.- Mining costs were t’ao-m.gh;
Constant mk of ho&mienl a1 uxiliary means zroa the t-lephm. tn
- ‘the lubricants. ) . |
h. Iawt but not leasts Working with tmnm m'ilm instesd of robust
| -
Basic zaultrnot to bo romablo ms‘ L " \
8. 'Hooﬁ of large mu c;;:trnng tmﬁﬂaﬂm. | T ‘
b. ‘Iiolﬂwhichhnrdlyuyrmhéo% of Fischer in thoam
¢, Bed utmuti.on of the heat,
d. Proocess is ms.tw ragnrdins the timm ramding 1ts toohnioﬂ.
" details- ‘stearabls., e o e e
" @ Hailer u a phnt in permnent ﬁtts.ng
: f;. Neiler is dapendl.ble on the weather,
B Gowarativcly ‘huge Wt of pcor gns, ,
It may be of aom mmut to calcuhto what tha mt pricn of . L“ﬁ.r- |
and—dm-zne. crude ofl obbtained By the uomr mf.hod under iuprmd cun;aum |
It must be pounibh 4o obtain the run of nin- shale for RMk 3.0. in-
cluding cmhins. seresning and trmporb until the pm 1w Rk 3.25. Ve
have produc.d in ’sat.onu, -for mmo, nuul uﬂnm tons of .halo for
Rk 2.86 in the ’am, This comapond- %o & normal- prico of run of un-
 shale of $0.76 per ton, It will be passible to cbtein from a standard meiler
of 1700 tons L2 tons of oil, i.e., an absclute yiuld of 2.5%, or 50% yield
. according to the Fischer assay. The custs per one ten of oil may approximately




<

 Shale on the pi%g f
-Wages, salaries
Electric power 450 Kwhs/to

_ Wator, coal, lignite, wooden chipa > .
lubricants

Amm:lty,é interest on capi‘bal -
Sundmaa ' \r 'v
- S “mnm——~~
Thii‘" amount corrasponda to a prica of 33.65 per one ba.rrol of oil at the

pronnt mhsnge rato of 01.00 mn: 10.0. Altho th. uhale on the pile com

' SD 325 only, the estimated cost prics of tho reuiy oll-is midnably high |
"This price may be lower in another country hut:lngmrslone mmthat -
the meiler-method might be appliod under the follo'lns Wimﬂitiom! cnly: A
dry and warm climate, vact. aress of plain and_hard undorgreund at low prioo,

poer. and ‘cheap. shale, ronunciation on good oil yiold and on by-—prodnm.
The electric Mr must be ciuup and the water suppl;r plonti.m, the earbon-_,

~isation plant hig!xly mechanized and the shale deposits situated Mmb]y to

tho pﬂe field. Pz-incipal £aults of this nyutem are not removabls, as for

in-t.nnca “the main errort the meiler 'idu'op mry continuancy and uniformity
necessary for the normal operation of a plant. | o '
A brief summry of the content u_gm in the touu-gg:
Reasons tor uoction of 10 carbmiuum plants of ths msiler mthod

First tri.als on the Mntungan p:l.lot plant aoennd 40 be promising. Accordins
to theu results 10 plarxba were dnignod Reaearches continued &t t.ho larger

~ Schomberg pilot plant were disappointing., Blunder of transrerrmg pempum




‘of tiny laboratory uato %o Mum:l stage. ¥o prastieal oxparimu of |
handnng m pile, Compariscn of raguhtim for the miler 4n summer 19hh
" with those in summer 1946z ) |

* a. Proparti.na of the oil shale of Wurttemberg. Sha.le sampling later on
_ abandmed. ' Haiat ahale

b. Granulatlm and erushing practicany nat perforntd

J" c.- Measures o _fthe meiler, grato. l'orcad ta si-pufy the mmros !.n

the wum-m. aug- )
bad ignition which is depemabl,e pn weather, Peat abundonod, 1gn1t.-d vy
~ means of lignits. o
| e. | Velocity of carboniution regu‘un-,ed by m of euhunntor. ozyggn |
cont.ent assential. This was in Hetsingen'l. 5-}45, rose at the p:l.).gt_p_lant
to h-10% and at the- atandard plantu to 7-12%. Dnrati.on et wbwitatm
dedreased from 80 hre to LO hru. Comparison of practiea.l data.

£. Trickling and renoval of grates appoared %o be very troublfwf =

—F

g ingofthoaw%andcoolingofthoumr Wrongtim

| pi'éduca a wrong schedule for the continuous cu’bonization.
h. ‘Bmoretical predetsrmination of carbonisation railad
1. Pilea with perpendiculn' snction pipea vested. T
k. Pixed piles to avold the removal of mtan st.ipnhte hanﬂnng of
residus, Short delcriptim of%clmical dcvion -of steqdm'd pﬂo»plantx
mine, crulhcr ami mning, ns:lm-fiolds, 'boba.l iron weight of pipe-work
530 tons, _condensing plant consisting mainly of natwral cooling and Cotrill

S~ . L

. . . R TR
- e

] . . -
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plant only. 'i‘echnioal ‘devices of. ‘the pilot. plant whieh was . oomplem too

late. Practical nnnltl ot the meiler-method. Erootion of planta dolnyod
‘by wrong planning and war 1nﬂuenoe. Schadulad output never mehad, Total
approxilabod output of the shale o:!.l industry of Wurttomberg frcm Nwember

. 19hk until July 19h6. Estimates on possible production under prevailing
_circmtanm. Interest of the Fronch. Protiublenou of the mailer-system
as performed in Wurttemberg is ou‘b of question. 0il produc‘bion by means of
.meilers in the period from Hovenbor 194k until J‘uly 1946. Return of single
meiler's antpnt’ on the pilet plant Scbcabarg and on Plant No. 8 from August
19k wntil July 1946.  Speeific consumption of pover, water, steam, etc,
Comparison of reqnirad iron woights i‘or d:ut’f-rent oarbonintion mathoda. )

" The Cotrell-msthod in eollaboration with-the meiler did not auffice owing t;o
the instability of thn meiler. the ".teuible load® depends on Oz—contont »
amount of gas, to:npernture ‘and admitburoa. 'So-e‘ directiona on operating the
'Gotrell. Power consumption and profitablenesa of the Gotrell. Conelnai.om
mrw faulta of tha meiler-»plants in ﬂ‘urt‘bemberg were remvable s other ca.piul
dimntages sre includad in the. character of the meiler-pile. attampt to

o astinute -the cost-price ot 011 produood by neilar-oar‘bonization undor ideal
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Subject: Information regarding refining methods for.shale oll.

A. Experimental experiences

I. The characteristics of shale o0ils depend on the chemical properties
of the original bitumen and on the inorganic substance of the shale.

They. can be influenced by the applied methods for the recovery of the
oils. Therefore, an important step to refine the -shale-o0ll must be
carried out by .the carbonlzation processes.

II. Characteristics of raw oil produced 194k from oil shale of
Schandelseh near Brunswick, Germsny, are presented in table 1. The oll
samples A and B were obtained In a small scale plant at Vienna and ths
" pample C in a large pilot plant &t Schandelah. In both of the plants
the oil shale was carbonized at low temperatures by the same ggs purging
process, ¥hich is reported on August 15, 1946 by E. Graf: "Description
of a Iow Temperature Carbonization Process for 01l Shale.”" The sample
D originated from a meiler-pile which was operated at Schandelah.
The samples A and B were-tested in the laboratory of E. Graf, whereas
the samples C and D were tested by Prof. R. Heinze, director of the
‘Resesrch Institute of Browncoal and Mineral oil of the Techmical -+ .
. University of Berlin. The ray oil A wes obtained by using air and weater
gteam for the gasification of the shale coke; whereas oil B and C were
produced by introducing alr and mcirculating lean geses into the -

The separation of the recovered oll-water-emulsion was easily
to perform with the oils B-and C by heating the mixtures to 60°C. The
separation of water fram 011 A was more dlfficult to perform by heating
a relatively long time at 80°C, whereas the oil D wes only to separate
from water by adding a 3% HEl-solution. ‘ : S : ‘
IIT. ‘The balance of the chemical constituents C, H, S, N and O is an

-~ important auxiliary means as to Judge the carbonization process. .

Unfortunately it was impossible to finish the constituent balances

of Schemdelah oil shale. The results of only one sulfur beldance can,
be presented. The sulfur content of the oil shele, which was capable
of being gasified in low tempersture carbonization process was 1.66%.
20% of this sulfur content was present in the oil, which had a sulfur
content of L.76%. 34% of the sulfur was present in the gms, 1% in the
low temperature carbonization water and 45% remained in the coke. '

" Pyying to extract the bitumen of Wurthemberg oil shale with

tetralin at elevated temperature and pressure in a 1aboratory autoclave
66% of the organic substance was extracted which had the following

average chemlcal composition.

= 83.h4 H = 8.0 S = 30 N.= 060 0 = 5.0

) “'The,ba.lanéeﬁofl‘iha__‘chemic'al camponents could not be :E':Lﬁ:!_.shéd..
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' CHARACTERISTICS OF SCHANDELAH - SHAIE OILS

A B ¢

Lad

continuous Graf- Tguis-shaft

1) Employed. 1ow temperature process _
g% gpiigic gravity 20 c 0.970 . 0.973 0.986
o g range o . : |
a) Watex - % Vol o.40 0.0 Q.00 _ .
Light oil -180°C " -0.00 .. 0,00 0.00
Midde oil -230° g . 1.;%:9 . 3.3 T 2.00
a . . -2 -] 1 - - .‘ - " ~ —_— . .
sooin =1 oBD O UZC o8
Heavy oil III -%05°C " W7.76 28.30 - 9.50
-Residue and losses v 8,608 10.99 ©.00
) Initial 'boiling point °¢’ il.l.90 'J" iOO ' i:cl)j
i) End point ~°c 405 7 403 3
4) Pheroles in¢c)y~ " T Wt % - --
Phenoles in d4) " 5.2 .
~Phenoles in e) + f). "o . 2.0
Solid p fing - in e) + f) " A
5) Flash point '
6) Pour point
7) Viscosity at 20°C
Viscoslty at 50° C o
8) Conradson test Wt %
9) Ash content P
10) ‘sulfur content m
11) Tnsoluble in light gasoline "
12) Insoluble in butanone . "
15) Corrosion test mg per 16 cm

I |
ok
onFEFOMNMNO® [)V]
U OO =
ks B |

O

.




Iv. The primary interest on Schandelah shale oil of our plant was to

use it as diesel fuel. 'Experiments were made with the crude oil by-.

various technical institutes and I sometimes learned that the oil was P
satisfactory without any refining for hot buldb engines and even for diesel
engines. Due to the short observation time definitive conclusions could

not be obtained. ' : _ o

'B. Published experiences.

V. TForemost Estonian oil shale and shale oils seem to be investigated.
Characteristics of Estonian shale oils are published for example in:

K. Luts : "The Estonian 01l Shale Kukersit; its Chemistry, Teclmology . ,
and Analysis,"” Reval 194k and R. Zeidler : "New Methods on 0il Shale+——— = _

Utilization," Reval 1933.

VI.  As a cooperator of the "German 0Oil Shale Research Comp." I obtained
en T. G. Farben report on a chemical analysis of an Estonian shale oll

- gemple, which was carried out at Oppan in the first months of iohh, _

. . This oil sample contalned a proportionate amount of gasoline according to
the production. It was characterized by the "Baltlc 0il Corp." as to
asphaltic base with an esgential content of umsaturated compounds and a’
high content of resin, with about 20% of scidic compounds and about 2 to
3% of cresols, but without a content of carbolic acid. The phenoles wexe -
higher polymerized ccmpounds, partly hydro-aromatics. Nitrogen.- compownds:
were only present in emsll amounts. The shale gasoline with a boiling
renge -182 to 200° had the following camposition: '

62% olefines
22% paraffins
9% aromatics
T% ~naphtenes |
' The oil sample” was separated by normal. distillation into & light.

£1314 middle oil and a high boiling thick-oil. The . boiling range of the
middle oil was: ' - . _

Tnitial fp'oiliﬁ%pomt 185 c 50 aw ... 2WLE %G

2. seee . ) 19300 " . 60 . " ) esee 25101 "
5 " >o es e 198 09 ". . 70 " asee 263 07 "
lO "o . . 203 .3 80 -" ' eseoe 28901 "

20 " s eee 209.6 . . o . A 90 " esee 32605

30 " ... 215.0 93 " ceee 326,55 "
ko " 226.7 . ok,1 " after run '

1n

LR N N J \

From this oil a 20% fraction was-obtained by distillatlon at
20 misrcury pressure and 115 to 140°C-boiling range. . The molecular
weight of this fraction was 16h, that means an average hydrocerbon chain
length of 11.7 carbon atoms. The hydrogemation nuiiber was 1l according to.
6.TT% olefines. _ : ' -




. N . J
Hydro x yl number = 28 equal . 8.19% alcoholes
Carbonyl number = bk eqwa.l 12.88% Ketones
Sulfur = 2,60 : Hydrogen = 11.49% -
Chlorine = O. 008" ~ Carbon =-82.67%
<O:qgen + nitrogen = 3,23

’ The high sulfur content caused d.ifficulties for most of the '
tried ref:lning experimen‘bs.. The kind. of these experiments was not reported..

: The thick-oil showed an acid. mmiber of 6.13 and a saponif:.ca.’cion
number of 12.40, The vacuum distillation resulted: "

. at 19 W,  MErCe Pre -« -  W3% oo ~~——120~J-—11+o c
" " B T.5% ¢ 10 - 160°C
b Lo 7.8% , 160 - 180°C
at 0.2 - 4 5.7% 110-=130°C
moo : . 10.0% . 130 - .150°C
" | L 93% 150 - 170°C "
oo o . 1&.2% » 170 - 200°C
SR LI : o L Te 8d - 200 220°C
(pressure amounts to 0.5 ww.. d.es'bruction of oil) Lo
st O0.5wwwn. merc. Pre 32.0% resldus "
' losses

VII. -During my research works, T o’b’ca.ined. the following information
on. investigation and testing Wurttemberg and Estonian shale oills,
which have been - reporbed by others (Dn Oppelt , Dr. Lie‘bma.nn) S

1) - Prof. Theilacker, Tu’bi:ngen (6.8. 1916) " Tnvestigation of low
uempemt‘ure ca.r'bonization prod.ucts o'btained. frcm Estonia.n

. 8 sha.le at Me'l:z:!.ngen. ; o ‘

2) - A. Rie'beck-Montan—A. G. Messel/Damstadt "Comparing investiga.’cions
of Wurthemberg sha.le oil from 'bhe Dc Schwei'bzer—fu:mace exd.of

oll from Messel.

3) - Dr. Obenaus (28 8 1911-3) Ana.lysis of shale oil frozm Wurbtem?berg
- Tand Estonian oil shale". -

)y Bureau Frenkfurt on Maine’ (1L.715%3) ,
’ "Comparing data on shale oil, -gas benzine and grs from experiments
with Wurttemberg and. Estonian oil shale in the pilot plan‘b

of Metzingen". e

Prof. Mally, Tubingen (9.6. 194!:,)
"Extraction of resin from shale oil by means of methyl alcohol, p
pour point lowering. of shale oil, separating water from sludge,

' . desulfurication of shale oil (1aboratory experiments)”.

T. G. Farben-Laboratory (8.3 104k:) o B _
“Analysis of Wurttemberg sha.le oil prod.uced. in the Obto-Dettsmhansen

—te

e "‘:E‘ﬁ:mace. ‘




"~ VIII. The ,:f‘o;l,lowihg distillation and refining result applying 8.258
tons of Wurttembergemeiler—pile shale oll was obtained from the
"Tndol-Comp.” Esslingen and Prof. Keinze (84s5.19kd) « -

16.625 tons of the oll containing 50.3% water were separated by
heating to 60°C at normal pressure and then to 90°C and gbout 1 at
pressure in a batch still. The distl tion wes carried out by boiling
£111 200°C at normal pressure, 111 270°C (fraction I) with water steam’
" at normal pressure, till %00°C (fraction II) wmder vacuum and waber
steam and above 340°C (fraction TII) with higher vacuun and water steam
. and sbove 340°C (fraction TII) under vacuum only. Table 2 represents

the results. ‘

The first ruming gave 2% of a 1ight benzine, 35% heavy ‘benzines
and 58% diesel oll. Fractions I and IT were assumed to glve a good
diesel fuel with 70% boiling till 300°C,_ . The fraction IIT was assumed
to be interesting for manufacture of lubricating oil. The -united .
fractions I, II and ITT were treated with sodium hydrate, “whereby
s loss of about 1.5% occurred due to phenoles and its homologues and &
neutral oil. The -latter could be recovered. T - ) . C e

X Interesting experiments were caxrried out by the "physitalisch- RS
Technische-Reichs aust alt" (Reported 28.1.1944) in order to lower the
-2°C-pour point of a Wurttemberg shale oil. The admixture of 25% of a
naphtenic base ‘supposedly Roumanian fuel oil with a pour point of

-35°C gave. a mixture pour point of -53°C. The gslope of the mixing -
cuxrve permitted the cofi¢lusion that a preclipitating of solid compounds

of each of the two components - is possible, which are easily to be

‘solved by the 1iguid remainder of the other component. Supposedly

the -ordinary effect of a natural "paraflow” took not place. Unfortumatelys,.
T did not hear moYe about the continuation of this experiment.

X. The nitrogen content of various fuels. ig shown in the following
table ITI. Items ;L) to 5)“am“ﬁla:bsd—on—ash and water free substance. "
x) means only data referring to one specidl sample.
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Table 2 ¢ uwmﬁpwmﬁwoﬁ Results.

1

Specific Flash - Viscoslty
wt % | Gravity | - -point _ Rl
_ % °g/20°c | °E/50°CY

L - -

First running - ‘ 1 0,857

|
. Middle oil!, | .08 0,957 | u_ﬂow a5 | 2sp) Lk
Fraction I ti1l 270° | 0,01k | 100 25 | 157 | 1.20
 Fraction II t111 320° , | o9 128 -8 2063 | 1.2
Fraction ITI t1ill end | | 0985 b -6. 21.80 | . 4.38

. Asphaltic H.mmwas% Softening point (method Kremer-Sarnow)
. . - +W_NOO~ bm.._u. OQHH.GQHHH O.me ﬁoo

_ | Lo . . . . ; y
”.upmﬂﬁmﬁ_.os losses | | | :

Sun




‘Table III. .'ls;vé;-age nitrogen content of fuels ErE Seu e

Anthracite . 0.2-15 7) Estonien oil shale . 0.3 *)

Black coal 0.6 - 2. ' '8) Estonian ghale oil -+ 0.3

" Brown coal Ot -~ 2. ) Scotch oil ghale 3.0

Peat | ' . 0.7 = 3. 10) Wurttemberg oil shale ol5

Wood 0.0k - 0.1 . 11) Wurttemberg shale oil. 0.7 %)

Petroleum - 0.0 - O. 12) Inshim oil shale ' 0.4 %)
: : 13) Inshim shale oil - :

The mennex in which nitrogen, sulfur and. oxygen 1s linked to the
nydrocarbons of the shale bitumen end shale oils seems ‘hitherto to be
minvestigated. We know that Estonian shale ‘oilg contain about 0.2% of basal
compounds- foremost pyridine and drinoline C The lower fractions.
of the basal campounds have moTs of the latter ccmpounds than the highsr™

-~ ._.ones. The chemical composition of the basal compounds in Estonian shale
oil were found as to: : : : o

¢ = 81.53  E= 9.59 N =859 Remainder = 0.29%

-

. L In the low temperature cerbonizablon tar of black coals we £ind
0.5 to 1.0% of pyridine and drinoline compoumd.e, Whereas the high temperature .
tar of the same coals contains only about 0.3% and less, because these

compounds are not wit\sta,nd.ing +the high temperatures.‘

We kmow that a great deal of nitrogen ig liberated as ammonia.
by low temperature carbonization and that prussic acid for exsmple 1s '
formed of its slements only &t high temperatures +to which apmonia 1s not
registent. An wmfinished nitrogen palance of Wurttemberg oil ghele which

with my 1a.'bora.tory“experimen‘o of low tempe

. __carbonization ghowed no prussic gcid formatione. Another ryesult was the
Fact that 5 to ‘9% of the nitrogen content of the shale bitumen Was present
. in elementary fom in the gase. - e _ ' "

_ ' le know that the coxmnercial low tempera.tui'e ca.r'boniza‘biozi

plents of Scotland, ‘France and Manchuria produce smportant quantities of
sgmonie sulfate. T T RN ' : S

R A N < (= combustion of fuele with hi gen comtexnt as black and

brown coals and peat on grates oOr &as powdered Puels at higher temperatures

11y cause buyner or vessel foulings, whereas numerous results .

by sulfur cambustion products are published. : ‘

o 1If nitrogen in shale oil is 1inked foremost with caxbon and.
hydrogen there 1s no other effect to a4 thean if -the mentioned
coals are burned. ; Burning, for example, with 2% harymless nitrogen
in good burning conditions with for eXam " s the nitrogen
concentration in the flame increases only from O. -

: _A highex formation o:t‘ﬂ@elej;eriéus. nitrogen oxygen caompounds |
ig possible if nitros or nitro compounds are presents = An exact :

-

=T
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determination of the nitrogen cempounds of the shale oil is therefore -
very lmportant. T+ must be taken attention to small smownts of-
metals snd metal ‘campounds o0, which can catalyze the formation
of nitrogen oxydes. -t .

Laboratory “expermen‘bs verifying incomplete cam'b(ustion of the
shale -0il under various conditions WOl 11d be ! hp—lp_ful‘. ) '

e ——

~ Finally 1t should be pointed out to the necessity of accamicdating
the combustion spaces, ‘particula.rly the chamber of internal combustion.. -
_ engines to shale oil. o o B '
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Gatbdniﬁatidn Prbceés'fér,oii'Shale

In the summe} 1943, I wvas asked by privato,enterprise to develop a

148 e T ESO LB TS e e, ST A G ARG

primitive nracess ta extract oil from oil shale of Croatia which consumes |

i aeot

va minimum of equipment. Since it vas 1mnoqsible to nroviﬁe oil shale from
Croatie, I used oil shale from Karnten whlch is situated in the Souzh of
Austris and oil shale-from Wurttemhurg in Germany, |

Iﬁ Laboratogxiscale Experiments.

after determining their phyqical and chemical oroperuleq 1 tried to
carﬁonize the shalas at 1ow temneratures applying a shaft of 3. 28 £t (1 m)
‘height and 8,61 inchea (0 22 m) inside dxameter. The shaft was filled wi th
oil shale which was crushed to a s:ze of 0,2 = 1,2 inches (5 to 20 mm). The
charge did not move during the car‘ooniza’tion° After kindling air was sucked

.through the charge and the liberated gasss and oil vapors were drawn off from

underneath a grate.

The progrees of the carbonlzation ‘zone was mea"ureﬁ bv means of*thermos—“.
rouplee and tha oil xield was d.etermined.° This eyperiment qhowed thet the,
carbonization zone did not nroceed uniformly because the gases preferred.

 thp way'of leaet resistence, An exsct aeparation of the carbonization and

the gasification zZone was therefore imnosqible.‘ The following experiments

were made with a continuouely deecenﬁing shale in order to imitate the opera-

tion of a gas produc'er0

1%, Small Scale Plant
. 1) *
The smell scale plant had an Insxde diameter of 3.02 ft (92 cm) and a

height of 15.1 ft (4.6 m).




Descriptlon ofﬁa‘qouﬁmemnerature-
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Garbontzation Procees for 0il °ha1e

In the Summef,lQés; I was asked by'nrivafe entefprise to d evealop a
primitive nrocess to extract oil from o&l shale of Groatia which consunes
a minimum of equipment, Since it was 1mnoqsible to urovide oil shale from o
croatia, I used oil shale from Karnten whxch ie qituated in the Souzh of
Austria and oil qhale from Wurttemhurg in Germany,NWA

1. Laboratory Scale Experiments. S N o

After determining their phyqical and chemical nroperoleq I tried to
carbonize the shales at low temperatures applyinp a ghaft of 3. 28 ft (1 m)
height and 8, 61 incheg {(0.22- m) inside diameter. 'The shaft wBe filled Wiuh-
oil shale which was crushed toza- ‘gize of O 2 - 1.2 1nches (5 to 30 mm). - The
charge did not move during the carbonizatzon,v After kindling air»waa_gqugg
".through the charge and the liberated gases and oil vapors were drawn off from

underneath a grate.

The progress of the carhonlzahion zone was meaﬂured bv meang of tﬁermo=

o e

couplee and tha oil yviald was determined° This eyperiment qhowed thet the‘~

carbonization zone did not nroceed unlformly becauae the gases preferred
:the way of 1eaet resistpnce, An exact qeparation of the carbonization and .

the gasification zone was therefore imposqible. The following experiments

NN ..—,‘

vere made with a continuouely descenﬂing shale in order to 1m1tate ‘the opera-

tion of & ges produceta,_

I, Small Seale Plant.

The small scéle plant had an Inside diameter.pf.a;oz"ft (92 em) end .

height of 10,1 ft (4 6 m) .; ¢.~ c %". - _i.:”'
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011 shale from Wurttemberg and Hannover héﬁ—hn oti”coutwnt“of apProxs S—pée—;~——;-‘

cent according to the Fischer—ﬁesay, The 1guition tamverature of the 1ow tema
perature coke was 784 - 752 P (380 ~ 400 G).
of tha ignition point was developed by %, G, Graf, The melping point_of th2
 mineral substance was 1922 - 4012 (10a0 = 1100 C) 'The carbon cqnt9ﬁ£__
'"of the low temperature coke was epprox. 2. 5 to 4.0 per centc~“welobtéined
-relatively high yislds of oil of a good cuality by working in the following
manner, Sketch #1, Operating~with a’ throughpux of 41 - 102.5 lbs. per sq. ft.
M(AOO - 5Q0 kg per m 2y of o1l crale we outained about 90 %o 70, averaee 80 ner’
cent, of the oil, which wAas nreeent according to the Fischer Assayo |
The temperature of‘carbonization zone was kept between 932 and 662 F
(500 -and ‘50 G) because the laborauory eyperiments had ehewn—thax purging
with 1nert gases at 932 F (500 C) secureu hzgh vield ‘and good quality of - the

shale oil9 whereby the 11berated oil vapors were sucked through zones of lower.

-
T

temperature,

i

The-%emoerature of the gaSification zone mast be’keot below 1650°F (000 C)

"due to the low melting point of - the shale,~'

Ikperiments showed, that ‘the ggsxfication of the fixed carbon_was poseible
' ﬁsing g low spead of ths pps*fying agents and applying minimal temperatures of |
840 = 930 F (450 - 500 c), It vas therea“ora possibla to ga«ify the fbed
carbon between 840 and 1650 F (450 and S00 ?) For practical reasons the
~ most zavorable temneratnrea were fetween 930 and 1290 F (500 and 700 C)°

To obtain a producer gas with & hzrh content of . carbon mcnoxide and

-~

hydrogen and a 1ow content of oxygen if this optimum temoerature range wee

‘.employed it was necessary to use a high pasification zQre and a low velocity

" of tho gasifying agenta,

“'Ia the carbonizatlon ‘zone a~higher. speed of the hot purging pases was . ..




‘derirable foritﬁe’devéﬁp6§{fion'§f'*ﬁe 5114§ﬁété“ﬁitﬁméh“at thé“dénéffﬁed*temper&w;——fi
turaﬁ. In order to secure the desired different’ velocitxep of the gas and.thed‘
ifferent* temperaturee in the two zones we 1ntroduced recircula,ing lean ga@es
and air at the bottom of the shaft and blew recirculating lean gases into the
shaft approx. 4 ft (1. 2 m) below the exii of the carbonizetion zone (comuare
sketch #1). The ratio of air and recirculating ges, which wams 1ntroduced at,
the bottom was between 1; 1 to 1:2, The ratio of the sum of air and recirculat-
ing gaaea at the bottom and at the nroducer wall was from 1 $ 2.5 to 1 3_4n
1 b {1 ke) of oil shale with approx° 4 ncr cent moisture content and apPTOX..
5 per cent 013 contant consumed a.pprox° 12 cu ft (0 35 m ) of air for the
."fgasi’ication. The condensing plant consisted of -an indirectly qperating ‘water
cooler and a tar extractor (diein*egrator) system “Theisen Munic.
... Properties of the produced 0il: =
Sgecificgravltyé' 2pPTox. .98

Viscositrs 8%8 = 290 Sec, Tige Un, Saybolt Z B9 ‘Poises Visc, Kin.
| at 68°F (20 °e) . o | =

~

Q‘Pour potnf?* apnrox° 21° F A ué>C)

Boiling point: approx, 320 Og (lbo 0)4
End point: approx. '750 °p (400_6)

90% distillate
The separation of oil and water vas easily performed By heating the mixture,

~ e

IIX, Pilot Plant at Schandelah

i In the fall of 1044, a pilot plant was designed and. constructed at Schandplah

‘near Brunswick with the. aid of ‘the “Ignzs"»foundry, designing and constroction

’

company, Teplice-Qanov, Czechoslovakia

Bec 2use we had to consume a minimum quantity of Qteel we could ot protect

s

... the brickwork walla of the furnace by a steel mantle,' Sketch #2 showsgonly one

-of the- two existing ovens. -chambers,. svetem Drn Graf-Ignis.

! ¢
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Sizee of the compWete fuxnacez —

aeigm of the .oven: 32.8 £t (10 m>
Over-all height s 52.5 £4 (19 m)

Oven 1ength - z 32.8 Tt {10 mw)

Over-all length 1nc1uﬁing platforms: 41 £t {12.5 m)

... Oven'width .3 9.2 %% (2 8 m)
o ~
* gven width incl, plat,formss 18 £4 (6.5 =)
‘The conﬁeneing planﬁ conqisteu of"
| 1, an indirectly working water cooler;
2,; An electric gas precipitator ‘System “Lurgi“'
P A sinp‘e stage centrifugax exhaust fan,
The reaultr which'were obtained with this pilot plant were satisfactorv
_ The 011 shale from Schandelah hed & mo;ature content of about 15 to 25 per
cent (average approxg 18 per cent}. The oil shale was rélawjvely qoft and
not ‘as hard as the o1l shale of Wurttemberg. which has an average moisture
content of about 3 ~ 5 per cent, ”he used qhale was "ruehed by hand but not
scrcened It consisted of plates of a length up to " maximum 74, The cone
-.m~-~._$en$-of dust and of shale pieces below .A“ was negligible, The dust formatioh
| due to abrasion of the descending shale didn't hamper the carbonization and gasim
‘ fication proceas;lduo to a hardening of “the shale-gwﬂeQ in the. producer ahafto
The throughput vee 2200 - 3300 1bs per hucm.~ (1000 - 1500 kg per. hour) or -

2 per hour) he

approx, 200 = 300 lbs per. sg- £t per hour (167 - 250 kg per m
. temperatures in the gasification zone uere maintained oetween 990 and 1290 F

(500 and 700°G). -
Alr and recirculating iean gaq uﬁme b}own in at, the bottom: of the shaft

S {at "A” of the skptch #2) whsraas reci~culauing gaaea ware introduced fhrough

© the opgnings ngh, or the graues "C“,-or the _uﬁn:ngs "D" rn3pectively. B

4




80 to °O ver ‘eent of the oil uhich waq vrrwent accordin, to the Plscher—aqﬂay -

_were obtalned Af my aeaiataxtwrooerated ‘hn furnace., Addi*ional test runs : wh1ch
’werc pcrformcd by 1ndependent chemists and specialints showed oil yields. from '
70 to 110 per cent, Tho plant was operated without any difficulties from’
Kovember 1944 till April 1945, It was possinle to, run but one test in order
to increase the throughput %o 4400 lbs per hour {2000 kg peT hour) equals
400 lbs per sq Tt per. hour 330 kg per mz per hour) because thc condensing
system and the gas oxhaustor wcre not large enough and | uncontrolled volumes of
air vere - sucked into the chamber due ‘to & partiallg cracked.wall of the furnace,
The. experiments showed that it was not commendable to Operate the furnace with—
'out a steel mantle which protects the Lrickmork chamber against the influence
'”;of the winda The velocity of the descendxngvoil nhale through the furnace was
=5 £t per hour correﬁnonding to a tﬁroughput of 2200 1bs per hour or 1. %) ft
per hour corresponding to a - throughput of QAOO 1bs per hour. The time which was
reduired for the shale to pass through the furnace was 60 hours or 30 hours
respectively, It seens possible to increase thc throughput of‘a commercial plant~
. up to 600 lbs.'of 01l sahale per sq ft ner hour (500 kg per ma per hour) and even ‘
' more, The oil yieic will aupnoaedlv dccreasp w1th hiphcr throughpuxs. But o ’
‘test which’ was TUnN uith a thloughput of 550 lbq per sq ft per hour (460 kg ver
m? per hour) yielded approx° 80% of oil if the small scale plant in Vienna
(sketch #l)vwas employed.

At e et

the bchahdclah'plant due to the before men+1oned r@asons.

b ey

\ It was impOSSible to determiue sxactly the volvme of’the gaseg vhich are
Liverated per 1% of oil shale by a mas balancc because of the crackcd wall of the

furnace. . Thc total gaé v°lume (carbonlyatlon and gasifiecation gaa) amountq to

b4

6.5 to 8 cu'ft per lb ( 4 to -5 m® ner kz) of shale, Approximately 4.8 to 6,5

R Gu._ft ( 3_$o °A4~”L) Of ﬂir;oer lb (Xg) Of Shala are requireﬂ for the pasifics‘tionr. ’ o




.of th, fixed carbona_ The ra*io of &irwpna feclrcuiating lepn gas and thé-volumea

of nir and #as were approximptely tkp sane as we applied wben the carboni?ation

W&° p°rforned in the small scale rlant at Vlenna, There ‘was no alteration of

the quallty of the oil to be ohserv*a whbther we utilized thc small or the barge

i

';scaz.ejfurnace°

IV,' &dditional Exnerimpnts.

In connectionwwith the devalopment of the. descrided Qarbbnizatipn methed

the following expeﬁiments were carrled cuyn
T Exneriments to. find oux the bes, mathod to preheat oil shales

2. Experimenits %o prevont meltino of nhe shale during the carbonizatlon
process, _ T : ‘
* - . N - L

3, Detﬂrminationfbf the temperature range which 4s- neaesqary fara perfectf

corbonization,

 4° Influence nf-paraile1~and counter current heat flow of the p#rgingl

'Fases on the yield and quality of the ebta*ned oil
5, Determination of velocity (f thn *smperature rise of 011 shale pteces
depending on B difxerent thicknese and alffﬁrent applied temoeraturesu'“\_

6o - Debermlnation of the nropcrties of . low temperature carbonization coke

of the oil shale.. S
?s Sulphur balance of the low temverature carbonizqtion procesn,
8, bxtrnction of the organic eubqﬁance of oi] qha)e by . various qolvcnus,
: us&ng an autoclave° |

9-' Various technical 1nst1tuteq made oxmerinentq to u;e tﬁe spent shaI;
for the manufacture of bulldinp materiai, tO‘nurL‘y and refine the cehale oil

" znd tc use crude oils as fuel Ior hat bulb Pnpineq,

J - flannpd fnrnanes

_ One of thp plagged furnaces ia rwnresented by skmtch #3.

7
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(ring Shaped'shaft) fo?-tgejcarbonizat{on and,thé'gaaifica¢iqp ie 25 ft (7.5 m)

high and has an area of 155 eq. f1, (14.5 m’?)‘, The 'cynnafi;‘:al»éhaﬁft on top
is 11 ft., (30 m) high and has an area of 87 suo ft. (8,” ﬁz), The ovér»ail
height of the furnace is approx, 64 ft (20 m), The annular shaft 13 sub- :
divided into 4 qectlons which are. separ¢ted by wells “W" ) Air and fecircu;

: 1a+1ng gases are 1nt*oduced et tbe bo,tom, recirculating gaqes only throuvh

‘opénzngs at the outsice and 1nside of the aven wall (at “B“ and‘“C“) The car-

-bonization zone e: t@nds approx° from "b“ tb "c“'
The fundamengal consid@natlons which 1€d to the. application of. a ring
shaped'shafi are.thé_foiiowingo The 1arv¢qu diameter which can be used Tor
wylindrical’gas ﬁroducer shafd is-apprcx0 10 to 11 5 fv (3.0 te 395 o with
“crosa sectlonﬂ from 80 to 100 8d fu (7 L to 9. 7 m ) hecause of the difficalty
'to secure unlform distribut*on oi Lthe 1Pyinp agents,. But anplying a ring
Qhaped shaft it is possible o cze%te a lafge cross qection ﬁifh a relatxvely :

small width, The gaQifying agenﬁs can be 1ntroduced at the ineide and the oute

Qine of the producer shaftol It is p055101» to oparate [ ring shaned Sh&fu

T T e e e

ke

which is 4.5 %0 6.1 ft (1.5 to 2, 0 m) wxdeo ¥With en ineide diameter of 9.8
‘lft (3 m) the cross qection of the gasmfxcatlon zone amounts to approx° 200
to‘280 s8q ft (18 to 26 m )e Qheqe areas correspond with cylindrical diamﬂters
'vof 16 to 19 ft {4,858 to 5.8 m,; Th° lerger cross qection of the ga81f1cation
zone and tbe increasing crocs gection of the carbonizatzon zone are- an~accqrd:
ance with a desired low gas velocity in the gasificatipn zone and a_hlgher
.gas velocity in tne carbonization ZONE . |

The increasing area’ is 1mportan§ for the manﬁer in which the shale deééennq
thrbugh‘the-shafto' If the charge conciQts'of relatively tihin plates the hor1zonm
tal component of motion dir@cts thp plates in a partky horizontal position and

-~ keeps the piecesuin a. bptter motion uhun in vertlcal ehaft




The throughput of the planned furnace as . represented by qkatch #3 18 supmi_af

poeedly at 1east 60 to 85 tons per day 'v Proba‘bly the th oughput can be 1n—-"v
creased 'aa 100 tons per day if an oil ymld of -#pPToX, 70% of the’ Fiscm"
Ascay is admissi‘bla, | | |
Applying the largest possi‘ble dimensions of this type (Shaft width 6 1 :ft.
{2, O m) , inside diameter 9, 8 4 (3 ;n) cross section of the gasification zonﬂ
280.8q £t (26 mzb)a throughpm: o? 1“0 w 200 tons per day can be emected
v VI Afiled a patend. a.pp‘* ication for the doqcribed process which was regiw*";”
tered in my native ‘country Aus“b_rw. under Dfor, A 2077-»46 and intend ’ao get a

i
/
{
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IDEAS AND PROPOSALS. ON OIL SHALE UTILIZATION.

In order to recoven,heat,and power‘from oil shales we_eén employ the

same fundamental ﬁethods as eredknown far coal'utilization,.
A. Burning of oil shale. - | _'

To produce heat by burning 011 shale we have tg study 1) the
’behafior of the 011 shale during the.low temperatupe_oarbonization
2) the gasification aetiviﬁx;ofwthe.,btained,shaie coke and 3) te take
into.consideratioq tﬁe oigh ooﬁtent of ‘ash and its prpperties;

The relatively'h1g§ Qxygen'content of the.oréando subsiange. toe con;
tent of sulfur eompuunds aod the eatalytical effect of the inorgaoio sub-
stence cause a comparatively Low igndtiog teﬁperature of the crude oli :
ehale. The well investigated Estonian Kukkersit-bituron €or example
with the’hedh combositioﬁ'as foiIOWS;

C = 76,7 H _: 9.2 0 = 11,2 8 .= 2, O N = 0,; Cl :-HO,Gp.

' contain about 40% eof the oxygen, whioh is necessary for tbe perfect com—
bustion ofhits_c._H and S contents.uwmhewignition temperature of_thed

" Kukkersit-shale has been determined to about 20090; '

‘Theoreticéi‘consideretions'show fhat 511 shale cen be.burned even
with a m1n1mum carbon content of its coke of about: lp. These computaﬁions
have been proved true by experiments in the Graf~1gnis pilot plants at
Vienna and” Schandelsah, using low grade oil shales and esPecially German 7
'aSPhaltic lime stones containlng about 3. 5p bitumen and yielding 1,7% oil_
| The 1gnition temperatv*e of the low temperature coke of Wuerttemberg

oil shale with a fixed carbon content of 3.3% could be- exactly determined

in air a+mesphene_heimeen_390_a .3_400° Q,_nsing_a_small_labgzeipgy;npparat1

agﬁiying 1 gram of coke, -

—~
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The melting of the inorganic residue at about 1100 C. with a. carbon
content of 3.3% was performed in the shi:ft of the pilot plant in Vienna

using a 531 reduction of the cross section,

The combustion of the relative poor Schandelah oil shale which is ne:

melting during carbonization has been effeeted in the shaft of & space

*»

_.heater. which is ordinarily used for bituminous- coals in.Austria.' The

grate was replaced by an ash pan containing a water sump " The firing prin

ciple of this heater consists in dividing the shaft by a fixe brick wall
Iinto two parts, a filling shaft in which the fuel is preheated and car—
bonized and the combustion shaft. The‘gasification takes place 1n_the-
adjacentblowér"undivided part of’the shaft, :The'mean‘air volumeipartly
saturated.With water steam'is sucked upwards'through<the gasification zone,
a small amount of purging air is sucked downwards thr;ugh the feeding shaf
and the required air volume to complete the combustlon 1s introduced at
proper point of the combustion shaft. |

With higher throughputs and h higher contents of shale bitumen, crackin

—— s R

i

and burning of the oil vapors becomes incomplete and even more difficultiL

can be expected if oil shale inclines to melt-during the carbonization

- process and if the inorganic residue inclines %o melt below about 1100°c.

In many cases the controlled admixture of water steam produced in a

Asteel water Jacket of the furnace might prevent clinkering of the residue.
s B

If melting during carbonization and clinkering of the residue is not -

‘to be expeoted* various_grates and equipment known for firing zranulated

'bituminous'coals as under feed storErs; ' tray firings (German= Mulden

’

{ Feuerung) and combustion equipmnnt for powdered coals are suitable afterl_

a

rrproper—adaptienT———— - “ Coe wglgfwar~rew~7¥¥5~5meew~fe~~~-ew¥~n—~;»f~—

v

- The sulfur compounds in the gases end the sulfur oxide odor of the

-

sEent shale causevdifficulties and:disag;eeab;engss.l .

.
<




:The nohseqﬁent developmeht‘of éaeiiﬁing'oil-ehales;ih{order—to;recovef—ﬁf;;
e permenent gas leads to the eevératioh'oé the gasifying and the creckihg»
zones so that t$he complete cracking of the o1l vapors is nerformed in a
separate furnace at high temreratures in the presence of water steam and
oxysen, |
B. Low.temperature carbonizetion
| ,dné of the important factors 1n.recoveringv0ptimum‘auentities'
and qualities of liquid h&drocarbons by lot temnerature caghonization is
the heat'transfer ahd the manher of conducting the liberated #epors'in
'relation”to'the heat flow, A hi: h speed of the heat transfer is desirable
in order to obtain high throughputs.- |
Laboratory experiments were made foremost'with coal nﬁts;>coal bri-
| cuettes and at least Qith oil'shale granules and cubes in order to detere
mine the carbonization velocity under conditions similar to those of

-,

"planned pil.t or commercial plﬁnts.

_Feating,for example black coal-nuts of 30 to 40 mm in an inert

gasfloﬁ'et‘e'temnerature rising from 300 to 650 C. during the process

the czrbonization time defined Tty reaching 550 C. in the centre of- the .

nuts was found to take 23 to 15 minutes demending on the velocity of the

purging hot gas In other experimente oll shale cubes with 36 and 48 mm
ffedge length were heated by rediation at 530 uf.in a stove without gas. -

ﬁﬁrging1 The result ie re?resented in.the followingjtahle; Colomn a, |

shows the‘preheetina times.of the total'cerboni?etion time until the

sﬁrﬁece temoerature reached h carly the t’ﬁperature of the oven, Column .-

ontains the time which is necesnary to finish the carbonization '»Column
¢. contains the total cerbonl otion times.e. and b. Golumn d. represents_“ﬁg_

Y

the cerbonlz tion time which is obtained by pluneing the cubes 1nto a

--molten 75% Al ~ 254 Zn ~ bath r% 835 C. Column e.‘contains.the'estimeted

o ’ : 3




cnrbonization*trmeS*tf~the~heatrng~is performed by. radiation and purging

- gases,  The volume of the inert gas was about 10 times as large as the

~liberated low temperature carbonization gases,

Tables Carbonization times in minutes -

cmmel a b c a - e

36 mm - 15 18 33 17 - 24

48 on 25 20 4% 25 34 '

Théee'and'otner experimenté'nere'carried ont'ln”order to develQp
new oarnonization furnaces, The experiments were sponsored by the:“Ignis"
fofandry, Designing and GonstruotionlCompany at Teplice%Sanov. Ghedhoeloraf;l

nd‘tﬁe'Hnmooldt—Kloeckner'Works at Colegne, Several sketchés and drawing:

- were made. : o C e

.With the increase of the gas,velocity and the higher throughput it

becomes more and more difficult to control the process of carbovnization

i

and géeification 1n e single shaft. It 1is thererore proposed to perform_

the nrocessea in twvo separate pieces of equipment, an' iron made carbonivp
1ng shaft and a gasifying producer shaft.
The princtple ef one of the developed carbonization processes 18 char—

acterized by a relative movement of the ehale granules during their descené

.1ng, heating the charge by radiation of the walle and purging with hot

——

gases at relgt}yely ‘high velocity flrst 1n parellel and-croes current and -
in the lower pantiin”eounter and'GrOSS‘current; The purging .gases are
‘heated by épnvectioniandbpartlr s rediation on the inner surface of the
non—turning cast iron cylinder.-“THe‘latter leifarticularly heate@wbxmj

radiation of a fire brick wall eurrounding the carbonizer The pﬁmgiﬁg‘

- s

.o | pgm——g

'gases are moved by a mlddle pr soure fan which ‘4s sucking the gases off

,at proper openings of the rotating 1nner cylinder and which is blowing the
N . '

. egases;in parallel angﬁorQSS flow to the.shale granules.

- 4__ . ;-
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The—purging—gases—are—aenerated—by;a—gas~producer~and~blown«into

the carbonizer at the bottom.m_”
'The‘Ioss of pressure, ne dust formation, the quantity and quality

of the yielded oil and the throughput in correlation to the gas velocity

and heat transfer must dbe inVestigated in a pilot plant. It is proposed

to use proper granule classes which need different purging z2as vefbcitieS.

The gas velocity is the highest with the largest size of the granules and

Therefore for each granule
s

.class a proper minimum carbonization velocity can be expected according

decreases with the smaller granule classes

to the laboratory resulte. The dust and the smallest granules of the oil

e“ale, which oannot be treated in this oarbonizer can be carbonized in .
" Tstate of suspension,For example, in a dust carbonizer proposed by R. Zeidl-

in "New Ways of Oil Shale Utilization", Reval 1933, page 175,,

Details of the sketched process and reports concerning own experiences

about carbonization processes used in Germany during the last war can be

madex

C. ?lotation and extraction L

‘ ?he oil shale bithen seems to bevclinging foremostly by adsorp~
tionvto the inorganic material Oil shale samples with.a higher bitumen
content and flotated samples showed that the adsorption is more intimate to
clayey than to quartzy substancee. Experiments-of commercial size by

Dr. Vinkler in Estonia resulted in a product with about 10% ash content

l

L ———— s

one
”he cost for pulverizing ead naturally high and they increase from the

v

v g

v.rclayey to the quartzy oil shales.
Because of the clinging by adsorption the bitumen is difficult to

‘*Nmatract by solvents, - The extraction by means of- benzene. tetraline, deca~

line, pyridine and oil shale’ gasoline was tried in my laboratory at normal
" boiling points and at higher temperature and elevated pressures, At norma’

(L AN T s i g Fs e T e T e




v: i%oi11né;§o;o£e 2 Gefmeﬁ-and—iQEetoniaﬁ”oil'shale samples yielﬁed 2 to ‘“
| 8% of th21§ bitumen., The higher quantities were obtained by tetraline..
The extraction by thxee ‘stepd with tetraline at | 800 G »nd 7 atmOSpherr~
, gave 66% of the bitumen, The extraction at. 820 G. and 10. atmospheres |
resnlted in appnoximately 75 %0 80 extracts,’»The extraction undey these
: onditions 1s no genufbif physical dissolution._ A.faegial hydrcgenation :
by the solvent and & deoqmposition of the batumen takes place. ‘The extracs
is occlnded with. polymerlzed tetraline producys. The 1osses of tetraline
wvere relatively high The Eolid extracts must be. converted into liquid

hydrocarbons. so that the method of bitumen extraction seeme to offer-no~—~'r

advantages 1n recovering liquid hydrocarbons from the oil shnles 1n ‘——‘f//////’

commercial plants.

The extraction of the 1norgantc substance by means of weak inorganic
acide is used to obtain concentrated bitumen samples in order to 1nvestt—
gate the properties of the bitumen. The commereial use of this method

' may be congidered as withoux promising prospects.

W
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SQ September_1945 :

Ref.: Information on shale oil, requested by ‘the Bureau of Ships.

-t

My answer pertains to the last qneetion/of the 1etter, which brings up
the point of solvent refining. Nb figures can be glven, becauee a8ll important N

A laboratory files of the Edeleanu Go. were destroyed“by fire, and ‘the informa- |
- tion bplow is given from memory. : ‘ |
-NT) No large scale,plant exists for solvent refining shale oil,. but the experL- o
ence with brown coal tar, which is solvent treated in. large ecale, can very well
be transferred upon the commercial separation of shale oile, ‘

- Two - ehale oils were studied in Edeleann’s 1ab. chiefly, that was:
73) Puertollano oil of Spanish origin, about which 1 gave some figuree inh a
imemorandum of Angust 234 1946._ b) An !stonian oil, .which behaved very dif-
ferently_from the Spanish oil, “but whioh is probebly-eloser in“propertiesvtoutbed»'
American oil in queetion.,fmhie 0il could be eolvent treatedﬁrith liquid SO2 at
~25 O., but decent yield of Diesel fuel uas obtained by combined solvent extrae+ »
Mtion with soz plus aliphatic gasoline only.ﬂ At that\time it was out of the ‘
guestion to obtain the required qnantity of suibable solvents and research on
that eil was abandoned.

General information about solvent refining and dewexing of tars and - shale'
oile, giving also data about yield and quality will be found in°

- 6.%1.0.5. Report Target Nr.80/89 | |
" Item m.ab File Nr. ZXET « 85 -
Solvent treating of shale oils is_rether a separating prooese; than a

refining step. Diesel fuel various gradee of wax and lube oil fractions are

- obtained- as~pre—refined~producte. which require ot little after—treatment
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The ma.;)or part of sul:t‘ur and nitrogen compounde ie concentrated. in the low

. [N sadid

‘ pouring extract. whicht(from brown coal te.r plante) was coneid.ered e, eetis- :
fector} fuel oll for h‘geatiny For reason of its phenolic stituents 1%
gave good blend.ing properties with more pareffinic etocke. - ‘
| . TThe combination of solvent treatment and byd.rogene.t ion ehould. 'be etudied |
}cloeer. Solvent treatment is comperetively cheep and isolates the more
ee.ture.ted. components feirly well from the uneatu.rated extract. It may 'be more .
| economioe.l to feed. the 50% extract to the hydrogenetion only, inetea.d. of 100%

/
pass the hydrogenetion plant unche.nged a.nywa.y. (It is und.erstood. that decree.ee
of molecula.r welght 1is undeeired.. If production of gasoline is the e.im of .

cata.lyt:Lc hyd.rogenation under ore.oking. however, it might be edvantageou.s to

-'\'4» O A

Hleave the saturated oomponente in the oil, .where »they are then an additional

. source of hyd.rogen and convert to desira.ble ga.eoline constituents ‘by dehydro- o

genation and cyclisation.) | .

No gueseee on yielde of" d.ifferent producte by eolvent tree.tment of ehele
oile can be made, These oils are more d.ifferent than»brown coal tare even,
| and it ie 'by an experimentel examination onlar, that an answer a.bout yield. and -

e

que.lity cen be given.




Pittsburgh s Pa., '
November 8, 19L6

MEMORANDUM TO: W. C. Schroeder
-~ A, C. Fieldner

‘vE7 L, Kewman ~ Received

A cxraat:n - .} ronmey ““NTHVTIC |

Ao Ja axr ' S l ?q |

H. _ld. Thorne (6) o LIQULD FUBD ‘.LV 310

it e L W e e e Rl Ce § N ST S AL TR

H. H. Storch
Tranalation.
I am a'btachiné' hei'eto a copy of a translation of a Ruasian

paper entitled, mamzacture of Liquid Fuela from combustible Shales -

by the Method of Themal Solution“ made by lfr., Ea.rold Jo Kandiner,

of our svt,arq’.a

L

" Hs He Storch
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HANUFAGTUPE OF LIQUID FURLS FROIE COMBUSTIDLE SHAIES BT THE
METHOD OF THERMAL SOI.UTIOH.

| 7 by ¥. K. D'yakova - |
(Institute of Oombu'a*'iblc Minerals, Acadenw of Scienco, USSR)

(nnn., Acad. Sci. URsS, Glass Tech, Seci. 19hh No. k-5, pp. 25B-27h;
’ .submitted for publication May 5, 1942) ,

Translated by M. J. xandmaé/

Organic constituents in shales can be used as a sonrce of
' uacm and vnluable producta principally liquid tuelso A p o8
for tha manufacture of liquid fuels should conaiat of threa tagess
| (1) Extraction of the organic ‘material, (2) aaparation of the extract

s fron the 1nsoluble mineral aludgo, and (3) preparation of 1liquid fuel

tran the extractu - ’ o
Goking of shale is a primitive method for the mamzfacture

of liquid fuels, Its principle advantage is the sinple plant e(mip-o |
ment regniredu The diaadvantagea 1nc1nde the poor Yields and low
orficiency of the ‘Process, as wall as the masaive nlant noceaeary

. for large capaoity., On a lu'ga scale, no more than 50 percent of -~
“the organic matter in the shale is converted to primary tar the

baJ.ance being converted into eoke and gaaea. ‘This reault 13 not aur-- |
pr:laing, becauao h:.gh temperature ia employad and bocanao the reaction
occurs in the presence of the nrineral portion of the shale which be-
havas aa a catalyst, COntact time in the coking oven is several houraa
A further disadvantage is that the ‘tars produced &re very heavy and

yield no more than 9 percant (baaad on the organic matter in the sha:le) -
~of light fractions (1). o -

-

Y chemical Engineer,; orfd 1ce o'r‘ Syntheuc 1dquid Fuels, Research and—

‘Dsvelopment Division, Bureau of Mines Central Expar:’unent Station,
Pittaburgh Pa, -

<
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‘rhe wethod of themal aolution is characterizad by its ef-

""ficiency in oxtracting a high (80-95) POrcentage of tha organic cone-

stituents of ehaleu Products of high quality are obt.ained and larga-
scale plants of large capacity may be readi.ly constructod, Experi-
menta wm started :!.n 1937 on tbe process of f.hermal aolntim, 1p )

ordor to aolvo corta:l.n problems in coal Rwdmgenationoi This work was
similar to that of Pott and Brocho (2) (3)° Subsoqnantly, an exbon-a '

~8ive program on a laboratoxv—and experimental—-plant scale was out-

1lined and the procesa is at the present. time being 1nveat1gated in

a oontinucua aemi—cmereial planto

e ey

The rcaction mechanism for -8 ‘process of converting inaolu-a '

ble organic materials into soluble ;oils is lnisonpletoly undoratood

at the preeent. timeo' In ganeral it may be regarded . as a themal de-
lymerisation of h:lgh molecnlar-'aight pol;yneric aubatancas ’ which
compose the organic fraction of the ahale into aolublo loas complax '

' 'materialso The average mo]scular weight of the shalo extract, a.ft.er =

removal of the gaaonne fraction and the aolvant is approximatoay
325, Apparantly, depolymerisation ia

_cracking reaction, catalyzed by the mineral matter of the shale »

giving rise to a gaaoline fraction with an average molecular woelght
of 117 and bouing range to 180°c.,, and a. karoaine fraction with an
average molacular weight of 155 and boiling renge 180-225°C. Re-

: moval of sulfur, lwdroxyl and carboxy groups, etc, » also occurs, -

——

, but plays a subordinato role in the raact:.on chemistry,
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NMcKee and Iy‘def (L) demoizstrated that therm.l depolymeriza~

.t:l.on m the most important reaction 1n the themal solution of shaleo '
They found that the organic fraction of a grand Valley, Colorado, R
shale which was completely insocluble as recoi.ved in benzene and car-
bon_ disulfido became aolnble to the extent of 65«70 porcent :l.n thc
latter solvent after beating at 410-425°C. Further experiments on
shale (deposit "A") by v.I. Ztiﬁnko,"Lo E. lagebnik, and L. S, Zag-
lodin (5) (6) led to the development of a process 1m1v1ng pyro-
bituminisation of shale follond by benzene extraction of the residueo

- As dapolymerization occurs even in the abaence of solvent
it is reasonable to believe that the choice of solvent employed in a
‘"”’process of ‘thermal solution of shale is not criticalo Thia aasump-J
tion was confimed by the author in experimenta w:lth phenols and’ ‘
-lwdrocarbona of various kinda 1nc1uding solid paraffins; pract-ic- E
ally complete extraction of tbe m'ganic fraction of the shalo re= . .-
~ sulted in most tests, ‘I‘he mechanisu of themal solution may thua '
be regarded as a combination of depolymerization and solut:l.on of
the dopolymerized producta 1n the aolvent followed by cracking
(usually catalytic)o | » ‘ _ o
. “The experimental studies described in this paper were, for -
the most part, technological in nature, directed toward aacertaining
o optimm condit.ions for the themal solution of various typical
Soviet shales. A study of solventa and product yields was also
und;rtétkeng Fina—lly, pilot~p1ant investigationa were m&ds in order

to develop a aimple largo-scale plant for sati.sfactory use of the

 methed. ( '
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December 2, 1946
MEMORANDUM TOs. W, C, Schroeder
A, ° Fioldmr
L. Newman .
R, A, cat‘b.u, W.0.
A, Js Krmer, i WaOo Co

H. M. Thorne, Petroleum and 0il Shale Exp. Station
B. Guthrie, 0il Shale Demonstration Plant, _

FROM: = - ° H, H. Storch

SUBJECTs " ‘Tramslation entitled, "Manufacture of Iiquid Fusls
: from Combustible Shalea by the Method of Thermal

According to information which we have received concern- |
~ ing the translation of the column hsadings in Table 1; page L, of
. the above manuscript; these should read as followss ’

Column 1 - Shale. : -
' '~ 2 = Moisture content of aample.
3 = Ash (dry basis) + COp. |
L - co . o
S - zhcm (ash- and CO,~free basis).
6 - Hydrogen (ash- and GOp-free basis).
- 7 = Sulfur- (dry basis),

YN

- H. H. Storch.

2 : | - '
< 05 . - Pittsburgh, Pa.
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| EXPERIMERTAL PART
Rew Materials, 'Shale} and Solvents

Combustible shale of donosit "A" dried and cmshad to
35 mesh (.3 mm. diameter).

Ditto frcu _deposit . "B"

‘D:ltto from deposit wyw, -

Snlﬁn--containiug shales from depoait "G", wpn, egn,
and ®Zh=, ©crushed to 80-nesh (-2 mm. diameter).

Analyses of the shales are given in ’.l'able 10 _These shales
are rspresentat.ivo of typd.ca:l. dapouits of the two princ:lpal types of

Sovief. shales sulfnrous and snlfuru-fma

T

Tablﬁ 1-0"

: _ -Shale- | v
- Depoeit A, sample 1 3.3 . 12,2 77.78 9.2
" 56-u3 1 e —

-y

6.7 7.7

Sy

38.76 61,45 6.51
_“077 : oo L L] ’ 8012
56,7 64.17

are unfsmiliar to the u-anilatcm Howevar, the
figureaaroapparanﬂytotalinorgani -

The’ aolvanta exnployad weres Anthracene oil pr:lmary shale-
tar hydrogenated ahale tar, topped aha.le t.ar shale exbracta made
: from prmary tars, and petroleum fractions, The properties of the
~ A—~~-—'~solvonta*‘afa"—g£v_aﬁfin_T§5fo\20 T '} " |

K4




' Tabh 20“ characteriatica of the s::lvanta.

“ . Practien ‘
. Initial distilled Vi.acoaity,
' , Specific. temp., to 350°C., degrees
_Solvent __gravity °C. __ percenmt Engler
la Anthracene ol f hm = 191305 220 ?0-0 ‘ 1552- at 20PC. .
_ 2. Residue from primerytars, . R o
- " of deposit ®An shale 100 = 9922, 215 23.7 | 5.8 at 100°C.

3. Extract of deposit "=an 20 | , C ,
- shale after removal of dog” = .986 Y ) 70.2 16,58 at 25®C.
o taaol;m‘ and filtration - a . N
L. Regenerated solvent 20 o . R
(recycle) after extrac- d,n“ = 091175 775  kL.l8 at 2%c,
tion of shale wA® _ , T o |
. 50 Diatilled tar from de- 20 ’ - : ' WL .
posit BA®™ shale dpg = <933 S0k 3.k at 25°C
6, Tar from deposit ma» 20 S o CoL
.. shale after removal d20 =1012 72,5 12.6 at 50°C.
-+ of gasoline | o _ | T
7o Surachan(sk) masut dh"’° = o963 17 - 6.38 st 50°C.

8. | 4,202 855 25 Lokl at 100°C;
9. Lok-Batan magut - 4,25 = | 2 e

“Residue from primary S . o 4 . '
tar from sulfur con- : IR - U8B 6.3% at 1000
taining shalo : : ' L : o

Extract of sulfur con-
taining shale, after 20 P
filtration and removal o= 1,056 -
. of gasoline . . ,

 12. Regenerated solvent 20 .
. after extraction of a d,” = .9232
C sulfur-containing shals '

13, Distilled tar from a
' sulfur containing riale 20
with initial bopo of dh~ =
225, and con : _
.fractions up to piteh— ' .
8.1 at 50°C,

1!;, Rydrogenated shale tar dh @ 1.7 at 100PC.

15, Petroleum Diesel fusl 20: 859 < I , --— y §




Experiments with shale from depoait PAP wers performed i.n
a 1/2-11ter batch-rotating alectrical]y—haated autoclave of the
Bergiua type, and 1n a continuous pilot plant, ‘Tha other shales

. were tested jon]y in the autoclave. The autoelaw tests were per-

formed aa followss . 100-150 g. shale + 100-150 g« 3olvent were

charged into the autoolavea The range in shalessolve_nt ratio in-

| ir”a‘ﬂ'.i'ga’tad m,‘30:‘70*tb5“"'l“d:30. ﬁe#étion't«omperatura (300-h30°C. )
was reached in h0-60 minutea, kept at t.hat tomperatum for the de-
sirod length of time, and the autoclava quick]y cooled. . Roaction
'time, as shows in Tabh 3, does not include tima for proheating or

e cooling. After cooling, the 13 parated ¢gases were measured and |

analyzed on a V-T-I ‘;;ﬁé;atuau; The solid and liquid products - i - :
‘Were tranafemd to a L.laaa diaf;illation flask and two fra:{{wor;;
collected, napely, water including moiature originally preaent
and water of reaction and crude. gasol:me boiling to 200°C. The :
residue was filtered through a heated (9o~110°c.,) Bﬂehner funnel

. and either washed with benzene or shale kerosine or extracted with
‘benzene on a Oref apparatuso After removal of the benzone frm —
the extract by distillation, the porbion of the washiifgs that d:.a-
t:llled above 130°C. was added to the ﬁ.ltrateo ‘rl:a final residua )

" containing the minsral matter of the shale together with unex- |
tracted organic material was ana.'lyzod ﬁor ash (including coz).

“ The e:d;raction yield was ca.‘.lculatad by the follawing equations |
~agoo-m)l g,

x= 1°°[ b(100-a)

-

* Possibly '_‘Al_l;gu_n:i\,on-‘lfeql,micalinétitute“, (trans. note.)
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where » orga.nic matt.er exbracted from. ahale ’ paroent a= mineral

- content or orig:lnal shale, percent ‘and b = mineral content of resi— .

dua maining after extraction, percent. The actual quzmtity of
1iquid obtained was lesa than x by the amount of gaa and reaction
watar formed, |
mr:lng aach expgﬁnent tha bulk of the aolvent was prasent
m the liqni.d phaseo “The raaction pmssure (equal to the vapor pres- -
sure of the aolvent) was 30-L0 atmosphares. |
Influence of ‘ramperaturo and Beating Ti.me.

. Solution of shale from deposit YA" took place only alowly
in anthracene oil at temporaturoa of 300-375°C. It became very -
rapid at temperatures of hOO-hZO’Gq 3 maximum ao].ubility (9&-96 per=
cent) of the organi_q fraction of the shale occurred in a very few |

| mimt.ea at i‘.his temperaturo; At temperaturss abova_h30°c°, t.he ef-" o |
.t’ectlva solubility diminished. The same behavior of shale "AF uas .

- observed in solvanta such as pr.hnary shale tars, }wdrogenat.ad aha.h, ;
tars; and in Lok-Batan m.suto Shale mpw bahavud a:hnilar]y in a.n-»
thracene oil. o |

. The sulfur-containing shalea "G!' and "E" in anthracene ‘
011 and Ishimbai mazut began to- diasolva at 300°c. At 375—390°c,,
85-»90 percent of the organic matarial of shale "G" }and 72 percent
of that in shale "E" were dissolved in a few minuteao At tempera- |

_tures higher than 390—1400'00 or at longer contact time in the auto~
| clave, the solubility diminished These ahales thus reacted at

lmr temperatureu than sulfur-free shales., Opt:lmmn cor.ditions
for shales nan and "B® wers 15 mimutes at hzoﬂc, for 3 and "E” -

5 ninutes at 385-390°c. __',




Inﬂuence of Shale:Solvent Ratio. .

Expar.imsnts on ahalo "A" were perfomed us:\.ng anthracene oil,

primary ahal_o tar from this deposit, and hydrogenated shale tar as sol-
| vents with 30 parcent 50 j)ercent , and 66 psrcent shalo in the paste.
Sulﬁ:r—containi.ng ahalea me teated in anthracene o1l 1n paatea con~
taining 50 percent: ‘and 70 percent shale, . |

| ‘With incressing concenmtration of shale "A® in the paste, the
solubility decreased graduslly and the concemtration of the dlssolved
| o;fgazii'é matter from the shals increased in the extract solution. A
50-porcant shale paste was best for industrial oporation, reaulting
in axtraction of 90-95 percent of the organic constituentso This
paste was n.uid and easﬂy pumped a.nd the roaction product was read-
11y filterableo _ With eulmr»cont.aamng shales . using ,a"].
action t:lme at 390"& s 87 percont of the organ:lc matter was
from a 50-percont shnle paste; at 70 percont ahale concentration,
only 79 porcant was exhractedo ’ | |

Influenca of Particlo s:lse of Shalao

These t.ests were perfomed on shale nAn us:!mg, Lok-Batan
masut as aolvem; » at 420°C. and 1S-minute reaction period, as wall
as on aulfurccontaining shales, with anthracene 011 ‘as- gsolvent at
39o°c° and 15-nimxt.e reaction periodo Bange of particle aiso in-
] veotigated was,-for ﬂxalo mpn from QolS'tOéo..I mn in diammeter, and
- for shales containing sulfur, from 0,25 to 5 mms ‘Wo éfféct on'the
; "solubmty" was detected that could be. ascribod to particle simo
For any size ;m thia range, "eolub:llity' of shale "A"™ was. 96ph-96°

parcont—md—rcrsuifurocontaining ahalea, 8L.,0-86.8 percent;




RalationahipL Betwsen Shale "Solubnityﬂ and Solvant. |
In axperiments with a]l shale ammlea, it was :l’ound that vir--

SN TR RS
Rl

tually all solventa that cou].d be used in large-sca].e .planta ga‘va.'ex»-

SN BT

tractions in the rangs of 91-96 ﬁerconto Hence, suitable solvants

- could be aelected ha:v:lng tl.dely difforent origins, chemical nature,
or plm;ical propertieso - The mst signiricantJfactors 1n selection of'
a solvent néa its physical propert.iaa, for example, the ‘solvent nust
remain 1n the 1iquid phase at hOO-hBO’co, and 30-&0 ataosphma presg«~
‘sure; it must be thermally -stable, and shonld have & high density (1

or higher)o For rapid and- easy pxsting, the solvent should be frac o

S e ] S e SR Emen
.
T
. .
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from asphaltic materials (wh:!ch cause filtration difficnltiea) ’
-~ fluid at room temperature. The most satia,factory solvent f_ound was
anthraébne oilj however, the. use of the -220-370°C. fraction of pri~

mary shale tars is baing stud:ladc 0

Soluh:l.litg ot Various Soviat Shaleao

-Table 3 gives the reaulta obtained
" Table: 3o= Solubility of Combustible Shalea
%rﬁwﬁ

L . - S conditions o
Exp. ' v o o - Time, Temp., Percent
‘No, — Shale - B Solvent : min,g ©C.. extraction
Deposit A Anthracene oil - .5 420 96.5
Deposit B Anthracens oil : 15 430 78,7
‘660 Deposit V Anthraceme oll - - .© 30 400 - 75,0...
338 Deposit G Anthracene oil) 15 390 86.8
;583 Deposit E  Anthracene oil v G 390 T2.k
476 Deposit D  Ishimbai mazut 10 390 82.2
Fractions of primary .
_ Deposit Zh { tars of sulfur- } 10 o | 76,0
: { containinp shales. } . : :




The process of thermal solution 48 accompanied by catalytic

cracking of the extract slurry. The mineral fractions of the shale
contain, mong other ccmstituenbs s almnimm silicates. Producte of -

3 cracking are crudp gaaoline, gas, reaction tator, and heavy pitch-

: like reaiduea The 220=-370°co fraction is used as recycla aolvsnt.

A An optimm relation exists between the degroe of cracking
and the completénééﬁi of axtr'action; 'Too imch cracking reduces the
extent of extraction, In addition, with emessive cracking, iﬁsuf-
ficient recycle oil can be regenorated and make-up eolvent is required.
‘l'oo little cracking (for exampla, lleuti!lé ahale mA® to 380-L00CC. ) re-
“aulta in highly viacous solutions which are difficult to filtor

T ’. Extensive expermenta have ds:aonatrated that optiumm results
_are obtained whcn the shals slurry after paseage through the reactor
contains 9==12 percent crude gasoline with a boiling range to 220°co,
calculated on the total product including the” inorganic materialo
Under such conditions, moderate gas loss (about 5 percent of the Ol
ganic matter of the shale) is obtained and the yield of reaction watar
is 1ow° The scelvent can be completely recovered, eliminating the need

N for makeupo Recycle of regenerated solvent can bé" cantinugfi indefinitely
if the solvent is obtained by distillationo_ . S
It is not possible to recycle the gaeoline-»free slurry (when
" fread of solida) which bo above 220°G°, as asphaltic- materials ac-
- cumulate in the system reduc axtraction yield a.nd interfering with

filtratioﬁL Hbcycle of the, 220-9370°co fraction of the a]nrry olimi~




The following data are baaed on batch autoclave test.s:

Shale Shale A: 5-&0 percent of the organic :natter becomee con-
verted te crude gasoline with boiling range below 220°C., 35«4;0 percent
to pitch, 3=l percont to reaction water, 5-10 percent is lost as gases, |

' ;::'-i_".-and 5-10 percent is lost with the aeh., The ges contains 31.,5 percent
002, 3 1 percent HgS, ! -,0 percent anZn’ 13—percent co, 7,8 pereont Hy,
~and h3°2 percent cnaw
o Shale Shale B: . Ua:lng petroleunm mesel oil as solvent and reac-
t:lon conditiona of 20 mirmtea at hB(PCo, 57.8 percent gasoline, lloh
'percont extract. . 5.8 percent gas, L.l percent 1-120, and 20.9 percent.
| organic ineolublea (baaed on orga.nic fraction of ahale) are. obta.’medo
The gas containa: 20,7 percent €0y, 3.8 percent Gnnena 7.7 percent co,
16,4 percent He, and 5105 percent an2n+2. . _ . -
&almr-containigﬁ_ehalee give yielde similar to shale A.

Using anthracene oil (15 minutes, hOO"co) R 807 percent_ 'of.ga's wg obe

tained cdntaining‘ h?qh percent CO o 7)4 1 perceﬁt st, 1.8 percent
nHZn’ 1.,2 percont co, 11°2 percent Hy, and 24,5 percent cnnzm,z.

Solution lr Shale in a Cont.inuone E:Erinental Plant.

After the 1aboratory mmatigation on thermal ‘solution or
combustible shale wae completed and ‘optimum couditions of temperee‘
.ture and longth of reaction time aecertad.md, oxperiment.a on a large-
1aboratory continuoue acale were nndortakena Flow rates -ranged from

e

10 to 30 kilograme of raw materials per hour.

. ~<r*" *

Derinition of term uncertain (t.rans note)o .

ey :
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The equipment consisted of3 (1) mnixer (capacity 100 litora),

(2) gear pump, (3) high-preeaura paste puzp, (b) coil preheater (50

.~ meters of 10-12 mm, IoDo tubing), ) reaction vessel (capacity L

USRS

1itera in first set of experiments and 8.6 liters in second set) which
was fitted with an agitltor in the second set of axperinents, '(6)
nof.or, (7) throttling valve, (8) condenaer, and (9) product. x'eceivaro

‘ Exper:inents » using ahale tran daposit A on]y, were per-
 formed in this equipnenta The raw shale, cruchct_i. to 35-noch and
dried, was mixed in the blender with aoimt (eiih'u'- in 2:3 or 111

ratio) usiug tcpped gaaonna—free shale tar in exper:lnent seriea 1
or :ln a 1:1 mixture with the 220-370"0 fraction of diatilled -shale

| tara (1n aeriea 2).. Paste ¢ a temperature of 20-70°C. was pumpcd,,,

through the electrically heated 'prahz'oator where it was heated to
hoo-hzo"co, into the reaction vessel whera it remained for 5-20 ‘

| minutes at. hOO-h30°c° Products of solut:lon of the shale (gaa , EaB0~

Tl:l.ne, heavy solntion,, reaction water, and inorganic mi.norals) to=

- gether vd.th the aolvent were throttled t.hrcugh the cooler into the

. recelver, whero the liquid and solid materials collected and the ;

' -gaseous fractiona were separated. Tanperatures were measured at 4

pcints (1n1et to preheater “and 3 poi.nta in the reac:t.or)o . Pressures:
ware held at 33-38 atmospheres by a speclally constrnctcd throttling
valve. . _

N

The most. serious operating difficulty was rapid wear of

the paste. mmpo No accumulation of solid reaidues was o‘baemd any-

where in the system, Equimant of th:le general type, with some mincr

' nodification,can be uaad {4 largé-scale plant for the liquefaction

. of can‘bustible ahalo., o : . .-
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, Extraction of _85-90 percent of the organic fraction of the
shale in gasoline-fras shale tars was obtained at LOO-L20PC. in 5-20

minutes in the ‘x'?iéactoro It was found expsdient, in order to 1ucreaao

the gaaol:lne yield and to produce an easily filtered alurry, to oper-

ato at L20°C, for 15<20 mimutes with a h0360 shaln:tar feed. Solvent

-«

. was cont:lmouslyreganeratodand the need for makeup solvent thus

t . -

A

nataformmnsarogivan halawin‘rableho

Table hoa Data on ‘Thermal Solntion of Shale
in a Continuous mof, FIant.

: Test 3 +  Test T
“Parts Percent ~ Parts = Percent
by woight of shale _t;_y;might of shale

-\llo
60
Y00

ho

~Dry shale
60

Solvent (tar)
: Total 100
Products
Recycle solvent o 60 ' o . 60
Crude gasoline. 8 . 20 6.3
Shale extract ‘3.2 -8 L.6
- Insoluble including ash 2L.8 62 . 2)492 '
. QGas, water, end losses b0 . 10 by

16
1105
60.5
12

s the shale used (sample 2 Table 1) had ' b3.5 percent or-
- ganie mattar s and as 27-28 percent of the shale was obtained as crude

gasoline and shale extract (£filt ez'ed), the y%eld of ligquid fuel was \

" about 62-6k percent of the organic fraction of t.he ahalec

 Certain dlaadvantages are pweaent in the use of topped shalo
 tar as a solvent: {1) slurry is difficult to filter and is very via~
cous at room temperature, (2) aspha.ltenes accmnulate in the ayst.em en .

e —

recyclo (3) concentrated shale paates camot be ‘used as fesd, B0 that
.ths capacity of the unit is lowered and (h) cert.ain conatituents of the

tar az'e cracked on pasaage through the reactor, increasing the ge.s and

—_—




' watcr loaso- For examples ga.s and water léas is less than 15 percent
(based on Qrganic_fractj.op-of‘ shale) when a 111 mixtumc;fahale and.
anthracens oil are f.reatéda Un&;r the same conditiona of tampex"ature,-

- pressure, and reaction tine, gas and wator loas is 25-27 percent (same

basia)whenafeed ofzparta shaleto,’jpartsgaaolim-»freotaris
'uaedo . - . .

Bacause of these ahortccninga » othar solveuta were tested

" om pilot-plant scale,

| The 220~370° CQ fraction of prinary shale tar (froa shale A)
was usod as a solvent :Ln the second series of oxperimentso It ..ad the
following specificationss dpy20 = .933, By = '3.4°, initial boiling

point = 220°C., 47.8 percerit- vy weight) distilled to 300°c°, 78.8
percent to 330°co, 9o°2; percent. to 350°C., and 97 percent to 370°c.,
Average molecular weight = 2220 ' '

, . A ‘throughput of 30 ke, /hro of paste (equal pm‘ts of shale -
and aolvenb dh 1o18), was maintainad in these testso' cgntaot
t.'una in the. reactor was 20 mfl.rmf.e:.s‘Q Paate temperature at t.he e:d.t
of the prehsater was 115-4,20°C. and in the reactor hzs-h30°ca Oper-—
ating pressure was 32 to-31:z atmpaphefes; l[aterial balance calcula-
»t:l.ons were based on 100 kgo feed. The raw ahale ana]yzed W= °7h |
percent A® = 51,47 percent (including mineral carbonatos), A_s of
the residue after.extraction = 91095 percento The organic: material
'in the shale was 91.65 percant extract.ed as follows: 39 o3 percent
converted to crude gasoline, 2.9 percent to Diesel oﬂ. 0.6 percent
to wdrocarbon gasea, 30.2 percent to pitch, 8.75 psrcent to gas,
“603 percent to reaction water, and _élfpé;;;nt mo;mit)_l?, g. pate~
: rial balancr‘j:s—shm in Table 5 —

~,1u S i_ —
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Solvent | .. Regenerated solvent 50 .

01“33]13 con~ ] cmda gaaoline to °

stituents of 2h.23  LB.LG™ 220°C. ' 9253
shale . Gasaous )vdrocarbona 0.15

Minsral fracti .
oz shale R 25.M0 50.8% Diesel fue]. «70

Water (in ohale)‘ 0.37 0.7h* . .
160,00 100,00 Gas 2.12.

Piteh - 4 . 7.30
Organic insoiuble = 2.04

Inorganic nat.ter | 25.4
Water (as ncdstnm) 037
Water (rqaction) . 1.52

I.;BBI .' : ‘ 087 ‘ »
‘ 100,00

- "’Based on ahaleo

**Based on organic fraction of shaloo

e

'I‘Imé stértoing with a metric ton oi‘ dry shale from deposii; A

e ccmtaining 8 percent organic matter and using the 220-370°C. distile

"lation cut of primary shale ta.r as an initm solvent undar the ind:‘L-

cated conditions, 190 kgo crude gesoline boiling below 220°C., 3 kgo. _

.gaseous hydroeérbona, 1h. kg, Diesel fuel, L2:-kg. gae, and 1h6'kg°' .

pitch were bbtgined'o' Hydrogenation of the latter will" give about 110 |
kgo gasoline and iceroaineo Solvant was campletely regenerated by dia-

[NV Py

tillation oi‘ the filtered. gasoline-frea slurrys'—"—'#baa:anced flow sheet—" o

for the process (using shale A-) is given in Figure 1,
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Treataent of the Shalo Extract

The gaaoline-afmc shale aolution is a dark, more or less vis- -

. eous- nqu:ld, containing insoluble ash vhich settles on prolongod stand-
-‘1ngo Shele solutions mado from gasolins-fres shalse tar are oxtmo]y
viscous at room tomperatumo The fﬂtorabmty of the extracl’. deponda

,,_fm tho conplebmas of exbraction and degreo of cracldng and can bo

: qua:l:!*..ativaly esthated from the appaaranos of the alurry Solnt.ions
only slighﬂy a-aclmd and very difficult to f1iter have a brunniah

shade and high viacoaiwo Dark black, cenparativoly n.nid exbractc

are particularly easy to fﬂter. »
' !he raw plant extract conta.’med seracking gasoline" oxcess

T

solvenf. diaso].ved organic constituonta*of t—he shale, solid residuo
coxrbaining mineral matter and undissolved shalo s and. roaction water,

BT

 The compositj.on varted quite vide]y 'dopoming on the initial shale.
In practice it waa quite eaaﬁ to saparate the producta
':i.nto liquid and aolid fractionso ‘The gasolim-kerosine fraction
could be’ i-eadily remmnd On a laboratdry scalo, insoluble mate-
rial taa renovad by filtering the reaidual extract (diatilling _
_sbove > _220°C.) through paper in a heated fummel. At 100-110°C, £11-

TSR b

tration was satisfactorily rap:ld, o S —

- a - . : (

RN

‘ ““”" th a plant ‘scale, » varicus methods were tried for filtering

.. o

the slurry Slurriea mada frca ahale A and primary shale tar and s

diatmod ahale tar were teetod in oentritugal filtera and smrcan-»
tri:tugea The superoentr:lh:ge (at 12, 000 rpa. )—gave _good and rapid
,soparation, Jmt the drun quickly bocame clogged with residuve, Very

good “resulte werc obtad.nod ua:lng a oentrifugal filter (3,000 rpm,
food tamperaturc ]1;0-150"%) even on highly viacoua shale axtractso

I - R




Slnrry mado fron ahalo A and. distﬂled sha.le t.ar (220—370’09 boiling
rango)mtaatedinafﬂtorprealc | . .

Good results were obtaimd us:l.ng i‘eed at 130-1&0’0.. Tha o
cake was washed in the proaa with keroaino, bou:l.ng rango 180-»220’0
(mh Iiquor equal 111 volme to the r.lltrato). The ros:ldne 9 a.ftor ,
steam drying, oontained N.76 poroont ash. = f."'; =

The filtrato is an oi].y li.qu:!.d at roam tamparattmo having
the fonow.tng propertiea: dzozs ,989, mcoaity 16.,58" Engler at -
‘2%°c., initial boiling point 220°C,, Sh.1 percent distilled below
3209c,,, 70.2 percent below 350°C., and 83.3 percent below 37%°C.
Vohicle is regemrated by distilling the filtrato to 370°C., 1cav1ng
a high-melting pitch reaidnoo _

Canposition and Qualii of Products frcu Shala A-., |

_g_;las__g_s_z About 2.1 percent of tho feed mixturo appeared as,
gas when shale A was tmtod with diat.ﬂlad sha:l.e tar at h30°co for
20 minuteso ‘ ' The gases had t.he following compoaitiom: - 37.5 percent
COp + HpS, 22.3. percent CO, 7-9 percent Hp, 13.3 percent cnﬂen,

/;rporcent Cplonez- Its heating value was 6,000 cal./a’, Ascord- g o
ingly, it contains 77.5 grans of twdrooarbon gases per ‘cubie motora A
Gaaoline and Keroainex 9. 7 pamnt of the ext.ract m o

- A JL. S

gasol:lne, or 39-percent baaod on the o\rganic fraction of the shale,

The crude p:roduct was fractionawd 1nto a gasolino cut Boiling below

‘_180°c<,, (17 percent of the shale, or 35\ porcex;t: ofﬁthe organ}e» frac-
tion of the shals) and into a kerosine c\ut boﬂing from 18P to 22(PC.

i (2 percent. of;, ,t,hg‘gahale or h peroentof its organic contont)o

PR ——"




Table 6.~ Properties of Products from Shale A.
W
~ Specific _ mnt '
20 nols Sulfur Acids satu- Aro- -and 4 :
Material o« @7 percent b!telght - yrates matics paraffins o
© Crude gasoline = . L |
- boiling below . 7575 3.6
mwcc S PR oo aremiy )
Neutral fraction - -
. bolling bolow . «T55%
o - 180PC. - T
_ Gasoline, washed ' .,
- with s pment o o Th9R—

Crude ;n;e_rqai.m N .
boiling from . -8UL7
’ 186’ to 22060 R '
Neutralized kerostine
bOiliﬂg from 0830h
180° to 220°0° :

Tab].e 6 gives proximate analyaas of the crude and neutralisad
gaaol:lne and kerosine fractzons s 88 well as on gasoline which was
tashed with S percent, (of its miéht) of stoh (density = laﬂb). ' Tho
loss on this treatm:nt was about 6.2 percent of t.he gasoline The oc-
tane mbor@ the purified gasoline was 63.9, and with the addition of

7.'43 cc., lead was 1ncreaaed to 7506. In the standa.rd oxidation test, the

- induction’ period of the purifisd gasoune was 70 mimzteao Uning 5 cc. /1,

of A naphthol as an inhibitor, 8 value of 380 mimtes wga obtained-s
The purified gaabline was a colorless tabln liquid Treatment with 5
percent ac:ld was not sufficient to remove aulfur-containﬁng ccmpmmds s

. »only to U5 parcent follauing treaunent.' Diatillation or pnrigied‘
,gaaol:!.ne gave the following cuts: In:ltial boiling point, 69°co s hQS

N [

percant by y volume bo:lled below 90"0. s 17.0 perccnt below 1oo°c° s 27




jpereent below 110°Go 9 39.5 percant below 120‘(.‘.,, -S40 percent below

'.,130"6., 67.,5 pcrcent below 140°C., ». 18 percent below 150°C., 8605 per-' |
"oont below 160°co s 9200 percent below 170°C., 95.,5 percenb below 180°co, -
_a.nd 98 porcam below 189"&, ‘

The puriﬂ.ed gasolim differed smewhat from the crude gaso—

' 11no which had the fol'.l.ow:l.ng diatillation analyaiaz

';__‘_.,.,m;u Temp oy VQ].ume percent
: ec. cumuelative

initial point

-4

-]

93,0
. 97.0

 The crude kerosine containod 7.7 percent. (by vaight) phenols
which could ‘be recovered for use in tha plast.ic industryo (The crude
gaao]ina contained 3°6 percent prnno o) Average moleoular weight of
. the crude kerosins was 155, The. following diatillation analysis was,

cbtaineds

Tempo, _ Volume percent;
°C, : cumulative

152 | initial point
160 © 1

»

' 2
180 .
190 . 3 o
200 . :);a:;:..#uh_sg,__ e
- 210 o 72.8 =~ —
- 220 . .B6,0 |
230 .  9k.S




Recovered Vehicle: The distillate fron tho ahala extract s
boiling be].ow 370°c° had a demsity dzc = .9h75, v:lscoa:lty h.h&"
Engler (29’0.,), average molecular weight = 232, phenol: contant = 15.5 ‘

per_centg Anal_ysia 'of\-this material by distmation wass

Temp., .
B _Weight percent
um 220 A 305' .
- 220-300 4.0
300-=350 = 30,0
—350.360 ' 1101 _
above 360 - 11.0
loss ] ol

— . . y 1T . -~ .
. L t ey SRS e . . .

NI B

The . recovered vehicle was recycled t!n-ongh the plant with
fraah shalec Repea.ted exper.’ments by P.N. uelcn{yev showad no de-s -
crease in quantity of shale diasolvad oz\' in smount of nght fractions |

on cont.imxed recyclea

et

Pitchs Solid pitch with a melting voint of 159’6 was ob—
ta:lr...d from the vehicle regenerat.ion distillation.
' 'rhe inaoluble residue conta:!ns 92 percent ash and B per-

mt organic matter, 'I'his mineral residue may be used as a cemaub
raw materialo It is a fine, eaaﬂy crushed povder, with the follow—

ing acrean analysis.
g . Siga, mm _Percent by weight

> .208 © o 19ub

" 0175-,208 . 2.7

. olzh“ol?s ( Bdah
old‘-om : ’ ) 509 .
-088-,104 23,22
07h~,088 - 8,32
o061~907h' . 80&8
0053‘0@ ) ’ 12076
oUi3=-,053 . 0.0
< om‘B o : " 107




-~ -mm-. for Large-Scale Thermal Solution of Shals.

On the basis -of the ahmra experimental data, the following
scheme may be omployed for large-scale themal solnt:!.on of ahale: _
| " Shale as minod,. after concontration to 50-60 percent or-
ganic matter, is dried to 1-3 percexrt HQO; it is ground to O 2-»063 m:rc .
and nixod with recyclcd distinato (boiling range N 220“-»370“6.,) :ln a

and 30 atmosphem pressure. Reaction product is thrott.led inbo

fluh evaporator where gas, gaaolins s and harosim are separated from

" the heavier fractions (boiling sbove 220°C.). Residual slurry at 1309-
‘1h0°co is pumped aither through 4 ﬁIter press or a centrifugal filter -
' to remove undiuolvad s0lids. Keroa:l.ne , at 130°-1L0PC., is used to

mh the filter cake and is recovered from the cake by st.em dryi.ng

'I‘he 220°-=370°cq fra.ct:l.on of ths- filtrm is recycled as vehiclo‘, The

gaaes ’ a.ﬂ'.er recovery. of gasoous lwdrocarbons by adaorption,
bumed for heat.,_. Gaaolino and kmaine o condensed from the gaaea 2
are mhod with alkan to, recover phenola and then with ni,soh or
+ “contact’ pﬂrifiar"*o ' |

In'a plant handling 100 Tonnes of ahale A per 21; hours;
about 18 Tonnes gnaoline and kerosine will be obta.’n.naedo Such a
. ].arge-acala plant will util:l.m eaaily availeble equipment common
to the petroleum industry. Ths cost of the plant would be about 2.5
million rubles (not. _including power plant, housing facil:l,ties, atc.)o

—e———yn N [a—

\ | | . B — e

e _*l?ogaib].y_clay treatment (trans. noté)a
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' If such a plant is built, including 1pi'a&iaion'. for destruc—
tive hydrogenation of the pitch, and stabilization of gasoline and
kerosine by,hydroganati.on,. a minisum of a 30-_-paz?;=ent yield of gaso~

line and kerosine will be obtained, based on dry shale containing LB

T gercent orgsnic matter.

e

(A one~page comparison between thermsl solution and ¥ | ~
gemi-coking and an extensive. sumary of the entire
. ' paper were not translated. ) o

ol
|
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‘ The Carbom.zation of Oil-Shale in situ .

The first method- 1_ '

Applying this method at i‘irst the wells ‘are drilled into the layer.
~borings are arranged on’ the parallel lines. The loosening of the layer is per—

' formed by explosion.,

—

The oil-shale is ignited byblmng the hot gases and air through the layer.

- Ai’ter a certain time the carbonization ie continued by utilizing steam, :

"‘":"'l"‘f.‘{""" LIEE_N

which is removed through the layer. :
. For can-ymg on the process new wells are drilled and the same treatment

is repeated - e

T_his kind of carbonization needs comparatively long time therei‘ore great

' area.s must be distilled in the same t:une. | ]
The ca.rbenized oil-shale embodies great amount' of the heat, which could be —

il ol N ERR

mainta.ined for producing steam and het gases (generator gas).-
The necessary heatwfor carbonization is. produced by:

1. Shale oil LT
- 2. Fixed carben ---—
3. Sulphu.r '
h. ‘Hot gases of shale distillation

The second methodo T ) ' . P , ' o -

iy

The same carbonization could be “perfomed by utilizing only cne row of

'boringS.
' The ‘third method- - _ . '
This 1s the well-knewn "Miler" process applied in Gemany (netice of trans-

. lator)

Notice of Translators . o C R S ‘,.. : .w e e R e R

This method was tested in Gennany and was fou.nd to be too expensive, }‘hile
‘ E .. ) g S : T ‘"’I- - ’ IR

.. large. a.mount of a:ploaive was necessary.
. o

-

T The producing oi‘ generator gas seems to be :mposs:.ble, while most of the

p,,r@ LLQ/

fixed- carbon::i;s—bumeda by—carboniﬁatiou. — e ‘ ——— v' ' 6' VVACE




.@i:i>01jeutvinn1ngugen0ﬂ clektrisk. up*hettnl £ enll Dr L ungstr
T : efter apogifter 1 du"nnreSJe DR
N "
'earaebnlng,av i0 @ bergyta pr borrhal lumn&r 400 tbn sklffer.
svarsr mo0t en nkiktighet nos Lyndigheten ev 207

Vur-upnugxtn14g Hy—bergb*"tiii—&G@Q_FH”IVGB“EtﬂE“40 000 kWi,

Bverer mot 4,200 kflv~oc eﬁ—speéﬁvar_e av 0 2 5 nos berget

o A

o Utvinningen av olje angives tlll S a4 caﬂger oven anfurda kalo~.‘ﬂ
“rital och utv1nn1ngen till 75 j av’ sxif ferps oljenelt. Utrakhat svarar”'
detta mot en utv1nn1ng av ‘0, a-a 13,7 toxn 0*39 pr borrndl resp 400 ton
berg och en oljehrlt hos skiffern av 345 a 4,5 3. Dessuton urvinnes Sy
icke angivna’ ningder virmegaser varjiate bergvaraet tillmites ett—wvisst
ekonoaidkt virde. I gnslutnlng nartlll uppstalles filjande

' . halkxl _,'-.r*~* A :
Utgltter e s ' ‘yggko¢9ter

20,050 kb & P Sirer
'Drlftkostnader j
{" Hante och. amortcrlng

.jfvlnst -

nntageu s&nmansuttnlng hos Bklffernt
(. e, € i (kC—S ;c/(,\ b ( c,_ ",_.J

motaverande 500
" . . 1_’ u7u v .
.6 meo 170 "
. ,7:,; i 1" Bt . . (‘; - . | L . !
200 T - .1,000 kul; pr. kg sklffar

FEACEN

o Skifferng uppnettning sker gen .om $orbrinning under Btdrre
eller mlndrewmedverAPn v filjande 4 extrema Fall, vilke utr&knat,”pr
ko skiffer. Berdkn i ngarnae besere aig i ovrlgt pa som forut en yta ' 4
*5 ' besrbetat berg resp. 400 ton skifler. .
vw—@(_

: J.‘ tha—ttugak, Lane <~ Ve ‘
( 1) upphettnln en sxer genom Fflrbrinning uteslutande av olaa.

- Jppaettnln” 0,s5. 450° =100 %"l. = 20 ¢ av olgelnnehéllet

Resterande olJa 400 " =280 " .
Utvunnen olja pr 400 ton ski®fer nntagen till 7574 ev aterstoden:

-— e o mp—

0,75 . 400.-0,2. 0,05 = 9 ton oljs pr borrhdl.
{,(,,21,9, ¢2*~Aa~4h{uarcuuk Kanc . Verbterern s 1m~yt- -
o Upphettnlﬁg n sker genom fdrbrannlng enbart av kgi

7 av
” ”

UpTnettnizg G ?5.~4 0 200 kel. =. y
esterande kol . ="1,270 " = 97,

v
~
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A<;)upﬁnevtnl ~en sker geno:n *ur“rur“l U,eAuart aeﬁ svae;.-

'\‘)ﬂettfﬁi"lg L O,f{'f‘:.-’,':f')‘o = O sl . = 77 f;..&xf svryvle®
—_ e 3] - o corr c 124 \
Ceg—Rlaly
e~

Y heJtexﬁnde svavel . = e ‘ .
Upphettnifen sker enbart medelot ‘e . vid desti lL&th" ¢ 1 erndll
;c“e 50ﬂd ngcrbara men LT -nnbareg virzegasernt. - 7

: )

' - . Iar stor 1edve“knn o rde*m av cessa recktioner i ver 11 saetern
o-ma a*t limna f5r uppaettningen torde end-~ot praktiske 7 T8 k Lunno
fiva besked om. I T rsta hxend avdest *;-erar-t?ollg°1 07311 nen genoo
lufiintklasningenstiger teaseraturen -lokelt, vari 'r tven eadel kol -oc:
svavel torde komms att £3rbrinne, -llan torde QLrfiT kuane antega, at:e
oljen ldmnar blott nalva viarmetilleskottet oci il saledfs 15,5 ton

0139 utv1nnes pr borrn¢1 resp. PT Q2" yuf : g

- e, o o A
e, [ Qoo Pl el TN \ /., Y - S

- utom olisae torde aven avsevarda ﬂguvder neneratorvas kun“e ut-
v1nnas ‘genon bl&snlng &¥..lufit._i. borrailet o.1 delvis furbrﬁnnlnc o kolet

i skxiffern seden olian avdestillerats. Om det entages, att 75 3 eV kolet

kan.&verfuras i generﬂtorﬁas skulle detta motsvara

¢ ~.

C,«.

0,78, 1370 =340 kal. eller c:a 0,J m® generatorgas'nr,kp skiffer.

-

Ztt borrhil om ‘0 n° ytomfaltning eller .400 ton- s&iffer ekulle hirvid

medelst nasmotoreg kunna genersreo en energlmangg av
-4{(‘\:"(0»\ 5»(\ e A G ind - AU e W_g;‘_{'
: - ~te 40, 090 kWh._ " -

Ty Ay . Lo T - o .

: 7id blisni-gen av ceneratorg\sen an;ager berget en reletivt av-
tcmperntur. Nenna torde kunna sittas till i meueltal ELu; Genom infiran-
Get ov vatten i-bcrgct son f2Ar avdunsta till vutteﬁanga ‘ocn. Uverhettas

till t.eX. 150 samt utougas och tillvarsiages medelsat accudulatorer e.d.
e SBTL folgande varnekvantlto*'tlllvnratagas-. ».. :

h.‘f
SYeUoe

S S

"50). 0,0, 400,900 = 0, ooo , 000 &al

y Gngaaiagd av fOO tOﬁ, £y Vilketl anners skulle er¢ordras

o 0 to7 stenlkol. v : -
S . . - . L_ (i~ 7 t ~ Yi [ S N : 4

.nl -
~an 8 titl la up™ *blaanag\grellnluure

sxzror w\o‘t en

A R
Jeaananfiras dcssa ul.fror xan

Kalkyl, =
:Utgi*tcr

ﬂrlftkostnader -
jlinta ochi fuwortering

Vinst

] D¢ oanTigpda bhada knlkylernﬁ‘kun“a glvetv;“,’b“c gires full-
fledl elektr.okx upnihettning stdlier siy rivelvis thBt
' vihagentligt dyrore &N nmetoderni med f:r»r¢“"ifb PV en riages sklfferxuagd
' ~en se ore Mmcitoden L.r visserligen lcke utprov:u en synes .
Cwvid rittigt utfe rnude vara fullt £eno:. F3rher ocll L.ven 1 rre@qt*h knnna.
“Liores ettt godl e&onOW1sLtwutbvbu. e*odcuﬂ_vewoxA\vbarxo‘ i kaneke
Ao ifrLipgas i tiec, nen firslaget ko dil couot .cke L e oboaktat pd
Cerund rv o de wtore 1~311~ucue“'dot ‘atifler i htqlmt :

o S s ;) , w‘oakrl la Qren 19407 - 1941

at ndig~. ‘‘etode.
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'SUBJECT: - ANSWERING OF QUESTIONS OF THE BUREAU OF SHIPS
S m——— "——‘mﬁ%ﬁc—sm; » - “BH O1lL TREATMENT.
T de I'm.ndt“avchemiét and regret to be able to give-iﬁformation
partly only according to my experiences of 8 years working in
the Estonlan Oil Shale Industry and to my private files .and some
~ data about Sweden. - . . -

3

_2. Nitrogen Content .of Shale 011

o Neither in Estonia, nor Sweden nor Germany we had any trouble
with the. nitrogen content of shale. On the other hand there were
‘difficulties with the sulfur content. How these were overcome
may be taken out of the ..‘.’ollowing."~ : .

The Swedish Alum-=Shale contains more than 2% of nitrogen and

" 3.,3% of sulfur. The nitrogen is reduced to 0,9% in the raw-oil
“Tby means of léading steam iInto the last stage of the carboniza-
tion- furnace. The steam combines with the nitrogen of the shale

. to ammonla of which ammoniumsulfate is made for agricultural pur- -
poses., - , ,

- ‘The percentage of sulfur is reduced in the gas stage by means
of the s.c. Alcazid-method. The gas contains up to 25 of H.S

The refined gasoline has less than 0,20% of sulfur,., The anngal~

galn of sulfur of a chemlcal purity of 99% by this method aver-

- ages on 20.000 "tons annually in Sweden. _

‘The Estonian Knkersite-Shale has the fd&lowing composition'

s

The average Estonian crude-oil of a spec. gravity of O 976
composes- , )

This small amount of nitrogen does not cause trouble .any more.
" The. contents of sulfur is minimized to O. 2% by various, below
‘ mentioned methods. R e - . '

" The desulfurization of the gasoline in Sweden was furthermore ”'
carried out by different other methods, as for: instance- SR




" -

ia;;0xydizing agents - poor results. : K T
b) Inorganic chlorids - adequate results, the gasoline contained .
0,1 of sulfur but became chlorine contalning and the neces-—
sary amount for the desulfurization amounted to 1Q|th%.of"'

~

‘gasoline to be treated with. . . L L
(¢) Highly activated metals, as for instance Ni which gave & prac-
tically sulfur free gasoline. The “necessary amount. of nickel.
. was 15 wt % of gasoline. These metho £3l1l out of competi-
tion on the long run. The gasoline contalned before the treat-

ment 2,75% sulfur. '

. 'The magnitude of the difficulties by the high 1fur content
of the Swedlish and Estonian shale oils as.well as gasolines.con-
sisted in corrosion of motor parts caused by the bad g& oline and

. dilesel fuel as well as of burners of ships and of the Es ian
rallroad engines which were driven by this domestic bunker

| fginCe 1929 only. The sulfur content amounted then for:

- Bunker. oil - 0.80%
..ov. Diesel fuel ~ 0.85% = .
Gasoline . - 0.58% - |

. The corrosion test ﬁaslprouhpunbedi& ﬁogitiﬁe.

' The sulfur content reaéhés¥1ﬁsp?ak*ihﬁtheifractions between
140 and 160°C, as the followlng shows: . - R

- _Crude o1l ‘v..“"".'“%«‘}CfUdeﬁGasoline5n'v_

i
i
|
i
i
i
3
4
}é'
-

: _FraétionV“" Sp.uGrav.f*~% $ 7"5. Ff@@ﬁgon‘ﬁ;,j3§;;6$av."%VS,.,;

. =1759% 0.755 . 1.26 . .. 28 -60°C7  0.67T46 - 0.55
- 175=-200 - - 0.843 ©-1.,11 G .60'=-80" " 0.6770 - 0.75.
200-225 0.8808 - 1,08 - 80 -.120 .  0.7200 1.09
225-250 0.922h  0=9T- v~ - 120-140 T, .0.756 . 1.30
- 250-2T75 - 0.9509  0.80  ~ 140-160 - -0478% 1.53
- ~:275-300 .. _0.9589 " 0.T4 =~ 160-180 . 0.805° . - 1.56
. 300-325 °© T 0.9589 - 0.78 ' . 180-200 ~ , 0.82 - 1.50

325-350 0.990%k~ - 0.8 “over 200  0.868  1.05

TREEER

ey
PRINARIEE:

T

- In the early thirtles one began -to:-reduce the sulfur content
by speclal steering of the carbonization process and by-- improve-
ment Qf refining. The sulfur percentage depends on the inten-
sity of cracking and the presence of materlals reducing thereby
+the sulfur. All oil shale-gasolines are crack-gasolines. No ,
straight run gasoline is produced in Estonia.. In two saxks. the
carbonizatlion gases are cracked in the gaseouss stage at once by

. means of passing over heater pipes, in two other zones the crack-
.-ing takes place in fluid stage by means of speclal cracklng de-
vices. Later on, in 1943, one company induced the Alkazld-process
in order to decrease.the sulfur content. and to. obtain pure sulfur,
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" large. part of

By doing so the_averageﬂsulfﬁr percentage ﬁasjdegreased since
Bunker oill  0.50% | "

. . . - " Diesel oil . 0.75% '

. ...~  Gasoline = O0.44%

On the other hand the-huée cbnsumption'of these fuels proved

. as well in Estonia as in Sweden and Finland the magnitude. of cer-

tain sulfur contents as of not being disastrous or even harmful
to the motors and burners. The destructiveness depends highly
on the active forms of the sulfur which must be kept under- 0,01%
Gasoline with 0.49% of sulfur was used for test purposes 1in sev-
eral private motor -cars for years without- causing any trouble in
the. inner parts of the métor merely producing a sl*ght corrosion -
of the rear chromium coated bumpers after long use in severe oll-

" mate of the North. Further details of gasoline and refining met-

hods are given later on. . X _ .

3. gydrbdarbon compounds_in Estonian Shale 0ils

Thé'EStonian shaleldii belongs to theigroup;of ésphalt olls

corresponding to the-composition of the Kukersite-shale. It con-v'”

tains very little parafine components. Regarding: the content of
phenole the shale oill stands between the coal tar and the petro--
Jleum. It contains in the average 27% of Phenoles, whereby  the

simplest phenole, the carbolic acld, 1s absent., It differs from
the petroleum by higher content of phencles and a mach higher
.content of. unsaturated hydrocarbon compounds. The medium frac- . -
‘tion of the petroleum is an oil mainly used for heating purposes,

the medium fraction of the shale oil is a first rate impregnat-

ing oil. It:depends.therefore on the intensity of cracking and
"the way of distilling only Which hydrocarbon compounds might be

obtained. ‘A reductlon and oxydatiorn process runs parallel with
the cracking. The extreme results of -the cracking process are
hydrogen and coke. The cracking of great molecules does not

- produce immediately light’ benzines and coke molecules.. Inter=".
. mediste molecules are formed which change gradually into light

gasoline and gas on the-one side &nd into coke on the other side.
Whilst'crackin% of normal hydrocarbons of the parafine row a

the molecules decomposes in.one olenfine and. one.
hydrocarbon of the parafine row with- smaller molecular vaight..
The Estonizm shale crude oil- showed cyclical .hydrocarbons with
T7-10. hydrocarbon atoms, hydrocarbons similar to the hexaterpenes
and open-ringé\ﬁith~9;lo hydrocarbgn atoms, (According to K. .
Iuts: "Der Estllindische Brennschiefer Kukersit”, Tarth, Estonia -
1934). The empirical formulaé of the products are: -~ .-

Light gasollne _-.8De grav.

. Gasoline-——+ ~—~- M o oo
Naphta "
Kerosene = _ '
Diesel fuel . . oo " N
Bunker fuel " "-

- 5 -
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The constitutiqﬁal separation fegarding tﬁé hydrocarbbn groups
‘shows the following average proportion of a crude gasoline of
‘sp,Pgrav,.Q,75_of Estonlan sha;e-origin:, e

Parafine S 27:3% R
Nephtene - - h,3%

Unsat. Hydrocarbons 62.9%
Aromates 5% -

L2

| . Two methods applied in Estonia (A& C see below) allow to
regulate the intensity of cracking in a very wide range. Owing
to the moarkset condltions the;carbonization,1n.Estonia'was ad- .
justed mainly to the gain of bunker oll and light gasoline, other
products as diesel fuel, kerosene and bitnmenas were compara=
-tively neglected because of the limited susceptibility of its
- .customers, Corresponding to the structure of the shale, to the
eracking and the eventually present matters, to-the way of dis-
~ tillation and refining products of varying hydrocarbon compounds
wgex obtained.- Therefore I should like to give in the following
- . a sketch of the .carbonization methdds with their respective pro-
© gucts in belef. T e o A
4, - Characteristics 1 Speclal Performances of
_ G, S elds an

' The Estonilan raw oil consists - owing to the condensing pro-
cess - of heavy, médium and light oill and light gasoline. . The .
total oil yleld consists in .the average of 10% heavy, 60§ medium, =
%5%'1ighf"6il~£nd_5% of light gasoline. . ' ‘ ————

. The heavy oll has a spec. grav.of 1.02-1,05, flés@‘poinﬁ 190°¢,
. pour point - 12°C, insoluble in benzine 0,17%, heating power 9500 -
- Cales viscbs;ty_atA5o°c.‘77°E.,_1n1t1a1 boiling point about 190°C.

e heavy oil 1s- superior-teo-theweoil=tar because of its

1ittie content of matter insoluble in benzine. The content of
sylfur and of ash ls—small too. S S

YIS

 -~Thé“medﬁum~oil"has?éwspec.lgrav;_bf 0;98, heating power 9400
cal., viscoslty at 20°C. 5,6CE., 1.b.D. 135°C.

The liéht:éil-has'a'spec.- rav. of~0,825; heating powér"lUBUU;”'
Cal., initial,boiling point 7O . “The-light oil 1is distillled,
the light_fractionsameadded'to the gasolilne. o LY

The cracking of the shale o1ls is more difficult than the
~cracking of the petroleum, because the. latter has a spec. grav.
of 0,85-0,90iwhen taken for cracking purposes. The spec. grav.
f the 'shale oll to be cracked is 0.99. The galn of gasoline 1s

N8 e b




: . oll SR a : . .
smaller at the shale/bompared'with‘the'petroledm, because of 1ts
. smaller combustion heat. The obtained light gasoline differs in
* many: regards from the normal ga'soline: 1t has a very low spec.
grav. the boiling_curve.is'favourable to the requests of the com-
bustion in motore, the content of unsaturatedfhydrOCarbons;1s.’"
striking and makes 1t muach more kmork proof than the average gaso-
~lines.:. Content of sulfur was minimized. The heavy fraction of
the gasoline can be considered as some kilnd of solvent-naphta and
'is used largely for denaturizing of splrits. = : T ,

The'four”mainféystemS'of QarbpniZationjinvEgtonia;wereﬁl

. Method:  Kivioli Tunnel Kilns .-
Company: = "Eesti Kivioll A, s." L
, " (Estonian Shale Qil’quporatiqn)"

Location of = . T .
Wonks: Kivioli, Estonla

T : sty

' Kind of
Method: e : - - . e R
Carbonization based on indirect heating and scavenging .
‘gases., Classifled shale during carbonization not moved.
~ Practlcally dust in crude oil. Oil gases in super-
. heater pipes ¥Sartly cracked leave at 470°C._ : '
Precoolling with hot heavy oil6 gases leave at 300°C.
Alrcooler, gases leave at 230 C obtained heavy oil of
- sp. grav. 1,02-1.05, yleld 2% -of shale. S : . ]
Watercooler I, gases leave at 105°C  yield 15% of shale-—"-
~ obtalned medium 011 0,99 . ' with 53% of gasoline
' Watercooler II, gases leave at 60°C T ‘ .
" obtalned light oil 0,85 e
Desulfurization by Alcazid method. : : .
Watercooler ILI, gases leave at 25€¢ obtained gasoline -
Watercooler IV, " " " 15°C % of sp. grav, 0.76
gases with 450 gr/m3 gasoline are - yield 3% of shale
Jead to refrigerating and wash benzlne
) 2'.Calcium chloride sprinkler towers at
~159C obtained 60% of gas benzine I
. -~ gases leave with 100-120 gr/m”’ gasoline
(k) 3 counter current wash benzine towers at)
¥ 7129C obtained 40% of gas benzine - | , o
gases leave with 10 _gr m> gasoline (= 0,125% of total °
0ll = 0.025% ofzshale) and return to the furnace of -
the carbonization plant. , . - —
(1) refinéry; sapogifipation~cont1nuously-by¢iﬁﬁeﬁﬁma
- " centrifuges, treatment wilth sulfuric acid,additlo

yield 1% of,shale

_ . of Alpha-Naphtol as prevention of gums. | -
(m) redistillation in 3 stages. S




(n) Sweetening by means- of litharge : ' -
: 3% . of gasoline are obtained in the condensing plant. '
.ine are obtained in the refrigerating plant,
£ light oil.

The total yield of oil averages between 19 and 21% of shale.
The total yileld of gasoline averages pbetween 15 and 22% of oil.
The total lossSes amount an 2.9 6% of the total-oil production.
The refining and redistilling losses. amount an 2.1% of the total
gasoline production._

L

The consumption of chemicals for -refining iS‘- ;M‘

sulfuric acld . m;.u”” Wt % of the treated gasoline
Caustic .soda - “7.8 wt % of the treated gasoline
Alpha naphtol a 0.043 wt % of the treated gasoline

By redistillation obtained~
Vo - - : - 7 For Comparison
L Light Gasoline Heavy Gasoline Crude Gasoline.
 Spec. grave. oo 0.739 . ' . (OO0 — 0.762 .
Colour . " Water white - Light Yellow ~ Yellow
 Knock value 68 (73 with lead) — .. oo oo e
Heating power . - . 11.000 ° 10.800" ‘ 10.800
Sulfur . . 0.26(0.08 with Alcazid) 0.58 ‘ 1.09
Todine number 130 143 _ T iy
Corrosion Test _'-_negative R neg%tive highly positive

Doctor Test S Co ,
| . 1o mg/loOcm3 600 mg/100em>-, 1270 mg/loOcmﬁ_
. Constitution: ’ S , .

parafines 26, 8% s - 8,8%"
' naphtenes 5.7% 9. 5%

unsat. hydrocarbons‘62 % . - T5. 6%

aromatics 5.4% S : L 642%
Initial boiling point 43 5°c ‘ '
Boiling acc. ASTM: o

up to F=O

| %0-

90
100
110
120
130

- 1o

- 150

oooooodoooo




For Comparison

c , Light Gasoline n' Heggz_éasoline. Crude Gasoline i
1600 98% 7% 1%
190°¢ - - = 90 % L e
200°C
210°C
. 220°C
230°C

A In 1o Wworking years1932 to 1944 17% of crude oil in the aver-
-age,werAmade;to: . B i 3 ; 3

A

Gasoline - 'Denatufihé’Gasbliné.' A DiéselfFuél ~ Losses

% - R, : 15 % = , _ - 2%
315,000 barrels 63,000 barrels - °%3%,500 barrels
~ -Crude oil produced from 1932 to 194k4: ; 3,040,000 barrels.
~Production capaclty in1Q40: 450,000 barrels per year.
Other products were: : /
AR R Roa"bitnmen:-'good _ o o
. Dust Fixing odll for roads -~ Very good
Roofing board tar - sufficient . :
Roofing board Varnish*- sufficient
~ Carbolineum - good . o .
Fruit-tree,carbolineum'--verwaOOd
~ Ash o1l - rather bad - - L
Kerosene - barely sufficient ) g
Sulfur - 99% pure - - -
Acetone -~ very good : .
Bacelito - very good
12. Fly tox - good = '

Licences of this patent of this carbonlzation system.wéfé1801dA

to Germany and England. Kilns according these patents were bullt:
8 sdditional’ in Estonia, 2 in Germany, and 2 in Australls., An lm-

P2

provement of the kiln 1is patented in England by the K. T. 0. Patents’
Ltda. . = S T _' |

R

B.

| Methodi “ Pintsch Vertical Rotating Generator
Company:  Esimene Eesti Polevkivi Toostus A, 8."
. (First Estonlan 0il Shale Induitry)

I
R . L3 .
~

- Location of ‘ L C
Works: Kohtla-Tarve, Estonla.

g

Kind of . R ==
““Ccarbonlzation based on direct heating. .

—— r




(a) %&assified shale moved during carbonizatlon. L
rst-1in oll. Gas slightly cracked.. Leaves furnace
' at 450°C. - : L .
(b) Aircooler, gases leave at 250°C - - .
obtained heavy oil - - obtained oill ..
Ec; Cyclonic tar catches 16% of shale
a) 3 Water-csolers, gases leave at 25°C with
25 gr/m’ gastline . .
, obtained medium oil K ' . ~ '
(e) Gas washing 1n 2 scrubber towers in counter-current with
-~ " wash oil (Crude 0il) at ZQ°C. Wash oll heated .in oven. at
5 atm. pressure up to 1507°C, .goes then~tq;@y§porizer'and}
fracdtioning column to extract the gasoline from the wash ‘
oil. Gasoline condensed. Wash oil starts over cooler 3‘“*“"
again the circulation. Gases leave at 20°C with. 10 gr/m™
gasoline (abt. 800 calories) and are lead to the power =
. station furnaces. — - , : o ' ' .
obtained gasoline 1,5 - 2% S5f the shale. - - ) -
011 settled in -separators to Beeak the water oil emulsiony
Neutraliqu;withﬁsodiumwhydratéa%;—_" _
Separation of=the washing water. R o o
Cracking plent. Crude oil 1s pumped thru % pipe stills
at 20 to 30 atmosph. and 400 to 500°C. Stills lHeated with
_eracking gases and residue. gas from carbonizatisnriplant.
Gases go to evaporizer and to ‘fractionating column to . ,
'separaté the gasdline from the recycling oil and the i
cracking (residue)-gas; Gasoline lead to condenser.
Cracking plant works also as distilling plant. .
_Cracking adjusted to obtalh: Crude gasoline of sp. grav.
6,81, medium oil (recycling oil) of sp. grav. 1.00 and-
cracking residue with flow point of 10-45° K & S.
Capacity of this plant 70 tons per -day. - S .
(k) Refinery: by means of o5% caustic soda solution treatment .
with sulfuric acid, washing out of acids and lyes. .
(1) Redistillation in L sStages. - -
obtained: gasoline, naphta, kerosene, diesel fuel.
_gmg Sweetening by means of litharge., S
n .

Tl a e e

Washing and drying. :

~ Thé total yield of oil averages between 17 and 19% of shale.
The total yleld of gasoline avarages between 2 and 3% of oil.
' The total losses amount an 1.81% of the total oll production.
The refining and redistilling losses amount an 8% of the total
gasoline production. : ' - . .

By redistiliation:obtained: ' ; ' s --va_..f

o , . Gasoline  Naphta Kerosene ’DieSel'fﬁei:
Spec. grav.  0.745 . . 0.825 - 0.8 T 0.87
Colour , Water white g -
Krnock-value B8

—
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V_ 'Gasol1ne' _nghta~AeKéﬁbéene]J  « Diesel Fuel |

geiging power_ﬂm,'lléigg. '10;820' 1o,ggo~ .. 10,200
u ul‘ ' . 1.0 . lc . 1.
JTodine number 114fp BT - S o
Corrosion test neﬁative ' )

"~ Doctor test

Gum test zomg/loocm3~‘
Constitution: -

 pavafines " seg 8.9 84;2% C 8w

naphtenes 12.3% 11.6%

aromatics - o - , T Rt RS
Tnitial boiling point 60° ¢~ -150°C  200°C. o0 25090
'Boiling~§cggCASTM: ~ . T o B et
up to 100¢ ... PB=35%. LT e
- 1400C - "‘60-%0%'*-*- :
160°¢C - 75~ %@
95%

~unsat. hydrocarboné5%§ o 1.7% . 2,9%; ._', .1%:22

| gihished"atw,' | Y
200°C 260°¢c  300°c . 320°C i

o

. Tn .13 working years 1931 to ‘1944, 2,4% of crude oll were Made oo
o: ST . o C |

Gasollne | } _ vNaEhta' ' | Kerosene : Diesel Fuel
T «5%

. 55% | 30% - T T5%
| 72,500 barrels 41,000 barrels- 9,500 barrels 9,500 barrels

' crude oil produced from 1931 to 1944:“'2;600;000 barrels
_ production capacity in 1943: 750,000 barrels per year

Other products were: .

' .. Road bitumen - good' | o
Dust fixing oil for roads - very good
Roofing board tar - sufficlent - ‘
Roofing board varnlish - sufficlent
Carbolineum - very good '

- Fruit tree carbolimeum « excellent
Plastic pitch - good , :
Asph31t~irqp'1acquer'--good'
Lubzricents = sufficient
Crude phenolate - sufflcient
Asphalt emulsion - sufficient
Fly-tox - good

e

. The Pintsch Company built by this system a huge- carbonization |
plant in Manchuria. % gdditional plants were built later in Es-

tonla. = S

PN

- Method: Groendaléﬁaﬁgﬁ Tuhnel'Kiln

' Company : . "Eestimea 011l Konsertium. AS”

(011 Company of Estonia)

- 9 -




Location of o ' |
Zones: Sillamae, Estonla

Kind of ‘ - | o - |
.Method: ' Carbonization based on indirect heating and - .
" (a) scavenging gases. Classifiled shale, but utilization
of the fines too by making of nodules, -Shale and
‘nodules during carbonization not moved. Dust free
oil. O0il gases in superheaters cracked leave kilns
at 500°c. = . . | »
(b) precooler with oil, gases leave at 300°C. -
obtained some heavy oll 0,5% of shale..
drizzling cooler with Raschig rings ..
gases cooled by hgavy'dil of 100°C entrance temp
.gases leave at 1509C , L e
-obbainedd heavy oll of sp. grav. 1.02
Theissen-washer with drop catchers
~_gases rotated by centrifugel power
gases leave at 125°C - .
obtained medium oll : :
o water coolers gases leave at 25°C ‘
obtained light oll 0,81 yleld 5% of shale
Str8der-washer and wash tower
counter-current with wash oll ,
residue gas returns to kiln furnace - - -
-in two stills the 1light oil (up to 300°C) and the wash
o1l (ap to 150°C) separately heated and gasoline ex- - .
tpacted. Pilpe stills are heated up 300°C at 5 atmosph.
Ppressure, : - i . ' -
- (1) wash oil expands in evaporilzer and goes to fractioning .
' column when separation takes place: '

Distillate I“'_ - ,Disfiilate:II' . | Residue

»Crude-gasoline | Used as wash oil S Sp;'grav. 0,96'
Fractlonss. below Fractions between '
2000C-— . . 150 and 300°C '

~ obtained gas benzene"O.T%‘dfjghale? - IR
(k) refilnery: caustic soda solution and litharge. continu-
- ously by means of Laval-centrifuges. Treatment with
sulfuric acid., Treatment with hydroquinone. to p¥veént™
5 the formation of gawas - ' i ,
(1) redistillation in 3 stages - | .
. obtained gasoline, heavy {Tractor) gasoline and residue -
(m) sweetening by means of litharge. ‘ ‘ , g

The total yield of oil averages between 18 and 20% of sbg;e.":

The total yileld of gasoline averages between 17 and 18% of oil.
_ The -total losses amount an 2.5% of theé  total oll production.

The refining and redistiIlling-losses amount an~i4% of the total:
. gasoline produetion. .. N '

- By redtstillation obtained:

- 10 -




Gasoline . Heavy Gasoline 7

‘Spec. gravity = . . 0.T46 - 0.822 .
Colour . - swater white ‘ " Yellow -
Knock value R , 67 . : S
gegging power - | 11.220 B 10.500

ulfur : ‘ ' T 0,33 ‘ : S
Todine number B A ‘ 0,5
Corrosion test - . . . negative. ' : t
Doctor test ‘ ‘ = e . ; negative ,
Gum test o .2 mg/1l00cm : . mg/ cm
Constltution: . c - , =  ‘l00om

parafines’ _ _ v,29 27
" naphtenes , g e - L S
unsat. hydrocarbons 56, T e S
. aromatics . 8. 5% . : ,
Inltlial Boiling point L -50%Cc ' . 80°¢c
~ Boiling Analysis: 1 drop 52°C_ - 1 drop .__150
. = 5% 732 .
10% 81°¢
15 85°C
204  ~ . . 909
- 30% '
4o

e

'iThe consumption of chemicals for refining is-

':Sulfuric acid = 4,19 wt % of. the treated gasoline‘,
Caustic soda - 140 wtb & " o
. Lead oxyde<&dfh&rqﬂ 0,07 wt % " ™ o oo
- Sulfur - 0 ol Wt 7 w0 "
[ . - -~ 2 - .

o by

"~ In 6 working years 1936 - 1943 in the average 18% of crude .
oil were made to:

Gasoline o ~ Tractor Gasoline T meesidae 6%
70% . 20% .. o Losses ha
range 50-160°C 1160-200°C ¢ T |
' 95,000 barrels ‘44,000 barreIs_\%f

————

. Crude 011 produced from 1936 to 1943: 770, OOO barrels.
Production.capaclty in 1940: ..315,000 barrels per year. - «
Other products..are similan. to A and B.—=": =

- By the Swedish Company "A. B. Industrimethoder" simtlar kllns ara.
‘built in Sweden. . , ) ‘

=11 -




D. .
 Method: ' Davidson Rotating Retort —
Company:;_ "The N.C. Gdld“Fieldsttd;“

Location of I W D
 Wonlas - - Kohtlaj; Estonia e
Kind of - .. o } S e
Method: " Carbonization based on external heating.

(a) Non-classified shale moved: during carbonization.- Dust in
" erude oil. Heating performed by means of carbonizatlion
residue., Thereafter ash contalns less than 1% of oill,-
.Gas slightly cracked leaves the retort at 400°C.

Dust ‘catcher . ’

Alrcooler, gases leave at 300°C o
WaEer_coo%er-I,‘gaﬁes~1eaﬁe at 150°C obtained heavy oil.

11 : o) . .
i 1" iI, " " 1" 6000 ' 1s lead .- !
L I¥L, ' ' " 250( i
Srubber tower A , '\, thru roto-
: jector-cen-

bR HO O'D

Bubble tower : , , o
Gas is~washed by medium oil o “giiﬁggi §§6_ 
'Reggzg%%ggiééggiag%léoﬁgiggs%gaﬁgn%ioégdcpnder A  dust
2 Calcium chloride sprinkler towers at -159C B
' Counter current wash benzine towers at -12°C
Residue gas réturns to the retorts furnaces.
~ Cracking plant consists of 4 pipe stills working at. 400°C
and 20 atm. pressure. Shills heated by combustion of
cracking residue gas and various.oll residues,”
Cracking plant works as distillation plant too. The gas
benzine extracted from the wash oll and the cracklng gaso-= -:
.- line (maximal galn 24.5% of .oil) were treated together '
(n) Refinery: caustlc soda and litharge .
o sulfuric acid treatment

- - .,

i
k
L
(m

: o sweetening - '

Treatment with Fullers earth gave no results,
_gog,Redistillation in 4 stages :

p) Second sweetening h ,

" The “total yleld of oil averages between 20 and 21% of shale. .
The total yleld of gasoline averages between 17 and 19% of oil,
The total losses amount an 2,3% of the total oill production.
The refining and redistilling losses amount an 6% of -the total
gasoline production. - : SR . _
By redistillation obtalned: , - - -

‘Gasoline; heavy gasoline, ractor gasoline, resldue.

The bharacteristic_data of thejgaéoline are: .
' specific gravity 0,740 '
- color ‘ o water white
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-3knock value R L
hegting power . -~ ..11.000 Cal
. sulfur ' : 0 ¢ 30
" fodine number ‘ 121
corrosion test- ' negative
doctor test - N - T
gum test SRR 35 mg/lOOcm? S
’distillation test' - ,10% 909G e,
o ipo% T g86¢
30%,.~-z 105°c
: | - . 1129 .
l..,f"..,.,.,,.,.ﬂ‘ QQISM . - 11600 .
- . 1239
.1319C
. 1429¢
- 1559C
g ‘.165°C ;

In 9 working years: 1932 - 1940 in the average 17% of crude
: oil were made to: : .
R

Gasoline :l :_.n Heavy Gasoline g _Tractor‘Gasoline jr

. 85% | Cossgee. o ag
70,000 barrels : ,4,100 barrels= . 3,800 barrels

Residue 3% and 1osses 3%~ T . )
Crude-oll produced from 1932 to 1944- 630,000 barrels
Production capacity in 1940: 75,000 barrels per year.
. Other products are similar to A, B & Ceo -

AZTTN

ke

b e e . — e R . . . _

. The characteristic data of the Estonian bunker fuel for 1943 '
and” the average per 1943 are the following. ' -

“Producers- o A - ~ B- - C¢  'D Average

Spec.gravity .. 1,006. 0,991 | 1.04%9 .. l.001
Heating power Cal. 9485 . 9540 9520 9600 S 9500
Viseosity at 50°C - 8¢1°E  4.,820E  19.40E 6,698
Pour point ©C -21 =25 = =6 - | -20.
Flash point ©C =~ - +88 - 61 +100 ‘ 75
Water Content 4 ™~~~ 1.6 1.1 1.4 1.3
Ash Content % . o 003 O.17 . 0.02 . 0.13
_ Bensol insoluble 0.15  0.37 1.08 . 0.37
Phenole Content % 18.9 18,8 . 25 19.3
Distillation .Tests % % % %
- acc.Engler #200°C - 0.0 6@@ o 9.0 2,0 ¢

9.8




B" ' . p. ., Average

>

Producers:

10.5 -
- 15.5

22,0

29.0 .

38,0 38,0. 2
' B53.0 . ‘5

+225 ,
K =1 —
- +275

+300
- +325

+350

i

e o .0 ¢ o o
o oumouu

A
'Mﬂ@@#m'

Since 1940 the characteristic data of gasoline wvere stand-_
ardized. The average Estonlan gasoline showed data as for in- .
stance may be taken from the: standard for 1943 o

3pec. gravity at 2000. 8 o o
"Steam pressure acc. Reild- at” £o°c- '0,24“mg/ém2¢:
Corrosion test: ;-negative'cf '(\j . S
‘Docter-test: . . . = ' '
 Gum test (Copper) B 2. mg/lOOcm5
. Total sulfur: - O.U3% ..
~ Todine number: 114 R
Acid value: - ‘ 0 o L
Knock value in CFR .-66-2withoutgleadglf
Knock value in CFR: = 72 withowy lead) -
Distillation test acc. ASTM: ‘ -
' Initial boiling point 60 G g‘._._' :
~ 756 o= hg
100 C- - - 24%
. 106 7 =
188 ¢ . final boiling point

~

'jS. ‘gydrogenation of:Estonian'Oilsn.

'This was not performed in Estonia. Samples were sent to
Germany when different hydrogenationsweseperformed. Dr, Frese
wrlites a report on - this subgect

—_ .

6. Refination. Information on Acid Treating

: Treatment with caustic’ alcali.' Used is caustic soda of 25 -
' 30%. . The necessary amount depends on the content of phenoles dn
the crude gasoline. . _ . ,
\
- The refining with sttlfuric acid is generally applied in the
o1l shale industry of Estonla. This process 1s ca¥ried out now
mainly by means of Laval-centrifuges to enable a continuous treat-
'ment of the gasoline. Sulfuric acid of 907 improves the. color,




smell, gum test and decreases the content of sulfur. The latter
must be kept as small as possible for the crude gasoline because -
_of. the decreasing effort is proportionally much more effective at
low sulfur contents. As above mentioned thils is possible: by means
of respective carbonizatlon and new methods of desulfurization of
the gases.,: The acld treatment must be performed at low tempera-
"tures. - During the last years the saponificatlion process was ap-
plied with very good results. This method was developed in Es-
tonis and resulted In sowving of litharge: and sulfur. Further de-
tails are not familiar to me., The washing and neutralizatlion
‘after acld treatment has to be performed at once. and with small
quantities of water to prevent the formatlion of emulsion. We did
not have any trouble with the latter, The treatment wlth litharge -
~ was applied 1in most cases twice: before and after the redistilla-
~tilon, for it was noted aften that the doctor test, once after re-

' fining was negative, became posiltive by the heat of,theﬁﬁistilla—
tion. During the sweetening sulfur powder is .added to the dis-
tilate. The powder produces colleidal particles which promote

.the oxydation. To improve the gum test various materials were

added to the gasoline., Best results of stabilization Were,achievedﬁffij

by adding of Alpha-=Naphtol and Hydroguinone. Nevertheless 1t must
be. mentloned that.the Estonian-oll shale gasollne was not stable:.

gasolines wilth a excelZent gum test after treatment with different
stablilizators showed after one year storing remarkable gums. These
researches need tlime and were interrupted by the happenings of-wgr

aﬂter'lguo; '

" Very good results of the desulfurization were achieved by means
of the Alcazid-method: the sulfur containing caerbonization gases -
were washed in a sprinkler tower with the alcazid-lye. The sulfur
is recovered in a heated topper, the lye i1s regenerated and returns A
over -an heat-exchanger to the sprinkler tower. The sulfur is burned:
in a special oven. Sulfur and sulfur acid are obtained.  The:re-
duction of thehiylfur content of the gases amounts an J0-T0% «

solvent extraction processes for shale oll refining were started -
in order to obtain different lubricants in the laboratory scale only.

T Summagz ' ; . o :
'The above draft contains the folloﬁiggdftems. No trouble. in.
. Sweden and Estonls with nitrogen. Little ifficulties in these
countries with the sulfur content of oils and gasolines. Ways to
~ subdue these. The actlive sulfur only is harmful to motors' and —
burners. Composition of the Estonlan shale oll, The hydrocarbon
compounds and the nature of carbonization products depends vastly
' on the shale used, the presence of other materials: ' (lime etc),
- ~the carbonization methods, the intensity of cracking, - the conden-
sation and the refining treatment. Specilal performances of four

low temperature distillation processes described. Yields and losses,

Obtained productse:— Some detalls of treatment meritioned. Bunker .

DO
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‘o1l and gasoline standards. Hydrogenation in Estonia not performed,
allusion on Germany given. Somé hints on refining,-saponification,
sweetening and desulfurization. Solvent extractlion in industrial -
scale not performed, ought to be research records. E

If this report should be of any interest at all, may I suggest
to turn to me with specilal questions which I - as a non-chemlst -
might be able to answer per chance. Further detalled information
.- may be—obkalned about'carbonizationfdevices.and'practice, output

and worklng costs, lnvestments and profitgbleness,-comparisonvof o
the methods applied in BEstonla, proper data about &he consumption . -
of water, steam and power. It should be mentioned‘exactly what -
items are of interest. : oL . .

! S NN . . o : , .




| SITUATION AWD FROSPECTS OF m:mapmr N
. OF SHE OIL SHALG TREAYMENY .
Bym'. Byrmmmx.hm"' .
-] 3o Baste-Preblams
It is. uﬂun- auﬁouh tao ﬁn suggestions on the shale tmmﬁt |
in the U«Bs, beeause we are llttla hd‘umd about the mblm pr.vniling.

The oil shn.lo as raw material oonprzua s wide ro.m of cp-ou'io

propertice. Further the wlos&c&l deposits, the fuel situation of the
\ renpect.iw sountry, the trend tan'nrda hunhr-,dtcsel—or ot twruol. -
the- nhn of ’byproducf.s »8 wall as the pmr— and labor-si t.uation ere
of outstandmg inﬂnom on the uti.uuﬁ.m of nkal. in gomnl &nd
-»".-sppliostion of spwm mthm ot' trumt. sytt-t mconntully

pmed in x.:tcnia or Sweden for {nstance ..y ant be advisable in tho States or

South arrie;, L T v
et 1% sam to un o.f mporhaua to the ﬂnihod suuo te got as mch
. as possible cmpw”iﬁh data on thc pnc'htu ozporimod abroad’ in order to be nblo 1
to develop according to these lines one or several methods of oil ehale =
'u-anmnt which due to the np.oific ooudiﬁ.cu prow ‘%o bé the- most effwlent- :
in conmeotion herewith we lik. u warn the Amerioan rnder -.guimt

'cno wrong interence e onlys te drew cancluum rogarding the 011 shale

treame‘ from a small pilot vlsnt on m comrciul eise of & prafiublo

. 1udustry. ) ,
. . fherefore the submi tted pnpor daht bo oouidorud u a g-mral.
. nurvey of the Burepm dowxopu-nt oa!: We shall shdly nrovidc further.
| dcun-. ir of interest. - R
" Gomparing mumxy tho azrrmuc nyu ot osl um. troatment n 1-
obvim, that the produo-d und ¢ or orude oﬂ. ,'mpnea by ths htah uh




ha.uling, droasing, trmportation and heat_ng of compare.tively huga

-.nounta of raw: mtorieln unle-s the troatmont doos not t;.k: plu.co '
in situ. ‘!’hil underlines the outatanding 1npurunce of the ‘mining
_costs of uha.le. _ These aecm to avernge tho wrld over on about $0.70

to $1.00 por tone By thit fact the ooononieul troatmont of poor *

| sheles is limited at once, oxcept 1n cases like l?nahun 'horo the poor

shale is a. “byproduct“ of oonl ninaa.

‘ Furthbr the high nh porcent and tho roh.tivoly high contont of
hydrogen of tho kerqgene of the ahn.loa effoct, that the crude 0il 1:
- the min product of the dutillaﬂon and thst the rasiduo of the

carbcniution prooe-s rich in ashes and poor of hydrogen& 4is ‘hard to

R S T
B

utilize. ,'.me ronidue becomes vor_y often & troublescme ballsst, contary ‘
to the low, tomporaturo euboﬁstﬁon’ of tho" o@nl. where tﬁo nluablo"co_ko
must be conaidered a8 the mn.in product and tho tar is ukon for a |
- secondury byproduct, The high hydrogon content ef tho k.ragam on the
other hand, enpeciany at very keregenoou- shales, is “the” rouon for the
fusion of the -hale. The httor oo.uses manifold diffioculties or ph.nt |
'operation -at- tho termicnl troaﬁnont owing to the plaattc stato of shnlo
. ~?ieh 1: muoh more proneunoed oonpa.red vith coal or liglits. -
Pimlly ono must oonls.der bho.t the shele erude oil 1: prevailingly
| ‘of stronJy umsturutod naturo, tn.nds ‘behind tho petroleum regarding - -
-the qua].ity and oan be refinod only by means of comparatively high ezpon-o.
. Out of these reasons 1t muy be uuumed tho.t tho utilisation cf th-
oil sh‘lles don & wider scale might bo performed in connéction with tho
high pres suru hydrogemtion only. |
' In ooncluaion of tho ubovo tho following principal domnds aro"to

A
-

“bs pat on Wsh&IO exfmttwﬁmmm .

3.




i-n:o couﬁ.douﬁ:on “the eaohni&l t.nd cmou.l dou&ht

1. Phnt with duny throughput of ae hrgo as pun;fiio ummnm

of rew mharial :hnul& ‘be choosens ‘ih! material nhnuld te

. oluszﬂ.ed and nob too cwao—‘me im:e.uuc mpnrt or hea.t . |
on tho rsatins ohtlo ahculu e app}.iad hy seavenging W“.» -
The uﬁilﬁution o.t‘ heat. should )ae ccmrphf:o- The ..p:__'oooag in " J o

._iueu‘ ahould be amrwlo. L : | A
!’hﬂ wost oomp.ow yiald af* thu kesrogene is densrahlc. espoci‘lly
cf ':.ho hydrogan oI‘ the htm in form af 3 biah valuo 1iguid

Mn produot sad the nt&lia&ts.on or as nmoh ar pouible by-

productss :

- . N

In the pruoun th-ro ocours vnrim obauom w0 sufrioa ta

*

a3l thue cmndc owing to ﬁho diversity of t:he Ol"if,iﬂ-ll s

S ut;eriah. t;eahnict! snd cmreiﬁ. pauibilitias wnc raqureé

L —

£inal produ:u e m..ag, maaim slﬁx}.‘.sh eolumonﬁ bv

s comprmin.

T

. Il,ﬁi-ﬁg'ﬁm 9_1’_ D&iﬂnutlm

cmrsl nld«r _yom

- The mmtost pars of he ourboniution uthoda cevclopc& feor

coal and 1iguite la scarsely £4% sor the distillation ‘of oil shales,

$in06 i:hau do not cgrrespond to the under (I) du:cribud derande s

an cxacptmn form the well constructed and thically tertod »
«v.rum soavenging gas wmrum by Larg (uinly Iorhngniu',--. e

-brlquetteS, daily WW per unit up to hﬂo ﬁom) and by

rql- Pinunh (modiried by the Bunim Prot. xzm. ohuny t;pr
L.




'mmim};n ‘or p@u. m;agnm por day up eu"ré tons)s Buth both
um syplems are at the disadvantaze, whilat dmlepa !:er the
produetion’ cI‘ coke, not to enm:lu the ‘.zz lﬁ.aw!:ion of ﬂ’lﬂ distillutiau

asiéuaa of umslo. nri;hamw & homogeneous loworing and equsl )
carbond zatican_._ni, _the ohaa'-fu oi‘. strong;i}r fusing sha.lam ie uot’ waranteds.
S~ he ﬁ..ﬁtillﬁtiﬁn nethods eavaloped for if.he Scotoh shale
(Pmupharawn. ‘i’oung e'i,c.) are designed. wr o;maial mdiciou _
(dntiuatifm &t 700°% inm order to suelt the oitrogen) end did not
uuufy &t amr places for the treatnwnt of umah richer uhlk}.es -

(South ifrican Torbanite, Austrulia)e Out ef this rosson and beoauss

of their very limata& throughput alee they hardly cmbe of any:
| Tinterest cor the :utm é@lomi:ﬁof the oil shale distillation |
i ,?;ér-mmx. . ‘_ Out e!f the ssas resson the perpeoven, coveloped: I‘or tho '

‘ Eswﬁidh -ahaio. and my'.wbix écaigxed, dous not om umier ;bnside:"s%én
fur ;;mm.l m;ala*mnt. Lﬁ#:ewida, ths m@i;mnérator whi ahm
&pplicd i ‘%outsh Mrlca. but aid not Budt *“or Mﬂtnnne thn aten..n
simla, :‘.a not of general inmrest. Thei, to bo sure, more ror reaEon -
of -other, to to smy pz*im@iml umaid.er&‘siom'. © |

 Hower in &ataniu dovelo _Pod cunstruotiana ~ ~ |

The mm@ds usvalope:d in &steniu spariall:; for 011 shale bava
a L;ccnfiﬁfxed BOTe or leas '@BR rm-ul e Aduring-:fn operation period

aoveri.ns l; to 20 years and“mln.is; therez'om,' for a'wie‘)eroi’ntaraatt

- as the visitis of mmarous expurie of cd.uarem: SOUNTE oy showed

- (Buulu.‘ Gm'm}*a Crest Tritaln, Sauth M‘riq&._ zmm'al‘aj.l. Smn:huris.

: 0“-.‘»0,).

.
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A detailed’ dosoription of ﬂlo methods is gtm eluwhoro (Roport-

of the Glasgow World Congress of shnlc Treatment, "001 und Kohlc" ,

and many-others). .

Therefore & uhart comparison of the methods only my be :ubnitted

in the following.
1.

pavidson Rehtlng Retort

Principany doirimonml te this synta is the cirmmeo.

'that 1t does not poneu tny featuru of furthor dmlopnont.

According to thie hithorto prenlling oxpoti.onces tit.h
roating rotorta theso ca.nnot be enlarged. 8pecio.1 triall

\dth Davidson retorts in Estonia oonﬁ.m this facte It

ey

" mesns , tha.t ' Y phnt ws.th an annual outpnt of 200.000 tons

of orude oil at 20 per m‘h‘f yield of 011 had to consist

of 120 to 150 rotorta. That is practically mt of quostion '

' or at 1es.st not o.dvuablo. Alﬂmugh the existing ceutruction :

u.tili.m uxe distillation reeiduo ;lnolt oonpletoly and omblc.
 the mboniutioa of the total fines (a romu'kp.blo sdvanugo

in operution on the" long run, since there exists no nlto

shale problem) s this method resulted in & highor cost prioc

for the t‘uol oil o'ing to the high invntunt and rOpair

costs conpnro&\with the 'hznnol Kiln ay-tcnl :bo yield is

| "axcon.ent, the products of redium quallity and ﬂ:o plant

opera.tion must be be tender and axperi.nccd.

SRR SR [

Pintsch Verti cal Gonorutor

. The sdvantages of thin -yst.n are ﬁu low wrnp exponus

- {1ittle repsirt only) tnd the utiliution of—tho aivtﬁnng _

| , ruiduo_ior_proﬁueing ig_o_o_t. This Iulfplul of hut in fm

ke

of gnn oan ‘be. used rar pmr and ' s team purpoun. -




, \

d.udvmmsea ur&; naan throughpuc per unit { o::ly ,5 to le- ,

. ‘tons dl.lly). the imporsibility to carbonizo ‘the fines below

O e R S R 2

38k ,,rn.‘in ‘eine anci to une et chulcn of more than 3, o L%
korogene, also lmm ;rie:d of c:rude oil and gmcnne mmwod
i with ?thcr mwoda (aummcu by pinstic suu, lact.l |
' snpﬂrh“tin sonu, lonsa of guanm in the gascc). - In

" the rsm.x cmwlueion the higmr cosw of ercut&on (large

condensing plant and wcum noover;r phnt). :the smaller

yiold or oil and lm gsin on usha praducts exceed f:i:.e

uunr working expanau in such maunt. th&‘h tbe price of |

tud os1 is hlg)ur W u.t the othor ayatm upariunced,. :

~--3~.-';. Eivioll Tunnel Kiln

In spite ol m hi@nr working axpmn and eemparaﬁvoly

aomy....:*e.t?i W&W thit llyltaza pro&nond the choupcst |

i‘u.»l oil even in he proneut not" pu'iaat desi:n w:lng; tso

thc manor costs oi euct.iea (wosminzly oontndaotbrﬁ,

and due Lo & uﬁduwry yiold of olil as well as to the

good guadi ty uxsl pin ot ite asles produou. L

m- symten 1- anpu'iar w both of bho u‘bu'n mtionod

owing to the lu'ge ct.r’bumut&on unii:s (L;oo i;unn and even

more per ay). ta the well controllec conduet of the chn.rgo

-donds=d i.n wm:ka. to the pm:sib.;lit_; to extract in a

ai.upla DANROT BSOCRCHTY prnducu out or the oomnt.rutod gssos and
wasté nms and £iually owing te m m‘,my mehl.ninod |

poration. ;.ot takinb in ccnsidemt&on those t&mﬁge& thu

nylw contains other posaibiu Hlos et dav&lapswn'e. 4bv daioh
- further la-ring of tho cout pri.eo by s.m or uohnioal

5




i 1ﬂpmnu mbu mhicnd (bartioi’xhu ub. bold).

._eromdnl-num{x Purnel Kiln

This mﬂwd is in the basic foatures very uailar to tho‘_
hat pracuding and - aiutin@zinhu nainly rrea the latter

by details of the _ccgltructgpg_only

IXX Pragg_cotn cf Dm_pnnt

Ae Imyrovmat o oxicﬁng tytm ,

1.

';'ho Duvidaon Rohtina R-toru hardly conwn uny prolpocu
as abm mﬁoa.d

'rochniou Snprmh to the P&nuoh voruo.l acmutor

. are not excxndod xolnrchu munde in i:n:onil vith on,'hrso&

.‘uni.f.a (100 tons per day) aid not -hu' any poli.tiva resulis.

If 44 may eyven succeed to build h.rgor uni ts thoru atiu. ‘

romains thc dimm of thi: ly'm not te bo abh

utiuu the finee (allo briquotud) and the duﬂcultie- eo

te overcome dictilnng shale of high oontamt:o of orgpns.o - '

DAL 5 . -

m tma.bz. upremnt.s to' the Tunnel Kilns are the. ronowm;.

gy e

'It 1- possible %o uin the yield of oil by means of techrioal

improvenents and clutityiug or prc-trumt of thn shulo.
r--u with the x.r.a.-xnn in Estonis resulted ina y&ou
of 50% of cma odl from & nhnlc of LI% kerogene inttmd

of 20% of crude eil from a shale of L% kerogene in the
‘average. in the Kiviold works. (K.T.0. method see further




It is poasiblé‘ to lower the eroticn.expansea and thor';vith
the cost price of products by means of & more conciud dolign
of the ﬁolo-kiln {laa»I.-f-O. method tli% o (

. It is possible to utilige tho fines in -the Turnel Kilns |
compleuly by means af forming waste—-ahale-briquettea or nodules
(rospeotive tes s were performed in Kivioli and Germany;
opersation experioncos gained successfully in 8111&1:!.0. Bltonit. ‘

_‘ uith tho Greendal-—nmn system).

It is possible to uorivo secondo.ry prfoduets in . fu' widor

luh from ﬂao uonccntrated and thenoce simplo hmdled gases

nim'cc ccmbimtiana etc. in some countries thia ia dooiuvc
on the w.nll of fico.ency).

It is pouib}.o to h}prm the haat-baltnoe-ahcot by utinutlen ’

the Davidson rotorts) or by go.s:.fying the residues

Almoat all “these ;mprovoments ars prs.ctioubla without uny
further reuoareh sinco the nacescary presumptionn are o o
availlebls or in/ form of ao*ual oyera.ting axperlancas er in
form of" paramo,/untly successful tests; | o '
. The most esuaut:.al improzvements are appla.ed ;.n.’fl_'the‘ K.T.O. ’
”iln oi‘ L'.r. Kulz*nslcy who is also dae inventor of ’chc nvioli
_kiln.. reata of the K.T. 0.kiln were perfomed in Estoniu 'j .

until the out brealc of tho war. The invem,:or 11'79' 111 ' _

m The. mntants and. racords ‘are daposibed in Mndon.

——




b. of the various mtbew mb yot tosted. iué&o m&m}.' stags
% ero mom m :axm-@c!m‘ uar-ayntum (m Lo appned in
A m«rﬁtmbcx‘g_,) to be of the most mumdwg mt:eraat. ?mt.s
wm auaoeaaxul up ﬁo nee ‘ .
The ae&mztmr ?‘mmw apimnra to be & mrf.hor MVeXomt
of ﬂze h.;,.f“. Fotort, aumxy fwns.nr to i.ho mr&m ruder..
. \& vartz.,oal. on the top opun oylinder of ahamz ircn (reapectivaly
a tub alightly m.lm'ged to the 2op) i emm botiom, Filled
uith shule nderg;ous rha @arumxinﬁon ;wooan IHe diaaant&mml
.cmru after insg".&ﬁuu oi m ahanlo oo the tmp. ‘
he wbenint.a.on pracw in the mcccus.m; dry& g and pre= .
_heﬁhna me. &iatimt&on :cm, omusttm mﬂ asoeling wnu
pheses. slem.y sid vory oquuny ?.ha chu'am {30 {w 0 uznt) in
LB hours from the top to the betm in mxch — ﬁmﬁ
’ accxml;y the distimtim rm&due :.mly s.a aub:,aot 0 the
'ccmbxaﬁen. ' B . v
'mm tuba have mmsmrs or 3 o me &t [*3 haigﬁt of L. -
_mm, c zmited to grcupn cmd cmmactad 'gc 8 common aaadminé o '
| hnt. mtb. emwa&aﬁc tar prampitaﬁora. sirun the vapourc
- pess the collect: txa m'ba st s ,mpmm of nmi; Lo ta 60
tba wator ownng augn mv Yo mi*ted. ’:hxu eooung. nter u'
, raqa&roﬁ mmmy for f;ho sssonm rcmery plu.nt ml;r A
The ready tuts are ntm 34 mpi dmmﬁwl;r by mans of & e
| mwnn., orane frcm thsir rnspeuﬁw pmces. wken to & ‘
mnm cﬁuvicc. wzptim, 211304 *rm hoppara ‘anew snd ropla.ceﬁ

n,,a&:z.' The cherge nas on the- uppar nmu bntt.m of the wb.

'zm w Lo tcm 1- oomanﬁuﬁ e ﬁmﬁ. 'ro ehe htmr corrupmdu




angther duc t 395.::51;5 & watop sanling; pot. T™his léndn the
Wiﬁﬂ through i,hs mwn and cm&@&ins pltmt o th« eﬁmusuor. o
A mentloned rasulta ci‘ '&w Mswiu LML Are mt dmt
awa‘.lsbla. *’;.ho only dowbifiul M:m or this nmttmd suon to
<.be the 1:.«1;4:::0 oi‘ tha fube wd the deplm.*on when tilting

.'t;ricm.ad wbom“tiou :eaiu»a. (*)n tha\ ather m;& *;ha o

A
‘ 'z"cucling n.cimmms of the mt.‘wn sro renarxables

simple -:ku*gzx, eannia‘bmg of twhz im};ly prawd olements of
cemMcﬂm.

caci utiumﬁon of hest snd kmgem, nhcrofara aatiaﬁ«\:wrzf
icl& of oil aml wlvaye & U\u"plul of hemt in tzlw gama-

so novin;,, pqm wnrung u*c hi@ taempsrawrc. -

. Resting olmr [ - TN ﬁmwrm dimini.nhed mﬁam: o.i' dus*: in tha .

BN -
et A LS D 13 R A AT NN o GRS L B T5 a2 R S PR NN 3 e e e Wy s S L

tar w5 well as ?.hss ohance o mbau&u fine mla bri quatm

and ahnla .’: conparstively high mnt.an’t e& w@gvm»
- The feuib ity to lead the mon.‘a.ution or- Oomm-ﬁm praoesn

in thmt wy o8 o porfom the ponnibil&ty af udd&ag; *mt

Lz
Sind:

gum.‘ or ateun to the alr inaa.o. By doing so ﬂwro arises

ﬁho chanw of uainm vhe ashos. for cmnt proauat:ion, i+ 1nnuma

"31;‘{-?"”"& T

the Lnrg-':?.. ekli -mrms ( ﬁe:«puro #:he m%tcrni:ausen oamont mm).

imr mct&cm and eper&tion axpcms.

e S ET S

"maumm showed rer inemca regarelin the (poorar. not pickeé
. 'owb) Hatonlian. a!xsla c:oat prlws ox‘ the cmc.e oil lmwunt.ng; to |

. alsiost one half of the cost prims of ONGMLII obtu M by

~

X

tho other esy&tm (wmpcra purt ¥ 4 1,2.5,).

A . I3 —— )
‘, B S ,....d...-__.‘...v_._n. i




[

othor dotriments would ha.vn been takon in &ecmmt. rh:la '
4 Bystem seems to be very prolpectivo o.nd eoenomioally

pructioable for the f’utura of sha.las with a small confent
of orga.nic matter as i‘or :.nahnce the sha.l\es of Swodon and

merttemberg.  Pest were porformed with E-toniun noml

kerogeno poor Eatenia.n shale a.nd with shale of various
Germsn qrigin. .9.11 resulta were satisfact;/ry. |
'me Meyerootto-s;mm is of interest only on account of tho
model made construc‘bion, utilizut:lon of hoat and use of the
diutilla.'bion reciduos ror the mumf:cturing ot‘ cement -.ccording
. to tho Lurgi-suotiongu-!;'rickung~8ystm. kFrom the point of

v‘iew of the onrboninﬁ.on prooou only the hrge expendi ture

von ms.terial md working expenaec a.rs hard"iy ;;ustiiied for the .

&

'-“produotlon of oil. -

The Heilar-ﬁle-Systnm depends bas:.cauy cn. tha seme principlo
as the Sehwitsor methcd, the nlll of the retorts are

abandoned and the charge ia poured in hegpa on the soil.
But it seems to us tha:b thia avatem 13 efter one yoarc '
pracﬁco hardly mrth whilo menticnlng,. _The expocted '
advantages by this outmo-t simplicity ard by saving the
buildings, crmos, removﬂ. of ushea are certa.inly—oompansated
by the following diacdnnttgo.t

'The dependency on_the climn.ta and weather.

'} The handzwork whilst pouxing cmd 1ngo.ting the pile. '

The groat expendihzre on i@nting msteri.al.

“mhe Kuge ‘sxpense for _pipc-vo‘i‘k




The <€il: iwlﬁoa b;r mplncin;, the uucum pipmt C

’i‘hq b&e’i vielﬁ owing tu “the shockee:lect of the shale on the 0117

- VBPOUTS Mng w bming, of oll, ewing to ooziBf of oll
ZL into the soile / .
The msig,,nﬁ*ion on ua\ag ihe internal hest snd tho akhase

'zha luck of uny px‘ﬁﬂfstd:mimiiﬂn of the proae&s.

BT

‘Suerefors 1% is rather difficult %o give uxy chmnoes of
) _cqo;wmiml ;:rcmpﬂctz_?m this sysieme ‘IE As & rush—development

J of 04l *ihalo “reatnent IR
' ’fhcra are toe liitle exwt d&'aa and ;;rs;é'i;ioul exﬁarimm@ of most.
af those mtsms to m a.n; z.,ns.l conclusions Ior the time Yeinge
A s».ort return oi‘ the mthow mi cht auffiaa at ’t;hin phca.
rme onn aivide '&em in four groupu: .
e biadorn wbmisat& sn devices
be TubiGrranehrx carbonisation syetems

ce. Carbonteation by eleciric hesting in situ '
da ‘.,xtraot;mn of hy«rnwbans of vil shale’ mithout mboninﬁm.

~

mem oarhoniz&tioﬁ dﬁnc«

1. ibt&lubnmsmllaﬂemwmn (G.Qmmﬁ.dt—‘?r- Qppalt).
e Thig system has Lt predecessor in the actually not proved
” nor mll;, Loz tod mamaba '*'crar..kinb-@vm of Bluemner
{lawﬁ). pelemid (%in) snd the mm-bawiatumtion

deviw ct‘ F.I’C’l“ﬁ {IM)Q Th’ mul-mth tﬂ lumgga to

consisat of 811':&, amhzmimwsinciun-tnay. "‘mo Intter ™ v
mb}.es ‘the advante.;s not to be wiwﬁ by nuli‘ur. The

ureu.t aur;aw tenuicsn kaaps the mismng of the oil)




hm at a szimzm. ';’bia prmﬁﬁins is ,«rm&n HB and

| olegant, zr unwsny xmible i.u the indust:r ol atng.a.

" The succesa depends prahably uf the smount of e

'en\m lossmes mm and the mutiabla thrﬂug‘“‘tput par ;
time unlts - S

ni.st;inm.ion of a&l wm ﬁum:s &n chs It.rem (midlm').
Mivoretsoally the &‘atinut&m of uui‘fi.cim&: mu graing
of ail nhaze had to be porfwme&’ vy quichly in & hot |

s a?;rm. ho tr.a:r.a mw up oo now in Esiw:xia,
Sweden um‘i-ulamw sbwnﬂ, that the min ai rﬁwlﬁu
lrctu st the dust ua;aﬁriziam |

be Sub’wrrmm mrbwium'fn sjntmm

3e cszrban_su c)f pursted u!mle in s:he as.m (ﬂuabmﬂr,

- ‘}bl’llﬁ vz m; esmm). m buﬂted #helie iR W il&

-éwplatnﬁ aditn, i,_,n&tets ;_!wod e modm clilpl, suetion

.-

m;zuea oy " wifielan. canﬁa»wmg, plant ay mntl oned
ST L “sm tzm“ s’ "mlilm Pilo"e The uriwn

L Gtficulties a.r **ha }ike &5 RS '!:h(s %ailer systems rial
narbnniuuam ere mxx»ing in fueritenbers, Lhe awngv

- eil output amounts on 300- tons per month. 1t is .
permature to make any conclu51ons about ‘thlS system Just
as dout t.he i‘o;lmina. ﬂura&y & lot oF remesron u-or;
ila cwplmtad w!‘. cizight be abaer\m& at further oave}.cpmeut
clocwhoros ' B S 4




Subterranean carBonizationfin,situv(Df; Schneideré).

Promising test were performed in Estonia and- Wuer ttemberg

They proved'fhe-depenaency.of its appiiee%gon on the Yocal
: . ’ . °

shale deposits. Obstacles arose in preventing of fire-
damps and explosions, further in limiting the area Offeergv?)'

'
- -

bonization.

-

¢ Carbonization by electric heating in situ.

5

Carbonization by meané of sunk heating elements (Dr.

Lgungstroq,. Since 1941 these +rialq.are perfermed in

Sweden in collaberatlon with the Roval Water-Power-Utlllzat1on-
Commlttee eSpeclallj as a means to 1mprove the load factor.
Each perforated collector rod reaching for 12 to 17 meters 1ntoe
the shale deposits is su*rounded by 6 heatlngnelementsvwith
electrical resistances corre<pond1ng to a capaclty of 22KW N

each One set covers the heatlng of about 4,00 tons of shale.

'Several such sets are app11ed to a large fleld. The

—_—

collector—rod and plplng are connected to & condeps1ng plant

andc exhaustor as usual. 0w1ng to the layer of s01l

'fcoverlng the shale there is no qulck coollng of the heated

deposits when the electrlc 1ntake 1s decreased for the peak
load hoursiin.order to adapt to the 1oed‘factor of-the

r ». . . .. B :
power SJstem. Nevertheless, the  Swedes quote a power

price of RMK. 0.02 per Kith (1 e. about 8 m;lls UQA/kWh)

Required elecfrlc power a.mounts on about 2200 Kth per

one ton of crude oil for heatlng purposes only,. that
correspondS'to about RMK. Lli-per ton of oill.. This System

is supposed to have entered tpe'indﬁStrjai stage in the

.~

meantime. Theé heating of the surfaeefis:usee_for egnicultural

I

“rpurposes also.
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The 6100133‘10&1 curbonizat;on methods “Electrocarbomzaticn"

(aurnpuﬂ) porrem the heating eof 01l shale in gitu.

Aho .'m this case as sdvantage the application of puk-ort

power is te be utinud uinly. T™he aims of ﬁhil nothoé

mld be :w;ma.riud a8 i’ouovn hosaning the bulk layer

hy mbnninticm, applying tbe ground msis tsncs: ror

e

sanwrting the eleotriou.l cun'cn‘b i.nto heat, perforning the -

proocess ﬁu'cug: boringe from the snrfuoe, gwifying tho fixed

oarbons after the mhoni_utian of ﬁm oil ahalo. This

C

| syeten seeus %o be pramiu’ing toe. esyeciany as it allows

| for nmn.l othar uppls.uum.

It 1‘ te bo rcgr.t.d thnt hrgc ao:le usta in tho ﬁe}.d are

not porrornmi wp to nOWe

Exen.ots.on of hyﬂrowbom of o3l shsle without cv.rboniution.

‘!'ho t'ouwlng uwthoda are wry ;n-cnpaeuﬂ s On «hha other hand

eir mpormce ie suroly linited to speoial ¥sinde of o1l shuln.,

?-

The thcm&ul méltins of the kerogene.

’ strongly b tumenous sud tnnins shales (ror inatnncg the

' 'Bétoniaa Kukerg:sw} osn be mi‘omd in l.bscnoa ot.‘ air

at tup-rtt;nron of 300 to bDO izr an hemgenml bitumu

in t:ho rirst stage rich of ashen. 'aw ash can be aopu-ttod

' by extrucﬁon or dilutien and follswing ﬁltration or

aowaticn by contrﬁ.tnges. {nu-' bituen osm be x;wd as suoh
or t'or the hvdrogomtion.‘ Advanﬁgon ares ,excollont,_y_&old-'
about 89% of the xerogene instesd of E5% at fh@ best by

_oarbonizstions

S —

P

Eﬁiﬁuumuo, as the tests in Eahoni-. an& tru.ln on’

. o




"comis-ion of the m‘itor (l’ohn) in Ludwigshafen, Gprmuny,
proved, at the opertting actually by 1nsuf£‘ios.ent g
filtro.tion velocities or tempo_ruy by slingi_ng, ef‘foc’t‘a

respectivo}.y.

Ash removal of ‘kerogere by flomt&on and atrect hydragomtion ',

of the enriohea p&cto. T N
'me trials porf‘ormed ou_commi.ssion of the writer ('Kolm) with
Kukaraito in Estoniu and in Cermany by the "7 .C. Farben®
in Poelits, erxasheim. and Ludvigshtfen g:.ve very gaod
relults. . 'me ﬂo‘bation yieléed to 904 korogeno vdth 1%
ash omtent. ‘me hydrovemtion provad at va.rim teonts
_m -.wrago yiold ar 805 of kerogmo. the distnlstion 'ﬁ'ltl
| acc. ASTH showed 99% up to 525"(; boinng of ﬁm toiml yicllu
by hydrogemtion. The. overt.ll yield amgunted to 68% up w
2259 boiling parts in refereace to the- origin&l korogeu.
—qhis- *pesuf;;:eems to—be grtntod in tho inﬂustrial sugo nhﬁ.
' ')wing to -the high hydrogan cantont ‘of tho korogeno the
| eonnumption of hydrogen =8 -the’ mainuexpoﬂditure in tho
- uctunl proeon is lower as wit‘n the cosl hydrogemtion, ,
the sling ng effect of thé waste sludge is good and at say
i‘ato bé*ur -as £he '%pacutioh. sugges-tedg o

TP e

* mite prooeethng iz for certain lmlea vory pros:i‘t
| dmlopcd by reselrch work so far, th-.t there no_ ob-taklol |
are to be scen rec sarding the spp'li;nc- of the httor in sotusl

large scalo dmonamtion units. .




QOHGLBS’IO!‘

methed- of oil shale h-otiment um %o ,bo prmturo }:’or th: uno being. g

To g:lvo 3 oouncol rewding ﬁm mricm dovolomt fron mu- peint
of vi.n 1- not udvisahle.. But on tho othor h.,nd thrvo moro tnotly

-resonrohed mﬁxods out of the mltitnde af prucocdingc nisht bo osp‘ciully

\
effeotivc for the prae i ce. of tha mcxt time off tcceunt of thcorttical

reflectionl, sucqeylrully pcri‘omed tosta md nctutl oparation ra:ulta.
l‘rheso ares T T s oo B wow - .

- 1. ) The xulsimky-'mnnol-nln for thie- mbeniution of fucing
uhaloa of very. higb oontont of korogom u- woll ag for oil
ohclk. o.sphalti.c ntonu and- atrongly bitumneu- rinds of coal.

.’!:ho mr;i-Sohmitur-mnenur for the diotilhtion of shnln
of amall:content of kurogm. - o s

B -ma- Fletation—ﬂydrogomﬁm for lpacitl shales and in

sccordance wlth the local oiroumntunoen. :

rho ohoioe doponds on urious bn.lio, 1on1 and oomorc.’n.l conlidorationl. i
as mentionod nbcvo. glu.dly would Appreciuu to provido you with further -

purtioulura auggosting to you to .uto the rupooﬂ.vc qnnti.onl in as proper

- nmi tation. :

S,

rh:l- ropor'b m uddLnsed te eol;. Foran and dated Rntuhuu.on, Wuorttomborg,

'""Gormsny, Juno 26 19145“ S

=N If this report should be written at o.ll, ma.y 4 suggest to. the diutributing
ofﬁ.co to send kindly one copy to col. Form as to ﬂae initiutor of thil

‘paper _mottly{simted in the thoughts of my farmer oolln.gue Mr. wchm.
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. calculated 1 Miéh = 2.5 tons of fine shale,

“average T6%.

oW,
~ They ought to show -the experiences of the carbonization industry of Estonia of

tion,bffﬁiéﬁ%riquqwgg7““

e

“as a. byproduct -

sapwere]

of 0il Shale Carbonization in Ostonids . %

)

Sl

i e [
s -

~During the 1aSt years of f?eiinagﬁéhdéﬁbéiéf ﬁhe;Eéthf;dEééublEc tﬁeﬁwhoieA

hauling of shale amounted to.nearly 2°millien_ tors' per.annim,

Of*thisuquanti%y-
were utilized in the average:. - Ty T s R

o

For carbonization purposes..
__.As burning material sold BRI

AS heating material for power stabions

BN 1,100,000 tons
: - -550,000 tons
350,000 tons

.
PreBety e atess

The latter amount consisted of 35/ piece shale and 65% of fine shale which to =
the greatest part could not be used for carbonization witlhiout making nodulesor
briquettes. ~ In the average 123,000,000 Ki/h per year were produced of shale in
Istonia and 38,000 tons of shale were sold annually to Latvia for power stations. .
The fine shale had a heat value of 2200 to 2300 cal/kg. In the average we .

: The price of fine shale was standard-~
ized according to the heat value: 1000 célories (L,OOO BTU) cost 0.17 Estonian

cents (10.0L45 USA cents). The heat value fluctuated in dependence of the

hauvling <in open cut or undergrocund mines.  Zstonia was a poor and small country

with an industry which only in the late thirties started a rapid rise, The

power stations were comparatively small, the biggest installed unit of a turbine .
was 10,000 K. '

Tt may be mentiocned that: we generated by direct combustion
of Ffine shale in power stations by means of condensing turbines 100 K'hs of one
ton of shale in the average. |

The specific consumption was 2,5.kgs x 2300 cal =
5750 cal per i"Th, the total efficiency 155, The best efficiency achieved in a

' condensing-tiurbime by combustion of shale waste over a pariod of years was h550 - -

cal/r¥h (18,300 BTU/K/h) or 19%. . The corresponding heat costs were 0,98 E cents

(0.260 T"SA cents) for the average and 0.77 FE_cents (0.205 USA cents) for the

cleapest I made of fine shale, The best:boiler efficiency was 83%, the

411 boilers combusting fine shale were equipped with the special

Lomshakow-grates. These grates were- developed for fine shale and gave very good

results at the strongly caking burning material. - The licences were sold to

Sweden and Latvia. : o : ’
, L P . o ]

Much better efficiencies were achieved in the power supgdy of the oil shale

~industry by using bleeder furbines, fine shale and permanent gas combustion,

In connection herewith some examples of the heat econoryy of three carbonization
methods in Eétopia and for compariscn the heat balance sheet of the Meiler-
carbonization system iIn Germany may be published .in the following, Te my
knowledge heat balance sheets of shale carbonization processes hased on facts
‘of the average operation over a longer worling period are not made public up to
Thigse examples are not very favourable and exclude all kinds of . estimates.

the vears elapsed until 19L0.  Within'the past months nobody has spoken with
me about the shale development in this country, . But- I suppose that conditions
different from those in sstonia are prevailing in the United States. Neverthe-
less, I guess that these details taken as data of comparison may be of some -
value for this country in the future. T
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After the occupation of Estonia by Russia the whole industry was working under i
other conditions. The following examples are derived from the period up to
1940 and are regarding the efficienéy‘byvnoameans ideal. Therefore each
precedent is concluded by a critical opinion considering the disadvantages!
The examples rely.on -positive samples. and measurements with the “exception of
. ugn (N.GC. Gold Fields Ltd.) where the losses are summarized, because of
missing my respective papers which remained in Germany probably.

A.

Rough heat balance sheet and utilization
of residue gases for electric power generation
o by means of the '
Piritsch Vertical Generator
at Kohtla-Jarve, Estonia
Plant III, 16 Generators

Prountion'during one month of 30'days.'”"

Throughput of shale , : .
'Daily'throughput‘of shale per one generator
Moisture of shale: - ' o . S0 11%
Contents of organic substance of shale S o - 35%.

0il yield from the organic.substance . : : _ 48,98

n ‘n O | Y | B " 1 by Fischer assay : 60.3%

'" n’  according Fischer assay . . o 8l %

" n ' ‘ ' 17’1%
Output of oil T L, - 3,120 Tons . —
Water contents of oil - o ' : ) 1.1%
Gasoline output ' , ' ‘ o 75 Tons 3 :
Amount of gas. per one kg of shale , SR : O,644_m3‘v
-Total amount of gas = -~ - o . : -+ 11,700,000~ m .
Heat value of shale acc. samples ' 3,450 cal/kg

n n of oil . : B ' , - 9,450 v

18,200 Tons’
T 38w

n of gdsoline . _ . . - . . N IR S 11,150~ " 3
n “of gas after condensing stage .. 1,220 cal/m
n w " wm W wash oil plant T .. -1,100 ™
. u total gas , o "~ 14,200,000,000 cal
u -n . gas for gasoline extraction n 910,000,000 *
u - n- generator heating . - , -1,770,000,000 "
1 . -u - u  cracking plant heating - 1,770,000,000 *.
m uw  nm..n power station available .. - .9,350,0003,000 B .
n ‘m w T m n  consumed | 6,010,000;000 "
~ w n wgisposed off o 3,340,000,000 *
Lwowoow o Josses r, e WL . _ 400,000,000 "
Electric power to be produced - - ) - 2" 1,180,000 Kihs
o " actually generated * : 760,000 Kihs
wooooon not o " ' — - 420,000 Kilhs .
Steam regained by bleeding 1,680 Tons..i

J—




After the occupatlon of Estonla by‘Russ1a the’ whole 1ndustry was worklng under
other condltlons, The follow1ng_examples are derived from the period up to.
.1940 and are regarding the efflclency'by'no means ideal. Therefore each -
precedent is cancluded by a critical opinion considering the d:.sadvantagesJ
The examples rely on positive samples and measurements with the exception of
ucn (N,.C., Gold Fields Ltd. ) where the losses are summarized, because of
missing my'respectlve papers whlch remalned in Germany'probably.

A.
Rough heat balance sheet and utlllzatlon
of residue gases for electrlc power generatlon
4 by'means of the ! )
Pintsch Vertical Generator
at Kohtla=Jarve, Estonia
Plant III, 16 Generators

Production during one month of 30 days.‘

Throughput of shale o oo . - 18, 200 Tons
Daily throughput of shale per one generator o 2 L -38 v
Moisture of shale o - 117
Contents of organic substance of shale ) - ' 35%
0il yield from the organlc “substance _ 48,9%

" n w0 ' " by Fischer assay 60.3%

n " according Fischer assay ' o ' '_ 81 %

n n : _ 17, 1%
‘Output of oil . : ' o 3 120 Tons
Water contents of o:Ll - ’ o o 1.1%
Gasoljne output ' ' ' L 75 Tons. 3'
. Amount of gas per one kg of shale - - "0, 644 m3
Total amount of gas _ _ . 11,700,000
Heat value. of shale acc. samples 4 : ' 3,450 cal/kg
.on " of oil : , . 9,450 ’ -

u n  of gasoline s : 11,150 " 4
u n  of gas after condensing stage ' . 1,220 cal/m
n " n u u wash oil plant ' £ -+1.,100 "
woeoowow total gas C E ©14,200,000,000 cal
n no - gas for gasollne extractlon 910,000,000 "
" - n n  un generator heating - ‘ 1,770,000,000 n
u " ' " cracking plant heating 1,770,000,000 "
" wo " power station available 9 350,00d 000 ©®
" n " u L consumed 6,010 ;000,000. "
moow ' disposed off T ' 3.340,000,000 "
o o losses 1, .. S L AO0,000,000 n
Electric power to bé produced ' I >~ 1,180,000 Kiuhs
_ u v actually generated : e 760 000 Kuhs
—- oon " not , - - 420 000 Kilhs
Steam regalned by'bleedlng SRR ’ Co e . 1,680 Tons




"Heat‘balanoe sheet per'iOOO

s
Input- -
1000 kgs shale
97 m residue gas
Total Input

171 kgs 0il.
4.1 " Gasoline
460 " Ash
Gas. to Power Station
" 4o Generator Heating
-1 to Cracking Plant Heatlng
Sensible Heat of 0il '

n 1" 1"
14
u

Gasoline

Ash

Total Gases
Heat of Moisture
_pf“CaC@B

n

1] .

- Evaporization

'Decomposition
Losses:

' Radlataon of Generators
Burning of Ashes’

Gas losses in Wash 0il Plant, _
n 1"

1 n

fn
tt.

71,000

)

by Filling Generators )

etc. .

Various undetermlnable losses
Total losses '

——t

Kgs
Calc
3 ’ ASO,L
- 106,000
- 3,556,000

s

1, 620,000
45,500
£4,00,000
476,000
106,000
106,000

12,000.
500
21,000
4,000

72,000~
51,000

355,600
22,000 - -

192,900

_motal OQutput
(see attached diagram A)

Steam rates:.
at full load worklng as condens1ng turbine
n n n  bleeding 2200 kgs/h -steam =
on 4000 kgs/h "

n 6000 kgs/h "

Initial Steam Pressure (Gage) 30 atu
- ".. " Tempera ture 400 C

Bleeding at' 9 ata

The single components of the total eff

TS
n

"o
n

"’
n

EfflClency'at maln gas 11ne
n 1

|

PR Ia TP
-mvmnn &

boilers with gas burﬁers
" -steam pipes :
Thermal Efficiency as condensing turb

1 ou as bleeder turbine
] 1] H- - n

n 1 n n n

(bleedlng
(v
( ou

Condensing bleeder turbine

641,500

e

,5.7rkgs/kwh(12 6 1bs/kwh)
6.5 kgs/kwh(l4.4 1bs/kwh)
6.9 kgs/kwh(15.2 1lbs/kwh)

5.7 kgs/kwh(17.0 lbs/kwh)

(440 1bs/sq. in.)
(750 deg. F)
(118 1bs/sq. in. g.)

1ciency§were.the followings

2300 kgs/h)
4000 kgs/h)
6000 kgs/h)




‘Internal Efficiency of turbine -
Meclrlanical ‘ n : n [ ]

Efficiency of the generator L

" w " considering station service consumption. .

The averalefficiency of thepower: station including all losses was in
dependence of the bleeding: - - : :

no bleeding : " 13.5% corresponding to 6350 cal/kwh
bleeding 2200 kgs/h 24 % " - n 3600 "
n 4000 " 31.7% oowo v 2700 n
e 6000 " 38.3% -n no 2250 u

C e [

The demand on bleeded steam amounted on 85.5 kgs per 1000 kgs of shale}(l89 lbs/
1 ton) or 7,000 kgs/h. The annual steam consumption was 50,000,000 kgs for the
whole work consisting of 4 complete carbonization plants, The corresponding.’ .
consumption of electric power was 13,100,000 kwhs per year. , ' _
Under these conditions We had to run one turbine -at full load and full bleeding -
which resulted in the best weral efficiency: - ' . L. :
7.65 m?Gas = 1 Kih -plus 4,15 kgs steam..
: ' i.ee 433 .

and the‘seéohd turbine at 75% load and 17% of full bleeding thus achieving a
much worse efficiency. = The annual average efficiency was 29% corresponding to

72 m?Gas = 1 Kwh plus 2.20 kgs.steam}

. The carbonization plénts delivered per annum roughly'387,0003000 mBgas or

426,000,000,000‘calories. The utilization of this amount was according to the— "~
above data: = - . . ) . S ' - '
: ~ ‘Gasoline extraction 4 6.5%
Carbonization genérator's reheating 12.5%
Crack plant heating . , 12.5%
Power Station utilized for plants e
. supply ’ , 24045
Power Station utilized for .sold power 17.8%
o u disposed of i 23.5%
Gas losses - 2.8%
TOTAL ; _ 100.0%

s

It megﬁs 91,000,000 m3 gas per annum were disposed of until the reorganization
of the heat economy of this factory. T - .

BN

© .

The cost of one tone of bleeded steam was éredited to the power station with -

EFr. 2.90 of which the investment costs were EKr: 1.90. Taking in consideration
.the heat costs per ton steam of EKv. l.— the heat costs of the KWh amounted to

0.35 Estonian cents (0.093-USA--cents) at the bést-efficiency, to 0.58 Est. cts.
(0,16 USA- cents) when working as condensing turbine and to 0.5 Est. ctsae

(0.13 USA cents) under the annual average conditions, i.e. at 7.2 m ste

consumption for 1 Kih plus 2.2 kgs bleeding, The heat price per hour averaged

B i |
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"’dn EKr 10.50, producing 1450 Kih and 3.2 tons steam. The critical examination
of the combined process of -carbonization and power generating may be expressed
.as following:. i : s o S T

The carbonization method has a comparatively little yield of oil of 16.5 to
18.,5%. The throughput per unit of shale is small, fine shale with a granulation
less than 18 mm can't be utilized, neither nodules nor briquettes. Fat shale
with a content of organic substance of more than 40% produces lumps owing to the
‘strongly caking Estonian shale. The high amount of gas postulates a big con—
densing plant and huge cooling water demand. The yield of gasoline is. small.
 The building costs are high. The residue (ash) happens to be not completely
degasified often and burns on the ash dump, The total of thermal losses 1s
remarkable. Under various undeterminable losses one has to comprehend the
1osses by cooling down of the carbonization chamber by steam and added residue
gas, losses by heat convection, losses by gasoline extraction, etc. The dis-
advantages of the power station were: very long and insufficient insulated-gas
mairt Tnes—(up to-400-m) from the single carbonization plants to the power

station. :Some condensate was caught in. these pipes, Calorimetric measures. ~—~.....

(acc, Junkers) of the received gaseg were performed and resulted in a'heat value
varying between 1080 and 1150 cal/m”, TFor being on. the safe side the losses.
of the pipe line were assumed to be 10%. -The unit of the turbines was small:
tHe available amount of gas could not be utilized and the efficiency was -
naturally less than at big units. The amount of bleeding did not correspond
to the effective steam demand of the plant. ILack of a distance heating system
for the surrounding communities. Hence- the turbines had_ to be run with a
smaller efficiendy. The vacuum of the turbine condensers was not the best one
due to. temporary shortage of cooling water. The compound operation of this
power station with the general high tension network was impossible due to the
lacK of an ¢OiffE€Stion, ‘Thus the sale of electric surplus power was limited.

Y

"". B. ™"

Fough heat balance sheet and utilization .
of fine shale for electric power geheration. '

. Groendal - Ram&h Tunnel Kilns
at Sillamae, Estonia
.Kilns A and B

The utilization of hauled shale for carboniiatign, pqwe} generating, etc. for
_one month was the following::: : _ : o

Pibge shale for carbonization . "nn 17,000 Tons
. n un iwgale o ‘ T T 2,880,
Fine, L ' -carbonization : RE— - -45Kb07'"f
n n ' w power station and bled steam =TT 73,000
S ~ boilers four process steam only - 750

‘3

. Total per month N , , ‘ . 28,000.




' Prodyctlon durlng one month of 30 daysg_
Throughputs piece shale 17,000 tons
. " . ‘nodules.. . 4,400 _ e
' ' . Total ) iﬁ??ﬁi?"' T 21,400 tons
Dally throughnut of shale of kiln A .. i L 450 "
. ’ 1"t 1t " B . L 250 1t
Moisture of shale D TR 1074 .
" " nodules - o . o 14%
Contents.of organic substance of shale L . . 37%
. 011 Yield from the organic s#bsfance - e . 52%.
Jil yleld'from the organic substance by Flsher assay : 579
0il yield according Fisher assay . ‘ 929 -
0il yield : ‘ T 19.4%
Cutput of oil , : 3,400 tons
Qutput of gasoline . S ' B 750 tons
Amount of ‘gas per one kg of shale o g . . 0.84 m®
Total amount of gas ' - 880,000 m®
Feat value of shale acc. samples . . 3,450 cal
" w1 Tedules - L - 2,300 "
" o oil : S 9,400 "
noon gasoline _ ‘ : ' 11,200 ™
v " gas | | | o 7,280 7
For heatlng of the kilns consumeds: ‘ :
880,008 m® gas | - ' 6535102 cal.
250 ons oil | R8N0
Steam Consumedz 4 : ' '
4150 to 01l x 1.7 to/%o I 7,050 tons
ie0, ' 9 800 kgs/h :
Electrlc current consumed; . LT o L LTI i
" . Mine including electric. excavator : : . o
for 28,017 tons shale hauling B ' 100,000 kwhs
Plant: 9=00 tons of oil 620,000 ivhs ‘
750 tons of gasoline 188,000 Ywhs
~Total —~ .. ... BOB,000 kwhs : :
s ' 808,000 kwhs

Electric. current produced-
1200 kw x 720 h = - 865, 000 kwhs
minns_stationzserviCe 55,000 Kwhs
. ' : ﬁTﬁﬁﬂﬁrﬁﬁﬁg __—
810,000 kwhs

The mine waé.supplied by the'general high tension systems

N —— —
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Heat Balance Sheet per IOOO.kgé:,

BUO lgs shale

200 kgs ‘shale
10.6_kgs oil"
40 m® gas

Total Input

Qutput

. 169 kgs oil

, 35 kgs wasollne

40 md gas
592 kgs regidue (coke)
' Sensible Heat of Qil Vapours
1 . 1 " Qas. . o
" " ™ Coke

. Calories
2,760,000

460,000

. 100,000 °

290,000

3,610,000

1,509,080

!.;

392,000
290,000
710, 0@0
57, 800
6,000
59,200

" "t Water ... D o 27,000
Evaporization Heat of Moisture =~ = ' . 82,000
Preheat of Shale on 500°¢ ‘ 140,000

" . of Shale Lorrles : ' : . ‘@;QOD|PJQ
Lo&sess: ' ' o e
Radiation of len, Furnace, Heating Channels © 88,000
Chimney Losses L . 48,000 .

' Transmission losses afid various ’ : 150,900, ~ -
;otal output - : - : s 6X0

(See attached diagram B) '
. . o ) .‘\_.,____,_"
Condensing Bleeder turbine

oteam rates; e
At full electric load (1200kw) and full bleeding (0500 kgs/h steam)
the specific consumption is 7.6 Lgs/kwh (17 lbs/?wh) Rurming as
condensing turbine the specific consumption is 6.3 Vgs/kwh (14 lbs/kwh).
- Initial steam pressure ~ . . 2B'atw v
" "  temperature ‘ 360°C o
Anount of bleeded.stean 5500 kgs/h at 6 ata
Bfficiency of boiler N ’ :
Bfficiency of steam pipes
"~ Thermal ‘Efficiency as condensing turblne
‘Thermal Bfficiency at full bleedlng
Internal Bfficiency of Turbine -
Total Efficiency of power station
at full bleeding
Total Lfficiency ef ‘povier statlon
T condensihg turblne




' The specifie consumption at Iull load and full bleedlnu was. regardlnv the
1h 19390 cal/kwh or 7300 BLU/?WH and tali@ing into considsration the bloeded
syetvem 3.4 kgs of shale or 7800 cal/wh (01 500 TlTU/KWH) a2 S
At full 1oa :LQ“ Ilne shale consumption for combustlon amounted to 4, 05
~tons per hour. The sliale price was booked with Bkr. 3.95 per ton. The
steam heat costs were booked with Blr, l.-- per ton, The heat price per’
hour averaged on Lkr, 15.90. Thus the heat cests of one kwh amounted to
0,86 Tstoniun eoents (..22 USA cents/?wh) On.the other hand, the invest-
ment .costs of the kwh Were .owing %0 commerclal Bircumstances so high, that
this small power station was shut down later on and the consumntlon covered
bJ the general hlgh ten31on supply. :

[

As a crltlcal examlnatlon the follow1n may be mentioneds

pmmanmana

o

TLe heat 1005@5 in the colee (1100 = 1500 cal/ﬁ ) weore reather high, It was
- foreseeon &b §a81fy the hot colre whereby about 450 to 500 calories per one ng.
shele wiere expacted te be ebtwined, Yy means of thsse pases the kilus were

te ®e heated and the high value permanent gas was to be used for other purposes
as well as the oil saved‘ owing %o exoected wer, the Swedish did not invest

Cany monev in ustonla furthermore and this renalned:unsettled.‘

: One big kiln is better than tvro smaller ones re«ardlnb losses, prehsating
of shale lorries, radiation, etc, The heating oil demand of 5.5, as above
shown, is high. Mostly the latter averaged on 2,5 to 4% and fluctuated
strongly depending on the season. The above_example is taken of -a winter

‘month'which used to be*in Estonia very severe. '

The 011 covnsumption varled depenc.:.__L on the 14tens‘ﬁ§ of carbonlzatlon,

The more intensive the carbonization, the more gusoline obtained by
crackin" insides the l-ilns the more calories remained in the residue gas.
The 0il contents of the shale, the moisture and the not conplete and con- .
tinuous utilization of gas due to the lack of a gasholder produced .somes
times a rather high demand on additional 0il fcr heatlnw ourposes. But:
these faults were 31mple to overcome. : :

n

The specific heat demand averaged to 3'0 to*éio calories per one kg to be
carbonized. The nodulization of the fines was very -effective and allowed
.the complete utilization of the hauled shale, The not nodulized fines were
‘used for heating in the boiler house on the ssce Lomshalkov mov1hg grates.

The electlrc power demanawigg4tne nodullzatian amounted to 2.85 kwhs per ton:
“-shales  Thusy the comparatively-high power censumption- of}; thls”n%ant“per one ,
ton of - shale ----- before¢th€'barbonlzat1_n :Ls'ey':aln;x.ned-'“L Co -
Mine 18 kwh /to 0il
Dressing 10 % n.
Nodulization ' .

. 15 . n - 17

Total - Z3 Tawh/to Oil




c

Rough Heat Balance Shéét
. "of the :
Davzson Rotating Retort
' - experlenced . L
at the Ne C. Gold Field, Ltd."
~Kohtle 0il Wbrks, Estonia

Froduction during one month of 30 dayss
Throughput of shale -
Dally throughput of shale por one returt
"Moisutre of shale
Contents of organic substance of shale
011 yield from the organic substance
vo.o" v " " by Fisher assay
M. M gecording Fisher assay
7", 1" M . : ’
Qutpiat -of eil
- " W ‘gasoline . . .
g Amount of ges per one kg of shale
Total amount of gas
‘Heat value of shale acce samples
11 ’ II' " Oll .
" " " gasoline
. omn % npegsidue gas

"Heat Balance Sheet per 1000 kgs.
Injut
20 m3 residue gas
530 kgs residue (coke)

v Totél Input

Output
175 kgs oil
35 kgs gasoline
450 kgs ash.:
20 m® residue gas LT
110 kgs evaporated moisture
”,Sen51ble Heats oil vapours
gas ‘
.ash
- water
Preheat of shale on 500°C
Total of losses '

£

Total Output

(See dimgram € attached)

PRpraps— :

4800 tons |
23 "
11%

40%
52 «5%
59%
89%
21%

850 tons

160 tons .

0.02m3
96,900 m3

"~ 3;500 cals
9,600 ¥

11 poo "
1,000._.

Calories’
3, 500,000
20,000

580, 000

' 4,100,009

. 1,700,000
390,000
270,000
20,000

84,000
so,ooo
5,000

27 000

28,000

140,000 -

1,386,000

4,100,800




The above data- are regardln" the losses undeflned due to the 1ack of the
.once made calculatlons I can’t Ilnd at present under my papers, T

As a critical judgement of thls carbonlzatlon system the following mlght

be 1ntimated-- o , T _ . : . {

The utilization of the coke on movud grates for ‘retort heating is nearly
completee The retorts work up unclassified shale, crushed but not screened...
The unit of carbonization is little and cannot be enlarged, as tests in
Estonia with 8-feet. retorts proved. The good results are due mainly to the’
elaborated heat control and to the robust construction of the’ connterrotatlng
scraperse "The retorts ars very sensitive en the degree of. the Holisture ef
shale as well as on the ‘a1l contsnts of shale, the latter has to be kept
belew 40%. - The me%hod i's .connectéd with a lot of handlworL, therefore, the -
application in large jndustrial stage seems to be not advisable, On the.
other hend, the speclfic yield is excellent. :

D

N

For comparison with the above nethods exnerlenced in Bstonia, for nearly.
two decades, I would like to show an approx1mated heat balance sheet of -
the deCe "Meiler" « carbcnlzatlon method which wes applied in the Cil ;hale
Industry of‘Wurttenberg, Germany, te® o . posr shele, for two yogrss The
average of 38 Meilers carbonlzed at the Pilot Plant in SGhonberg gives an
oil yleld of 18%e

. Heat Balance Sheat p@rv1006.£és

s

Input o . ‘ - ' '~ Calories
1000 kgs shale- : . o oo - . 1,200,000
4,5 kgs psat. . . . e - ~ 12,000
1 'kg wooden chips - o : ' o+ 4,000 -
Total Input = ‘ - : o ‘ 1,218,000

Output , : - R o
18 kgs- 011 : ' ' : ' 171,000 cal,
0.4 kgs gasollne ' B ' ‘ "

. 500 m® residue gas

870 kgs residue

110 kgs weter
Sensible heat of gus

3] . " &Sh'

T 'f‘T:, ¥ < wetor vapour
Decomposition of Ca COz .
Lossess A o ‘ T

1.8 kgs 0il:o#yed in the bottem _

3.6 kgs oil roasted in pile . o 35,000

Rediation (roughly 28%) B ... 340,000. -
. Totel output o - ] .. S 1,216,000

(_be dttachad diagram D)

n
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" I have desceribod this carbenizetion method in'a'lengfhy paéer two month$ agee
So it may be ‘emphasized that only such items as . residue gas, shale residue
and sensiblg heuat &are to be  reckoned as losses campleﬁely, '

A comparison' of the thermel efficicncies mey be taken_of the fgllqwing tables

- N ,
Compéred Heat Balance Shaets
(A1l Deta given in Fer Conts )

—— ” " — 0y " 3 g L

A .- B . C

- 0il L N 4545 S 4157 4l,5

. Gesaline c ' 1.3 ) ’ ' 11.\0 : 9.5 :

' Residue o 196 C em—
A,Sh . 11 A -,'-,-“‘-J' . . 6[.5
G?.S disposed of ' T e o ———— E axlaatd
Ges utilized .. = 194 8 0,005

Sensible Heats - : ' » ‘
in oil ' ‘ . 035 ' 12
in gasoline- ' . 0,0001 o :
in residue c Cam——

- in ash - )

o in gds- : _

Eveporization o _ ’ 243

moisture '

- Decomposition of
A C e |
Prehedt of shale - = 38

Losses: _ : : o

~TPadistion | - - 1S
Cil losses . : ————
Gas "o ‘ 3 - m——
Various " o 5 , 39

‘Total Lossses - 18 o " Te8

Bfficiemcy regerding o o
sutilized matter abt 662 60 « 5

Efficiency regarding . : .
matter to be utilized abt 67 S 71 51 15

~

The under B mentioned carbonization method is the Swedish Grondal-Ramen Tunel
Kiln. The average tetal efficiency fluctusted between 58 eand 637 and can be
o inorensod. s ebove mentioned by utilization of the hot coke == on 70 to 72% ,
without &ny difficultiess The: application of superhested scavenging gus, the™
advantdges of not moving the shale during the‘distillationwpnocess§'steering

d

i,
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7_I have described this carbqnlzatlon method in & lengthy paper two months agp.
' So it may be emphasized that only such items asrresidue gas, shale residue
. and sensible heut ere to be reckoned &as losses cdmplately. :

A compurison of the thermal effi neles may be taken of the fgllow1ng table{

Conipared Heat Bal&nce Sheets b
(ATI Deta given in Fer Cents) \

0il

Gesoline ..
-Residue

Ash

-@as disposed of
Ges utiIi;ed

Sensible Hoat;
in oil
in gaseline..
in residue
in aah
in gds
Bveporization of
" molsture
Decomposition of
Ce COS .
Préhegt of shele

Lnsses' -
Radlatlon : . 10
0il losses _
Gas - " .3
Various " R 5
Totel Losses 18
' Efflclency regaerding | o S S
o utlllzed matter —_— abt"66,2 - 6045

EfflClency regardlng ; .
matter to be utilized abt 67 71 .51 ' 15

e

‘The undar B mentloned carbonization method is the ‘Swedish Grondel-Ramen Tunel
Kilfae The ‘average tetal efflcle%gy fluctuated between 58 and 633, and can Hé
‘.increusod as -above mantioned by utilizetion of. the- hot. Eokewdn of. 70 to” 72 ”
.without any difficultiese—The™ appllcatlon -of superheated scavenging gus, the
..advantages of not mov1né the shale durlng the dlstlllstlon process, steerlng

ot dt g
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i
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of tho resouctlve termperatures, concentratlon of gases, compuratlvelj
small bulldlng costs, good and adaptable. oil end gasoline yields «nd a
" for ‘rewching mechunizetion of these methods produced at least in Estonia
the admitted suporlorlty of the two sceavenging processes. Grondel~Ramen
and—Kivioli Tunel Kilne. The lettor offerud a groat number of improvements
regarding the’ mechanicel construction &s lwell as tho hesat economy and yvield
which were tosted alreedy in 1937/39 in & Pllot Plant insttonia. ,Jhe
results of these tests aro avallableo ' : “

-

Mey. I suggedt” therafore to the respactlve authorltles in this country nok....

to omit to study &t leust onu of these scuvenging- processes, if onee in the -

future the oil shale tregtment in the United Stutos.will become of notzble

importences The conditions hers may be very difforent, but if re&lly lorge
amounts will be spent for rosceurch of o0il shele utilizetion one should not
forgst to erect u unit of at least domonstration size oven risking . that the
results. might bo diseppointinge. I cannot help but I'm inelined to suppose

sometimes that the Estonidn earbonizetion methods mlght }e,put in g dis-
‘advnntageous light by sgme Buropeﬂn sources who arc purposoly interested”

in d01ng SQe . . . , *;~

-

Oil Produotign and Power Supply after 1940.

Concluding. the above sketch, it -seems: to be tdv1qable to give a few dzta

By the nationalization of the Estonian 0il Sheule Industry porfornad”ﬁy‘the
Russian govérmment in 1940 tho power supply as well as the- utilization of

- wasto shelo and residue was put on a new base. The output of o0il was to be
incrocded con51dorab1y. In summef 1941, thu Russisns had to leave tnd
destroyed the plants partly, -Thu-Gsrmans ocgupied” the vbuntry.mnd started
. at once with a plan similar to the Ru351an eno, The effectlv. eraction
 storted in lato 1942, .The oil outpit was schedulgd ‘to emount to 651,000 .
tons « yefir instead of 200,000 tons in 1939, This reted capacity was to

be roached in Mcy 1945. In connoection with this enlargument, the power
problem. wes fundemant&llv altered. The Russians s well as the Germans
usod the snfley and celculutlons, I hed prepared during the yoars 1939 -
1941, T had, the satisfection to see accomplished tho. bulk ol my plens up
to 1943/@4. During the ratreet of tho Germun forces in Septembor 1944, tha
whole shale oil Aindustry including 11l power stutions was blown up through-
eutly. Nevertholess, the Russian Five Your Pluan procluimed in late 1945 the
reestablishmont and a huge enlﬁrgunent cf that industry until 19L0s4

"~ Th output and cqnsumptlon’ﬁf“tha 1941 pl&n word thu follow;ngt
. AN :
WI"por'&nnum; . _ o - : IR
-~ haulaed sht.lc ) , a 1 IF\>OOO tons
produced oil ' 200,000 tons
consumcd powsr - . : ‘ - o SQ*OOO MTH
consum-id st.am N S © 290,000 tons

>
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i

“hauled shale
~consumed power

W IITs.

heuled shale
produced oil
consumed powser
_consumed steam

W IVs

i ——

hauled shele
nroduced oil
consumed power
consumed steam

W Ve
.hauied shaiev
produced oil.

" consumed power
consumed . steam

W VI:

-~Hauled shale
produced -0il
- consumed péwer
~ consumed steam

W VIIs

hauled shale
consumed power

Tetal power demand of the 1ndustry

Total power losses including trnasforming‘-’

line losses, idde running 8%

Power sale to the other 1ndustr1es, towns ;.

‘and communities
Power locses of the latter consumers
Total Demand -

Id

~

148, odo

1,300,000 t

{ 156,000
35,000 1
156,000

1,500,000
240,000
65,000
277,000

tons o
MTH

2,500,000
15,000

180,500

MdH

-

INT{

14,400

/‘ Gl T

"47;660 nwni
4,500 I47H
246, 500 16iH

/
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Power—Producerss

——

S ———— Instaiied-§6gr6%w;"m”ﬁ&ﬁﬁfﬁ*—ignnqai“m“f;Effi-

S— Specifd.  AURUEL
”MﬁwﬁﬁTunbines%m.Capacity —of ——of ' Froduc~. . cieney Consumpse - P#!ductidn
Noy " ' "MuWe  Bnergy Turbines " tien MVH - % - BTU/RWH - | BTV . ' .

NABC " 4,500  Viater Kaplan . 28,000 __ 80 4,300 1.2 x
SLABC 8, 750 Fine Shale {ondensing p1 o000  "10,4%—887500 = 7.2 x
JABC . - 3Q@,000 w o wm - fyBEgeder 128,000 41 8,-400 1048 x 1K
PB§ . B,200 "7 " " (condensing 37,500 @ 16 21,500 8.2 x 104
KJABE  4,50Q  Gs Bleeder - 32,500 - 40 9,000  2,85x 104

Total/Average 55,950 —— ~e—=' 246,500 28,2 12,200  30.25x 10%

T — Ty T

The given.overall efficiency includes .all losses from the delivery of the source

of energy to the— power plant up te the included consumption of the power station .
T T service. ' ' c ) : ' '
The area of power supply was 7,500 km2 or 3,500 square niles, ~The total trans-
mission losses amount for the 0il Industry 8%, ise. the KJH at the consumers
busbgr amounted on 3,300 calories or 13,200 BTU, This results in a total effi-
ciency from energy source up to cdnsumer busbar of 26¢, The transmission losses
for the power customers were 9.5%, one K7H ‘equaled to 3,400 calories, - '

"The source of energy cost price of the 5 power stations was in the average 0,56,

‘ Estonian cents or 0.15 cents USA at the power stations busbar, . This cost price.
corresponded to a price at the consumers busbar of Os€L E Centss. The €©il Works
were charged with le5 to 2.5 B. Cents/kwh considering the individual character-
istics (power factor, etc), of the respective consumer. The outside customers _
paid 2 to 3.5 cents/kwh. x L ‘

The total steam demand wes to be roughly 815,000 tons per annum, of this amount
450,000 tons or 55° were gained as bleeded steams ' : : ‘

- : . ' o . ’ . N ! . ~
In the meantime, "I had developed & sedond plan of-completion of power generating
‘together with foreign colleagues, This plan was based on the elimination of peat
"and coal as sources of power, abandonment of uneconomical shale based stations
and the substitution of these by water and -fine "shale bleeder turbiness. ' The
outlay was to match -a further enlargement of the Estonian oil industrys This

_plan was not terminated and came never in beings Provided was thé annual genera-
tion of 300,000 MTHS of water energy and 260,000 MHS of fine -shales The fine
shale demand rose on 650,000 tons a years The total production of the concerned
Estonian power stations was expected To amount tp 640,000,000 kwhs per annum, o
‘Therefrom. 340,000,000 kwhs were to be consumed in thé local shale o¢il, phosphorite, -
diatomite, pulp nggwggg_ggllnlgﬁa industries* SOO,QO0,000 kwhs were surplus and
free flor exportation. . It _was considered together with the huge hydro-power stations
of “Finlénd and the Russian: Swirstroi plant to supply Tikewise. tle—great-consumers
- of Leningrad in the east or the customers in Riga "and Smolensk in the South, The
principe]l details were calculated but the events of war did not allow the reali,a-

~ tiona~ .

Attached 4 diagrams
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Total Input 100% -
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DIAGRAMMATIG HEAT BALANCE SHEETS 1

OF FOUR DIFERENT CAKBONIZATION SYSTEMS }



) Oil Shale Carbonization Plant at Kivioli Estonia :

The Estonian 011 shale district is situated along the northern ‘shore frow
Taps to Narwa. Tt :l.s,.ga.p;_:roximatell;r 120 lq.lometers (75 miles) long and 30 k_ilo-
- meters (19 mile_s) wide. Assuming that l.S metric' tonsr_ (1-'2'5 short tons) of - oil'
shale are present per sq. m (sq. yd) the whole district contains about 5 ,000 OOO 000
| t”s of oil shale but the Kivioli district conta:.ns l. 8—2 0 me to (1.5-1 .'7 short
tons) per sq. m. (sq. yd). A tunnel Kiln is used for the low temperature carbon-
ization of the shale. The 1aboratory experiments having been finished a pilot
f'urnace for a da:.]y throughput of 75 tons was- construérﬁ 'in 1946. Due to. the
_ satisfactory results two mre furnaces, for a daily t oughput of 250 tons each,.
. were “constructed in 1930. Another two 'furnaces for a daily thronghpnt of '4004 tons ,
each: were added six years later, Thedésign of all furnaces is atproad.mately the" ‘
same. | | | | |

: Descrigtion of the Kivioli Plant

The oil. shale i3 delivered from the mine with a limestone—content of 8%
... whereby another 7% -of - limestone has already been. removed at -the mine._ Ihe_. oil shale
: is ‘crushed by a roll breakeTtTa maximum size of 100 mm (4 inches) and screened
v into three different sizes after the rest of the limestone has been picked. out by
~ hand (1) fines below 10 mm (0.4 inches) (2) Auts 10-25 mm (0.4-1 inch) (3) coarse
shale 25-100 mm (l-j. inches) The fines can not be carbonized but must be bri-
Mquetted. Experiments were performed in order to find out the most suitable
: briquetting method. Due to its high moisture content of 15%, the shale must be
dried before it is fed to the furnaces. At first a rotating drum was used but due -
. to a considerable abrasion the results were. u:xsatisfactory Therefore » the drums
.were .replaced by a vbelt; conveyor. * The drying plant has to solve two problems‘
(1) to dry the 011 shale (2) to remove the dust which is ‘attachedat the surface of

the moist shale ,pieces. ' The shale is filled 1 m. (1 093 yds) high into a special

T e




1orries ‘c'alled‘ "wagonetta", 'I'he load’ consists of 75,a ofdcoarse shale and 25% of

nuts according to the proportion of the sizes which are delivered from the crushers.‘.'j i
. Two short connection pipes are welded at the bottom of the lorry.. They can be
connected with corresponding gas 1nlet pipes which are arranged ‘at the bottom of
the tunnel. A perforated metal sheet, which bears the shale is inserted a short
distance from the bottom of the lorry The loaded wagonetts are introduced into
the tunnel kiln by means of a hyd.ra.ulic opera.ted reel. The tunnel kiln consists -
of a large pipe which has a diameter of 2. 186 yards. i‘his pipe is subdivided
Winto three zonee.' 3. __The drying chamber is 13 m long (41 5 feet), the ca.rbonization
_chamber 26 m long (85 feet) and the quenching chamber 5.5 m long (18 feet) The
total length of - the tunnel kiln is 53 m (174 feet). including those sluices.. The
' sluices are Aarranged_ at the entrance of the drying zone and between the three'
chambers of the kiln. They prevent the. :Elcm from one zone to the other. The
_-loaded wagonett is pushed into the front sluice and from there into the drying
.chamber. A fan of 20 H.P. for each wagonett is situated underneath the furnace. _ |
The dry:Lng of the shale is performed by recirculating hot steam which is super-
‘heated by -flue gases which pass through a heat exchanger. 'l'he necessary stean is
furnished by the vaporization of the moisture of the shale. Excess steam is bled .
off. The heat exchang;rs of 'the 'vdrying. chamber are situated in a special corridor
underneath the tunnel. After.a .certain time the wa‘go‘nett passes through the/luice _
into the carbonization chamber. The heat units which are necessary to carbonize -
the shale are furnished by recirculating hot gases which i‘law through the shale
charge in an upwards direction._ The re"cycling gases are superheated by flue gases
which pass through the heat exchanger and blown into the ‘kiln by means of fans
The recycling gas volume is kept con-
stant and the liberated carbonization gases and oil vapors are drawn off d led

~ to the condensing system. The lorries ‘which contain the carbonized shale are

R T S - - ‘
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pushed through the following sluice into the quenching chamber. Now the low

temperature carbonization is finished. The cooled lorries are discharged emptied,

1

refilled and brought back to t.he entrance of the tunnel-kiln. The furnace con-

tains 24 lorries. The lorries are moved at -an interval of 8 minutes. ‘I'h'e“'residue—is%fﬁ

brought to the dumps by a rope way. The stockes + which produces the flue gases are
arranged close to the d.rying champer. Fine shal-ewis. used to’ operate the- furnaces.
.A chamber in which the permanent carbonization gases are burned is combined with
the stoker.; The ‘walls of ‘the’ chamber are equipped with somne additional gas and
oil burners. The latter are used to sbart' ‘the  tunnel kiln, 'The combustion ‘gasesl‘
which leave the stoker at a temperat.ure of 1600°C (2912°F) are mixed with coal
spent flue gases before they pass th.rough the heat exchanger. An exhaust fan )
draws off the flue gases, one part of which goes directly to the stack whereas the

~rest is used to superheat the recycling steam of ‘the drying zone before it is dis-
posed of.

Condensing System |

| The carbonization gases leave the tunnel at approﬁmately 480°c and flow to
a pr:imary cooler where they are cooled _to 300°C (572°F). ‘Afterwards the gases
are led to the condens:.ng syst.em which consist.s of an air cooler and some water- .
coolers.l Heavy oils with a speclfic gravity of 1.03 are condensed in the air
~ cooler wh_ere_ the gases are cooled to 230°C (446°TF). . The heavy o:.ls pass through
Aa. second cooler and flow into a tank. A water condenser cools the 'gases to a
temperature of 150°c (302°F)";hereby a m:l.ddle oil m.th a specific gravity of 0.99
is stripped from the gase The middle oil is cooled by a final cooler, separated
R o - . water and flows 4into the before mentioned tank. The' gases are passed through: )
three additional coolers.. The first one condenses light 011, e following £wo
‘condense benzine. After separating water from oil, the oil fra 'bions flow into

R S—

~~benzine and 1ight oil tanks. ~The gas, whn.ch con‘ba::.ns '8til1l 450 g per cbm benzine
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is led to the deep cooling system..‘rsag;»

. The Deep Co g System
‘The gases are cooled by an ammonia refrigerating apparatus to a temperature

of -15°C (5°F) whereby most of- the benzine is condensedg The cold gases are

o S , :
‘-scrubbed in towers with ‘wash oil -5°C (23°F). The benzine yield is 0,8-1% of
the oil shale. The permanent gases are used for heating the gas—fired chamber.

Carbonization Process

'not easy to perform. The color of the shale changes from a 1ight into a dark
brown one at a temperature of 200°C. (392°F). The liberation of oil vapors begins
“at a temperature of 350°C (662°F). The application of higher temperatures is
'thereby not. necessary ‘Due to the melting prooerties of the shale between 3600C

‘(6800F) and 410°¢C C7709F) great precautions must be taken during this period in

_, order to overcome the difficulties which arise from the ‘melted substance especially

if rotary kilns or shaft furnaces are emplqyed.< Since 2 slow temperature rise in-
creases the melting of the shale, an exactly controlled velocity of the tempera+ure
rise must be'applied. Even with the‘correct heat unitsvfurnished{ the melting of .
the'shale cannot'be:aroided if uniform temperature'cannot be maintained inside. the
shale charge- Since "fines“ prevent the correct distribution of the gases during

their flow through the shale charge only carefully screened shale can be fed to

‘the furnace. Vast columes of recirculating gases secure the most favorable distri- o

bution of the temperature in81de the shale bea.




k] .Shale Results

| Ash= z.t;%

Organic Substance = _3_63
100%

Limestone 7_-10% Prom the mine -~

V 0il Shale Moisture

Coarse Shale 12—16% water |

Fine Shale 14-18% water

Oils - 20,5 (based on moist oil
shale)

Oils = 65%— (based on organic
substance)

.- Gas: 25 m/t permanent gases for firing w:l.th

10g/m3 benzine

B ge'cific Weights

" 0il Shale = | 1.5 t/m3
Gas = 1. 23 kg/N
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The aubtmanoan Garbonintion, Diat:ulation and Gaaznoati.on of 011 Shalo » :

Coal and o.*.lobearing rocka GSeconda.ry Rocmry) by ueana or Electric Current
T. Thc Carbonisation and Gaaiﬁ.cation of Oi1 Shals, - - . —_——
My peruonal hwasti.ga‘bions had tho aim to clarify the fcllo-ing

 details of this’ nndergmund carbonisation nethod: T j’i‘*" , S ..
1. Disti.nxtion and gasification oi' oii .shale without remavi.ng the ahalo

from the dopoait. | e , o ‘ )
2. Applicat:lon o.t electr;tc heat due to t.he elec‘bﬁ'.c conductivity of the

Lo

layer. v
3. '.Utilisat:lon of metal pipes as electrodes. ¢

L. Comparison of the proposed method nth the L;jungstrcn process..

S. 'Deturmf.n:tion of the oil yields. ' | |

63 : Application of an electr:lc heated furnaco for oil shale distillation

conbined with the gaaif!.cation of the ‘residue ( ﬁxnd oarbon).
1e Diatilhtion and Guif:lcation of 011 Shale Without w the Shale i‘ron

ms Deposit. | s |
" Yhe gas is drawm off througﬁ the electrodes. (Compare sketch #1).

b. The gas ia drmm off from bomm the electrodss, (oompam sketch #2).
Ce 'I'txe gas:l.fi.catim of tho .f.:L'nd carbon. A.tter the distillation haa been

f:l.nishod air, staa.m, etc., is blom through the ].ayer in order to gasify the

nrand "

———

fimd carbon! ™ ] | _f" ' o |

d. ' “Ldosening_of the layer by the cuixfent and é@ntf.nuatioxi' of. £he""‘astma-_ :
tion by means of alr, The oil shale is distilled until air is able to flow
through the layer due to‘,vi,ts'porosity'and' loo_sen‘essl.' Then the oiZ.L_ ‘shale is

ighited aear the eledtrodes by the current and the diatilla‘bio_n is continued




v'by“nieaﬁs of the combustion of the fixed carbon. |
e. Utiliwation of the heat.‘i;tl;i_ch is preserved in the layer for the pre-
heating of the surrounding shale. (Compare ‘e_lltle'tch #3).. The distillation begins
with "ﬁlook" Ii.  The combustion of the fixed carbon raises the témpe’ra’ﬁure to

800°- 1000°C - The—-heat—frmr“l?lock" ‘1T 4a transfarred. to -"Slock" 'I‘.'" D
2_.  Dclati]la'bion by l(eans of Electric Current Usiﬂg the Electr:lc Con-.

-~
o

ductivgy of the 137___ _ -
a. Tha carbon:lzation ap 'y'.!.ng 2 elec'brodea. (Compare sketch #4).

E.. The _carbonisation oying parallel comeot.ed electrodes. (Cbn-_ o
pare sketoh #5) | . |

G IThe carboniution by means of various sones of eleotrio con- |
ductivity which have been produoed mtentionally. ( Compare sketoh #6).

"3. Uai.ng_uetal Pipes as Electrodes: Y\
Usually iron pipes are employed. The current which is tranaferred

to the layer is proportional to t.he diameter and the length of the electrode,
The length of the elec'broda is oi‘ great in.i‘luanoe on the transfer of the
Ci pmr. Cmnpare sketch #7. The resistance ‘R) betmeen the layer and the eleo-

trodes. may be caloulatqd using “the folluwing fomula.

Re1ln21 S | length of eleotrode

= - r Radius of eleetrode o

ardl | .
oL Y conductivity of the layer

mggn of . t.ha Proggsed Method with the Lm,sm progess.

Advantages and disadvantages of the. Ljungstrom process, -

a, The heating gadgehs are expensive.
b. The power per electrode _is,low. |
7. ~es The progress of the cafbonizatibn*i‘one is low,

d. The conaumption of tho electric.- cnrrent ‘which is necassax-y for tho
cg;bm;intinn_ia_lcw

e ———
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mevplant.ia _aini:lo. ’
and disadvantages ‘vgf the ‘prbpoaed process.
. é.. Iron pipes used as ‘electrodes are cheap.
'b. Great power per electrode is ﬁrod_u_c_ed. ,- 3
Ce Thé lprogress of the carbdgizafion is accelerated.

‘d. The 'curren'b consﬁmptibn-ié nearly the -same,

e, The plant is simple but trapafoméra for the supply of the ocurrent

are necessary.

- 5. Determination of the oil inelds.‘ . ' -

Gra.oking of the o:i.l vapors influenced the 011 yields which were
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obtained in the laboratory.' The yields were 87.3% if they Were based on the
| same oracking effect which t.akas place in a Fiacher bomb, '

6 Electrical heated furnace for oil shale oarboniution cémibined with

T g

the gaaification of the rma carbon of the residue. (Compare sketch #8).

1. The oil shale is carbonized by means- of current.. ”-(’Zone a). The
~ electric heat is uaed only for starting process. . |
The fixed carbon is bumed. (a)
The heat vrhich is produced is transferred to the furnace #II ( c)
and to the shale by means of vapor (b) |

II. Theoratical conaiderati.ona and Laboratog Pests were porformed which

Aimed to Enploy the Propoaad Method . for f.he Recovery of Crude Oils (Secondaxz

Recovg) and for the Garbonintion of 0031.
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UNDERGROUND CARBONIZATION
AND DISTILLATION

SKETCH 182: (1) THE GAS IS REMOVED THROUGH THE PIPES I
(2) » * . . . ~ PIPE I

NOTICE : THE GASIFICATION IS PERFORMED EMPLOYING
THE SAME PIPES.




SKETCH 3

SKETCH 4

ELECTRODE

j
/_uenrme ZONE

u (vait)
T LABORATORY TESTS POWER = 2KW
T FIELD TESTS POWER= 300-1000KW

g T{Amps)




SKETCH S

» T (A)

I FIELD TEST POWER = [0D-10000KW
II NO CARBONIZATION FOSSIBLE

DiAIGRAM

I LABORATORY TEST POWER =0.5 kW
I FIELD TEST POWER = 700 Kw
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a - THE HEAT PRODUGED BY MEANS
OF ELEGTRIG GURRENT

b~- THE HEAT TRANSFERRED TO
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“The Fischer Assay\of 0il Shale

The attached flow sheet of the Flscher &ssay shows the vuriouS\\\\____,ﬂ
stuges which must be performed if the oil content of an oil‘ghnle is
to be determined. It is cleerly to be seen, thut a well considered
plen of orgunization should be estublished "if numerous semples must
be tested pur ddy. The fOllOWlnb proposal in carrying out the Fischer

" assey is buséd on the presumption thut the -efficiency of-a laborstory

is improved if the single stens of the process are transferred to

' specialized groups which operate sirmltaneously & couple of apparatus

which are especially designed for the performance of a single step of
the assay. The resulfts of single steps should be reported to a centreal
computing and typing departnent which compiles the complete analysis
and fills out the forms. . :

Each square of the attached flow sheet renresents a group
which is in charge of one of the numerous steps of the Fischer assay.
The lines represent the flow of. thé risterial from one group to the
‘other and the manner .in which the results ure transferred to the

evuluating devartment.
Daily cupacity of'thellaBoratory:

50 Fiseher Assays

: The samples ure. delivered to the reception group where they are
listed und briefly inspected. :

The list contuins the fellowing data:
Humber of. the. sample
Dete of arrival™™ o :
Orlgln of thé sample, nsme of the mine, exact location
wonene P rOM-Where - ‘sample - has been collected
Roughly estimuted Size of the pleces
Special remarks

4 copy of. the 11st is dellvered to the computlng and typlng
depurtment.

Required: supervisor - .. . .-
' 1l tyvpist
unskilled laborer
assistant

The inspected and 1listed samnles are delivered to the grinding group -

The - samples are ground bottled und 1abeled. AL complete screening.
anulysis must be made, if alres ground shale has been delivered. The
label of the bottles curry only the number of the sample.

Required: 1 yawr breaker
» " 1 heavy s%teesl” T FEAT tnd pestle
2 mills /'1 for emergency purposes
3 complete sets of sieves
1 balance T
—Aluminum dishes ,
aemple supply of flasks
1 laborer‘/ one ass;stant for the operation of the
yaw breakér and ‘the mortar .
"2 laborers for the operation of the mills. oo
— =;*'1“laborer for the performunca of screening analyses.

: '*"’Two bottles are prOV1ded of each sample. ?Une bottle is dellvered_

—to the weighing section. e




Stprage.
e

T The remaining prlginal shale. together with the second of both
bottled. samples should be stored over & porlod of approximately 4. weeks.

”“ﬂulred- - 4smple storage spuace, shelves
1 leborer. for storage und disposal

Ls mentloned before, one bottle of the crushed shale is dee o
livered to the central welghlng station where a couple of balances
are set up. , = - : —

lst: 50 or 100 g of shale nust be provided for the determlnation
of the meisture, Gluss dishes which are covered with a 1id should
be utilized. The'Wcighgng is performed by &an automatically worklng
badunce. : —

- B

2nd: 180 g of shnlo ‘must be provided for the f'ischer assay.
_Another tlass dish equipped with a 1id is used. 4n automatically
working balanco should be suitable for the purposc.

. 3rd?\ An Engler flask_which recovers the liberated 61is and
' carbonization water must be carefully weighed. An analytical balance
is necessary to det‘rmlne +he correct weight. o

4th: The flask is brought baci from the carbonization center
after the carbonizuation hes been furnished and is weighed again—in -
order to detcrnmine the yield of oil and wuter. 4n anslyticsl balance
is necessary in order to deysrmine the correct Welght. :

%Yth:  The cooled shule rosidue is ulso transforred from ‘the
- earboualzation station to the weighlng departuont anu weighed u31ng
L uuuomnnlcally working balance. . -

Since no computations should be made in the weighing department
all weights and figures should be reported to the computlng and
typing department. ,

Required: - 2 autonatically worklng balanoe&‘/ 1 for reservs'
- - 1 anulytical bulance £ for reserve
smple supply of glass d18h°8 and lngler flasks
3-skilled workers

Carbenization Department _ 4

The carbonization center is equipped with numerous Fischer bombs
and electricully heated furnaces. The furnaces are automaticelly con-
trolled in arder to secure a definite rise of temperature. Sihce =
Fischer assay'must be started with both an almost cold furnace and &
cold bomb and it tekes approximately 2 hours to heat the shale, it is
to be assumed that an apparatus can carbonize but 2 samples per day.

~35- complete &np&r&tus nmust be kept ready for use. 75 Fischer bombs
and. 10 furnggga _8hould be avullable in order to secure a constant flow
of the tests.

. Since the heating system is zutonatlcally controlled most of._ hhe

work to be done consists of. prepuratory work and supervision of the
- running tests. Tro chemists together rith an assistunt should be ablc
,to handle 50 samples pvr day.

' All dotvrnlnatlons of the water content of the shule und the mixture
of o0il end water are performed by a dlstlllatlon process ufter an
adnlxture of xylole. There are 13 water deterniinations which must be

6r. hour.. Assuming thet @ complete water determination tukes 30
minutgs, 14 appuratus must be provided. Since the flusks und burettes
"must( be carofully cleuned eand dried, at lcast 100 cémplete anpurd%us
should be kept in stock.




" Required; - 100 complete apparatus
S © Xylole .
2 chemists

As mentioned before, all results and figures should be reported
to the typing and computing department; where the complete analyses
are compiled. In order to secuke ans unprejudiced performmence of the
tests, the testing station should know only the number of the sample,
wnereus the number and the origin und neme of the sample are reported
to the computing «nd typing department. All results must be based on
shule "as received" and on shule free from moisture. Speciul forms
should be‘provided which nust be filled out in order to facilitate
the comp&rlson of numerous shale samples.-

With machlnes end‘pables for -computing purposes provided the
work whould be done by 3 chemists and an au51st9nt.

‘ALl upp&ratug, dishes, flasks are cleaned and dried by the
~ cleansing group. & regenerating system, consisting of & still and-
. condenser, which is capable of treating 7 gallons of xylole in 8. hours,

. should be provided.

Required: dish washing equipment
dryer
still, condenser-
1. laborer / 1 a581stunt

A superintendént (chemist) should.be in charge of the'lubdratory.

Total personnel required: 24.- .

Efficiencys 2.1 Fischer Assuys per mun uand shift.
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Commente on Characteristice and ref'ining methods ":‘ ,
sha—f!.e-oi—le—w—i—th—ref—erence—to—th&—Bureau—ef—Shi-ps 3
questionary. . ‘

Since the recovery of 011 from Germa.n 0ll shale employing modern carbon-
ization methods began not eooner than 1938 in a comparatively sm=ll scale all.
- efforte were made to develop primarily suiteble carbonizaetion methods, The
gmall quantities: of shale oils which were obtainable were used as raw material.
for hydrogénation purposes. The Dottershouser plant shipped the oil to the
"Union Rheinsche Kraftstubl A.G., Wesseling near Cologne without bethg furnished
any information about the utilization of the oils, With the German oil reserves
dwindling neer the end of the war the shale oll was supposed to replece the
almost not avallable petroleum oils. The coal-union, Schorzinger (underground
carbonization) concluded & contract with the Navy which intended to use the .oil
as bunker fuel. Small volumes of oils ‘were distilled, treated with ceustic '
goda solution and moetly sold for testing purposes only in diesel-engines,
tractors etc. A diesel car which was owned by Portland Cement works was
-satisfactory operated with the distilled shale oil. Crude oil was employed -
as fuel for the hot buld engines which were utilized in the farm work.
Commercially used refining methods did not exist. Basic research work was
cerried out to hydrogenate shale oills but the available guantities were by
- far to low to run & commerciel plant on basis shale oil. The &bove sketched
situation must be 'borne in mind with respect to the following explamtiom and
considerations, ‘ -

I. Characteristics of v‘the raw ghale oll in foreign 1nsta11atione

. The characteristic'of the recovered shale olls depends not only on the -
" properties of 'the shale but aleo on the employed carbonization method:-,
1. Accordlng to analyses which have been extracted from the Germen documents
the composition of the Kerogen of oll shale from Wn:utten‘berg .end Estonia . -
is as follows: : v
' o Wuntten'berg . Estonia
% ., . 81 | R I
1 | o 8.9 . 9.2
v ' 1.3 . 0.2-0.5
" ' - 0.4-0.8 0 1.3-2.2
" B 7.8 11-12
It is obvious that the-composition of the recovered shale oils must differ due
to the bssic differences of the.composition of the kerogen . Ouning to the
Iow nitrogen content of the Estonian Xerogen only small amounts of nitrogen .
ﬂinked Hydrocerbons cen be expected whiéh should not cause considerable trouble
in engine and burner foullng. Inspite of the higher: nitrogen content of the
Wm‘tten‘berg kerogen the nitrogen content of the Dotternmhouser-oil ( Otto-procees)
- wad determined with 0.5 -1. 24. Due to lacking experience no informetion was
available about the corr‘oding influence of the nitrogen compounds on the shale
oil operated engines. The higher oxygen content of .the Estonian kerogen results
oils which contain more creosot oils than the Wiumttenberg ones, the creosot content '
of which is approximately 2%.

-
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— o2,  Applied cerbonlzation methods . .

2. Heat transfer by superheated steam
b. THeat transfer by superhested-steam-sir-mixture
" ¢. Heat tramsfer by hot cerbonizetion gases '
d. Heet transfer by hot flue gasee (combustion of the fixed carbon)
e. Tndirect heat transfer - :

The basic difference of the methods- lies in the fact, that the carbonization
process of a1l methods which apply flue gases is performed in the presence of -
more or less oxygen beceuse & theoretical combustion is hard to meintein. As
soon es the oxygen reacts with HyS, the latter ie partly burned to SOp. The
gulfur dioxide reacts with the hydrogen sulfide whereby elementary sulfur is
formed asccording.to the following formula :

2H,S fSOeg S +2H20,

Experience hes proved, that oils which contain elemontary s[nlfur heve corroeive
properties causing fouling of the feed lines, injector pumps, inlet valves,
carburetors etc. - - B ' B '

. The formetion of elementary sulfur is cut down if sir-free purging gases
(steam, carbonlization gases) or indirect heating methods ere employed. Mostiy.
-gaseous H.S 1is liberated with, being aleo corrosive, can be easlly removed from
the oils _%y a treatment with caustié¢ soda solutions Substahtially more sulfur
compounds of the shale are decomposed 1hts E S 1f steem im employed as purgling _
agent than by the application of indirect heg;b transfer. Since elementary sulfur
48 fairly good soluble in shale oil, oils which have been extracted by means of
' oxygen containing gases, contain probably more sulfur then.- such oils which hed .
~pnever the opportunity to come in contact with oxygen containing oils. Due to
secondary influences the true effect of the various kinds of purging gases. on.
the sulfur content of the oil can not exactly by investigated of the composition
of oils from commercial plants is compared, The average sulfur content of
Wruttenberg oil shale depending on the epplied cerbonization method is roughly
. as follows: . T e
Steam carbonization Underground ~ Meiler pile
Dotternhouser ) Method - gystem %
%.29. - 3.63 T k16

Total S %

0n - content ‘
o? the carbonizatlo S ' '

gases leaving the chember $  0-1.3 0.6-5.8 . 0.3-18

According to the Germen documents the sﬁlfur content of oils which havé _ A
_ peen recovered from various types of oil shale employing the Schweltzer carbonizetion " |
method is as follows: L ‘ : : :

-

Egtonia ~ France - - Spaln - Bulgarie '
(severac) ~(Puertollamo) = (Bresulk (Pirin)

e

| rotal Smlfur % . 075 - - - 2.7 087 T T L2 15

_ Experim_ents which were carried out from the author of this article-concerning
_ the asphalt formation of b enzol wash olls- (coal-—-fors-o;t.lsf)__wduri'ng;the‘_fb_enzol .
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__extraction process showed that the simulteneous influence of oxygen and hydrogen -
- sulfide is responsible for en extended asphalt Tormation. The separsted—asphalts
had a very high sulfur content. Considering the highy ineaturated character
of the shale oils their asphalt content should depend on the composition of the
purging gases, whereby a high oxygen content results olls with high asphalts
content. ' L

The following figures of the asphalt content {ierg- aveilable:

. Steam carb. Meller pile
' ‘ Dotternhoumer ‘ system
Asphalt % - 0.88 ) 1.9
0~ content of the. , ‘ o
carbonizetion gases % t 0zl.3 0.3 -18

3. g_p_ylied cerbonization temperatures. -The decomposition of the nitrogen
compounds especlally the NHS' formation of & coel depends on the applied carbon- N
1zation temperature. Carbonlzing & Ruhr coal at the normal coke oven temperatures
of 1800%F the ammonia yleld is 0.3% of the coal, by lowering the temperature

to 1100°F not more then 0.1-0,15% emmonia cen be recovered. Since the oil shale

is subJected to low temperatures not too a high percentage of the nitrogen

which is present 1n the kerogen should be transformed into NH.,. The Scotch. .

oll shale industry mekes use of the influence of the temperat

dre on the ammonie
‘Pormation. . Primary the olls are extracted at comparatively low temperatures.

The spent shale is heated to 1300°F, approximately 0.350 kg of steam per kg of ‘
shale ishjected whereby 0.3 kg of ammonia per tom of shale are obtained. Besides
ammonia nitrogen containing compounds such as pyridines, amines etc are formed ‘
which remain in the condensed oll and are responsible for itse nitrogen content,

' Regarding the composition of coel for most of the nitrogen compounds are present

" in the middle oil fractions from-which they are extracted by means of diluted
sulfuric acid. They represent valuable ravw meterial for commercial purposes.
Since diluted sulfuric acid has almost-no influence on the unsaturated hydrocarbons
the removal of a substantiel percentage of -tgé'?mtrogen content o6f the shale

oils should be possible. S ' _ '

- Js—Condensing-system and storage facilities. - The bolling range, especially

" the initial boiling polint and the percentage of the low boiling oils,-depends -
on the tsmperatures which have been applied in the condensing system. . Since the-
meiler-pile plents were not equipped with':a cooling system the light fraction
of the 01l remained in the gas to-a certain extend, resulting in many cases &
higher initial bolling point of the recovered oils. ' '

. The underground carbonization system applies chambers, which are often 60
and more yards long. It is ebvicue, that the }iberated oils vapors are condensed
‘4n the cooler parts of the chamber. With the combustion zone approaching the o
olls are revaporized, condensed in the cooler parts and revaporized for a second
time. Since the pitch cannot be revaporized, mostly distilled oils are recovered
by the applications of the imderground carbonization method. Since the bottom
of an underground chember is slightly inclined @ue to the dip of the shale ®%
strate, the condensed oils flow to the exit of the chamber and can be pumped. . .. .
evay. The remaining oil vapors &are conde:;lsed in coolers whereby light fraction

TTTTTT———
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are obtained. W@"; of the éérbohi#.’a:bi'bﬁ_éﬁa_ipith 'a low pitch.

' content are recovered by the sapplication of the underground carbonization
‘method. The pitch and the highest. boiling oils are pertielly cracked-so that
the oil yleld im anfavorably affected. .

Specification for gasoline prescribe that the finished profuct must be free
from elementary dissolved.sulfur which has corroding tendencles. It was found
out that elementary sulfur is formed by oxidation of the always present hydrogen
_gulfidéain--the;cmde during storage time. The sulfur formation can be ‘eliminated .
"3 the crude condensed gasoline 1s continously passed through a -yvessel which 1s
£i1led with & solution of caustic soda. Since the crude shale oils which originate
from the application of a proper carbonization method contaln hydrogen sulfide
but no elementary sulfur, they should be treated with a’ caustic soda solution
before they are stored. Care mst be taken to separate the oils from the
‘ c_ondensed;iiﬁt"er as soon as possizle. ‘ : . :

- The oll-water separation is greetly favored if the condensation of the olls
is cerried out in two gteps. At first the ges 18 cooled to a temperature\which
is higher than that of the dew point for water tepors-whereby high boiting water
free olils ere condensed which have the tendency to form emleions with water.

middle oils are condensed together with the water but due to thelr properties
they can be easler separated. : : : ‘

Tt is clearly to be seen that the employed cooling method ‘and a pretreatment
of the oile may influence the steps which mst be undertaken in order to obtain
yefined shale oils which meet the requirements of the consumer. s

. II. . Physical and chemical ,properi:ies' of various shale oils

1., Oils froih Wuxrttenberg shele
A. Otto process

a., Commercial plent
: thin oil

spec grav. 20°C . 0.,918-0.95
asphalt . 0.h9-15%
sulfur T ok <h,36%
initial boiling point 140-168°C .
%0 “200%sre- vaporized 3,5=11,0%
" 2500 n L] : 22_39.5n / L
u 3000 1] 1] . )-1-0-60 "

o AT TR, e e Y
—— o . ireten

S heavy oil (first step of th condensing system)
gpecific gravity 0.981-1.01 ST

asphalt . 3.4 .24 _ : _ - T
- sulfur I 3.,05-4.89% . . - L - '

pour point = - $+ 3 to $5°C T

“{nitial boiling point 230-310°C

to 300° are vaporized 3,0-10.3%
. 'to 3500 ":, 1t . 17_75%




o thin oll

gpec-gravity - . - 0.950 :

thermal valve . 11,200 kcal per kg
e . e Bhlo6t

H : . o 10.31%

50 %
90 %
%

N
S .
0 .03
TP non

" 328 n o n "
t:l 357 woon "

b. Otto-Pilot -~ Plant

0.14
0.0%
3.3%

0.
2
e . - 2
to 200°C are vaporized , 5.2%-. —
2
L
6

: o - - thin oil ,

spec., gravity : . 0.950-0.959
c . o o -86.2-86.5%
H 4 ) .10.1-10. 25%
S . 555.- 3-""%

-Initial boiling point = 172-189°C
to 200°C are vaporized 2-6% .
" 250 C ”n ' ) 18 % v
." 300 1 " i 1" . : 5’4-36% :

"' 360 A 1 i'l . R . 63-6,4.%

’ ‘ thick oil
vinitial boiling point ' 2Th-2970C ..
to 300° are vaporized - 0.k-1.5%

n 320 "o ' . » 2,7=3 .5%
" 3k " "o . 79.3:13 %
" 360 " B | i 2"'-"'59 . 5%

) ' ~ Totel oil . ...
spec. gravity 0.966 . -
net calorific = S 10,580 kcel kg 1
cetane number Co S 37=43
unit C . - 8h.0%

c1L : OT% —
B. -Meiler-phle systen
gpecific 'gravity C 0.9’4-9—0.977 o
viscosity 209C" . 1.27-6.79°E
" " 50% . | 1.12-2.04 "
_ pour point - . 7 -2 to ¢ 20°C
' .‘*‘—asphalt L , 0.9 - 3.08%
—— — sulfur— — - e . hes5d
. flash point | 96 - 121%,
‘ ash - ' 0.02-0.16%
1nsoluble in xylol Lo »(_},035-0.52%
. - D -




.paraffine wvax - ,

{nitial boiling point.

to 2009C are vaporized
250" 11 3 .

111 300" ” " -

AL 350" 1" 11t

Underground cai_'bonization method.

T a. oil-condensate from the underground chamber

speci. gravity 0.937-0. 963
pour point .- - +1 to ¢+ 5°C
viscosity 20°C 7, 2,1-3.1%
50 " _ 1.3-1.7 "

sulfur . 2.3=4,95%

¢ £1ash-point L 104-187°C
asphalt , ' 0:25%

. conradson carbon - 2.6h%

. initial boiling point - - A1h0-200°c.
to 200° C ave vaporlzed © 0-9.5%
T o250 " _ : 8.5-26.5% -
1 300 1 wo - on . . 30_5%
" 350 " LLS . RN ¢ ' T 62'.1-95.%
" 360" " " 66.1-100%

. b. Oil condemsate from the cooling condensing system
specific gravity 0.905-0.951 _
viscosity 20°¢ 1.55-3.1°E
. 50% . 1,1 - 1.6%

sulfur ' 1.86-4,71%
initial bolling point 1125-190°C

to 200°C are vaporized \v - 1.0-2025%

" o50 " " 1% .6<54,5%

M 300 " " o 41,6-64,0%

" 30 " " " . 68.0-100.0%

3 360 1 1" 1" » . 72.0_100.0%

d. Geissen - furnace .
specific grevity ~ - 0.961
pour point s 4 15°C
‘total sulfur | k. 27%.
paraffin wex . o 1.12%
“cresote oils ‘ 6% -
Thermal valve 1 6351 kcel 1 kg
initial bolling point : '
to 150°C. are vaporized 0‘}5 :
ﬂ.' 200 1 . " . - 6 7%

" oog50 M n ?..? i 20.8%
" 300 "o ﬁ"?—\qv N : s hl*O%
" 550 1 (1] . B | ] . . 77 6%




spec. gravity
pour point .
viscosity 20°C
- initial boiling point
to 200°C are vaporized
1t 2500“ 1t
1t 5000" ,“ T L1
11" 3600" 1" 1"

- gpec. gravity

initial boiling point
to 200°C are vaporized
" 2509 " .

on 300°C .n "

B 35000 . " ) 1

0,960-0. 965% e
-6°C to -10° c

4-598 o
125-130°C

&%

21%

129

66%

5. 01l from Schendeleh oil-shale

0.9765
-1.66°C

2.0%

17.0%
38.0%
62.5%

'3, 0ils from European oll sheales

Bulgarien shale-oil (Schweitzer process)

Bresntk

gpec.- gravity

pour point °C

“cresote %

sulfur

to 200°%C are-vaporized %.
" 260°C - " )
" 3 OOOC " ] B i ] "
" 55 0oC n " ’ "
end point " " "

a. Tunnel kiln
heavy oll spec. gravity
middle " ”
ligh.t 1" n "
gasoline " - "

analysis of & middle oil

gpec, gravity
" wvisc. 50
insoluble in benzol
ash
conradson carbon

residue .

sulfur .

thermal valve -

initial bolling point
to 200°C are, veporized
" 25 OOC 114
l'. 3 oooc 11 i 1

8

it R [

Pirin

0.931
4‘. - + 32 -
7.0
15
P52
14,0
28.0
58.0
.80.0

. 0.946
+ 28"
9.0

o

1.2
2,02
1

2

2
0
2.0
6.0
63.0
2,0

Estonian shale-oil

1. 02-1 05
0,990
0.850
0.760

1.00L
5.38%E

o 2%
0.12%

5.7% '
0.75% = -
9600 kcal per kg

“185°C

0.6
10.9% 7 ..

- 34.5%
85.2% .




b. Schveitzer Furnace IR

'spec. gravity 0
to 200°C are vaporized ' 3.,
w o60°Cc " i 14,
" 300% " " o : 30.
" 3 6000 n " 6)4 .-0%

French'shale oil (Schweitzer- proéess)

- Severac
gpet .gravity ‘ - 0.970
cresote % ‘ 10.0
sulfur 2.7

~ 4initial bodling pbint o¢c 160

to 220°C are vaporized % 5.0 |
” ‘ 2 0" 1" 2)+ . o
1 17 11"

300 : 13,0
11 3h0" 1 » : 77 . 0

oil from asphalt rock (La Porte furneace)

sp ic gravity ' 0.963
viscosity 20°c 13.9%
. ok, 0%
: | 1.2%
thermal valve ‘ 10,100 kcal per kg
to 250°C are vaporized 6=5%
n 300" " ' B

Spenish shale-oil (Schweitzerﬁprocees)

gpec. gravity .. 0.876
cresote- o - 14.2%
sulfur : - 0.87% - -
Swedish shale-o0il dieeel fuel (Bergh proceee)
pour point below 50 °c
- yiscosity - 1.2%8
cetane number W5 o

-




II\]}. Sulfur-nitrogen— and oxygen éompozmds ofélﬁlale»oil -

1. Corrosion trouble originating from .S'-O-N-c‘ompounds. It must be clearly.
distinéﬁshed between the corrosion which arises from the original oills and
Prom the products which are formed by the gombustion of the oils,

‘ Especially S-‘ and O compounds are more or lees responsible for the
fouling of storage tanks, feed pipes, valves, injection pumps etc whereas the
nitrogen compounds as for instance pyridines, amines d&c are ususlly non-corrosive.

. The presence of corrosive sulfur can be easily determined by the
epplication of polished copper strips which are immersed into the oil. For
practical purposes the metals or alloys of which the pipes, tanks, valves etc
consist should be applled 3f the corrosive properties: of an oil shall be determined.
The often used zinc strips for the detection of the corrosive properties are

not very recommendable because almost no part of a ‘diesel engine is made out of
zinc. - ’

;" During the combustion of the fuel in the cylinder of a diesel englne the
gulfur compounds are burned to flue gases which contain SOp and traces of SOB.

_ The sulfur compounds of the Plue gas become very corrosive as gsoon as : watet
‘condenser which dissolves SO, end SO, and forms sulfurous or sulfuric acid :
respectively. Since the 'temperatureé in the cylinder itself are higher than the
dew point for water vapors 1ittle danger may be expected except a very cold
engine mst be started. TIn +this connection it is worth while mentioning that

. the leaded gasolline contains orgenic chlorine ‘compounds’ which-are decomposed
into. hydrochloric acid or chlorine compounds which dissolve the lead originating
From.the decomposttion of the tetraethyl lead. Due to the high temperatures

" ineide-a -cylinder almost no corrosion can be observed. Sometimes condensation

of water vapors takes place 1n the exhaust pipes due to the low temperatures
with which the flue geses leave the pipe. Due to the aggressive properties of

. the sulfmy conteining solution, the exhaust pipes are corroded. Remedy in such
' cases is to operate the engline with slightly higher temperatures or to employ -
sulfur resistant alloys for the construction of the exhaust pipes. The oxysgen.

- containing compounds such as phenols or tar acids are bBurned to water and
carbon dioxide which do not foul the cylinder walls or the exhaust pipes.

" Nitrogen containing compounds may be burned to nitrous or nitric aeta T
whick as dry geses are pot,,supposed to have corrdéding properties as far as we
Jmow from the menufacturing of nitric acids by the catalytic ombustions of HHz.

But as soon as water vapors are condensed corrosion will occur.

2., Sulfur compounds, which are present in the shale oils. The following
...corroding sulfur components were determined in the Wurttenberg shale oil:
elementary sulfur, hydrogen sulfide, mercaptans. The cohtent of elemsntary
sulfur should be kept under control if a sultable carbonization_process is
employed. T o . o ‘

:  If meiler-pile shale oil showad the following composition with respeck.
+o the sulfur compounds: ' ' " o
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o Approximately 70% of the corrosive. gulfur remains 1in the residue after the '
oll has been dietilled indicating that elementary sulfur and high boiling
mgzrcaptans are responsible for the corroding properties of the sulfur compounds,
Mast of the corrdding propertlies are removed by doctor solution which extractse
the mercaptide compounds from the oil. (W.F.Ferragher, T.C. Morell, G. G. Monroe,
iIpnd. Engin. Chem. 19, 1927, 1281-1289). Since diesel oils are distilletes.
only small amounts of é&orrosive sulfur will ce:_r'bai-nly be present. The hydrogen
- gulfide can be easlly removed by & trealing the oile with a solution of caustic.
BOdB-. - 7 ’ » . A ’ '

From the standpoint of the removal of the corroding sulfur compounds
a treatment with caustic soda and doctor solution (sweetening) should be sufficlent.
to produce suitable distilled diesel oils. : '

3, Oxygen compounds which ere present in the shale oils. .

Depending on the properties of the shale (composition of the kerogen) the ghale

" “pils.contain more or. 1ess organic compounde which can be exhausted by meens

.~ of caustic soda solutions, Since the alkeline caustic soda transforms the

- most of the oxygen compounds into water soluble salts, the oxygen compounds are .
of the phenolic or tar acld type. . T ’ :

2 'Nd.trogén..compounds which are present in the shsle oil.
of hydrocarbons are extracted from the shale oil by meens of diluted sulfurlc
acid indicating thet pyridines or amines mst be present in the oll., Depending
on the composition of the acid soluble nitrogen compounds they are often valusble

eqlvents whiqh cen be employed for {ndustrial purposes.

Iv. Refining methods for shale-oils
. As mentioned before not much work hes been done on full scele refining

of German shale oils. The oll wes distilled, treated with alkaline solutions
and sold. Tt wes contemplated to hydrogenate the shale oil which was supposed
to be recovered in the Wuste-plants dbut due to lacking material snd manpower "
the intended production has been never realized until the end of the war. It

is t06 be assumed that baslc hyﬂrogenation tests have been made but for the time
being no report is availeble which publishes the results of the tests. The U.S.
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Government Technical:0il-Mission lists in its catalogue under Bag 3043 Target—
M 301k.02 Lenna, item 16, pages 1565-1651 & report concerning "sehale: 811", o
Since mehy hydrggenation tests have been performed by the Lenna Works valuasble
4{nformation could perheps be obtalned by studying the report, although the.
catalogue does not indicate whether the report refers to Germen shale oil. -

N - The Politz Hydrogenation plént used Es‘bonian's}-mle oil as feed stock.
Hydrogenation of the shale oil jis the most complete refining method which -
furnishes under all circumstances ‘good diesel-and fuel oils.

“oep

‘  French shele oil is cracked by a2 Dublees cracking mnit but so far as
known mostly gasoline is produced. o —— '

The shale oil contains saturated, highly wnsaturated, pareffine
end nephtenic hydrocarbons. —~Due-%0--the presence of unseturated compounds

," precautious must bé taken in order to _prevent large refining losses.

. The modem":i'efining‘ methods which apply selectlve acting solvents
secure high yields end prevent losses. They do not destroy hydrocarbons but
separate them according to thelr chemical composition. Such refining methods

have been employed for the refining of lignite tars which contain high amounts
of unsaturated hydrocarbomns, = : o ' -

Great effortg have been made to cut down losses if crude gasoline.
~orlgineting from high or low temperature carbonization must be refined. The
following peragraph contain various method and experiences which were gathered
in the field of gasoline refining. . ’ -

-

Ihstill procesgs:

o The instill process applies a mixture congisting of fuller's earth which

' 41s impregneated with FeSO, and small amounts of giilfiric acid. The crude product
is pretreated with diluted sulfuric acid and sodium hydroxide golution in order

- to remove the pyridine like and phenolic compounds respectively. Small amounts

“of the "Instill agent" are added and carefully stirred. The produced resins
are instantaneously &bsorbed from the fuller's earth and removed from the

refined product which 1s distilled in order to obtain finished products.

. [-2d
Rostin process:

i The Rostin process is a kind of cetalytic refining process whereby
jron-oxide.ig uged -as catelyst. %he hydrocarbons sre vaporized and led over
the catalyst in the preeence of hydrogen containing gases. A glight hydrogenation
of the tnsaturated hydrocarbons takes plece which are not :_removed but transformed

i{nto saturated hydrocarbons.

Aluminum chloride process: = =

—_ _ .-

] . - . v N Tt L \
L ~ The oils are diluted with en inert solvent as for instance xylol, :
. __small amounts of Al 1lz are-added.and the mixture is heated until the development -

of hydrochloric 'acidkyr_aparé'ceases". The refined product mst be neutralyzed
in order to remove excess Al _013 and 16 finelly distilled.
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Orgenic acids:

o _Experiménts nave been made to replace the often used sulfuric ecid
by orgenic acidse, which do not effect 211 kinds of unsaturated hydrocarboﬁs
which are present in the products. ‘

—_—N

, The above.mentioned.procéeses cover but a few of'the_proposed‘or\gﬁplied
methods which have been developed with the aim to cut down the refining losses
which are caused by the presence of unsatursted hydrocarbons. '

V. Sulfuric acid treatment - . L o f

The well known method to refine gasolines by means of sulfuric acfd
has been modified and improved.

- The concentration of the acid vas lowered resulting in 2 decrease of
the losses. The strength of the applied acid depends on the nature of the
hydrocarbons which are present in the oll. N ‘

Another efficient method to lower the refining losees consiste in’
applying low temperatures during the refining process An agitetor which was
equipped.with a water Jacket was used for pefining of lignite gasbline.in

order to control the temperatures of the product. ...

The tnseturated hydrocerbons are polymerized products are either dissolved
by the sulfuric acid and drawn off from the refining vessel or they remain C
in the treated product. It has been obgerved that during'the‘redistillation
the resins are partly vaporized end leave the st111l together with the hydrocarbon

" yapors as soon as the higher bolling fraction are digtilled.. Since the dietilled
resins spoll the hydrocarbons the end point of the distillation process 1s reached
when the vaporization,of the resine begin deeplte the fact that valuable
hydrocarbons‘are still present in the still. By lowering the distillation temperature

Dby the application of wacuum pressure 1t was posselble to increase the yileld or

to apply less and weadker acld. - s __///

.~ Lossed are not only due to the influence of tthe acid on the unsaturated
hydrocarhons but also to the formationtof emulsions during the neutralizing

of the acid treated product. It was found out that, 1if emlsion were formed

by the application of sodium hydroxlide as pmeutralizing agent, 8. sodium carbonate
solution did not form any emulsion and vic. versa, L

VvI. Generalities

: When crude benzol was refined it vas of adventege to distill the crude
hydrorarbons before they are subjected to a chemicel treatment becsuse the
single fractions require more or less refining agent. If the total crude -product
is refined such amounts of refining agent met be employed that the fractions
— which contein compounds which”requiré a more intense treatment ere converted into
valuable products, whereas other fractions which do not need much treatment

undergo & kind'qfvsuper-refining'which-causes high losses.




' Specifications for diesel and 'bunker fuels demnd certain figures
for the pour point, the asphalt contents » the ash content »- the conradson’
carbon residue and the contents of aggressive or corroding sulfur. g N

'I'he pour point depends on the content of paraffine waxes 3 which are v
present in the crude oil. The emount of paraffin waxes which is formed during:

" the carbonizetion process depends primerily on the characteristic ‘of the. ‘kerogen -
of the ‘shale, Wurttenberg kérogen does not form high smounts of parai’ffin wvaxes
whereas the Spenish kerogen is decomposed into-a paste-like oil. The*parsffin—‘—* Eae

. wax content. can’ be influenced by the teémperature to which the gases and vapors

\ are subjected. If the gases and vepors are recycled through heat exchangers they
can be slig‘htly crscked vhere'by the content of pare.fi’in wexes is 1cwered

The paraffin vaxes can be removed 'by the ¥nown - extraction processes or
'by cooling the oils. Both process are more or less expensive. It is also =
possi'ble to employ ce‘rtain agents which are able to lower. the pour point (Para flcw)

'.T.'he asphalt content can be controlled by fractionating cooling, vhere'by
~the. hea’vy oile contain high amounte of asphalt vheress the middle oils are
almost free from asphalt. , , ; :

The ash content of the crude. oil depends on the eng)loyed car'bonization
/ method, rotating drums, high velocities of the purging gases, ‘high content of
fines in the feed stock of the carbéoniz-ers result more or less ash in the
- produced oil., The ash is removed during the distillation process, but it often.
causes troubles during the distillation. = The ca.rbonizs.tion process should 'be ’
~carried out under such conditions that a minimum of ash ise formed.- S

. The Conradson cerbon residue indics.tes the amorun:t of residue which is .
formed in the cylinders of & diesel engine, oils from which the asphalts are
- removed should comply with' the specifications. -

‘ Mercaptan— sulfur can ‘be removed by "Doctor Solution 'but with the
applicetion of & high concentrated alkaline. solution the possibility of the '
formation of emlsions arises, since the Wurtten‘berg shale oils showed the
tendency v\ffcorm emulsions. :

E3

' A combined refining method is perhaps edvisable consisting of the
application of selectiVe acting solvents -end hydrogenstion of the residue,
which cannot be used es dlesel - or fuel oil. _

B -
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Dre Otto Hubmann

" Res Refining df Shale-o‘il

Y

No industrial experience with refining of shale-*oil is available.
Some. experience on a technical scale should be availa.ble from the Esthonian
Works and also from theAuttm Plant in France. Only the Au'bun oil ‘seems’ to
be of a charac't.er similar to that of the Green River shale. The oil from
- Esthonia-oil shale differs from the Green River shale 01l by an ext.remely
h:.gh oxygen content. Much laborat;.ory work has been done at Kiviol:z. in
connect.ion with 'bhe Tunnel-ki]n-plant. The refining of the distillation
product,s only concerned the light on,ls and a kerosz.ne fraction for
,illuminaﬁ.ng purpose. All the hea.vier_ oils were sold as bunker oil tothe
German Navy. _ | ) ' | .
For bunker oil the German Na.vy never made ‘any prescriptions concern- |
ing the con'bents of niu'ogen or pyridine bases. I have. never heared of

-difficult.ies with 0113 i‘rom Upper Silesia wh:.ch contalned 3.t0 4% pyridine.

A con'bent of oxygen compounds of 45% (vol.) was not cons:.dered object:.onable

as long as the heating value of the oil was not below 9200 Kcal/ltr.
/\ It is unknown to. -me if fractions of shale oil ha.ve been refined for

high-revolution—diesel engines. Oils i‘rom Wurt‘benberg shale—oil have been

used successfully in truok-eng:x.nes a.nd in. trag'bor-eng:-.nes. These oils con-

l
tain very. 11ttle oxygen (2% soluble 4n alkaline) but 2 to 3% sulfur. (The

nitrogen content amounts to 1%

For ‘diesel eng:mes a suitable fraci:ion ‘as condensed in the gas cooler
or a fract_a.on obta:inec_i by distillation of the tar oil was used without
further. rei‘:.nlng. The Wurttenberg oil contains no para'fi‘in and therefore

. has a very low pour-poifite




» Probably no. long period experience exists with using shale oils
‘exclusively in a diesel engine. ']lhe high content of sulfur should have

made more trouble with corrosions and sp01ling of the lubricata.on oil

than the n:.trogen compomds. - ' . —

" Assuming that the Green River oil conta:.ns 0e5 = O, 8% of suli‘ur and
:so much paraff:l.n that its elimination cannot be avoided for dieeel oil
as well as for bunker oil, a most simple and cheap method of refn.ning is

proposed in the attached flow—sheet.

H‘;—‘bhe—o‘* Tz are condensed with modern methods (electric precipita.tion

above 100°C-- zrface cooler-oil scrubber) the raw o:.ls are recovered free
of wate - a heagx which contains all the paraffin wax, a medium oil:
* which contains no paraff:ln wax, a.nd the benzine-fraction._ |

The heavy 0il must be treated for an extraction or for a splitting of

the paraffin wax, Extra.ctlon methods being too expens:.ve in this case,
cracking of the paraffin wax by a disﬁ.llation under 10 to 20 atm. pressure
would be much more econom:x.ca.l. - The heavy oils are divided into three '
fractions —»d:.esel oil bunker oll and residue. Possibly the res:.due could
be 1eft in 'bhe bunker oil, if necessa.ry, by separately cor;densing part of
the asphalt from the carbonizer gas. Asphaltic residues can be *brea.ted
'by hydrogenation for the producti.on of benzine or diesel oil. . _

Refining of the benzine and the diesel oil fraction should not be a
' -problem with oils of~a low sulfur and a low oxygen- content as in the case

of Green River oils. The usual washing w:.th sodium-—hydroxide soluti_on and

- sulfu.ric a.cid should be sufi‘icient.. Possibly a cheaper m'ethod, which

— et g




eliminates more of the sulfur compounds, cons:.sts in a catalytic treatment
of the oil vapors at 300 to 350 % by an non-cxide catalyst. N

" fhe elimination of nitrogen should be sufficient in the sulﬁzric-acid
wash. The. h::.gh quality of Green River shale-oil allows a treament without
hyarogenation. Hydrogenation for...‘. econom:l.cal and technical reasons should

(-only be :ccnsidered for the conve;rsion of heavy fractions of the carboniza-

. tion and the refining plants into a benzine of high octane I'mm,ber'.
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Shale 0il’

-

S : L : . o :
Concerning Information Requested By The Bureau of Ships .

0°C) which originated from the
dlstlllatlon of Estonlan shale oil was used’ durlng a short perlod as feed stock at
the Rnhroel-Hydrogenation plant at Bottrop. The fraction which b011ed below 350°C
" had been separated from the residue before’ by another company, which 1ntended to use
-'it for other purposes.. The shale 011 .residue was blended w1th coal tar pltch and by
.'another -at tﬁe Rnhroel plant emplovlng a gump-rhase reactor'which'worked ‘vinder 700 atm:
For thrs reason it is nnposs1ble to suhmlt correct data of the yields whlch are to
"be expected 1f pure shale oils are hydrogenated but only rough estxmates can be glven.
Some difficulties arose durlng the hydrogenatlon by the formatlon of strong |
foam bubbles in the cold catchpot which separates the clrculatlng hydrogen t_qn__u'
the hydrOgenated products. Themfo;mlng began as soon as more. than 10% shale—011
-reS1due‘was admixed to the pasted pltch resultlng a mlst of llquid products whichr’

.was carrled away by the clrculatlng gas. Consequentlr 1t was s not p0551b1e -to

admlx more than 10% shale oil residue to the pitch. - A —_—

But we do not see any difficulties: ‘o overcome those difflcultles. The foam
formation is due to the surface tension of various products and can be widely in-
fluenced“by a proper control of the temperature of the strlpper‘products._ For
certain reasons we were not able to _make experiments whlch'would have Jeopardaaed'-
the daily. productlon of the Rnhroel plant. But we are fully conv1nced that it is. |
-p0331b1e to hydrogenate shale oils alone or blended.w1th other 51milar products
if a suitable temperature of the strlpper product is malntalned.

Accordlng to the performed experlments at the Rnhroel plant the folloW1ng

-r'yields may be . expected of 100 kg of sbale oil residue in hydrogenated employlng

- . the- sump phase only and applying a preserve of-700 atm.

-\ T




10 kg gasoline w1tn = DOlllng range-fttmr£9-175°c

40 kg diesel fuel'w1th a b0111ng range from 180-35000 '
/35-40 kg complet.ely a.sphalt free lmm@:- fuel boillng above 3 5o°c
j The gas contains more than 50% propane and ‘bushme which cen Be'recovered-ds'weffgas”
- (gaseous fuel) or used for other purposes. Approxxmately 1000—1200 cbm hydrogen

are consumed for the production of 1 metric ton finished product (gasoline { diesel

- i)
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.fuel / bunker fuel) We do not doubt that ‘shale oil or shala oil re51due 1s an

excellent feed stock for hlgh preSsure hydrogenatlon'whlch produces either high

anti-knock gasoline.or diesel fuels of good quallty. By changing the hydrogenation"iw

'conditlons the ration of the various kinds of the obtained products can be altered
//hnd meeting the marketing demands. By far ‘most of the]f and S- contalning compounds i
| which are present in_the shale oils are completely removed during ‘the hydrogenation

process. During the war the "Poelitz hydrogenatlon plant™ hydrogenated 1arge volumes
”;L/\of Estonlan shale oil but for the time being no results of those eXperiments are
available. | | ‘

Tt is possible that further 1nformation can be furnlshed by: U. S. Government

Technical 0il Mission, Index Reel 15, Page 3043, Target BO/Z 02,

i Leuna, Item Index 6. i R o B .






