the preheater to the inlet
of the carbonization chamber; 5%-& 592 x 0.05 = 29.6 keal
Hoat content at the outlet of Fae preheator 523 +29,6 = 621,6 keal

Temperature at the outlet-of the prcheater 3 o4 x 0 3= 683°C

Thermal units which must bc transferred to the liquid during its flow
- through the prehce'bcr. 621,6-~ 287, 1 = 334.5 keal per kg of coal

Thermel cfficicncy of the cnrbom.zatlon chambcr included the connceting

pipes: 2 ,
236,9 - :
e 3345 %100 nzz o
Gas consumptlon of the. prcheater: -
The ealeculations arc based on the u'b11n.zut10n of a gas of the

following propertics: 30" moist -
‘higher heating value 4’700 ‘keal per- Nm3 493 B. T U. por cu f't. 60°F
l‘Wcr n 1t 4170 1" | ] 433 it : n

Theorctical consumpt:.on‘i)i‘ air Z4.27 Nm3 per Nm3 L2 eu ft‘ p‘cr cu ft

10% less air - - 0.42 % " " 0,42 " : :

Total air consumption L,69 W w w9 womomoomoan

Thoorctical volumc of five gas 4.93 " " " 4,93 ® v =» n R~

Actunl volume of fluec gescs 5,33 " v w 5,3 w0 b
Heat content of 1 I\fm3 of fluc gas 4-1%% = 780 keal = . B

Heat con‘bcnt of-X-eu-£t- of flue gas 4&3-3 = 81 B.I.U.

The fluc gases arc supposcd to leave the p:rehe'rber at 425°C (797°F)
Heat content of 1 Nm3 flue gas which lcavcs the. prehcutcr'
1 x 425 x 0,38 = 162 kcal
Thermal units avaiaoble per 1 Nm3 of. fluc gascs:
780 -~ 162 = 618 kecal v :
_Volumec of flue  gases wha.ch are rcqulred per 1 kg of shale:

R - N
N ~~éls!%"‘j o. 542

IO S
‘Total heat content of the flue gas 0. 51.2 x 780 = 422 keal
Required for prchcating liquid . 334.5 "

Losses duc to waste hcat _ T - 875 M.

Efficiency of the heating process 33——&5 % 100 = 79.3%

™

Losses duc to waste hcat . . : 20.7%
Hoot effn.c::.cncy of thc total carbenization proccss -—%2-5_2 = 56. 2%
Volumc of gas which must be burned per 1 kg of ‘coal:
T A2 T o 201 ¥md |
’ 44170 -

Theorc'blc'=1 tempcroturcwof tho flue gases at the cntranco of the prcheater:
2,040°% (3704°F) = . .

YVolumc of The gescs por Rour £ - - _
Gas which must be burnod 22¢ bn-’ 286 Nn3 lo, 850 cu ft, 60°F 30“ ‘moist

... Air requircd for the- combushon. “1,31;0 M 50,900 "M oo

T o ,....-——

Flue gas - 1,52 57 660 *‘ﬁ"’i " u“’f *-m-—'—— (PERELER

Actual volume of the fluc gases. v
At the cntrance of the prchcater. 12,900 cbm per hour .

A‘b thc outlet wow 3,890 "

. 75;!




Hea‘l;”Bma]l.ance of ithe API_'oces_s“

Furnished by the combustion of gas 422,0 keal 100,09% :
Losses due to temperature of waste heat 87,5 kecal 20,75
Transferred to recirculatirg liquid : . 33445 kcal ¢ :

Losses due to radiation of- liquid . : :
before entering carbonization chamber 29.6 kcal 7.01%
after leaving carbonization chamber 31,9 kcal = 7.56%
Transferred from liquid to carbonization chamber 273.0 kcal
Losses due to radiation of carbonization chamber 36.1 kcal 8.55%
Transferred to. coal o 00 236,9 keal T,
Discharged by coke _ . : 115.0 keal =~ 27.25%
Discharged by oil vapors B 29.1 keal 6,89%
Discharged by benzol vapors . . = . 2.9 keal o 0.69%
Discharged by carbonization water 49,0 keal 11.61%
Discharged by carbonization gas . . | 9,7 kecal 2,30%
Discharged by moisture content of coal - 31.2 kecal  7.39%

: The heat losses due to radiation of the liquid can be loyered
by an efficient insulation of the pipes which connect the heater with ~
the carbonization chamber.. - . ’ ‘ ‘

Sketch # 1 represcnts o diagram if the heat balance, and
sketches # 2 and 3 show the principle of the proposed process.




227.1 keczl

287.1 kecal

287.1 kcal

Heat units™furnished by
combustion of gas.

Heat losses due to the

waste hezt leaving furnsce,

Heet losses-due to radiation
~of carbonization zone,

AY
+

' Heat units avaible in
recircuilating liguid,

Hest uhits discharged by
carbonization gas.

"ileat units discharged by
moisture of coal,

- 31.9 keel

LA R S

Senzol vapors.

TSy

Heat units discherfed by the
carbonication wster. -

Heat units needed for

carpbonization.

Hea wunits discharged by
._:the coke.. ’ )

‘Heat losses, due to radiation

of recirculating liquid.

Heat units discharged by

oil vapors.

Heat units discharged by tha

.

#

‘ 64\106 RCa.l

+

© 236.9 keal

9
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.SECTION THROUGH HEA_TING GHAMBER
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Determinagion gf the commercial;yielda af gasn tarn be 1 \nd ammpnia'.

of a coal utilizing a full scale cgke gvan°
T

Q ntitx of the liberated B - roducts durin the course of

the carbonlaation

Second Hethod (Compare the report dated 29 July 1946)

The poeaibilityto make exact meaéuremenus utilizing a Pitot tuhe depenas om‘
the velocity of thb gos which flows through tha ascansionfpipe, If the velorva
13 too low the differential pressure bscomes €0 small that ¢ 1s impojvfble to
read the pressures which are 1ndicated by the preaqure gaugeo A method which isg,

often applied if the volumes of watar st ‘be measured which. flow in a river bed

consiste of adding an exactly known quantity of a salt eolutioniﬂa cl) durﬁng
a definite pariodrof time and the dPt@rmination of the contant of chlorine ions

_ before and after‘the admixtu:e of the salt solution° It is now possible to com-
pute the quantity of bater from the' a;igfhtion of thaacnntent of chlorine ionso

- A similar method was‘applied for tae ue%ermlnation oiwghemvolumes o* gaa wnleh L
leaves the oven through the ascension pipeo- Since it is not poasible ta Sp?ay
in a2 Bolution of ealts Ante the hot gasea stean was utilized as a dilut¢ng agent
The steam’ content of oha gas befors and afier the introduction of the stenm can
be deterained fairly exact by cooling the gas and collecting ‘¢he..condensa ) eo_v‘
Thaiéha volumes can be. conputnd from the alteratiom of the water content of the
gas before and after the 1ntroduction of the steamo

The arrang?ment conaists of 2 complete condonsins anl extraction systcm be?ore

tha adnizture ot tha—saeam. the gadget vhzchuis necesaary to introdmce a consfant “:L

) ’"flow of steam and another condensing eystem ‘for the determinut&on of the vatsr eon<

tent of the &es which has been &iluted with s;team°

~




The compléto'condcneing anﬂ-eitraction system is”the éame as used by

[

the- previously described -athod (repor7 dated 29 July 1946)° A thermocouple
is inserteﬂ close to tha gaa take off pipe in order to determino the tempera--

ture of the gas which flows through ths ascension pipe,

The devlce whioh 19 usad for the introductton of the stean consists of a

- tuba which is inserted into the center of: the ascenuion pipe, a two-way stop-‘

cock which is connected with a condemsar, an orifice which controls _the volune
of tho steam which'ia’bloun through the pipeo a seneiuive precsuxemgznge in

order to ‘b able to maintain a constant preosure of the steam and a valre wvhich

- — S NI

—r

_'connactz the gadget with the main steam pipo° (Sketch #1). Sometimes the two-.
' way stopeock 1c-connocted~w}th the condonser, the steam which flows through the
conﬁenser is con&ensed,y&hﬁ condensate is collected in a grad?ated cylindefﬁanc-*-c

. measured, With the exact time kuown the. total yoiﬁme of steam“which'ﬁao blown .

into the ascension pipe can be computed, The diameter of thé'ofifice must be

T

cdetermined by trial I% depends on the volume of the eas which flows ttrough

the aacension pipe por unit of time, |
In a certain distance abova tha steam introduction another condenoing syatea
ie arranged which oonsisua of a condeneero two collecting botiles, & filter tnbeo
T8 zas metero and a rilter pump whioh sucks tha gae through the oystemev .
| Sketch 42 rapreaento tha complete arrangement° Qo; .
Examplos o ! -
| Oontrol of the 1ntroduced steams
water condeneatoa 250 m1~c..250 g
Times : . f. 30 seconds '
| ’Qnantiti per hour = 0. 250:3"2 = oO*ﬂ-SOQO ks B . - L
with the oxcaption of tha determxnation of tho gas volunc the determina—

tion of %ho-ylelds-of taﬁ, honzol and ammonia and tha compoaition of the gao

2




r~

S B

h has péﬂn_'deéciibed in-tha':report dated 29 July

l'.‘

A
Tho detemination of the 011 and water cdﬁtent of the stean enriched gas

12 and 14 of the roport datad 29 Jt.tly 1946

‘-\) calculation of the gas wlumes
SN

' Water content of the gas befors the 1;’1"'tx‘odnct~ipzi of the steam 850 g per

W

water contont of the gas—after tha lntmduc*.ion of the eteam 945 £ per Hms

Stean which ha.e ‘beon adnized to the gaa . - R . 95 € per 1 'ihns
,Total quantity of steam which ba,s been admixed dur:lng 1 hour 30,000 g

N PRI

Volumo of gas wmch left the furnace per hours LT Hﬂa__ |

000 = 317 un por hour
; '95' E .

The ccmpntats.on of the gaa volume is easier to perfom applying the above

described me thod the.n to carry out the rather complicated calculations 11‘ a

Pitot to.be 13 enployedo _ ’
o Tho accuracy of tuo method. 13 supposedly the same as 1f a Pitot t.u‘be is 5

applied becauae the de..emination of the . true denaity of the egas reqnirpa a
A

careful preparation and a@ervision oi’ the analyaeeo

) s
e

Applyi.ng the e’oove descri’bed gethod a completoly uniférn d19(+ ribntiﬁn
ot the 1ntroduced. stean nm.st 'ba eecured and the gas which 19 ‘sucked through tha

condcnser lm.st“be cooled as daep as possible in order to aecu.ra 1ts efficient

' removal from the gas.
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. ADDRESS ALL COMMUNICATIONS ‘7O
THE DIRECTOR, U. S. BUREAU OF MINES

wemeewmeS . " 'UNITED STATES
DEPARTMENT OF THE INIE RIOR

.. . _BUREAU OF MINE$
WASHINGTON 25, D. C.

TIIC L.F. & L. S-C.

S— MEMORA.NDIM for L. L. Newman.

- Subject: Krupp—Lurgi Low Temperature Carbonization
Equipment.

On July 26 I called at the Lurgi office at Frankfort Germany,
to obtain information requested in your letter of June 19 on the
design of the ¢ifculating fan for the Krupp-Lurgi low-temperature

' carbonization procéss. I talked to Dr. F. A. Oetkln who gave me
the follow1ng information. . . _

The gases enter;the recirculating fan at a temperature of 550°
to 580°C. and at this point never approach the 800° mentioned.in -.

-~ your letter. After leaving the fan, the gases are mixed with com-
bustion gases (temperature 1500°C.) which raise the temperature to
about 620°C, The fan is of the centrifugal type with blades made
of Krupp FKB steel, The fan housing is lined with insulating brick.
The fan shaft is supported by two bearings outside of the fan housing
“and both on the same side of the fan housing. The end of the shaft
facing the gas inlet floats. The shaft is sealed with asbestos
packing at the housing and by another seal outside the housing with
- Burgmann packing. The space between these two seals is totally en---
closed and in this space the shaft is cooled by a stream of Water.
A rough sketch of the recirculatlng fan is attached, - - =

‘ In discussing the process in general, Dr. Oetkin said that he
would favor the Lurgi Spulgas Process for the younger coals, With
the Krupp~-Lurgl process using "gas flame" coal it was difficult to
make good coke w1thout the addltion of coklng coal,

Enclosure 264.
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HOT GAS
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 EXHAUSTER FOR HOT GAS -
,.muvarnmei-nxmr .

.'l‘he exhauator is handling hot oombuation gaa uith A-BS omrgan 'I‘ha gan

" ’entera with' 500-550°C. The design of the uhausm is u nomllyusedfor flue |
" gas of boilers. Details of conat-i:cuon hnva ‘to make allowance only for the h:Lgh
temperatm which weakens noml ateol and even most ‘alloyed ateel so much, thlt
is cannot be used for the wheel of the fan. This whoel 13 nsde of niokel-ohrom

- alloyed steel, which keeps sufficient strength and ehaticity evan with 600"0

S?focialists for mnnfachn'ing and stoelproducer hnva to choose fron avail-hh

o smls. l‘he uhoel should be r:l.v.l.ttod nnleas the mufacturing ahopa ovmn mongh
»experience 'aith mldi.ng tlloyed aﬁel. Spec:l.tl wlding wire matozd.al i.a nooumy
'to avoid brenking under wor)d.ng conditionss Possibly the wheﬁl mult ba eqnlliaod

. after ualding, be heatod to aoo°c. n. is advisuble to comprome oftioicnoy of the:

fan ay.inst atrength of the canstructd.on in ‘order to avoid heav&cr sheet lnd ‘woak
" connectiona of same. | T

me shafts can be made of lcumr g-ado a.lloyed ateel ‘rhe omnoc‘td.on bot\uenn.
wheel and shnft. oonatruc'hd for reduoed heat“ﬁiﬁt—sion '.mat par‘b of the ahlft
~ inside the housing’ mrbrprotacted aga:l.nat hest mmasion from the flue s,
Bharinga should be ball or roller bear:lnga uter oooled._
For tighteni.ng of the ahnft carbon rings are uaad. ‘; .
" The houaing of the fan may be mada of medium cllowd stoel. (6~8% ol:mom), and

:mau'l.ated out.aide or. with fa.na of greo.t. dimnoi,ms :Lt may bé normal etaee. with an -

inner insulating layont
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Resear::h experiments to de‘bcmi.cate :I.l].uﬁ.mting gases
(nmval of oarbon mnod.do) -

-
-~

Batore 1913 in Europe carboniution gases vhich origimted .h'm tha ary
: d:utmatian of coal were a.lmost mlul.tnly usod for domestic purposes,
' Puring 1;he following desade the content of carbon monoxide amounted from
| approximately 8 per éént up to approximately 15 to 20 per cent, dus to the
admixture of increasing volumes of mtd gas tlms increasi.ng ‘the poisonous'
~ properties of the.;lluninating gases. Accdrdi.iié to experiﬁents of Flury-
Zernik ("Dis schaedliéhéh gase, Edition Spi -i.nger, Berlin 1931) d “ca-—canteub

of 0.2 per cemt of the air whj.c’h 1s breathed during one half to one hour is
very per:l.lous and a co-concentration of O.h per cent and more has mortal
effect with:ln S to 10 n:l.nutos.  The 1ncreas.'mg aocidanta by oo:ing and there-
.f.‘ore non smel].iuz oconsimer gases and the numerocus suicides forced the manu-
facturers of mmimting gas to devalop and to sponaor moarch mrk in
| detexicating of illuminating gases. |
n. '.l'ho mmal Auatria.n patent # 113,333 (1927 ~ 19h1)

Wolf F. Kneller, Ph. D., ti11 1927 director of tho I.G. Farben fa.ctory

at Ieverktizsen, cbtained the Auatrian pa. t # 113333 for a process to deto:d.-

| cate illuminating and~consmnergases employing the following well kriowm
oqmli_.brium reaction. |
-~ G0 4 32 atean ———> ——> €0y £ By0 £ 10.100 Galories/ld.lonola

The pmcess was performd by means of catalysts which were usad by I.G.
Farben for manufacturing hydrogen for the“ amonia - gynthesis. The patent
cla.imed that the before mentioned catalyata are._ sui‘bable to convert CO 1nto
32 if not water gas but illminating gases a.re used which contain gaseous
| hydrocarbona ( gaseous paraffins, olefines » acetylenes » benszenes) and emsll




mts of organic and :l.norganie compeund: o;t‘ sn.lphm' md trogen It was

| tuthor said tha.t the conversion of the CO was comuhb]p only to a rest een-
tent of 1 to 2 per cent by the application or 500% oxcos‘ steam and at upprou‘l
mtoly 930 - 1200°F ( 500 -"650°C). -

7 1n'1928 W.F. Miller became professor and direct of the Anstitute of
technology of inorganic substances and direcbor of. the inlt{tutt of toohnolou
of- fuels, whero I was enployad as a ﬁ.rst assistant. Dur:l.ng tha rollow!.ng years

| I carried out expor.tnont: to detaxicatc ﬂ]fninaﬁng galen in ::ooperatlon with

W.F. llﬁner and H.F. Grdf These experimnts were aponsorod by the nnag-cnt
of the gas mkt ot V:lcmo )

- — IXXe I-aboratory E:porimntt at the Technical Univaraity of Vienna.

s ‘From 1928 till 1931 we made experimnta in a laboratory apparatus applying
'3-.5 to Tos. (100 to 200 g) of catalysts which were placed into externally heated
vertiul glais tubes. About 50 ﬁfferenf. catalysts- 'wm """ ul od which mro com— |
posod o.t' one, two or thrao compononts bound by various ‘cements. nm camponents
were: potauium ca.rbomto, aopper, beryllium, magnesium, ealoiﬁn, :i.nc, alusdinum, .
ihnthanm, active charoonl, s:l.rconiun, cerium, thorium, lud, ahronim, uranium,
managanese, iron, cobalt and nickel. The hand prepared eatalyuta were investi-
gatnd under eqnivalon‘b conditions of tcmperaturo, gaa nloci.ty and oxml o:t
nter stean. | The efti.cionq of tha 00 - convoraion m n.unr.d by anulyu:l.ng

~the - city gas and the obtained tmpohonous gases. One. of tho but ut;ly-ta, m—-

sisting of iron, mi\m and potauiun ou-bmto was tutod in an appmtu |
whieh was rnnning« during sine months 10 hours & day, The d.crusc of ita .f!i-—
cienegy. during the 'tast parind was pemiuible. Bue to tho faver;bla result.a we

| Sgreed with the management of the gas works upon the. doas.gm.ng and construstion

_.,,1_ _...____2 .




of a small pilot plant at one of the two gas works of Vierna, at Simmering.

IV.  Small Pilot Plant at Vienna - snuar}_ng '_

The pi.lot plant consisted of a reactor which contained 1 ton = Seb. £t.
(1n3) of catalyst, prgl’xutor for gas and. stemg, an’ indirect water cooler,
. a sorubhor for the removal of the’ excoss of carbon diox:l.do and the nooossary

_eontrol ap, tus and instruments. 'roatJ which ware run during throo months
showed a good applicabllity of the oatalyst and a satisfaotory conversion

| . of tl:o co. . Carefully performd gas analysis shmd that tho oxygon content of

Oe¢3 to 0,56 per oontC\m entiroly removed and that the organ:l.o sulphur compounds
. were oonvsrt.od to--lvdrogen sulﬁ.do which can easily be extracted from the gasa.
Nit.rogon oonpounds ag Hc!land NO were pr:l.no:l.pally converted into ammonia, mdroe
oarbona as indone ’ atyrono and oyolobutadiono » whioh are as responaible tor :
doposits in gas p1p91 as NO, wero decomposed and hydrogcmtod The

through put was 1000 to 2000 cu. ft. p.h. (30 to 60m3 peh.) .qnao. to 30 to
60 cu. ft. gas p. cu, ft, of the catalyst. Some tests ahmd that tho
throughput oould have. been oonsiderably hmreaaod. It was further found out
that the pr:hlarlly used temperature oleOO°F ( 6oo°c) was too high and that

| 'tenpomtm; of 870 to $30°F (LSO to 500°C) and-even TSCPF (L00°C) were mere

- favorable An :I.mport.ant result was the fact, that tho throughput of gas incresses

approxj.mtoly rou'u.lino&rith tho volumo or weight of the catalyst. The d}mter
of the catalyat beads were o.zw' (0.6 cm) in the laboratory tests and 2.0" (5.0em)
| 1n the pd.lot plant mepeotivo]y The volme a.nd uight of t.ho catalyst of-the
pilot plant were 10,000 times as large as in the laboratory apparatus but the
surface of the cat&lyat was mltipliod only 600 times ) Tho pilot pl“ant waa
| operated with a volume ‘of gas wnich was 1500 40 3000 times as large as in' the
. laboratory apparatus. Aceording to caloulations the ma.xilln throughput of the
~ pilot plant would have been appmz:lmately 15000 to 20,000 cu.f_t. per hour




o, wero performsd in the rollow:l.ng years,

_-hOO to 600m3 pohe ). This assumption wag provod trne by aurperimenta which

v. The cm:bustion Merties of the dotoxicatod ﬂlmina,ting_gases

‘ B‘ith the introdnotion of the admi.xture of water gas to dry distillation
| gases and the mcmuing use of B'unum burners. for domatic and induatr!,al
gas stoves and ‘heating plants, the gas manufacturers payed nore ‘and more
attention to the combustion propertigs of the consu;ner‘ gases. In 1,921" -
German gas engimeers lald down guiding prfnc;p1e; and limits for the Heating
. value, tha apecifie gra.iriﬁy, -the.va'riationa of gas 'pressui'e and the -maxizwm -
contdnts of undesirable gad campcnents as omygen,v hydrogen sulfide, amsonia, |
tar and naphtalene and worthleas innerta as carbon diexide and mi.trogen.

| If detaxtcating of illuminating gases 1s performed by converaion of
€O into CO,p ,l Hy by catalysts the originam COp must be uxtracted in order
to obtain the same ga.a volume and the sme ‘high heating value a8 ba.forc.

For each per cent by volm of conv'erbed co the low heaﬁ.ng value decreasoa
for approxinately 0.13% and the specific gravity 1ncreasas for approxinately

R 2% 8$ as shm by the .follmd.ng table 1:

o0 [Cnty | 0

~

. Detoxicated 3.1 | 1.7
gas .

Sp:q:l.ﬁ.c gravity

-

Consumex
gan Y 0.L482

Déidﬁcafed . 0.385
gas . | |




'rhe f\mdmnental proporties of gaaaa wh:l.oh influenco their combnation aro
1) the heat value 2) the apeciﬁ.c gravity and 3) the veloci.ty of eanbusti.on. | |
- By replacing Co by HR tho veloci‘by of combustion of the datcu.tutad muns.ntbing
| gas seems to :anreaae vigoraualy beoauae of the higher vulooity of oombustion
of the 32 The maximm linear veloclity of combnation ‘of +he H2 in rixf.ure with
air is approrl.natoly 520 ft. pe min. (265 om p. sek ). and 6.6 timos as la.rgo
as the maximum velocity of combustion of the CO.° Due to the Jower Specif:lc gravity
and the higher ma:d.m velod.ty of~cmnbuation of the datoxlcated mminating '
gas » 288 engi.neers and experbé apprehent.ed backfiring of the ﬂames in Bunsen-
burners and §t.hat. changi.ng or removing of the employed aas—dets would be nccossu-y
' In mmeroua compar:!.ng eu:perinents the injected air volmne of Bunsen b\n'necra »
the veloei‘by of conbnation at the actual ra.tio of gas and air in the burner tube,
the length of the inside a.nd out.aide ﬂame cones, the mininum pressure of the
gas by reducing the gas pressure until extmguish.tng of the flamos and the eon-
 tend of CO in the combustion gases were mem Furthermore tests in domestic
and industrial cooking boi.li.ng- and hea'bing pla.nts were carr:hd out, A groat
o dea.l of the results havo been pnblishod 193h, 1936, 1937 and 1939 in"Das Gas -
und Wasserfacii,® Berlin, by E. Graf and W.¥. uiller 33:1 B Graf. Tt Mtcstod

/

t.hat at. conatant gas pressure :Ln the ;]eta of Bunsen burners the velocity of the

‘the spoc.tﬁ.e gravity acoording to the theoretical formulas -

_ v =M "\/—;;

where

Vi Wy ‘= veloeity and weight respectively of the pesiscnous gas

v-z, W, = veloclty and weight respectively of ‘the detoxicated gas o




Sinca the volume ‘of the detoxicated gas 1noreaapa at constant gas- presam'o s

..the capac:lty of the gas pipes and of the gas equipments are increaaing in the

same ma.rmer. . Due to the lower spesific gravity the detoxicated gas sucks less
combustion air into ‘the Bunsen burner and theretoro%he actual valoc:!.ty of com-
,buation becomes not very different from the actua.l velocity +he origin,n.],»
poisonous gas.v _ ) ,

The effeét of the decreased air suction surmounts the increase of 'i.ha
combuation volocity 80 tha.t the aotual combustion velocity of the actual mixtures
“of gas .and air in Bunaon- burners decreases. According to this :I.mport.ant result
was the fact, that the inside ﬂane cones become 1onger and not . ahorter as aa-;
sumed, Figure 1 represcnts the altera.tion of the conbustion properties of an
illuninating gas depsnding on a gra.dual idatoxicution maaured by a gas burner -
of a cooking plato (aoo the following tébl‘ 2):

,‘rabla 2: Analysis of a gradually detexlcated :lllmlinatmg gaa
oG E /R, co, 04
| Original gas 17,9  51.7  19.9 . 3.0 7.5
Stepl . 9,0 60,6 19.9 - 3.0° 7.8
Step 2 3.0 . 66.5 19,9 3.0 7.6
Step 3 0.2 68,9 19.8 3.0 8.
VI, S‘gﬁdiersm-;f iéc§nd_a._rz" ry carbon-reactions
_/_;_B'.eéidé;mil.‘lé | princm. detaxica:b:lng 'reac\tion
1) wmFKo Z2.90, £ Hy # 10,110 Koal B, Kmol
The folloving equilibrium reactions which are inporta.nt at temperaturea
_ below 1100°F. (6oo°c) are possibles




. ; 38,400 Kcal P- Knol
- -'.3) cn]‘)"zﬂzo 092/%;320080 "o "
L) Gmfco, 204 2H, ;‘59,300 n a ow
Since we often found that the adjustment of the water gas equilibrium re-
action 1) amounted up to 110% and even more 5 s_ecpndiry | carbon reactlons were
evident, Carefully performed gas balances ab different t&m:peraturet;@f ‘thé,
catalyst and chemlcal analysis of the used catalysts showed thdt no pre-
cipitation of carbon on tie surface of the catalyst took blace. This résult
doea not exclnde the reaction 2) as an intermad:late Pprocess with a high apeed
‘ :.of the gasification of intemedia.tely formed carbon. - The formation of methane
is possible accord.tng %o the equilibrium reactions and the applied tenpmtumg.'

CHy - compoai.on (‘!) at 1 atmoaphere absolutc gas preasure (= ]1;.2 lba. Pe 8q. :Ln.)

- and 100% adjnstmen‘b of the equilibriums
Table 3: HBiployed illuminating gas.

00 |Gy | % GO H

‘ — - |

A

Table lj3 Degree of co conversion without (I) and with cnh - compos;l.cn“(r)

| o jconversion of . Composion of Conversion of Y
op (°C) |X mols 00 without | mols CH), combined mols CO with CH,
- :‘ml. compasibn 1 with 0 conversion __compoaion ‘

——v———{* 662 (350)\' o 5.09 . ' .'5022 - T 5.66
752 (h00) b6k ka3 s 5’.60
8u2 (L50) w2l | 330 S0

. 932 (s00) 3,77 - |
. . | .Bh . _ 78




" ‘The Table h ahows tha.t no foma'cion of metha.ne is possible above 1022°F
(550°C) and that ‘the composion of GHh between 662 and 1022°F (356 and 550°c)

” .fmra the converaion of CO.
| Catalysts with 3 and l; components ’ containing Fe, ()3 and F h
Tesp., Mg 0 and’ Hg 003 reap. s xa 003 and charcoal, were tested and the conpoaion
of methane measured. Each catalyst shows its omn chgract.er:lst:lc of adjusting
 equilibrium for CH) composion with increasing gas throughputs and optimal
- temperature ranges. The following ‘table 3) contents the characteristics of a
1?.'2'03 1M, 0 :'xzc'o3 811 zl-catalyatandahmthatthe%-i
equilibriun was completely adjusted at 10220F (550°C) and that at lower
.temperatures s when’ the GHh - fonnatim (b) is more favored the cuh formation
- “was alow, 80 that in practice a sma.ll volume of methane was formsd. But
t‘zoro was no interest to develop cata.lysta which were able to fom nore CHh
" under ncm]. pressure, because we intondod to detoxicato applying higher
pressure whera the CH, - fomtion is more favored. ' . .
"l'able 53 Si.multaneous adjustmnt of water-gas-equilibrium (2) and cah- o
equilibr.lum (b) at different temperaturea and various thronghputa (x) of

cb ft.. o.f iillminating gas per cu, ft, of cat.alyst.

g °
/

- °F(°c) X =100 |X =300
662 (3m)|* = 26% |a = 13¢

— N v

)

X="-700 ' X = 1000 X = 1400

e
"

|

nia
%8|

a =287
|b= 52

o= g0z

752 (mb T 3% b= ;é

|

1T g

o e ok

ll ll. .
a8

a=86% =79 —
b=102 b = L —

a"noiasnoz a = 110%
~b~100gb-1ooz b-moz,,
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;
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The curve slope of the theoret:l.eal % - formation aceerding to the
results of table L and the practical formation of cHh comspond:l_ng to the
results given in table 5 permits to calculate an optinum fomation of Gnh
at 963°F (51'§°C) for iron cata.lyets. | R o

Finally performed tests to detersxine the ;Lnfluence of the sige of the
cetalyst beads showed the i’ollowing decrease. of the adjustment of the co £
320 ~ equilibrium with a throughput of 600 cu, f£t,.- illuminating gas per cu,

ft. of catalyst. .
' - adjustment

, over inches (mm) through inches(mm, equilibrium
Site-l” ° 0,03 ~  (0,75) QKOh (1.0) 00 g

Site 2 0.08 (2,0 012  (3,0) 93 %
Site 3 0.2 - (6,0) — 0.28  (7.0) 82 %

Some catalysts which were derived from a 3-componenta-iren—cata1yst by
weskening uith chareoal gave praetical the same thronghputs and adjustments

of equilingum as the o4-igins1 catalysts. These experiments and the above shown

results with different sizes of cata.lyst bea.dé’ shou' thst the centre of these
catalyst beads takes part in reaction too. 4 | o

I-sboratory -
VII. Experiments under eleva'bed pressure

The water—gas-equilibrilm-reection is independing on the pressure. Whereas _.
the composition of the GHh-equilibr:luns is inﬂuenced by the applied pressure.
The epplioetion of elevated pressures on the water—gas—detoxication—reaotion
18 comendable if a ligher space velocity is required. S
' Theoretica.l oonsidsra.tions of Ls.ngnm:lr, gerbl-xnufdsen and others show
” that the atsorption speed ‘of gases by catalysts 1ncreases at comparatively low
gas pressures :l.ntensively reotilinear with the pressure. At h:.gh prdssures the

adsbrption 8peed becomes pre.ctically independent on the pressure. Therefore




: and for the used temperature. This economical pressure at the working tem-
(
perature must be found out by trial,
'l‘he employed laboratory apparatus consisted of a gas compressor, a gag-

storage-arrangement > ’a special Bosch-injection pump for distilled water, a small

high pressure boiler, & pressure-and temparature prdofed reactor containj.ng

about 61 cb, in. = 2,2 1bs (l‘L lkg)/df catalyst, an _.ndirect gas -cooler {

with receiver for the condensed water, a high pressure H2S - dry-extracter,
a Goz-scrubber, the necessary pressure reduction a.pparatus and instruments for.
controlling and measur:l.ng the volumes and temperatures. |
The fo;mer used c‘apalysts and catalysts ofjbhe Auieri_can ﬁagnesim Metal
_ Corp. and the I.G. Farben were tried at pressures of 0, 71, 1h2, ZJ:ha.nd 28h
1bs. p. sq. in. (o, 5, 10, 15 and 20 aty and at 662, 752, 8l2 and 932°F (350,
4oo, L50 and 500°c) mspectively. | The adjustment o3 of the water gas equilibriam
and the CHh—formation were measured with i(ncreasinggs’ ‘bhroughputs.
The experiments showed that gas pressures ‘above abou'b 100 to 120 lbs.
P. 8q. in. ( 7 to 8.5 a'ln) were generally speaking not economical. The GHh- ——
: compos:l.on varied within relative small volumes. For example the ca‘halyst #13 R ;
containing Fe 3, Mg CO_, Hz co and charcoal in the ratio 10 ) 2 l: 1 7
fofned the following volumes of CHh: | , -

Tdble. 61 = C‘Bh - formation of the catalyst #13 in per cent by volume

lam g,sasna (hoo°c) AT 8h2°(500°0 ) | AT 932°F (600°C)
In the laboratory- 0ul oL ‘ ) 1.0

glass tube
In the iron tube p.21.5/1.5/2.8] 1.0/2.0]3.6
At 1bs, pisq.in, o'[ TLh2/ 21| o | 71l1k2




: . o S S
The follﬁwing table 7 représents some easential results which were b~ -
 tained with different catalysts at O and 7L lbs. p. sq. in. (O and S atm.)
with a constant steam excess ofAhooz _fof all experiments and a 90% adjustment
of the water gas equilibrium. The composion of the used catalyst is- shown
in the following table8, | | |

Table 7: Space veloocities .;of‘various catal ysts at 90% adjustment of the water

gas equilibri_.um aba=0and b = 71 1bs. pe 8qe. in. f

Mark of ;@m_mmrcmwa i
the Catalyst b 2 . b j’ ,

; I S - T a »
= — 2% W0 —!
| 150 | 320 | ‘950 — 1750
125 4o 8% 1650
250 f 250 5 — —
lbo, ; ) ;. 650 ”{;;;.
B 0 % | 3 — s -
170 | é50. = Lso | 1200
200 ; 38¢ ; 850 . 1600

1900 1600 1500 - 2800.

, :
| :
1400
T

1




Table 83
- Mark o
the catcg?ih
o ,’ 10.0
L § 100
10 | 20,0
n 1 10,0
200
10,0

10,0 | 1.2_(rmmto)
10.0 . - | 1.2(sulfate)

W00 12(adum)

10,0 l.i(lwdrmﬂu
B g fm Blﬂd&“)

0.0 . .o(nifﬁt?ﬁ i

(nltratn)

i

olmwmmamutha
WWMarWMormuwmmu\umahminmem
9¢m1oyl.ngthmcnm;rata, atc-ﬂ,bll;nlmdcﬁlhalbs.p.aq. in,
(aao,bﬁj,mw:.calom). B |




Table 9.

lark ot Adjustment of S
_@gyat the water-&aswe_quil. ____7529%7(L000C).

2000 1900 k300 g0
1300 850 850 =
1200 2100 900 2100  —
1750 _g- 2700 2
%0g 170 650 650 k5o

80 | , - — -

W:Lt.h respoct to the. space veloeities which were emplayed in the Years
1928 - 1931 'bhe obtainod catalytical efficiancies were  remarkable. ‘l'he de- —-
crea.sing steam consuntion for the detoxicating prooeas with lower tampeutures
is shmm in the table 10, applied on. the co removal. from 12 to 1% of an illumi-

' nat:!.ng gas.

Table 10 Predicted steam supply .
' 752%F
£400°C )

- Te@arature?iiff catalﬂ_t__
Stoichiometris steam
volume cu.ft.p.cu.ft,

Necessary steam excess
su. ft.p.on. 0%

_ Total steam supply




VIIX. I-ogg run tests and exporinents to ragenarato the activ:.ty of catal;ats.

 In order tc :h.'meat:l.gatc the altenti.on of the efﬁ.ciency of a eatalyat -
énring a 1ong run an apparatus was conatructed and operatod gh,honrs a day at
i ‘normal prassure'with a sinple continuous working'water vapnrizazion and ad-

The used VIBnneae consumer gas was/hixture of coal gaa, flue gas of the

‘gas, water gas and normal
cdke ovens;*natural/brodnner gas. The content of undasirable components and

-gas - impuritiea was mostly'within the usual rangps. But due to the irregular _?
"coal supply and a not alway: uniibrn.gaa purifioation during the war years 1942
to 19hh,~the content of oxygen,'sulfur compounds, naphtalene and even tar was
-bmmmam-mem.mmmmm |

 The z‘esults which were obtained with l of the a.bovo mentioned catalysts

—_—

ara represcnted in Table 1.
In case #h theqeonverter contained 0.42 liters of a pra-catalyat which

i

-removed.the ¢xygen content of the gas and two beds of “the GHIeL catalyat

arrangement was s~m11ar to that whlch -was applleﬁ‘ét the detoxicatlon plant

e et

'of the Continental Gas Compant at Nordhausen, Germany.
The preheatment of the catalysts was perzormed by glow1ng through L to

. 6 hours in the illumlnating gas atmosphere at 1112°F (600°C).

"Practical CO-removal' means the ratio of the removed CO in per cent by
. volume to the CO-content in per cent by volume of the origin gas., The ratio

of the removed CO wolume to the theoretlcally poss;ble one (according to the

quer gas equlllbrlumo is about 109 hlgher than the preceding mentioned ratio.

CumimiAve e
Tow s

The table shows that the activity of the catalyots ras_readily reduced in

e g

Ty s RS R




" Table 11§ Results of iw run ‘Eeétsa '

Mark of the - 3 ke ra
catal yot 116 » : P Brownoxide
Volune of the (43 ke 50 ': 5.6 ;‘ 38 f 38

B rigr: s | (0.82) ‘ (0.82) - (o.hz # C.62 # 0.62)
ih, (liter) ; i . - "

oo o I o 662, o7.73h
T ature °'G L 197, : : 797(hes5) L 0
Employed steam ; | :.

. Volume cu.ft.p.cu. ' : : _

225 ‘ | ', 365(509 resp. ) v-

8 5

Spacc ‘velooity

H
$

Co-content of
. 11.0=14.0; - . 13,0-1ke0°

illuminating gas

B SESELREPER N

CO-content ot o : :
at test beginning 1.5 S . i LB

Praet:l.'cal 'S0- .
removal at the

Practical CO-
- removal after . |
-1 Month |- 83%

Prastical €0~ P

2 Months - 8of i 628
Practical €O~ - : ~

removal after L ;

3 Months L (- 83%
Total test time P

hours . ) 1370

. Total gas en.:t. 200 13 oeo 6 -

#Estimated from %hes-eurra—of the alepe. e ecinerr .

!
H




a relatively short t:!.na Thia :I.a partly due to the hoforo mentianed varying

" content of oxygen and other gas impurities. 'l'he compoaition of ca‘baly‘st L

was similar to the pr:l.na.ry catalyst #1 whioh was employed by the p:llot plant .

a.nd during the 9 month laboratory test,

| " Daring t.he long Tun test we observed, that @ven after short standstills, |
_ the catalytical activity enha.nced. . & -

The better effics.éncy of the catalyst #1 in the years 1918 to Fo32 might
be explained by this observation. But it muat be clearly sald that one and the
same catalyst morks mostly more satisfaetory in a- pilot or commercial plan‘b
than in a laboratory-glass apparatus. The results which are: represented in

“table 11 offer the poasibility—to eompare ‘the a activity of different catalysts
or practical reaaons s although the comparison is not qutte exact because of

the mentlioned variations of the contant of oxygen and other :Impuritiea in the

mmd gases.

In order to i.n?est:l.gate the alteration of their activity, the oatalysts'

should be tried in long run tests on%uence of the gas impurities by exact
chemical ana.lyses s the alteration of the crystal stmcture by x-ray studies |
and *]l_'.he chemical alteration of the catalys* by analysing the compounds which

" were abaorbod by the catalyst Due to war_time\duf_:l.culties it was impossible
to perform this intended investigation. '

Rough qualita‘bive compa?fsons shmd that the cataly:at :#LL for m

| ~b‘m3°n° hwdrocarbona. 'rhe :Lnflunnoe of. the temperature, ihe time and the at=

: moaphore of. pretreating the catalyst :I.s well-known On the other hand we ob=

_served a favorable influence of standstills, e
’ ! -




a.otivj.ty after standstilla and by elééaﬁng the temperature to the applied pre-
'_ treating temperature dum.ng the long run tegt. _

The I. G. - Fa.rben - brownoaclde catalyst whigh was kept at normal 1aboratory
temperature in a nitrogen aj&nosphere was refilled into the reactor and thd test
continued. | o | |

Surpnsingly the a.ctivity was high at the beginning of the following second ‘
period. This: appearance can be explained by the slowly performed cooling of ‘the.
catalyst in the reducing illuminating gas atmosphere when the first period of
testing was finished. During the following second period of the long run test,
the activity deteriorated in L5 days from a 85% to a 20% Goéremoyal, as it is
shown in figure 2e |

The intended regeneration by reheating to the pretreating 'bemperature of

]3:12°F {600°C) was now ‘performed durirgha hours. The activity was elevated up
75% Ce—rmoval and was slowly deteriorated in the following third period during
170 _days to ‘a 508 CO-removal.

The intended aecond reheating and the regeneration by treating with pnre

hydrogen, and purging with steam or n:.trogen at diﬁ‘erent heating conditions
- could not be perfomed because the testa must be finished in spring 194l due
to war time restriction. The. catalyst has been preserved., e
Ix. Experiments and mvestigations to. detoxicate by conversion with s:unultaneoﬁs
removal of the GOj. .

During three years I was ordered to investigate the détoﬁ.cating process of
Boesfner and Marischka. The pa'bented process applied the mineral ankerite as a
’_,ca.talyst, conte.in’:’mg 1ime magnes:.um and iron in the form of carbonates. Ankerite |
” is a wortgl_e’s’f__bz-product of iron-ore cleansing in Styria, Austria. The ankerite

| WA

~1s used as a comb:.nat:l.on of a ca‘balytin substanoe plua an absorbent Tor the CO, -




formed by the conversion reaction, The conversion temperature was 930 to 1130°F
(500 to 550°C) and the abéorbont z;egone:;ation‘-texnperafure 1560 ‘to 1830°F (850 to
1000°C). The catalyat was circulated betwéaen conversion and ‘regeneration furna.ce.
Natu.ral ankeri:be granules and. boads m:&xed—&ad-fomo&—of camshed ankerites were
proved in order to study the alteration of the catalytic activity. ‘The e;:peri— ‘

mentswre sponsored by Zalm & Co. Berlin and C,. Marischka, director of_i;he gas .

- work in V_iorma. .

The degree of retrogression of the CO,~ absorption and the conversion was
- proved in long run tests, which were performed in the laboratory a.pparatua és\
similar as possible to the e.xperiments in the pilot plant for approximately

‘ 350 000 cu. ft. gas per day at Vienna - Leopoldatie. The combus*bion properties

of the obtained gas were publiahed by B. Graf in "Das Gas-una Wasserfach, 1939
H. 22. The anker:lte catalyst was also used in the single conversion reaction

without absorbing action at different temperatures and elevatad pressures. - There-

by this catalyst showed few aotivi‘bies. &é |
"X. Laboratory experimente to imestigam and improve the "M.M.C." — eata;@

During 1936 and 1937 W.I. Huller and I were aaked by the Austro-American-

Magneaia—Corp. at Radenthein, Ausi;ria, to :hxveatigate a caté'lyst which was com-
' posed of- beach-charcoal, caustic mgnesia and potassium carbonate for the con-
version of water gaa to hizdrogen. The activity of ltgo ‘as a single catalyst
and in mix:bure with oharooa.l or potassimn carbonate respectively and the
activity of varioua mixturea of the 'bhree oomponents was studied in a labora-
--'bory apparatus., The imé;tant influence of the size of ,coal and magnesia and
their intimate mixture were investigated by X-ray tests. - Optimal temperatures
"~ and times to pretr%at natural magnes:.a by glowing were found out.. It was ob-

served that absolutely pure magnes:v.a. was inferior to technical magnesia due

18
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%o & content of small amounts of iron ofitﬁ€"15£€§rf**The admixturémof;ﬁééhﬁioél‘T**f”

iron ochre to the tree-component-catalyst showed incre331ng space velocitles

at temperatures of 750 to 840°F (Li0O to h50°C) and at elevated pressures. -

{

. XI. Various studies on detoxioating 111um1natingﬁgases.

A 175 cu. fh. P. h. (Sm3 pe. he) leboratory detoxisating plant was constructed

with a proper heat exchanger in order-to determine the'heet transfer of the gases
at forced convection in the iron tubes. The cold illuminating gas was mixed

- with weter steam and the mixture premeated to 660°F (350°C) whereas the de-—
toxicated gas was cooled from 790 to 800CF (L20 to hSOOG) to approximately

3000F (150°C), We obtained overall coefficients depending on the gas Jelocity
'"amd;ges compoaition, whlch'we applied to.compute and design commercial plants.

| Another laboratory plant was desmgned to investigate the heat transfer gas-
_ iron tube-gas at gas pressures up to 570 1bs. Pe SQe in. {4O atm) but it was not

constructedt_“e to war time: diffioulties.._ _ . - S

The simnltaneous removal of the excesa carbon dioxide and the formed sulfur ”~WT

hydrogen by means of water at L3, 71, 100, 142 and 21} 1bs. p. sq. in. (3, 5,
7, 10, and‘iﬁ“atm) was proved in connection with the_deﬁoiioatimg process,

When the experlments ‘under elevated pressure (see chapter VII) were per-—
formed the HQS was extracted in a properly designed iron ore box under the de-
toxioating pressure. The absorption'was performed at the elevated pressure whererh
as the reganeratlon by ampeation of the iron oxide was carried out at normal pres— f
sure during standstill times.‘ There was no alteratlon in the adsorption activity
of the.iron oxide to be ebserved whether we operated at elevated or at atmospheric:
pressure. L : . s

Further I was app01nted an 1néependent expcrt by the community of Vienna,

the “Deutsohe-Contlnental—gas—ges"; Berlin, the I. Prlntsch.A G. - Berlin and

19
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the Bamag-MbguinéBerlin in.a patent interference with the “Gasent" - (Gasentgl—

_ftungs-Gesellschaft) - Berlin which claimed to detoxicate illuminatlng gases f
to 1% CO at 750 to 930°F (40O to soooc) using iron catalysts and maintaining the
combustion properties without removal of the converted carbondioxide by'means

of adﬁixing additional volumes of coal gas to the illuminating gas before ths -

—

detoxica.tion process.

The alteration of the combustion propertles using the oonversion‘uithout

version fbllowad'my removal of the carbon dioxide, The result of my investi-
gations and those of R. Heinze, Prof., Berlln.was the nulllflcation of the

,» Gesent-petent. ~AJ.,__ S . '_,w;

XI1I. Conculsion and Outlook.

~ The detoxicating process by conversion of carbon monoxide in illnminating

'W;gases to about, l into hydrogen is practioable. The dnraﬁion of the activity

of the catalyst and therefore the fixed costs of the catalyst are still doubtfull
The costs of detoxicating including ‘the removal  of carbon dioxide and sulfur

nydrogen have been calculated to approximately 0.5 to O T Pfennlg per cublc meter

..of gas. This costs seems to be re}atlvely high. The dethicating process with—

out rémoval of cerbondioxide by admlxing additlonal volumes of coal gas causes

alteretions in coal throughput—and coke production. The caloulation naturally

sh;;; a cheaper process. o | ’.s~ |

. The detoxicating process becomes more interesting with regard to the re~

~>
fining of the gas which 1s rerformed szmultaneously with the conver81on of the

'carbon monoxide.m The removal of oxygen, organic suliur compounds nitrogen

compounds and of undesired hydrocarbons results less corrosion in plpes and gag.

PR ——}
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- using equipment. less formation of gum deposits and therefore an. important saving

SN e e

in malntenance costs. -

ﬁThe favorable results of detoxieat:.on and recovery of sulfur under elevated
pressure lead to considerations to perform cooling, exbmction of tar, récovary
of ammon:.a, pruss:l.c acid, naphthalene and benzene under elevat.ed pressure, Cal—
culations of the managers o£ the Viennese (Jas Works, which are'the most modern

gas works of Europe , showed grest advantages by performing the mentioned preceesea

under approﬁmtely 701bs. p. 8q. in. (5 atm.). :If this modern gas purifying

plant under pressure ‘would be ﬁnanced,.“i‘b‘is evidenf., the def.ox‘i’cating and re-

fining process will be ‘applied too.
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<The.-. notoxification Plant

At Bohlen is an mﬂ:mnhl and pﬂ.ot plant f.o treat 500 1om m 3
of city gas for the elimlnation ot pn't ot ita CO content. |
'n:e phnt is oonmctod toa LURGI-phnt .for gao:l.tieation undex pmuur-
Tho production of tho gas and its convera:lon take place under. 20 ttuospharo
proum. The raw gu couing frcm th. prodnm plant is of rahtively good
cleaning owing to the washing with utor nndor prnunro, which has ukon

out 602 and part of the organic lulphur.
Detonrication of gu hitharto has boon donlcpod and tz-iod out band on

the principlo of converting GO ;‘ 33 10 oa,‘. In this cm the products of

conm.ion are of no himer ulua than tho price pa:ld for tho huat:lng*ulue

. of the gan 'nzio former mthod thmtm mt rniu the prodnction cont

per hut unit in the finished gas at any rate. In most cases this additional
cost has pro'nd so high that .tt oannof. bo acuptod by the conmmor, especuny
not 11' the gua is used for 1ndu-h'u1 purpouel.

’me nma:t n-thod u-ed ut Bohlen is based on the principla ot conmting ‘
Cco to&wkodpmduetuﬂxamoh h.tgm' pr:loo thancity gas, ‘s0 that

' datoxiﬁ.cation pays by itsels and tha price of o:lty gas even might be lmrad

At Bohlen the gas with k500 Cal/n’ 1s sold now with 2.6 Prefad dcl.‘.vorod -
into- tho p:lpe 1ines of the diaimﬂmting conpaxv cnh accordinw :la aold at
5.5 pfg/n « A4t the Bohlen plant the ‘conversion of co :lnto Bensine and high

M s A e S A M A AR

| | mlting waxes is aimed at. In this case 10,000 oaloriu are pd.d with s

pfe/kg as bensine and with 50 pfe/kg as paraffin wax. Under such oonditions

the Bohlen plant can-make even a profit ﬁm detow:lcation of the gas without ‘
ra:laingthoprico for ﬁW e : ol




-Dencrigt:lon of Process o
o
The rur gas first passes A\Gtiutod Carbon to take cut tho rut of ught

oils and all those organic compmmdl which might form resihoids poiaonoul
for the utaly.t. The gas then is heated to about 2oo°c by a surface heater. |
Then 1t entars a tower fillsd with slcalic iron oxide, Here the rest o )
o organic sulphnr is 'bnkon out. ’lhe gan pnnoa ta a chaumber with the ‘catalyst
for conmoian of CO. Tha catalyat 1- of tho eobalt type, whan a high yiold
- of pmrtinm is untod,umi of the iron type, when more bensine is aimd at. -
" Then tho s goos to & condonm with mderato ooollng where the h:l.gh |
'nolting wma come out. The gan is thun mutralind by washing with sodfum
W to protcot the equipmnt sgainat orgnnic acid. In a second cooler

S—_—
: . the gn :lu coolod dalm with water. .The mt of nadiun oﬂ.n and»cpn'.t of the

bensine a:-a condensed thm. Aotiutod mbcn taha out the rut of ‘the
benl.tne and if desired the lo-ullod liqu:ld gas (Buiane:, mpam).
commor is prmridod to bring the gu to the ws.g.tml prounrb as nquirod
- for 1ong distance tra.naport Pu't of the gas may bo r.circlod for better
| ‘control of the reaction’and improved quality of the products.

- The plant hn started . operation in winter 19!.&. Enot experimnung
in long puriods, hmvor, -haa boon promud by tho -ny air raid- on Bohlon |
and tho induatrial dilh-ict of Saxonin - Some poriods of nvaral daya of
und:loturhad' 'orking havo glven thc rosulu wh:lch ‘have baen oxpectod.

' - 3.0%
19.5%
~ 50.5%
2h 0% |
b cnnm __.._ﬁ__ofgx__
Np 2.0%

4 ¢
e e R A~ bV S A $iae R




I:I.eldc
0.6?5 mn of cmrhdm s L }
e e OO o '_; 895
' k.L5%
y hh.?OJ‘
© 37.25%
18
3.08

' '1?.6 gr waxes '
- o 15.ls gr eas o1l
. B e T n.1 g ‘bensine
| 'lho carbon meaddo remininz in the gas’ dopend- on the thrcugh-pnt.
of gn per ton of catnlyot and por hmn-. With a through-pnt rodnood to

- 13 not more than J.S, the rnat o!' tho plant is unohangod 1n its di.nsnlionc. A

'l'he cmnpclition of tho city gu nftor conmd.on ean bo rognlatod mt
mily by altering the conpontiun of thc m gaa, aapooiuuy its conhnt. of .
002, Nzandcﬂh. Inno-tmualower gradnmdchummwboprcduood‘

pr:lnrﬂy, oompared with priury producuon of a gas vuh hSOO enl/nn’

Sketch a’ppen'dod.

“HUBMNANN 9/7/!‘;6 |
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The leiler Pile Carbomisation System |

Summary and._Practical Results -
in the Industrial Stage 19LL-h6
S -
Tasts with the 'Comll-usth.bd‘ -
as Maix’xhondensing Device

Index

Technical Devices of a Standard Pile Plant
Practical Results and Profitableness of the
.-P:I.I‘l.e Carbon;lzation Method ) ;

. Cotrell-ifethod in Conneation with the

Pile Carboni;zation .

Conclusion and Summary
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1. Deaign-and Developmenz of 10 Pile Plints

The . situation of German warfaro 1n the early summer 19hh demanded the
production of "oil at any price”, Frcm this Judgmnnt only'the "?uaste-Plan"
might be understandable and Juatified, ' |

Tho plan provided the erection of 10 amall carbonization plants of the
ﬂMailor”-pile-carbonization method with a daily output of 60 tona ‘of crude

_eil each within a bullding period of tliree. monﬂhs.~»The following ﬁoiﬁta of

view were dociaivo: ‘the spaed of orection, the _saving of raw materials,

the neglect of human labor and profitablenoas, the. powsr and water snpply,

:the aerial defbnce and camouflage, the demand fbr large areas for tho “Meiler—'"
o:fiald" and tha.prodne%ion*of ons ainglo crudo oil. only |
During the winter 1943/hli and in spring 19hh the firat tests to elaborato

LS e

a aurrioient method of the pile wore “made at th omall pilot plant in

Botzingen, Wurttemberg.
Shale of Gesrman and &stonian arigin was heaped on a concrote foundation

' of about 10 by 10 fbet aurfaca. A auction pipe in the foundation was

connncted to a condenoing device and tha fhn. Later the solid foundation o

Tt was- ahandonod and inntead of one, two or three pipes were put on the bottom

of the heap., The volumina of tho.haape varied betwser S and 180 tons of -

shale. The height of 7 1/2 feet was not exceeded ocwing to the small Gone

densing unit and weak fan. vVery.many different tests with the Meiler~-pile .
were made and various perceptions gained Among them were the advantage

of not moving the burned materlal, aeemingly the little demand of,raw

matarials and the facility of pulling the«suction pipes out of the pilo—"‘

2
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thé ‘f.rickling of t.he ‘-’-’urttamberg ahale, the way of” 1gnition o.t’ the pile,

the apeed of carboniszation ateered by means of the intonsity of the auc‘bion,

aso. 'The apparent yiald varied batmn 2 and 4.S% of oil. . Accordj to ‘
the shale aamples the Fiacher test. ahmd hO-BO% of ¥leld.. In 80!\81‘!] o

et
e

these t.ea'os were optiﬁstic and it was decided to continua roaearch on a-*

much bigger scale at t,ha bchomberg Pilot Plant which was completed by 60%

in the meantime, ‘.“he first pile of. 078 t,ons shale was ignited in Schomberg

_ on -Jnij 28 .19l£11. The height was 9 feet, 6 sucticn pipes were appliad, the
: shale was not crushed, The reault- was diaappointing; the yiald of o:l.l was
b:d:, _;he handling of shale very difficult out of the lack of any mnchinery
to heap up the shale and the pulling out of the p.‘..pea ended in a complete
fiasco. 'me next piles were aven wWorse, It seems to me that in the mean-
time the German o:!.l situation had become very critieal, becunse during

" these first days of August 19&11 the msolu*hion by the governmnt was de-
termined to appl,y the Hoiler pile carbonizat.ion mthocl:bo several larga _

| plants. Thero waa adme talk about 3 plam:a to be built in L mont.hs at -

firs't, after'arda :I.t was concluded to build 10 plants within 3 months.

In vain we warnod. It was a big blunder to tranafer the sufricient e
results of a tiny research atation 111:3 ¥etzingen to the indnatrial atage.
Tnere was no tim to await the perceptions of tha large scale teata at
the pilot plant.. | 'I\vo big companiea in Berli.n who did not have t.he ali@toat
idea about the difficultiea ‘were eomiasionod with the deeign and the - .

| erection. Technical particularn were not regarded at all, as for instance,

tbe pulling of pipes, handling and crushing of shale, the soft and pa.rtly -
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the region sit.uated batmn 1500 and 2boo faet a.s.l. with a severe winter, -
snow and long lasting periods of rain. In order to use the ma:l.n a.dvantage )
of t.he pile s i.e. not to remove 'bhe residue, 4t was concludod t.o apply the
| ao-called -“dander-leiler” (wandering piles) for ths 10 plants. This
postulatad the handling of about- 2000 tons of nhale and earth. within Zh
| hours ‘on very limited areas; s the movement of rails. and sleepera on partly
burning pilca. Dry storage of fina shalo, peat and woodan ch:.pa for igni.tion ‘
- of the p:nes was another problem. In particular » 11'. wag entmly connivad
thst the pile » according to pereept:lona of the amll ‘scale testsl wa.s to bo
made up with groat care which was connected with a lot of skilled handiwork.
There were no experienced men and the workers had to be drilled by the
| same few acientists who ran the laboratory tasts. '
Therefore I give in t.he follmving a comparison of the deacripticn of
thé Meiler-?ile barbonization Systen written by me on July 25, 191, after
conclusion of ths Metaingen tests with the real handling of the ‘Meiler-Pile
as 11; was practically applied in tho industrial acale up to two yeara la'ber,»
' i.e. in July 191:6. I lay streaa on the fact T hnve omphasized in my report

of July ?S, 191;1; ’ t.hat the percoptiona of the Hetsingen tests are not

adequate for ‘the industrial stage and are not trancfarablo to the latter.

A. The 0il Shale of Wurttemberg. —- -
» 19hks. 'th total depth of the shale averages qbo‘ut‘ 27 feet. The
oii_contehts'. vary between 4.5 and 5.9%. The specific gravity of the shale-
is 2.7, of the included limestone 2.8. The color of the shale is dark
gray, the limestone gray to plain gray. Therefore the separation of

-~

1:!,mest.one from shale after mining is very difficult. Out af// his reason

~—a




the sepafation of the three n‘d.gh'ty. 11xiabfone"b§nks- has to take .place. on

the spot. 'I'he pile- requeata a shale as free of li.nn as posaible to avo.‘}.d

explosions » especially dnring the ignition. Othernise large parts of tho

anrface were not ignited. 'me average moiature of the run- of mine ahalo 1s
‘5%. 'ihe moist.ure of the mdium to be carbonized has to be’ le_af than 8%,
“the moisturq of the ignition ahf.].e not more 'than h%. By rain spraying tho

moisture of the run of mine shale does not .’mcreasa; on t.he other hand,

the rain is very disadvantageoua to the middle and fine shale, becauag of

the cementing of the amll particlea. By this, large area__s ofv__fina shale

become air-tight and the igni‘bion is very bad. - |

"19h6: The oil contonts of the shale-we had to use variod between L and

" 9;5 according to samples taken from overy 10th lerry The sampling was in-

sufficient cming to the circumstances that we did not have any real crushers -

,\

nnd screening devices. The mn who took the aamp}.e took it from the average
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shale on the lorry and did not conaider that oan the same lorry ‘there were

1
!

f

eom la: ge pieoea of” noi ‘crushed limst.one, nor- did he ragard the amounts of
d:Lrt in the 1orry which were inavitable owing to the crude operat.ion of the
big excgvgj;grg In 80)‘ of the lorrias > lime and dirt 1n varying amount.a

T LR T ot 1 R Ul SO AT

were 'prejent. Thus the real oil contents might be 3 - 8%, ‘the p:lcld.ng out. ... ..
of nmeatqno fa:llod completely because the working speed of tho excavators
could not bo reached by the hand:l.work of picking out the hardly diabinguiahod
limestone pieces. The average moisture of the run of mine shale ddd. riot

;-_— .pass over 6% in spite of heavy rains; the averaga misture of a. complete pile»

"::,lw4¢ — e

reached eomtims tha _enormous aercentage of about 15%: the pile bound




the heavy rains like a aponge. Cootrary to the first .a.oéump‘bionh thié was
not diaadvantageoua to the yield of oil, in opposite: the "” 'tasta with
artiﬁ.cial spraying before the ignit:l.on showod that the ntor vaporu worbd

like scavenging gasea ’ produced primary condensation centora for . tho oi]. o
-gases and 5.ncreaaed the total oil yield conm.dorably " On the other hand,
they ov‘orloaded the condensing devicea > eapecially the Cotrell precipitation
.apparat.us. But these disadvnntagea are of secondary jissue. Artificial |
spraying after the 1gnition did not gi.va any resulta: the water producad

"in the burning zone of . the. pile 8 remrknble incmae -of watergaa effecting

. exploaions in the Cotrell. \ 'Ihe increase of. the moiutura percentage of tho

fina shale remained in the industrial proceaa of very bad influenca. The
less the moiat.ure the less tho amount of mouuary ignition mntoria.l. Never-
theless we failed to undercut the nointura of 3 5%, sometimes even being
higber owing to- the climato and the outdoor hmdling of the ahale, a.main
diaadvantage or the miler-p:llo < B | |
'B. The Granulation and Crushing of Shalo.

[ P

}_9_2;9_: "'ZTh'e run of mine ahalo muat. be olansified according to the
o granﬁlgtion»a ' D - . | _
- . rough ohalaz .30 - 200 m size Zi%-’:iﬁiés)
| ;n:l.d.dlo' A5 10 - JOm v (R - 1% inches)
fim L up to 10 mm -'5 (# inch)

____iaqrnmaaary amonnta for a8 1000 ton pile are:.....

m

ronéh shalez 9!;.‘5%“ OV

niddla ohalo: "5.0%
fine shale: . 0.5%
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- To make one meiler tight to Tte naighbor an additional ancunt of finp shale

is requiiod. This results in the 'eontac"b-.-n'm‘racé of both the mﬁ:liars by
1/5' ':l.nch thickneka. It is 1mpoasible to claaaify the shale by ip“e‘ciﬂ |
system of blowing, '1’he most pieces break in sizas of about 6 x 50 x 60 cn,
about 10% in sizes of aven 25 x 60 x 90 —cm. The amoun‘b of' fino shale de-
pends on the number of mn:lpuhtions of the ahale y as- for inatanca s load-‘
1ng, unlqading, erushing, etc,, but does not reach by‘ itself the nacoaeary
quéntities, Therafore cfushing is necessary. | o

}Mz Owing to the cir_tmnstanc’a‘_ that for one ~plaht onl_y g' crusher

lately could be obtained, we had to wark without granulated shale » only

' the neceasary amount of fine ahala was produced by primitive cruahers.

' ‘For tha "gtandard meiler of 1700 tona" one took 1700 tons of not granuln'bed

‘run of mine shale (97%) and 60 tons (3») of fine lhala The air tight
packing againat. the other meilers wag mada of dirt and clay after abandoning

t.he much better fim ahale owing to the inability of prnducing and additional

, 100 tons of finea per pile,- e packing of dirt had to be made 3 feet t.hick. :

‘It gave an extra load of 00 ns of earth moving per one p:l.le. Navertha-
less, this dirt. driod and bacame parvious to air, such minimizing the oil
yield, The milor conaiated of completely unclassifiod shala » containing
b:lg rocka of limestone and nuch dirt A very little claaaification took
plaoo by the heaping. The la.rger piecea fell out of the lorries more to

t.he 'bottom. By compar:laon vrit.h the few. meilers granulated - by hand on the

y ;'ifaag*gqm m er-method “relativoly" Tittle. in comparison to. its other disadvan-

ACASRER AR NI
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tagea_and—_*.& the more alaborated carbonination systema. "Huge shale rocks
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‘were not carbonized amd burnad lat.er on out.. These 1oasas are little~.at

this crude method and were not surmountable owing to the ].ack of technical
apparatus. ' 4

C., The Measures of the lleiler-?ila.‘

. 19Uhs Up to now the maximel height has been- 2. Lm (7% :Zeet). By

- 1ncreaaing height a rec:l.procal aotion 'bakea place. be‘bwean the Suction or

the draft fan and the buoyancy of “the hot gaaea in the canter of t.ha p:!.la.
v..'The higher the pile. the @-eater the "chimey—effect." ‘of the rising gms.
This nmst. be regulated by the depresaion ot the suotion, otherviae a cone-
‘ehaped sene of non-carbonised shale arises. Other 1imits for:the height of |
the pilc are reaistance of shale and the output of ‘the fan. It 1: likely
. that the . “ch‘imey-affoct" domma at long pﬂes, for there are 1esa gases
ariaing lateral That would mean that the suction and the “overheaping"
( see Diagram No. 1) might be damased.' To safeguard a uniform burning of
'the pile the “overheaping” mat be observod ot.rict.ly. The “overheaping”
~is the distance from the outer end of the grates to the beginning ‘slope of

o tho pilea aurfaco. The ”mrhaaping" is up to the height of the p:l.le of |

e e e e e

2m h/Sh, it 1ncreaaes at ri.sing haighta and can be at 2.h m height 1/1 h
_alrea.dy 'I'he angle betwaeen the alopos and the aoil has to be 36 . ‘Ih;.s s
correaponda to the natural pouring angle of dry ahale. _f?Is very |
~advisable to round oft all angles of the pilo. Regarding the ﬁaaié we

have thus.a radius of /3 h £ L/5 h. PFor the horizontal surfaco of tha

pile we take the radius by h/5 h. By doing so we get ont of a truncated

' pyramid a truncated cone’ on]y in the longitudc expanded for t.he length of

8 -
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'eiigoa of the truncated cone also are to be roundad o;fr. This g-ants a

uniform ignition and advance of the burning zZone or earboni:ation sone
respectively, I:!' this is not regarded, the auction of the fan will be lens

at ﬁhe outer cdges of the cone than the buoyancy of thc ariaing gasesn, The

sharp edgea burn upwards with flamea and -the ahale beneath - them 13 loat

'for the carbon:lzation. TP« sevar&l‘ “8uction pipes are pu‘t side by _side u

~""l\ ﬁ’\‘v,-vr s

gt as the“idesm1 ahape of the pile the shape of a flat loaf of bread. Then

:piles -have to be tightened.

the volmne of the ‘pile is calculated and multiplied by tha pouring gravity
of the shale, 'i’he latter is 1.25 at piles heaped by hand and 1.22 at piles

_ heaped by excavator. "hua we get the total weight of a pilo.

The grate consists of pipes - Pipe cur.t’agg has to be as great as
possib:.é.  The ‘velocity of gas st be | n/sec. The pipes are provided
with as many holes as poaa:lble. _ ‘:tability of _the grates only has to be
observed. To avoid the so-callod "falaa air" it is very ealential to con-
trol the . 02 contents of the gases continnons]y.ﬂ "False a:lr" means the
excesaive presence of oxygen 1n the carboniution gases, This is produced
by«the* mcbﬁ;ilete ignition or hy the ”wall-effect s 1l.e, the suction ot' air
into the gra'be along the p:l.pac or by intake of air from the neighbor pile.
Therefore the pipes must be oovered with ﬁ.ne ahale and the -surfaceas of othor

q- Gfa"ﬁ?ﬁyﬂs
‘h»Hewht °
0 “overheaping’

. ‘.,,....A.J.‘L" " “




- lorry. Owing to size of pieces, the miature of ahale s the fi'lling by the

~-_—- ,--~-'— 1946: The principal msasuremntn wm conTirmad by teats made at

“the Schomberg Pilot Plant with mailera of 3. 5 and 5mn height (11 & 16 feet).'
meilera in the mthod of wandering piles which leaned ‘against each other o
side by side, "‘he finessea of the upper munding ot.t‘ have t.o be abandon.d
tooe By doing 80 *bhe shape of the standard 1700 tons pile originated. |

(Zee Diagrm Ko. 2) The height is 3 m (10 feet), the length 140 m (130 feot)
and the depth 11 m (35 fest), After having fixed thase data once it was -

imposaible to change the meaaurea » for the miler-fielda » pipo lines, rall-

road traclu, aao;, were. calculatad for the abave messures, The piles were

e by

not surveyed singly any nore to save the time-ﬂlasting hsmdiwork. The single:

‘rows of piles were marked and t.ho maaurarobaorvud only. The total weighta

of the pilles were not chocked and as a result the pouring weight of the shalo
diffored widely, as we made sure in the Pilot Plant by waighing every tenth

excavator, and other facts s the load of one lorry var:led on a wide scale,

| "hen handling. almost 2000 tons of ‘shale and about 1000 tons of dirt daily

it was impossible to observe the accurate presoriptiona with an 1nsufﬁ.cient
teohnical apparatua and diftering mthor condit:lom. Inmad of using tino

. -shale to prevant the intake of "‘ma air® dirt was used on tha suction

A a

'pipea. 'Ihia had to be moved with hand bcrrm on wooden planka over the
rows of auction pipoa vhile at the aame time these pipes were fixed to the

huge receiving p:lpe of 53 feet d:lamtor 1in pouring rain or in a snow gale.




- Similer insufficiencies s which were not cbserved !hile plmm, '6“5,. SR
discovered later. The packing against the neighboring pﬂea had to be made
with dirt, %00, and did not satisfy at all. Further soil was needed for

covering the old once-burned pilea in order to prevent the burning of . !
- P.Is"n«'ol'

sleepers, | boots and electric cables. ‘ moa__ﬁ //i//////?%’
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= ~'~~19Mu “The ready pile is coverad with a layer of fine shale at least

D. The Ignition. -  l

2 inches ehiék, i.a. about. 70 kg/m° surface (17 Iba/i sq foot). Then the
whole pile is covered with hacked sods of peat equally (about 1/3 of t.he sods
aise, not mller, because the peat would be gone with the wind). The
'neceasary ammmt is 2 1/2 1bs/1 sq- foot. at dryweather; at rain the demand
rises to L lbafl aq foot. Then t.hs uppar thi.rd of the pile is ccmerfd with
wooden' chips (7/8 1b/1 sq foot), in order to. give to the upper. part of the

miler a. praceding against the lomar parta. The 1g:t:l.on 11! very dependable

lon the weather. 'Ihc ignition has to take plaoo in the area protected fron

. wixid. Use slow-matches. ’lhe f‘lamea tranlplant equally over the: vhole sur- .
face _towards-the wind, like a pea'b roor brurna f.omards the wind, The
~ignition lasts under normal conditions 2 hours until the beginning of—tha
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) carbonisation While igniting the exhaustors. are driven with highaat nndsr

'.prouaure._ Suction before the ignition in order to dry the shale of the pile
1s not neoasaary.A Did the ign:ltion fail one recognizea that by the high 02

contents of the gases and by , the dark and often upwarda mking apots on

rb— et

 the piles surface. , I:f__ fst;ia_ , :Es_z:gmarkad early there t.he "poat-ignition" in
‘order to save the mei].er is possibla yet. This is done by heavy roughen:lng
of the not ignited spots by means of a long raka, covaring with peaf. and
chips again and ignition at bad cases by ‘aid of spraad 0il. Then the fan -~ -
is atarted at full speod again | The total peatb in the casos of "poat-—
ignition' amount.a up to S and 6 1ba/1 8q foot. | '
19b6: In the course of two years we had to learn that the ignition
is the moat. eaaentinl and the mt difficult proceading of the whole neilor
method. Bocaus; of the dopendenca of the :lgnitim m the vuther tha method
as such is entirely dependnbla on the clinate. By this the lsntence upon
the meller is passed for Wurttemberg at leastr |
By traveli.ng over-the meiler with heavy trucks, 1orr1ea and enginea 2
the shale is pressed firmly It has %o be roughened. Big plates of shale
‘are to be gathered from the snrface because they would h:lnch tho 1gnit.ton

BV Akt At

.of larger areas. ' Then followed the covering with 60 f.oml of fino shale, .

"9 tons of hacked peat and roughly 1 ton_o!‘ wooden ch:lpc. : At;gin and - snow

 the quant.xt,y of peat rose to 7 lbl/sq foot and of chips to 1 1/2 lbs/aq toot.
Nevertheless the ignition and hence the yield were :lnpufﬁ.ciont. All that
was connected with a lot of handiwork. On the long run, that wé,s unbearable

for an industr:lal stage of this system. e set out to save manpowsr and the

 variety of :lgnitg.gg , meaha.“’*ﬁt‘"}ast we _ggp_ﬁ,g!gd the roiluct.fon of manpower




'from 60 man-hours to 20 mn—houra at the standard 1700-ton p:l.le, to ayndotr

the peat at all, to reduce the fine shale to 30 tons in the average and to
relinquiah the partial ignition. ’Ihe-fine nhale had to be very dry (3.5%),

| inatead of peat was. uaed ngnit«e duat. (obtninable and no propmtion, about
h tons) and the chipa avm'aged abont 0.8 tons. ‘The exhauatorn ware af.arted

fcr at least 6 hours. Hava‘rtholesa t.he ignition- remainad dapendablo on tho |

weather and the akill of & trained crew, Hig rocks of limestone hidden soun _

- feet under the surface were very diaturbing becauae of their axplosi_onu and

blowing up large areas of the surface. “’Poét-ign_ition" was seldom adobted,

because of its great demand for men compared with the Iitt.lev ~inpro§einant in

“the yield. Very disturbing regarding the ignition and the yleld was the

tranafer of the burning of the neighbor-pile on the pile Juat tmdar treatmont.

| To ,avoid‘ t.hat, one row of meilers (8-10 pilea) had to be carbonised in close

s_uccéaaidn. | | Sk
: The C&rboniaaupn.

| 19hh ' '.l‘he velocity of wboniu..tion ia the advance of the carbonisa-

tion zone :I.n perpemiiculnr dirqcuon towards the center of ‘the meiler. In

E genarul, oae can say t;ho more \mifm tho grannlation the quicker the carbon-

ization. During the ignition tho velocity (in this case the burning velocity)

15 rather high and amounts to 15-20 ew/h., Aftor sufficient ignition the |

- velocity is decreased to 5-7 om/h This throttn.ng ahall produce a settlement

of the carbonisation zone. ‘I’han the velocity 13\&.11@0&3&'1 up to “7-10 cm/h

v .

Desirable is the increase of the velocity until the and of the process. "ihe

‘ velocity is decmasod again—shurtly—before thg end of the carbonization when




the gas temperature rises to 200~256°C The tamperatures were measured at

tﬁe pipes near the meiler. Berore igniting the tsmperatura corresponds to
thg(tempeﬁatura cf the dutor air or to the material to be carbonised,
" respectively. Affer ignition the temberitura.risas to about 70°¢ ow1ﬁg~to
.the condcnsation of the moisture at the lbuar ahale and’ docreaaos again |
" at baginning evaporation of the moisture at 60°C . Then the temperaturo
settles at 65 c, corresponding t0 the dew-point, and remaina equal dn;isg
the whole process. The increase to 250-300°C starts shortly before ‘the
carbon;ﬁa@ion is finished. vTha'burﬁing'zone ‘has almost reaéhed'the grate
pipes ahd theAsudtion is finished. It is no use. to op&rate any further,
| because no 011 vapors will be obtained anymore and the stability of the
grate pipes is only endangerod. The final rise of the temperatura is
accompanied by an increase of the 02~contents in the gasas. rhe contents
of oxygan ‘correspond before the beginning of the carhonisatiun to the
oxygen of ‘the air, i.e. 20.9%. Aftor ignition the 02~contentg muat
decreass on 0.7 to 1.h% within the first & hours... At good ignitions the
. latter averages in this range during the whole procaaa and rises tomards
the end only with 1ncreaa1ng tomperature on 2<%, At high,oz-contonta the
oil in the pile is roasted. The temporal course’ cf exhauated,qunn%ity.of
gas eorroaponds to the velocity of oarboni:ation. The deprussion riacl
at the hoginning of the carbonisation owing to the condensation of the
moisture on the lowe::, 8€11X cold" ahale on about 350 mm, deoreasas thsn |
| proportionally quickly on 70 mm and risaa snortly'befora finiahing the N

e —

proceus owing to the remarkﬁﬁle resintances of the trickling taking full

1




mutnuenly mmcmamumzampqum "
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desw-point the moisture of the gases ie diminished, but no cil is condensed.
Very essential for the yisld is the dintance mm the carbonization and

the. bm-ning sm. The latter -}.s = t'unotion ot tha mtm and ot the uni- .
formity of gramulation of the. shals of the pm.. _The more uniform the

" granulation and the drier the shals, the smaller is the distance and the

 greatar the yleld, Tests proved that the distance is at ax':y rate less than -

- 10 cm.
© 29k6s The exp.rhno“ of the operatien showed that the fundamentel

| aond.tt:lans only could be observed in the Mul stage of metiler-carbordsae
‘t:i.ons. The szcontanGn ofthegalas caumbnhptmhtmdloi at the
ehborutod piln in the pilot plant, at the 1700 tons standard uﬂu‘a

.ofthomimphntaﬂnmnmtmhmiodhﬁhm?mdlﬂoungw
the incapability of making the pilss Mght sgainet Sheir neighbors, ouinato o
‘WszmWMMgmnnmmeMtimﬁw,

'mtmtmtmmmmo@m ~~~~~ wa-lmmnm In
mumtmm,mmmmwmma,apéﬁiu
s.nﬂuh.“”‘,ﬁ_"; dmm mmmumamvmrwm .

,ﬂrztﬁ-—lﬂhm 1?-20«-/!! ﬂumpuon, tmmmum

)
17wtonnn11mmwudm6o-86hom,‘ thohatomiuhﬂhomun
..thcumm,mhgivingabotmyiem. Mmb-axpmmaytha .

fono'ing munpﬂ.ann. !he dm.nmo in the wuht.ion results in &
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very nnoqual cérb;:ﬁiéition zone. !Rm burning zone is oﬁan nearing the |
' carbonization area and ihe not yet. carbonized oil is z'mtod. By fast car-
 bonisation the distance bstween both the zones is wmgn.d Furthar wo
-recognizod that within the pile whera a strong condenaation by shock of o:ll
vapours took place, t.hia oil dropped on the bottom and was lost. Mﬂe hava
maaured theae losses in the p:!.lot plant and got - depending on the height
of the pile - B 12% of the total ofl yield. on the standard plants it
- was impossible to catch this oil, because of the incapabuity to maks a
_r" .foundntion on the bottom and to drain the oil into catchera. By faator car- =
bonization, hmvar, the oil vapours did not have any time to condanac wit.h:ln
' the pile and were forced 1n‘bo the pipo line where they were caught,
H I“zpecially aft.er "imrention" of the wet meilers the advnntage of tha acaven— -
ging gases was eftectiva at fast carboniution. The avarage data of a stand-
ard 1700-ton meilqr may be given as .follmz to_tal duration kO hra. |
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to the abm mntioned difficultias. - It is not impoas:lble that the yield of
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_ the avorage m:!.ler reachod ho—So% Fischar, for the consistency of the shale :
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very bad,




F. Tue Trickling and the Removal of Fipes
9Lk Triekling ariass in the nidst of the pile”a‘bove the grate
owing to an accmmlatim or heat. It was not- avoidable up to now. The
trickling is a funct:l.on of the velocity of carboniution. The fastor we
.carry out the low temperature distillation the greater 1s tho aooumlatioa
of heat and t.he more Oxtensive is the area of trickling 'I‘roublos by
' trickling of shale onto “the suction p:ipes were . nbt GMQﬁﬁ;ééj | .-
- It is advisable to st:u-% the removal or the suction pipes as soon as the
| carbonial.tion is fin:lahed in order to avoid the aettling of the not yat dn.d
' mter:lal on the p:l.pas. The ‘burning zone '111 not be permittod to reach the
\ gratu as 1ong as tha carbonization has to be finiahed at 300 € temperaturc
-of the gases. —It""is anconthl to pull the pi.paa ltrictly 1n the horizontal

. It seens to be advisable to pull the pipo: by means of a caterpmar because

f—

-
.-1
;
iy

>
it

hre

one can expect very heavy Mction
1946 By cutting roady carbon:lsod piles at the pilot phnt—-m could ———
 observe that tho trickling took place in 3/U of the pile and at high or fast
carbonized piles the trickling was so vigoroualy molten dmm that removal
of the trickled matorial by a.id of mchlmical dev:!.cea RS :Unpgpaiblo ‘Then N

e

Sl it

 EY TR

St
R

A e
Ry

RN

‘ rocks had te be blmm up by dyn-n:lte. 'Ihe gratea mm not nf!.‘ect.ed ~ Never-
theless, the mmoval of the mte pipo.s Iraa one of the heaviest takks, and
perhaps the only task, solved in a.n adequate nmmar in these “wo years, 'Ihe
first experiments to ,pull- the pipes with a winch failed, 8o did the testa with
a tractcr, & caterpillar, and an engine. ‘The only mechanism which succeaded
-, was the 60 ton heavy excavator, Of courae, 1t was imposaible to operate
huiry excavators on the mddy "meilor-ﬂ.elda" mhere different pipes hinderod
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_the motion. The measured rr:leuon——nmnn'eod to 20-25 tons at the 10 m pipea

on the Pilot Plant. Tha 12.6 n pipes of the standard outfit were heavier to |
pull, Tharetore we conatructed tno a:lm.lar dcviooa I, both opcrnting on the

: cork:oraw—principla. 'Ihe one consisted of two pipoa » the other of a  lattice- -
mast. Both were placed against the front wall of the pile and by means of

a. motar and a. aot ot pulleya removed the suct:ion pipes. Both ayatana were

movable by aild of motors. They were at- last so _developed that l; man remvod

the 18 pipea of one pils within 8 hours. Hevertheleass the handling of tho
pipea » the removal of the huge raceiving pipe, the plpe fitting and the wsar
and. tear 6f the pipes was a very unp].euant Job. It mas a ractoz-y ina
pemnant fitting atato. ’Ihe fitting had to be done outdoora all the year
" round, 'rne demand and wearout of fitters was enormous. ‘

G. The Lawering and Cool:mg of the P:uo |

-

A9hks Mter finiahing of the carbonization a ,din:lnution of the

volume of the pile occnrn. The lowering of the surfaco amounts on the
average to 20% of the height, Tho lowering is & function of the way of
'heaping the pile s of the success of the carbonization and of the grade of
trickling of the shale. Piles loosely heapod by oxcavatora shrink more than
hand—or-lorry—heapod piles. The better t.hc low temperature d:l.atillat:l.on and
the faster the pile was carbonizod, the greatcr is the lmring Thc cooling
t:une, 1.0., the time after which working on the meiler surface was possihle
aga.:;n, is 2 days at a 7-foot high meiler. Probably at a 10-_-root meiler it

~will amount to 3 days. = . o . - S

s e e '——7—

! 19146: ~ The st.andard ’_:I‘le ‘showed--on. the average a, lowemmi 030 50 cm

(1 3/1: faet) or 178 owing to the bad carbonization of ‘the. contezrba._lhm
N -
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- wers often iarge hollows and craters owing ‘to strong trickling and exploaionn e

of the 1ndlnhéd limestone rocks., This lowering of ‘tho aut,face_" was ver.y'
disggre;eabla R foz’*’”%fxe" ready trei%e?meilora did xiot. perform a plans surface,

- In order to heap the '"aeoond floor" of "ﬁei‘l‘eré‘“n is neiéessiry to-level the-
ngirst floor", Further, every followinig Tow of piles having the standard
height of 10 feat had to be adjustad to that height and the preceding row

- had to be raiaed aloft by neans of additiozml dirt to get the heaping levul
for the lorries. This effected a lot of labor not considered while mking
the theoretical design of the plante. oingle standing meilers cooled »fut-,,.,
The 1700—1:911 mellers situated__ in a row, made oi' bad shale 1nc1uding ,diifferent

‘not oarbunimh];e:mtenal, jnsufficiently éaﬁbo’n’ized, contained a huge amount’

of heat i hes FRE5—SUCHE WEaTas uring the _process, % ,._.b}."lﬁ -

to work on the pile on the 3rd day. ‘Then the heat started “t5 Fise again
after i‘in:uhing the suction and reached the surface during the hth and Sth
‘day, in which worldng on the aurface was 1mpasaible. ‘The cooling lautod
then fron 3-4 days depending on the auocaas or the carbaniuticn. It means -
in the averago that the pile was free for world.ng on the 3rd and from tho :
8th day on, calculatod from the beginning of the reapeo.tive carbonizat:l_.on. |
This fact was essantial and not éonsiderad during planning too. Tt fixed
the division of time and the various working orders. | o
"He The Valocity and Duration of Carbonisation.
19Lks One ton of * urttom‘horgian shale producoa 500 m3 of gas. A

éiagram is made showing the dependence: of the carbonized tons : of ahale at

different m:ygen-contents from the amount of cubic metres of gas s 1l.e,

w(tons) - f( (m3 ' Furthar another diagram is made of tha volume oi‘ the

o Ara 2
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nile_u_a_dependenga_cf_ the height of the. pue, .6 V(m3) - f(h(cm)). - 4




Instoad of voluma take t.he weigh‘b, i.e. W(tons) - t' (h(cm)). By aid of .
the mautad 02-contents and the measured output of the exhaustor one
. takes fronm the first diagram the amount of carbonisod shals. This amount .
comsponda on the. aecoﬂd d‘.lagrm to a certain dncmac of the ho:lght. . -
| Rogarding one hour this gives us the velocity of the carboniszation. The
latter will not exceed 10 ocn/h (L 'in‘che_a_:/h-),v otherwise the suction has to
be throttled. Te duratién of & carbonismation may be obtained thus by
' keepi.ng a certain velocity of carbomlzaﬁ.on at an asaumd or expectod content
of oxygen.

19h6: These diagrams were nwdo for all meilers. Heverthelass » :lt. S
was inpo-s:l.ble to fix the dmt:l.on of the mboniution of a pile owing to

- ?;lfxe e;lrcumt.aneaa —f.hat ne_ithor the _02~conto_nta nor the total weights of the

| .standard maileré were cxact]y detoranable. There were 8o mrw inadequate
factors that in the average the duration of the procua was detarmined by

£ 20% only This resulted in a big waate of time regardings thowarkem in
the iMuMal .atage and is in wy op:ln:lon one of the main obstaclea to this

‘ method to an ample application in industrys there is no uniformity as
basically pmaunad for an industrial process. S

Je Pilen rd.th perpendicular suction pi.pos _
In the Pilot Flant 6 greater tests were made with standing suction

, pipos. These pilas gave a oonparatively good yleld of oil, for the condensa- o

PR o

’ t.ion of vapours within the plle was leas. -On it.ha other hand, it was more
~difficult to £ix the pipes,  to heap the-shale by means of lorries and to pull

‘the pipes. __Owing to these facts and_the_rather limited volnngs this method

TR -4"".4»«‘

R 'aeamd not to be applicable on a larger scale cither,. '
2o
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K. Fixed ueiler Piles _A

After having worked for two years with the wandering -milera of
- various sizes on the Pilot Plant and of tho starxlard 17oo-ton typo on thc

-

~ sr—

: s‘bart with fixed ms:llere. The main advantage of the atandaxﬂ type - not
to remove the residue ~~ was abandonod Ve atarted in June 19!:6 with the
first piles of thia type’ containing 1100 tons of shale. “The » m:in ‘motives_
weret to get rid of the whole pipe and railroad struggle, bo save 1ron and

. labor, to catch the oil lost by condemtitm and oosing into the Ip::ot.'bou
and a atep forward to a better oontrolled and - may be - soavenging aycten. _

"Raally it means the capitulation o! the "miler" and a retum ‘to some systen

like the Sohwaitser. A final judgmant after the first test is not advisable,
A foundation for 8 pilea wag built, the grate pipea put inte the latt.er,

. }——the—preparaﬁon with shale by lorries fixed on one side and the removal of
the residue carried out by exnavating on the ot.her gide of the row of pﬂos. :
The first pﬂes shmd ‘heavy trickling and an extrenely dirty aperation of the

“tes P———

A b B8 g bt

excavators at the removal of residue, - B

2. Technical Devim ot a btandard Pile‘-?aant. .

ey

A m.m | N |

| Gpen ent mines on]y were applied in this mdnpt.ry. ‘The overburden, _ |
‘varying between 2 and 5 feet, “1°a ‘renuvod by excavators and uaed as tigm'.on—
ing on the uﬂezf field, The ahale is worked by electrio drilling blasting
and lcading to 'lorries by means of axcavatora. ’me shale used in the plant

whm I worked was so soft that the excavaf.or 1tmels- dnffﬂ‘ﬁ'lw}.baded 1‘5.




Ihree excavatora were amployad in a’ mina for 2000 tons of shale per day

- Be Crnahar and acmning plant. - -_
These wers providod but nowhere perfomd owing to the happanings

o

. This plant ahould consist of a delivery-bunksr, a oonveyor for pick:’mg

B Ofthﬂm.

out the limeatone, a crusher for shale of max:hmm site of 600 x 900 mm nnd
_an output of 220 to 250 bons of shale up to 130 . per hom*, & conveyor to the
- sereening plant. The lutter conaiats of five vibration sereens and the
additional rcqumuentu. The screening is performed in 3 sizes of ahalcx
finos up to 10 m, ignition shale 10-35 mm and rough sha.lc over 35-130 nm,
’.lhese kinda of Bhale are taken into bunkers and loudod to tho 1orriea by

means of conveyors. The output of the latter is ne_shale 75 m” /A

and rough shale 130 n3 /h each,
| Wehadtousemthomotphntumlluontheatandardplant
temporary crushers with Meqnate meening devices. The anonnt of crushed

e

TV —--.._ e e L

. material sufficed the iuot Flant &t the worst, but’ was much too nttle for
'the atazﬂard progess, 'lhoraforo, m were forced to nse uncrushed shale and
__cruahed and acreomd the ignition shale only. -

‘G, "Heiler-?ields"

e above distinctly dancribod pno was used as “the standard car- ..
bonization unit of 1700 tons shale., Civen data were: the measures of the "
meiler, the duration of enr’bonisatim (asaunod to be 72 hours whilst phnning),
the dm-at;lon of the cool:lng of the pile (ummd to be 72 hrs. too) and the

—

~sw'ailable am.




g

“rows of milers » aach row 8 milera. After conpletion of the .t‘i.rat floor |

“the meilers had to be made in the aecund, third, aso. floor, thus f:!.uing
large. valleys., The first row of piles is aMad to heap from a dam, 2
piles are haapad at once; progresmng the :uroad ‘has to bo pulhcd oni
In order to heap the last row of a - 101; us say 6 x 8 meiler field - the

nlope for tho rnilroad nmst have abont 60 m width, All “thease - disadva.ntngac

ey -~ -

" are valid as long as it 1is impoaaible to heap the pi.les by mans of 1oading

bridgee. Each pile haa 18 auction p:lpan ofl 12.6 n (LO feet) longth and 350

“mm (1 incheo) dia. ’Iheao are comwcted to the receiving pipe of ho n

(130 faot) length and 1600 m (63 inehe-) dia. ‘ihe roceiver had to be.

| puahod fomrd in the whole for one meiler width, 1.e. for il m, aﬂer

having carbonized the raspeotivo pile 'nzerdfore thoae rocoivers had small
wheals and were puahed on rails. By t.hia atandard outfit the alteration of
t.he meilers meaauroa, ﬁmod onea, was 1mpoasible. The receivor is oonnacted
to the main pipe line by means of the ao-callod connaoti.on pipes. These ‘
pipes as well as tho roadn line have a. standard length of 11 m (35 feot)

aponding to the width of tho ne:ller and a'diamter of 1200 ma (L7 inchna).
After tha progress of each meiler tho *rospect.iva connection line had to be
shomnod for one pi.po length Ono mﬂer-ﬁold tor 6 x 8 ma:u.ers con-~
sisted ofs '

lhh suction pipes (# 18 spare) LO feet by 1!4 inches dia. |

8 reeeiving pipes (;‘ 1 spare) 130 feet by 63 inches di;l.-aJ;_"“
hO connacti.on 1 . 3 n n

26m1n . o 3 "
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| additional the T—piecaa ’ valves s ateel ring pualclnga » bolts, and tho length
of the main pipa line to the condensing pla.nt which va.riad botwmm 200 and

700 m (62:0 and 2250 faat) cormponding to the local aituntim. This out- —
fit. was ordered 10 ‘bimea sui‘bable for 10 plants ‘Zhe total iron might of .
this outfit for the plant No. 8 anmmted for instance on 530 tona. The -
snction p:l.pes have compensatcra for tharmical expansion and nogales for

M adapting the thamometera. ‘The receiver had 18 socketa for connecting the
suction-pipes, each provided with a throttle—valve to regnlltc thc lucuon of
‘the_respective grate. . E’ach connection line can bo cloaod bty msans of a-
val-vo._ The mnin 1ine has a heating pipe maide and a cooling ‘1ine with
sprinkler ;}etu on the top outside., The first was used. in winter to avo:l.d
the atiffening of the condensate supposed to have’ a high pour-point, the

‘ 'Iatf.er was used in aumnsr as a condensing. atage for  the gﬁaas with groat
auocus. 'ﬁxe nailer field is plane with a slight slope. tmrda tho min.

~ On the deepest point of the main a wa.ter-valvo ‘and oil catcher were pro- .

SN

D, Condenuﬁ.hg Plant-. L - e e !
The last. mentioned item belonged already to'the condensing plant.
The long main pipe served as the first condensing stage and gave, dupending |
upon the mathsr and the" temperstm-o of the oooling waf-er uaad in the

- ~Vid“. . . B . 4l . . ‘ ”_;’ .. . - . ) . L ~/ P .

sprinklera, varioua amounts of various condensate wh:loh was pumped to one
'-general oollecting tank for crude product. The min line worked minly as’
a gal drying dav:lce, butaorkod as an oﬂ. vapour condencer too, 'giving

' romrkable quantit:les of oil owing to 1ts 1ength at plant No.- Sr
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tb.e Cotrell-mr-?recipitation folloud 1!113 conai:tad of 5 filter-bm-,

oil catchera and the reapectivva rectifier and high-tenaion aet. The Cotrell
was deaigned as the main condensing stago. | The r%ta ach:levod I shall mention
later on. The obtained condensatae wasg pumped to the genernl collocting tank,
The gas is sucked to the exhaustor-plant nmv.‘ The latter contains three ox-
H_haugrt-ora of 20,000 m /h each, preasure 12400 mm colwmn o! water, gas tenpera- "
. ture of 65 c and 3000 r.p.m. Each fan is driven by a high—tenaion motor of -
_”.‘200 kw and ISQO r.p.m. A gear is sw:ltcbad betwaen motor and exhauator. For
condensed oll tnere are collocting pipes and aealing pots of which the con—w : |
_densate is }.ed to the collecting tank.: From tho e:maustor plant the gas is
led to the bnrning-oven, where oil catchers axee provzided xfor tho rcmndnr
of the condanaing oil. This ia led to the collocting tank too. Tho burning—-,
 oven was daaignsd to. burn the midue-gaa with & low- heating—pmr in order
to annihilate tho hydrogon-ault:ldu and tho menolic-nter fmia .oven di.d
not come. into boing at all fortunately. The oven was to be 1gnit-ed by means

of oil _burners, -the temperatm of t.he msiduu gases haa to be }'ept uﬁifom

- and the oven was very sensitivs to gae ﬂuotua‘bions as. mll as on interrup- :
tions of the operation as we mnda sure on the jg.iot Plant, The very unstable o
. ,operation of & standsrd moiler plant, as 1t resulted in the practice com- .
pulsory later, would have damnged the sonsitiva walI-np of the furnace and
,provonwd the operation of the oven, ir not the events of war had hinderod
the corupletion o!' theae ‘ovens in all plants. By means of a by-passﬁ-pipe-linu__.
| the gases were 1ed into the chizmey. | | B |
_ ‘The general collecting tank waa a,ﬁpit. made of concmte with a
| pump-sump. The condensate from main pipeline, Cotrell, oxhaustor—station
&r_xd chimney were eollectaq here._ Hegting of thp contents_ ‘was providgd;‘ “

L
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m crﬁde product was pumpedfrom here to the aqparation plﬁnf. and the . water
"already sépa’rated to the phenolic-nater container. The separation plant
. consista of two pre-heaters from which the oil is led to two wood-wool fil- |
'tera ard then to a nixing container. The latter perfom the mixing of —
filtered oil with "Dismulgan” in order to break the oil-water emlsion. |
,__ D:Lsmulgan is added continuoualy in a apecial solutiori by means of a pump
"The result was very gﬁod In sum@er_l?le the dﬁ‘livery of* dismulgan' by ﬁhe
I. G rarben was atopped In order t.o separata the oil from water and dnst
we -installed a huge contlnuous contrifuge by which the heavy emlsion by
means of adjuat-able scrapers was aliminated Thon 'bhe oil passed another
amall centr:lﬁxge and was pumpod %o the main. separating tanks, where tha
final separation took place. The small centriﬁxgaa were mrloadod as far
as the crude 0il was not pre-aeparated in the acraper centrifuge. From the
| . separation tank the clea.n 0il was pumped to the storage tanks and 1oaded
‘in the tank-trucks. 'l‘he aeparated oil-ﬂvater emulsion was again led to

centri.fuges to repeat the procesa. "

411 phenolic-waters were gathered in a basin and - in abundance of
the burning oven - pamped on tha pilss alrea.dy burned for annihilating.
Heatiné-e}.”i—;;; difforent containers was performsd by steam. ' The whole con-

~densing and aaparation plant 1nclud1ng the exhaustor station was built in
outdoor construction. This resulted 1n many troubles during the firat winter,
4In order to smoot.h the opératiw we: built housea on the exhaustor and
geparation plant apparaims. F‘urther the following belonged to ’c.he standard

outfit of a u’ueste"-?lant: The boiler-houae with 2 2 boilers of 200 mz'-

~ heating surface and a Permmit-watersppftgning device s the .t’.ifaurasiiormegr-:m:lT~ -
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awitching-etation for the eleotric powar aupply, the laboratony and
different storage sheds for peat, coal and wooden chips. _ |
'The atandard nuﬂber.of vbrkara and employees ‘amounted to 270 peraons. ,
; ?rovidad was the carbonization of 30 mailers 8 month with an asaunad
output of 1800 tons of éﬁhle oiI per month.
Further Droper data of the technical apparatus of a atandard plant

inoluded in the oil shale files here.

In the following a ahort sketch of the technical outfit of the
"Pilot-Plant” at Schomberg'uhich was deatrqyad by the events of war in uhy
19LS may be givan. The Pilot Plant was orected in order to mako variona o
“tests on methods of uhale carbonization .in general and to giva the nacesaanyw‘
information for the lo‘standard shale carboniaation Plants in special,

| The plant had tno open cut minea, a temporany crushing and soreening
plant (the right one was never conpletod), two "mailer-fielda" such giving

allowance bo different types and sizes of piles, a condenaing plant oonaisting
2

~of air—coolar, uater—coolar of 920 -m—cooling snrface, a Cotrell-tar—pvecipita-

tion plant of 2 separate unita'withLB % 1. tiltors of 32,000 m3h gas capaciﬁy,
an exhaustor-station consisting of two exhaustors of 16,000 m3/h each and one
for 20,000 m3/h, different other condenaing means, as for instance, baffle
aeparator, nozzle saparator, which were switched on the gas circuit or preparod
for testing. Further, a light-spirit recovery plant baaod on the active-coal

principle was installed. The gaa—burning—ovan wnrked for a few days only;

f_as above.mentionpd. AThe aepaggp;ogwglant consinted'of wooddwbolfaeparator,

[ESENEE

7




g

‘ the number of'uorkars and emplqyaes amounted to 700.

,contrifuge, diamulgen—mixer, the nscesaary containers for aeparating the

crude product and reapective pumpa otorage tanka, boiler houae, two

1aboratoriea, two workahops, transformar station, ofricae, as8o. Beaidsa

.thia there wag, a:mumwial plant fbreseen for trial carbonizations, where at

first the Hubmann furnace only'waa practioally testad.. There.was a con-
densing plant,; a Lotrell device, laboratory, asc. The carbonization capacity .-
was 11mited by'these different apparatus, up to hOD tons of shale daily by

the "msiler"—aetbod, not taking into consideration the other mnthods. '

Tha'“Pilot Plant® was never completed and owing to a wrong design

. was atartad mch too late to build, Thua the reaults gained from it for the

10 standard plants ware poor ahd'lato. Owing to the great building capacity

¢

e

3. FPractical Results and Profitableness of the Pile Carboniib,uon Yo thod

‘The erection of the 10 standard plants was started on Dctdber 1 .19hk.
Within the first dayu ot Jhnua:y 1948 it was expectod to obtain the first ol
fron each of the plants._ The daily'output of a single plant was planned for
60 tons, 1.e. per month's totaling on 15,000 tons of oil to be obtained from
‘10 f@ctories. The full production together‘with the Pilot Plant and the
anlargeﬁent of 3 existing o1l workse of othar qampaniqa”for uarch 1945 was

acheduled to amount to 13,000 tons of oill. These astimntes were never reached

owing to basic miscalculations - as I tried to axplain in the former chapter —

e s

1

owing to the lack of undaratanding of hunnn and practical dbstacles on the L

part of the extremely theoretical planning authoritiia, nwing_to“thapdalay in

B
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building caused by axt.maly bM mthor dwring Oetobcr, Hovembor and
Decembor 19Lk and by the lack of trust in such a late and gigantic remady
"to win the war" finally owing to war influences which paralysod the trans-
portation of raw mnterials , food and housing equipment for nearly hc,
workers employed at once in th:ls program.

The i‘irst standard plants were “ready" during I'ebruary " At that
t.‘..mn f.ha tirat local air raide began to make some trouble.. Compared with ‘the
fixad quantity of 18,000 tona the raal output of oil of tho whole 1ndustry

-~

was up to now in approximte data tho rollowings

November 19hk 630 tons © Qotober 1945 210 tons
. December 194k 650 November 650 *®
January L5 - 800 " ° . December 680
Fabruary < k8o w Jamuary 19Lk6 - .500
March . 1165 | February 700
April : ' 860 » . March 1100
Hay | — - April 1000
June L —— | May 950
July : — ‘ Juns B - 850
August 4 6 = | July estimated 950
September 170 * " -

‘It mans the ;aloutput was at the "beat a fifteenth of the ratéd capacity.
[ g

Of the 10 standard plants 5 never were comple;tegw(p!pg,_v 3,5,6,7“,10‘), one and
the pilot plant wére déatroyed by the happenings of the war, two are in foly— -
working oondit:lon but closad and two are producing ofl all the time, f._"lh'e ‘
utmost one can expect of these four. remaining ma:ller planta is a monthly .
; output of’ 1800 tons of oil in_the total. _A{tor_#gompletion -qf the plant at
| F‘x‘onmern a;ui-l-;s;largémut-"of'tho—wmdorgr;nmd' pl‘.ant 61‘ Schorsingeﬁ - boih of
i t.hem world.ng by another mathod - I eaﬁmtc the maximal poacible oil ocutput
of this area may amunt to 3500 tons per month undor tha presuppositiona

that the two closed w6"ka start again, that mn,glabor :la available ’ t.hatr .

o~y o TR ‘
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toola, 1ubr1canta » etc. » are pravided snfr:leicnt].y a.nd an adoqmts nutrition

is granted to tha laborara. All theac conditions were not tuli‘i.llod aither
Zunder ‘the Germn or undor the anch gmrnmnt. It is, of oome, quite
mothor quostion to what amount. the oil production may rise in this district -
by means of other mthode and naw plants, if at any t:hae in the futwre a
stable German or Russian gevermnent ahould put great atms tm—theae oil

vdapoaita. o

* Up to now the best cutput of a at.andard miler plant has been 350
tons from 12 meilers within one. month. . This 1s a bare fifth of the estimata,
' Fifteen piles with roughly 450 tons per month are the -beatrfron ny ex-
.pectat:lona. | _
Novsrthaleas, the Fronoh scen to be umcatly :lntomtad in that
o .’mduatry. After an interval of four months after the occnpation of that area
by the French First Aruy, the French showed an increasing mtmst. in the
prodnctim as vmn as in 1arge nealo testing. ‘Ihere may be dirtaront rouona :“_"‘ i
to ease the French importn of fuel fm' ayifmltnral pnrpom into thoir zones |
S 2 &cu;tion, ‘a means o.t‘ balancing a little their occupation oxpenues and to
make. J,nrge malo taata for thc banofit of their own eil shale :Lndustry by aid
of the oxist.ing plant plus captnred manpowsr and _money. ‘me pmﬁtablqneqn |
in this case again doga‘ not counts ‘the money was taken ovar rroxn two Cerman
"companies™ and is _spent ror‘ research purposes, It is of aobonda:ry 13m~ if
the price of one ton oil by the meiler msthod 1is about Rl!k 950.~ and the
| ‘fixed market price Ruk 330.~ per ton. One can expeot ,ghat ttwo works p!'o-

« B T SO ) e S e L B Y Tt
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duoing by another mathod qn_d a third after cbnpletidp may decrease this cost—
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price, but that's of no impurtance. The monthly oil output of the pile-

plants alone was in ronnd figures: " Lo -

November 19kl 80 tons (1) - October 1945
Decenber 100 » (1) November - -

January 1945 - - 52 ™ (1) December :

February 8o = (1) Jamary 1946

March - 665 ¢ (5) =~ February

April - . . N March o S
June - | ay - " lso
July - o — June - -~ 350
August 60 tons (1) July astimated ' h50
September . 200 (1) o

N N N Nl N

- The figure in bracket.a glves the :.mmber'of wbrki‘.ng planta. - This return

shows a) a complete tailure of the meiler-msthod :'m its industrial st.ago under
the pravailing local circumuncos. ‘on the avoraga 175 tona were produced
monthly instead of 1500, i.e. 11% of the rated capacity. b)_ the dependency —

 of the meiler on the climate is evident. During the severe winter of

-

ﬂ‘urﬁtemberg‘ the production aqnalled praci;icaliy nil.

nale o;1 . Yield o

s sbacivie 5 sco. T 5
229, . AT
.50 - abt. 25
1.76 . abt. 30
1.10 . s6.2
Tl 2 28.0
120 o
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Meller  Shale, = ol
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Mommtmwumlcmsmtmdmlmmwr X
cavatora, eleotric power for drimng and. iighting, aso.

The specific cmwtion of differant items for the uncr-pue-plm
c'unﬁ.uting of the ‘mi.lcr-iﬂold, the oondensation plant, worhhop, leboratory, |
ottm, ato., wore in the amaga per one ton: of produced oils |

El. power 700 Kwh/to

Stean 2 to/to

Coal o.s to/'l'.o |

Fuel and }mbr!.mta 0.003 to/to

Han-pmr 170 hrl/to |

Peat 0.9 to/to

Woochn chipa 0.08 to/to

'l’hese fd.g&(n includs oonaunptim for gemeral pm'pom, a8 !or .'msunu,m
tmsportatim, offiec hoat.ina, repair and mintenance of buildings, eta. |
These ars, thm!orc, no propcr data for eomarison. Nemtholou, one can

state thaf. the above data, eapoeully a}.m m and hboma, 1ie h!.ghly

" mtmwmﬁlwmtmmiuummw

Enrop- Without taking ingo rogard tha om, parhly major disadvantages

eotth-nn:uarsmu, outofthoncemmpumth.milormthodmnot
‘able to compete with mgular msthods of carbonisation. Even the demand of =

m-umimmmhm#obomwm«thmatammuthan

E mgo uohanmal outfit was much m.ghn' Fer mtanco, th. phnt (withwt
~ nine and mmng stock) cnnamd in 1ts pipo-uxd-uchinery—-in.talhtion
- around 1700 tons of 1run, 1.0., ut an m:pecud ammll output af 011 of




118,000 tons and a dﬁrat:lon of life of say five yuara, a ielntion of 0.019

tons of iron ﬁéf one ton of _;iroducad oil. The really performable production |

- of L50 tons monthly or 5,1;00 tons annually or 27,000 tons w:l.th:lnﬁva years =

gives a rel.atimx-qf 0.063 f;ona of iron per one ton of oil, 1.6, » 22 lblof
iron Qer’ one USA barrel of oil. "--Gompared with the low temj:eratin'o diatilla—-

tion plants. built by us in ust.onia up to 1940 and by the German admi.nistration

.untillyhhthodemamlonirontotalledinﬂatoniaon6kgsperonotonotoil,"

1.e., > 2.1 1bs of iron per one USA barrel of oil, or taking into consideration

the oil contenta and | yields of both the methods, the Est«mian nethod roquired

10 1/2 lbs/barrol. The relation is 2:1 in disfavor of the milar-pile method.
| The apparent. aav.tng of 1ron ought to be one of the most advantngeous items

of the m:l.ler system. S . I '

 Under the circumstances. of the Wuerttenbergian climtc, way of bnilding,

- aso, then the profitableneas of the mailer uethod is eomplote]y out of
:"queation: the cost pr:lce of 6 3 barrels variéd hetween 890 and 950 R!&K, f.8.,

380.00 and 395.00 at the presont exchange rata.

Y

k. The cotran.-uothod in Connection with the Pile Carbonilltion.

Beaidea the main gas pipe line with & water aprinkl:l.ng devica, thc
main and only condensing means -for the gases ‘was the Simns-Lm*gi-Cotmn-
,tar-precipitation plant - : _ . - L
i The ‘long pipeline worked more or less as a m\tural condanaation, thnt.
_ is, in at.riot dependence from the respeetivo waaf.hcr, and did not ena'ble tho
adjuatmnt of condensation. Suoh gasesa and vapors of the meiler. reaohing the

Cot.rall-plant could not be mﬁmncod regarding thoir tanperature s duat

L — —“"’“\“f"
L

content and concont.ration. :

The worktng—wtﬂrthe—tar-procipitaw proved to be very unpleasant

under these conditiona, altho the clectromtic eondanaation ot the Gotrall- B -

arhnents
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wmnnnapmonmm—ammmmxmmmm
: moretm, tests were started toﬂxmd to cmh, uwibh, the
| M;ummumatwwmorﬂucomn
BaumlhmmrtMWuMmumeduMhthuhmhu
mmm, uthoIcouldmtnmsMthowmwm.
'me comu procipium“or & standard nz.hr-pnc plmt m&ﬂd

erthofoxm:aguma N

' § filter boxes in cne row. m;~w1n1otumthoéu.mm

'the outlet on the opposite side abovs. The conducts to the single bexms are

not aqual regarding their resistance to the suction. The boxes are 6 m high.
The lead of the high tonliun volugo in. porfm on the top thru a eable
nningmandnmhinmllmuhm Lnirmpipaloud'thawlugotn
1Ll stesl wires which rommmmmm m-mhangmctlyiaﬂa
‘midst between amt-d.ron plates, which form the pmcipihting—ohotrﬂr ™he
,‘.Mummu Plates is smaptly 240 ma. Rach filter has on the
"-."bo%nn an oil tud which u connscted over a -uung pot w the muon ps.p.

‘to the erude ol tank. The voltage of 380 volts. 4§ bransformed to 525 volts
'undunbcnguhﬁodﬂthinﬂamoofkwuﬁOvcltGWWot&atap-
chnnz!.ug~--tramfcmr.~ This voltage is conducted over several switoches to a
high tension transformer $25/55,000 volts. The high tansion pAm-' to a retating
disk rectifier. mmm«zwumem,mrw -
control of the ma-load of the ainsle filters, automatic eireuit brealkers and
'oabhmnngeuaams - mubhttoﬂnonllmmmm_
_ %hotopotthorilmbmu Tomidlinbmithogrcundingiapertm
: wryprapnly. Two high toncs.en and r.ctiﬂer utl are “installed. Each




“mmmmmwm-.touo:mmnu. Further are
'providod electric hnting of the m.éh tension switeh room, vontihtion and
the uoctr:o haats.ns of the un cntram :lnmhtm m tlw top cf tho bml.

mnznw The outfit of the plant was up-to-date and bullt so well as
_mmmbytholm-gi cminawryprwm. ﬂahidltmdeamm
bc nguhud in thc range between 560,000 and 80,000 Volts D.B. md ws ohuhll
en tho undmlup lid!¢ Gontrol and- supervision took phc- on the
uitchbon'd plnol. Eachoftharactifm utuhaalmhdcra‘%ﬂ
at thoTuted volt.ago, which um a11 f:lva Lilters can bs fod in case o!'
emgaacy by one mﬁiﬁsr anow:lng about 55 mA per mm. The rat-d
capacity of each filter was 8000 lia® of gas. At this capasity the filters
prccip:ltaﬁa nominally 95% of dust ascording to t.hc g,‘..!a guaunm. . The
ovurload pf every 10% produces a . decraase of Mpauﬁm of 4% of the
rated capacity roms.ng dust and dry mt.rhl: rogn%ing 011 m of

' d:lﬂmnt composition there are no data .xporinnacd up tc now, :

Wﬁm exparienses.
The opon'uon of the Gomll piumt in mnnbmtim with ths moiler-

carbonisation method exhibits a cordenser with -a variable dw.octrs,c. The
| milblos are the following: |
a. The oqpn contmt varies bemanBand ze%and i.- mwh
: onthcnmdihomaumofthcnuorpd.h Iohnoconnmdmt
i ihe working of the prectpitator at a h:[gher cxygen content than 10-12% is
] mmmnwprmmu. Miiﬂlﬁmtﬂglmmmofu- _

T plesion, the n—u of which we have ﬁm on 123 02., In centm-y of this




| limit um-e eacmcd at different on mlen m or £ilters ad mre -
uscrwm.'_ wanmatnat:mehewmmmmm, the
| quantity of which varies promm:,y with the Oy~content, releases the .
axploaions. Ve sasume that ntorw in du to these mum. Wo hm
- obtorudthathcavyrdntﬁ&%igniﬁmdpthaatdrythﬂnﬂdam
" operation of the Cotrell very turbuiant, :avom r.nwmuuons and prodused
”mhuvyoxpm:lmbywhich yone muramdomoy.d The mm
| &t mailers moistensd artificially after the ignitien. e hydrogen contant
” *'---vm-a,at ﬂam tasts hcwnnh and 7%.  The opposite was cbserved at .11-@-
'ofmmtmnrnatmmmmgh-fmmxmum. me
. water mpm:u, the -tn- works as ucavmging gas and pradum cmdmtian— )
emlfwﬁooum Mmlaﬂmmow,mcamumhm B
qu:l.etly, tbomugorhubuttbdlyhﬂbymofmwinuﬂur
mnb-mue:ﬂnmmuemcomuwmpu-mum..
| Vn-im measurenents nhmd cm-vn ucmﬁng %o uhs.ch tho "feasible
 lead™ s toverssly propertional to She cxygen-comtest. Altho here were soms .
mmmwmmbmmum ‘moso-canod ':ns:!bh
load® is the di.nhlrging owrrent in mi bomn the mm-proeipiuum- '
electrodeas whieh can be m&uﬂmtmtomﬂmtommi
elsotrodes. The *foasible M‘hmmmlhtmmlwlugom
to the dielectric of the condenser. At mmm tht uplrkmlum is
resched. The latter is automatically cut off. The "feanible losd" is pro~
poruonal to the erﬂ.g:loncy of the mm, f.0. the Myﬁnﬂm of ou or
other matter which am- the mmtuo. The m of carriers is
decisive. At pure oil VARpors tho "feasibls load™ mld be -mzy propor-
_ tienal to the gain of oil. Ihh 1s never the oase with the miler. m;-otm




| w.ry-duxm of -nistm, du-t, otc., produm an overlouf o!’ m :uw
or participates in the silent discharge of the condenser, in oth cases
mlnm:ing the yield of oil. At small oxygan—eontent (abcmt 3-71 02) the
sfeasible load® can be kept from 50 to 70 mA por filter. The oxygen-content
‘decreases after a good ignition of the pile after 8 to 12 hours below the
1imit of 12% 02. Gonecrning our ea:pariema thus the fiut qulrtor of thn 4
duration of the earbmuuon does not enable the use of the ccmuwimum. -
If the pile gets ~ta1u-ur~ from his noighbm » the whole carbonisation 1 o
spoihd, at loast r.mm!ins the use or efficiency of tho Gomn-plmt. : ‘Ih-
httu' must be switched off tmadl tho ond of the carbnnisaﬁon b.ctuu 0!'
increasing oxargon coutant and ‘the fomtian of watergas. Based on our ’
oxperienm one can state that the possible duration of use o.f the Gotr.ll’
~ amounts to 65% of the tml duration of the pile carbonintion.

b. The ampunt of chlrge of the cotrcll is of ontatam!ing Mlmo.
regarding 1'&: ef!‘ioicncy Thc nbava nsnumod is val:l.d a8 long a8 f.ho t:utm

are nét overloaded. The rated Gapasity of 5 filters 1s 10,000 a'/h at a

tonpsratm v*t"65°c and a dcnuity e£’1.37 lgs/n3 of the gus. The naners

“ware run usually with 2, at nacoasary higher voloc:lty of carbonintion with

3 exhaustors. .During the ignition t.lmy were runalmys with 3 o:dxann@orsl
tqatlmtBtolShm maqmtityormoauthmhh,ooo"sp.,
54,000 wh. The standard Cotrell plant of 5 filters was hence overloaded
by 10 resp. 36%. Therefore the efficiency of normal dust mci.p&tatm hu

to bo dacreased on 91 resp. 79% of the rmted w'oaipauﬁoﬁ. " This at nornll

lm——

Mnmth. Rugnrding the otfs.e:hm of oll guu thm were. no data .-




mvaildblo and aur om obaarvatiana could.not bo canplcted Huverﬁhelesu,

1t is sure fbat the pracipitation owing te avarload decraased on more thtn

90 ard 75%.of the rated output. Taking in considaration the demand to |

carboniso tuu piles at once "overlapped” 1t 13 evidant that at leant 6

tilters should bs applied and an evasion pipaline providcd to nmeet the peak |
load. The price of an additional filter i& one ten’l'.h only of tha complotc -

%mmgmﬁ,;;ii:;4g~  N

uncertainty'or the tamperature of the gasea pasaing thru the: Gotrell plant.
 The tomporaturn vardes betweon hS and 80°C. &s mentiored alraady; it was

imporaible by means of the existent appéiratus to keep the gagses at the

Qotrall plant on a s%able temperature.‘ The latter depended on tha outer air'A

tempefaﬁnre.. The lowr the vP'anratUI'G , the more miaty the gas, the grut.r

2

‘
K
;
4
2
:

handling-surfaces the a.tngle part;c“es of the gas oi‘.a.er to t.hs electrostat‘le'

- field, the better is the gain of oil. The Cotrell worked during winter,
therefore , much better than during summer. 'A%t hot times again better during o
. @/d The usge - of bhe spr:.nklim. devi ce on the main gas |

T e AV TS g

the night than at daytt
pipe was of some advan‘caga » but comparatively little only. An affective
water cooler must Ye used before the Cotxrell, even 'bhongh by this the dew~
| point 1s Jowered only and the gases are dried, |
d. The ma&s%am > as mentioned already, is a further variablas which
't be controllad at t.he mailer system 'lhe drier the gas, the less the

e

"proportionato load. c.f the Gotrell by pracipitating mtar-—vapora R 1 water-—

condensate. . This is a reason more %o put a watsr-cooler, baffle-cooler, or




shock—ubsorber bemn the no!.lor fiold and tho cotr.u. .

e. The concentration of the gao. . Iike the oﬂm oonmt, the spocific / A
content or oil, of hydrogen, of duut, ete., 1- vastly varying in the mailer
gas owing to their origin in a not controllable carbonisation method,

, »_{,»__ Finany, there are as varﬁ.ables of the diolootric unlmam a.dndxturos,
comnt of duut and < as we have Gbsbrved at several obeaaim ~ ceptain
"cloudn" of gauu of quite mother cenpocition 'hi.ch 1ike hrgn bn‘bblos p.'l h
through the electric field of the Gctrcll altering for a short poriod 011
conditiqns of mking. The high tonuion was nost. altorad, the gu tcnperatnr-
.and the mution are con.tant, but nmrtholoas I hm noticod ﬂnctuatim of
 the diﬂchargo cumm of 20 to 60% for durations nrying betwesn 1/2 and 2
ninnf.u The normal conditions were reachcd attcr such & olaud h&d pund
These ﬂnetmnt:lons arose at all filiers at the same inatant and are. dus
noithsr to a mentary vam’biou of the o:wgen-eontmt nor to somes olomicl.l
" vreaaon.—v%acanse of the iack of amtomtic ga.a-‘-rscordm—no—proper cxplunltion
can be given. It : id auppo-ad that the clouda arise by hnge exploaianl in the
meiler. The dnst-content varies, %00, but never -in ghort i.ntamla. ‘his
dependn on the kind of the heaped ahale in the meiler. MNore fins and dry
shale, enpeciaa:ly'ﬁih 8 ramrlmble porcantngo of dm, as we had to carbonise
orten, remn.ta in more dunt Wet piles of large -hnlo pima gave 10.: dust.
" This was made sure on amrtl oecuiadc by opening of the filter and ch.oking
‘the grade of getting dirty of the porcslain wall entrance insulaters after |
huﬂng run difrmnt piles mctly—at the same hoating of the Mulatm. B

' The dust content of oil showed this tooe )

O Y

o e T T TR i L m et " AT
R R R B Tt



Oad.ng 40 the diwraity of these diatm-bi.ng conpmmn, aopuhuy
if they can't be eliminated as it was the oase at the standard meiler phnta, |
the predetermination of the operation of the tlr-m'ooipitntar was impoesible.
on the other hand, the Cotrell as a sensitive and highly amlop-d dovices
~ does ot auatai.n these irregularities of a crude method. It cannot grant
... -as the only cmdensation mana :s.n c&lab/oration with tho pﬂe carbmiuﬁ.on
‘a surfic:l.ent ’ ‘not to speak of a constant s oil prccipitﬁhim. o

—

‘ | ST

_ Further, the follcving points of view at the comboration of tho -
Cotroll with the meiler are to be conaidareds

B 'm. cqn.l diatrﬂmt:lcn of gas on tho ‘single filters., We mdo

~m that the veloe:l.ty of gas in_the diffomt fn%m was by no means cqnal
owing to the armngount. of the r:llt.rn in onerwand tothominpip.

) entranoe at one end and the suction pipe outlet at the oppaaito end of the
ro'. Tlmu the reai.ntancel to the gu sustion were the greatest nt the -
-ontmmo (ﬁrllt) £iiter and thc mneat at the (last) £ilter nearsst to -
the suction mxtm. A radm u'rangmnt vould hsva boan much bettcr.

d.crmcd by a‘bcps up to the first filtor.f The qmntity of w m regnllud
, I.t each single fﬂtor by means of valm., The "tmiblo load" m ul was tho
greatest at the (first) filter -:Lth the mllut welocity of gas and de-
creased correspondingly up to the (last) filter with the smallest resistance
to the auct_ioti. By means of the valves this was regulated; the velocity of
" the gas was mads squal in a'u.fﬂtoia. By doing so the total oapaéity of |
"the plént‘ was n:l.ninisod naturally. The pracipitation or "feasible loul"

et
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§ ,proportional tb the vcitage (E) and inversely proportional to the gnb :
velocity (¥) as the parallelograms of foma shows., On the ot.hor hnnd, |
ia of no use to enrorca a higher ufeasible load® by increaai.ng the volugo .
(B) for this ieads very soon to the limit. voltage and tc apark-—averl. Further
the prrocip:ltaf.ion is propar’bional to the dennity of the gas up to a certain .
S ra‘r’z’g—i;"ponesaea there & reveraal point and decreases with rising density-
: mwmn tha.t not all gas pm:unos can be seised by the olcctro- |
atntic field (E). ‘1f, for instanoe, one ‘filter is cloaod by the va.lvaa en-
| tirely, the "feasible load™ may rise up to 150 =A because there is no component
-V and all pari;iclaa sorve to the diaeharge of the condenser. Of courao, this
' -doas not give zmy gain of oil; this :Eilter nmning idla._ Aa is well knm,
- this is the way of tasung the i.mmlating raaiatanoo of the filters withE
" and no auetion. The i.nsulat:'mg registance was tested after repair and upkeep ‘
and ahmd sbout 160 mA at 450 V under-voltage. Besides the velocity of gas
there the format:lon of m'eatha of the gas due to axtrcme velooity and un-~
| —aymettical streaning is of outstanding influence on the decreass of pre-~
clpitation _of-oil.The veetors E and v of the elect.roatatic field were
disturbed by these wreaths. ‘
'3’-‘. Heating of the wall entrance maula;sou. |
. The insulstors ave puilt for 110,000 Volts A.C. They sre fixed

,betwoen naboatos pack:’mgs on the top of the filter, two for each. The inner
parts of ﬁhs insulator are surrounded by a ahae'b iren protaction cylinder to '

* perform a better diatribution of the elcctric ﬁom. For ‘the mame reason

—

e —




ull oharp edge: in the aurronnding ot the immlltor have to be lhandonad
as mu as welding ridgou. Othmiu, nudlo-offect nay disturd the operation
. when voltagss P t6 80,000 Volta are us.a. ‘Several insulators were destrayed.
by punctm- at some plants. ‘Iheu wm ‘due %o short c:l.rcuita after appearance
of noodh-etfecta and dna to strong heating, high voltngo and soiling of the
surface of f.ho in-nhtors. There are oftan strong burning traces on the
surface prodncod by aparking-—ovon voltag!t.'axe:urfa« of £he insulators
' bocou“ leading urtor long luting use of the Cotrell during a Mcniutien
_process when h:lgh tonn:lm 10 not appuod The udinnnt on the isolators
consists of an emilsion of tcr, duat and no:lltnro It is very likely thnt :

| tho water eontant of thin mllion does not mmﬁo qntiroly, althom 'ahc

' :laouturn weors heated up to 120°C for drying purpcses. _The dew-point of this
emulsion is seemingly above 120°C. On the other Band,” the" iuolator will not
be hel:hd_nbm :xao"c whilst under high mmon, in ovder to avoid a decreass
h of tha dielectric strength of the porcelain at higher tenpﬁ-atma. As long
as tho voltag' is not appliad aonpsnatinly nore part:lcles of ofl and dust
roachbymofmetienand-hirlathenpporpnrtufthefiltarboxnnd
the isolator 1m1£. : It is essential to atate»r-—that these partieloa wors

forita tomperatur.umchhigmrthanﬂwamcnndingpu'ta. For this .
reason it is not advisable to switch n_the high tension on the filters hm
than 20—39 hours after the bog:lming of carbonisation.

' The Cotrell plant is switched on nornnm 10~15 hours after the be-
gloning of the » carbonipation. During this time the isclator must be heated

et ful1" atrongth on about 150°c The heating has to be decreassd on 120°C

A e e -‘-;.:,-":Tf-,"", ,L:.{“"-;‘vri:‘.-;‘=.5~;,A";_1*:~=-*:'-':rl‘: Gkl :‘ " A """' i 3T Lo &f"!
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aumy one hour before applying the high tension. As above mu-w, these

| precautions do not givo my ful) resultss the rirut m hom the operation

of the Cotrell plant after prooeding nmraz hours of carbonizaticn are rather
t.nrlmlenﬁ ‘bacann of frequent spark-overs. These make the condensated emulsion
on the snsulator evapmto and dry the mrtaoe. The operation 'baconea"-the_n |
much ,anootl_mr.. ir betwnen 'bwo m:llers there :lu a ahort pauae only, the

heating -my be not Mtched otf at all. At longcr stops the heating must be
interrupted to shu tho powsr. The insulators must be cieandd évefy 71;h
clrbonisat!.m. It is udﬁubla to clean the filter bowas by means of brooms
and luperhaated stean every lzth or ISth carbonisation, 0therw.’:.ne, the no

load Ansulating roaisunco ot tho vhole tilter domanos.

.’:- Succession of the nn:llorn. As nsnt:lencd alraady the Cotrell-phnt
can't be used within the firat 8-35 hours of mry nailor-pile owing to the
oxygen content and to the ovarload by intensive auction. It was fomaeen to
j.gnito mry 22: hours one meiler. The us. of the Cotrell would have beenA
" diminished ander these conditions to 9-16 hours por one meiler. The .
profitablemu of the Catrou phnt_—in_coii;l;;;ntion with the meiler—pih
at snch atrictly schndulod sucosssion wmxld have been doubtful once more, ‘
The Cotrell requests a mﬂ.:tm and as much as ponible continuoua operation. A
" The meiler, on the othor hand, dopond- on varicus cantingencios. At least |
i.n Wnrttenbarg we failed to overcome tho Iattor. o '

k. It may bo mtionad that the high tenlion md.tch mon nmnt be kept
very clean and dry to aveid tronblo by dust and noiatm-e. Lspacially t.ha

' high tension rectifisr disks are very sensitive towarda moisture. The foom
™
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gases and vapors are precent. The heating of the robn imqt be perrmd by _

elsotric stoves. | S -
1. Electric Mr consumi.m of the electrostatic tar-precipitatm

| and f.he~ ructitying_w trannforning losnes aro amu 'mo heut:lng of :ln-

-

worth while mentioning. Tnese do not depend on the duration of the’ Cotreil®s

world.ng time but must be lw:ltchad on more or lens mtinnoualy.

The room heating takas during the wintar and at wet. ‘days 9. M* ‘at “;
dry mthar at least 3 Ews. The. mnlator heauna takes dnr:l.ng f.he oporltien e

of the hl@x tcnsiem and during the mnmh b.tmu the piles 10 Ews and .

, during the ou'boniutian bofm th- Mtching on tho h:lgh tension 15 Ews

for s comn p].ant of 5 filters, i.e. tor 10 h\tnhior-
"~ """ 4me load of discharge and rectifying nuctummyatrmhm
_slope of the efficiency (1.0. "feasible load®) of the Cotrell's vorung

O\ting to high 02-oonton+., overloading and other disturbnnooa the cun-nnt

-. amounted in the average to 25 mA per t:uter, wvarying for houra between 10 n&

and 60 miA.. This corresponds to undemltnge A.C. loads of 5 works.ng filters .
of 7.5, resp., at bad precipization h, resp., at good precipitation 17 Kn.
The power consumption is at a carbonisation duration of 40 hours,
good 1gnition and law Op-content, for inftances | N
Rectifying and discharge current 32 hs x 17 Kws 550 Kwhs
Heating of insulators 32 he x 10 Ews = 320 Khe
Heating of room - 32hax 9 Ews = 290 Evha
Iight and fan S = __25 Kshs
1285 xvhe

‘ tbkk,; A O b




e power conamlptimﬁavfor 1nctanca ‘at bad earbonilat.ion of- hO

hours and dry and hot weathor: : _ |
Rectityinganddiachargocun:?n‘b 25 hs x 5 Kws = 125 Kwhs
T '?Kc_a.t.‘..ng of insulators ' 25 hs x 10 Ews -‘ 250 Kwhs
" Heating of room o B hex 3 Kwsw 75 Ewha
~—Iight and fan' Cem . w _25 Ewhe
| | TOTAL 475 Kwhs

In each case there mast ba -added the cmsnnptim for heating bcyond

£ ST TR Rib e

the mking tm of bhe Ootroll. Auuning a pause between two mellers of uy

L
Sl

~20 khom_'c in the first case: - _
Hesting of insulators " 220hsx10KW e 20 whe
Heating of i.nmxlatort | ’8 hs x 15 Kws = 120 Kwhs
 Heating of room | 28 hs x 9 Ews « 250 Kwhs
~ . pomi . 570 Ewhe
At a pau-e of ta.y 40 hours in the sacond caset ‘
Heatingofinaulatm L kOhaxIOK'l- 10O Kwhs
Heating of insulators - 15 hs x 15 Ews = 225 Kwhs |
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Heating of room - -~ 55 hs x 3 Kws w=._165 Ewha
| TOML 790 Ewhs
In the ﬂrat case we got a total of 1185 £ S'm 5”1?55 M-, whoreby
“the ratic of lond current to idle nmning ourrent 1is arennd 231, Only
550 Kwhs or 31% of the total comlmlption sorvcs‘dirootly to the 011 gain.
 We.get in t.ho second case a to’ul of L75 # T90 = 1265 B.‘llha, whmby
the ratio of load to no load i.a about 1:2. Mare 125 Kwhs or 107 of the total
oonan-ption serves to the oil precipitation. The costs of bhctric power are

RMk 105.~ resp. 76 - at an avarago pr&ce of mlk~0.06($0.006) per one Esh. -




It may be mtiuntod in this commction that the power eonﬂulpbion

is of little 1npartanoo if the power factor o!‘ tbe rupect:lvo fastory h bad,
becauu f.he Cotrell load 1: an olmlc or mn mctivv 1oad by which the punr
factor of the whole factary 1is inprmd and the m-priee lanrod. At a

 the cotrall eemmlption may riso to amal thounandn of m:. In the avmgc
11; n.nmmtod on 1300 Kwhs and was abernt 77- of tho m:hauatm' consumption which
.’ took per meiler 18,500 Kwhs.

m. Profitableness of the Cotrell Elant at the meiler method. If we
calculate the power eoata of the two examples per ons hour of efmtiw
rorld.ng, we gotin the firat case 55 Kwhs (i.e. .
case 51 Knhs (i.é. RMk 3.06) per one 'orldng hgm'-'. ~The totdl coau are in
this cases _ . | |

| Power costs ma 330 0 $0.33

" Wage costs 1 . ‘R 150 ° ~ 0:18

Annniw_aui;nﬁroitmcapiul R 6,00 . 0.60
. romz | R 0.8 $1.08

‘ por one working hour \ . g e )
The price of & Cotrell-phnt with 5 ﬁl'berc is around Rk 200,000
 The legal extinction wculd be possible in 10-15 years. In connection with the
_ meiler carbonimation method the duration of life must bo calculated mere 5
yem boctuaa of the limits of the other uppnratut. At the ! bnt 15 milm
SN mthly, each with an average Catrcu«orungntm of 32 hrs,, my be cllculaud
 From -hioh we gat 5?50 varld.ng hours per anmm and 4in 5 years 29,000 wcrld.ng




~ hours of the Cotrell. Iﬁ- uam every working hour is dpbi_to’& with. Rik.

6.~ of capital cost.a.  ~

UL e —

ottt |

The oo-ts ‘of -maintenance and rcpai.r of the comu plant are nry

_411%1. and nay be neglected, ’me gain of oil by/manl of tho m-procipitaw

is according "laurgi" 12-20% of the f.otal cutput of one uﬂnr These data -

were checked in the Pilot Flant where we took as. mw—wﬁ. On %ho—of.hor |
" hand, the presipitaiion on the mpmmtmmnmhm-m |

tomuntimdw | xrwmmums tth.beut,wgnt:i

tons of oil. Then 3 toms are debited with RMk. 5., 1.e. per one ton

RMk 115. or per one barrel 31&0., Taking in consideration that the coat ,

-pricopertonnn SBO.DGto”S 00, orporburrclm'IOtth.oo, ans comas
%o the oonclnaion‘ that this additiml oil is very “cheaply® gained.

s. coucz.usmm speaRY @ -
| um having read thc abo‘;a raport one might hsvn got the m-ssio_n that
the miler—carboniutim mthod is not ‘worth while mtioning at all. Bﬂi“"‘“" —
this is not quite right. 1. have trisd to emphasize that many faults of the .
4 _Wurttenbergdxn exporhont a.re dus %o the cnuto, human and tachnim m- ‘
; ..nnf_fici‘en.cies. The main faults to be renaved ares

e "Eréction"of a'\ioh planta hﬁm eaﬁeﬂhuinmtun. nlinlltc.
. GConclusion from a tiny test plant to the industrial stage. |
K2 Eraction acconung to the pri.nciph- ot war dofomc.

d. Principlo wrong technical qutﬂ.t_.

s. The meiler itsslf was too 1ittle mechanised.
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