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: Ro Fuscb develoaped in’ 1890 the ﬁrat. nethod fornining aultur 'lithout““‘“
Aundergrounhppuanm—nnd ~fixturess - - d sulfur can be
‘melted "in situ® by introducing anperhuted presaure-ntor throngh @ shafte.
- Ligqdd and very, pura_anlm 18 pumped to the surface, A patent has been @mm
*for this process in 1691.  In_ JsSs 1% is widely applied, Thus, sulfur may be
obtlined irom a U.S. ;reaence ,whi.ch could not be ninad by any nther nethod.... -

: 't.he customry punping operation. on].y one third or one ronrth ot the oiJ. oxtant.

. in'a given. presence can-be obtained. New methods for petroTcTn production are
- being developed. At Pechelbronn (Alssce) and at Wetse, qnderground mining opm- :
.tioua h;ve been atarted decades agoo : A prresence which haa boen exhauated by

'~'bore holos are suni hs thoae strata whm oil 1o a,till present 80 that t.ho oilp
~.under the influence of gravitation, mey oose into the ‘galleries, ‘This ma,thod L
‘increases the amount of oil obtained from & given presence, . But this method :
“fails in bringing out the’ oil quantitatively, ‘Therefore, new methods of oporation
must be sought for, For example, mining ¢ould be replaced by underground distil-- -
“lstion, ‘In this case, the derricks being placed very close.to one another, tha__, a
borings may serve as pipes for the removal of the distillation products.’ It: is
+-only open to: argunent in which manner ths oil _presence ‘18 to.be heated, - The
-Russians have suggested to light the oil, which is still present at the drﬂl

. hole, and to use the hot conbustion gaaes fomed for di.still:l.ng off the oﬂ throngh
another boring e S

.'—<@“~ﬂw P et P N CT : -

; e ExperimentshavealaobeenmdefogasifycoalinaituoiThereisa
gom:ine noed for guch & process... -~ In Russian undergound gasification is operated

_-on_unminesble geams, - Russian’ exper:lencas. howam. cannot-be. directay applied to

-.’i’esternnmesn becauae theg 1_' Acal- _ : diﬁemte

i ~'~ w SR MsWdeemed *ﬂle—nndm:mundfgniﬁauou*te—wto—be 80 “""’" T

: mecetﬁm that-several industrial plants have been planned on this bagis and. aono L

“of them are slready in operation, Long-distance gas is being Jproduced- by under—
_mnnd sasiﬂcaﬁ.on amfbroﬁghtmeew—through & 220 lm pip& nneo SRR

......

‘Bm nguite presenees a8 f.he neighborhood ot ancow are aaid to be
exploited 1n t.he ame maxiner.eo -



B Oil shaleqqqmuat be worked at minimmn cost. Forg the refiuing reaidue

is not- a valuable distillation product but a.shes containing a low.rate of com-
”busti’b’.[—“componentso In Sweden, an underground 1orr-ptemperature carbonigation -

Tprocess for oil sghale has been ‘developed, the Ljungstroem-process, which is b_eing
- tested.on a tachnical scale &t the present time, It is distinguished by the -
feature that resistance heating-w.h'ea mounted on: red-like ‘heating" elements ara
:Lnji:odncei:i.nto the_bazinga._thuSJupplying the bed with tha necessary heaty-
Mrg Esbjomsonn 100, has recently developed a method of ‘opening up ol shale by

‘means of dril] holess A layer, situsted between the two boringa 1s. broken up(*)
%trwte' —withchot: .3”9 e ——— -5 |

~2V)~—Underground prodmttan of sulfur by the Frasch proeeas

(The Frasch-process 38 it has been i 10' : d L _;:',
Thia section. ey be translated upon reque'at,o) v

_34)_Under§roundﬁasification of coal _Wﬁ____ﬁ,;_. v{-;—e_;;.é‘_:——:;—.

—::,——~~4¥ (a) Chamber Process L

- —ifodernresearch p '_ : egarding t e—undergrouna gaazficatd.on of” coaI
hava been 'deve].oped i.n Rusaia9 In- the course of time the varicus: methods;:have .
passed through a large nunber of. atageaq At the present time we. may aasume the
experimental atage to be concludedo T A Sl .‘ . S

transportation problem b,y supplying the consumers vrith '1ong-distance gaso o

Two main llnes oi‘ 1deas 'erere followed :l.n the Ruasian pro jects:

10) Attempts at the gaaification of’ cos.l without bmld..ng

uuderground structurese e .‘“ el

“24)- Attempts at the gasiﬁ.cation of coa.l in special
underground chmbera (Figp h)o o LI

, . In the firet case. the sum" total the preparatlons preceding th#

) proceasing action “consist in’the sinking of a varying number of boringa of =

different diameters, -They are supposed to. introduce the air: required for the

‘combpstion process into the bed and to diacharge the "evolving gas, ~ Many . tests

-ghowed the various difficulties involved, It has 'been i‘ound that thia mathod

fis applicable oniymder certain conditionso R .

e 3,) hdncing tha prel»imiuary work to a mﬁdmum, aince ot‘nerwisa -
e the advantages offered by underground gasificaﬁ.on are lost. e

1_(*) The Gema.n expression "sprengen" does not indicat.eo whether tha layer "bursts"
L under the Muence of heat or is blom up by explosiveso (MQBJ ‘



(b) ‘l'he cuz'rentn-proceaa

R ~-—In contraat*to *t.hs priorqﬂ.an of gaaitying coél reduned to small piecos.
~the ed & e gasification of compact MAB3es . of coale
“The equipnent of the eu:perimental ‘plant wag vory simple;" (Figs 5)s The Russiana
‘clhiose & dichlotemous vein of 8light thickness: The vedn is made accessible by
“cutting a- gallery ‘soles. The: ‘access o thevein serves as a kindling pass and 13
~geparated from the' rest: of the. mine by an :!.mpervioua banks = A1l the tmdergrmmd
Iah:nctures are secured with wood, = The' timbering serves only for the preparabory
: star ees—of—&GMOO ‘metres—of-length; ‘borings plerce tha “bed- lhiCh.
::,is alae 200—300 m dongs Through the two flanking shafts or. -borings the 1rying
= - ~Or hydrogen, is introduced, Through the central boring tha gas
' flm umrds and is sucked offs In the ‘bottom sole combustibls material is . .
ﬁnﬁ;ﬁd*elﬁcwicany By introdueing—the blast - tlmugh & _boring the. gaaification
process is guarted.. The blast passes through the vein and keeps the .coal: burninge ‘
The heat of combustion. generatss the gones of reaction characterized in Fig. 6s - Ll
4B gaaifi.cation ;;roceeds a.cavity 1s cenerated which: is-again accladed partdy by
the pressure of the cap rocks; partly by the: collapsing roofs, 50 that the current g
-paeses- through-is-always-of -a limited diareter. - By adjusting the oxygen-enriched -
blast which: contmned about 27-30% of. ng a gas of the follawing composit.ion waa

-ebtaiaed: i

e ooz 1.0-.12% ey
Cﬂh l@-!;?

‘ﬁw hsating values of the gaa varied between 1000—1300 k cala ,ﬁte -
3ngtur'e oi" the gas depended primarily upon the rate-of: ‘oxygen contained-in the -
b.asu a property which wag utilized 1atcr on i’or controlhng, the gasification
_'2}3?2‘030.3&»6:5 above gxonndo B SRR _

S v-—*By the addi‘oion of oxggen to the blast the mmntn.ty of boﬁbustible
’ conumtuanhs in the gas and. thus, its heating value ore euhancedo

| Sinee 1935. this process :Ls applied at the Gcrlorka mine on & hrger

ac&leo ‘.zt has been fonnd that on using a blasd consisting of'a: mixture of agir.
‘and oxygen, the evolving gas. penetrated alatm into the adjgcent rocksy B:r v:irtue

of ths ‘great differences in the specific: gravif,y of ‘the individual’ gageous .

‘components,. hydrogen was more quickly diffueed, The adjacent rocks had thns a kind v
'of filtering effect. The. pas which penetrates into the rocks is enriched 'with ~ .

hydrogen, dhen the hlaat was discontinued and the pressure decroaaed. the gas m -
- rodiffused from tha adjacent rbcim in'oo tha channel on fire.and was ‘discharged

. togetner with the gas evolweds On. this phsnomencn the-underground- generation cf

‘ppecial - synthesis gases ‘required’ for the production of various chemiesl pu'ormcts. :
!lmeh a3 amnoniaand hydrocaxborxe, has been baaedo AT e i
. . '\ - S
: : It is aaid that a:b times t.he beds are worked 1n a penod:&cal made of
opnmtiano by altemate]y blowing in the gasirying agent:and 8 ucking off the gaa.
.Thé Lenpth of the blowing périod varles between ) and 6 hours.. According; to the
_uzu:, eg_the_optimm for ‘thé blast period and for the oxXygen concentration. -
—ha%ﬂma—yat—been—eatablishsd—‘i‘rmn—the blast contains 258 of Oz, the compoaition :
- of the £as; ia as :I‘ollmt 185 002. 15% 009 lg9% 83, h% CH]‘ and ].h% N.‘ ’na ve knmr



3 gaa 0{ such composition cannot be o‘otained i.nj gas generatun;mﬂough_tha_
‘blast contains 35% Oz, Tt would be necessary. to- operate with a blast containing
50% .02 und to convert the nascent CO imnediately with steamy. 1n order. to_pmmma_
'sueh a wpe o.f.‘ gas in a ganeratoro g e :

"'he underground gas genera.tor combines threa proeessea:

1,,) Working the coal i 1'-.'-' R

25) ' Gasifying the ccal L b L

30) _Producing the- ateamg aince t.he underground
gasification method does not require the».*.*
addition of steamo L : =

- This comb:mation oi‘ several proceases is a—greab ecommic advantageo——
. Gas produced by vndergraund gasiﬁcation is much leas expensive than -the same type
- of gas generated in -an above—ground gas’ generatora The heating value of this gas -
was 19225 k cal-and ita composition as- followm TR et ,"‘
| 1az 0020 15% 0, 208 B 3% cmho uh% u LR e

L

’I‘heae results ahow the practicelity of the “c ent method" cf «
_ r*aeirymg coal :I.n e compac’c. bedo - The inatallation is v simple and inexpensiveo

(c) Regenerative and cracld.ng ;nrocesa L S "f:’ .?-f‘ i

R 1aF, meﬁxod‘lﬁﬁéen‘use‘ in Koutanets 51T Wi b hoTi

' veinsc Semenoﬁf and Galinker have developed the regenerative method for ‘bhe
underground. genemtion of gas in the first-line Wweter gas. - The coal m—gaszﬁed
by the fcurrent" processj with: this difference that the oxygen blast»app&atus
alterneues in blowing &lr vapcr and mgen vapora S PR BT

A s—'__ e

PR , The ragenerative method has been tested 111 a laboratory using an
undergronnd gas ‘generator model, - Anthracite was used as. & fuels It has been -
“found that the vapor would cause an’ jmportant activation of the coal which mmld
.f.quickl:r react tﬂ.th 02,5 The gas obtained cons:.sted oi‘: ‘ ' :

15% 6920 5% 02:; 26% QQ_Q, 53% Ho Oe?% Cﬂ3

,.The Rw;aians have also developed anothcr pzroceas i‘or 1evel aeamso _ Startmg from
-2-drif bingso several holes fclefta™) of about 100 mm- diameter are bored at a
,_distax se of 5 m for a 1ength of, about J.OO Mo . A“‘-j_;_: EE e

Loy

T |

~

—_

- Sl )
_Tproceeso _There is this difference, however. ‘that the cleft is- surrounded on all .
‘sides by gaa:.i‘iable coal thus undergoing & different t.ype of change in’ itg - cross- )
_;secticno Figo 7 shaws the principle on which this proceaa is basﬁ}{—.« *: R

These holea play the ‘same - ‘rols as the hot“fom 'I" ‘e

AdEa o

() The. fi.lter p_:;oeess or the method of the i turpl cleft” which has bean LR
"derveloped by the Energe‘bic Institute of the. Aca lemy -of “Sclence (E.NIN) requires a
‘minimum of mining operations in- preparation of the processing operationso = .. -
'Fig. 8a ang b show that borings eech provided’ with two concentric tubea are sunk
in the centre- and on the periphcry of a circleo’ ‘They are ld.ndled by introducing -
v';:i.ncandescent charcoal in’w the”‘c’entre boring "and blowing-in a bl:st of air and’



“5"' 5 15(3 T

OJQaTeenw -The . gas.. discharge is represaed to auch an e:tent that 'y gauge pressm-a
~evolves, sufficieat for preventing the trickling in of watero Thus, at- first,
—eavities 'are—fommadgﬁtheﬂ:aai drias out and ‘clefts are: generated... Finally, a

0 mm borings which have

been p:t'epared in - bﬁa same mannarl; theraa ‘the . issuing ges will be dischargedu R
- When the gapificabion goes on the central boring is given up and the btlast is .~ -
J.ntmdnced into_ope. of the’ peripheral- borlngzs and the gas discharged a.t a boring

sitna‘bed in an ao jagent z-:i,ng‘a SR B S :

£ this proces —have—been described-i&—}%9-§.n—-t.he ———
WMWW The. first experiments with a coal block 300x200x200 mm -
“have-been-condusiied o the ¢a Wo*m o“_the_ﬁhergeti.cﬁlnstitute of
the Moscow Academp of 8¢lence. In the meant:.me a large-scalg technical investi-
-gaticn haa been-ooan'ied‘ﬁut-’* | i =

: Dismtvaomtagea of thia method are the helght and very great vaxﬁability,
of the praasure and the lack of uniformity in the output of gase This defect can -
“be- -partly -overcoms- by' operating a greater number of bor:mgs ‘at the same. tines
_Scorificatmn of the coal -and- deﬂagratiomo?the inserted tube are preven’r.ed hy

the cooling efi‘eoot of rfater or steam being introdncedoeo ' ST

T 'Ihe baesi.c idea of the Russian method oi‘ gasii‘yin;; coal is at the present :
’eine bem{, testeo wAth respect to oile-shale ‘mining, Experimental-plants have been
“erssted in Swedem Wurttemberg and Esthonias - The low~-temperature carbonization b
process of oil shiale is already in the operational stage in Sweden 2nd ‘the" ma,]or

: »
n-nela-tl-— l.r. &__1. m}_r..qt‘ gg;";g—gg;;_ é:_!g:g:.lg.‘g {:}“._’?;‘,;_!.?_' :Z:_:.- gé_gz -_-zis

(is) Slﬁhalsznozl groductlon by the L;ungstrom method

e

Accordiimg{ to the L:jungstromome’cnod ( "‘ign 11a) the cover 1ayer is no'b
ranoved s:a\y more £rom-the oil shale.  Electrical rod. heati*zg-elements and de<
gasification twbus are inserted in the oil-bearing rocks. In sccordance with' the
tempera‘tﬂrea attained by the: rockao gases ‘and oil’ vapours’ are freed and’ dist:.lledg,
Qding tothe difdierentes in pressure and temperaturen ‘they are flowing through the
“herdizontal rifts wideh’ correspond to thé natural stratification of .the ropks. e
tne comdenser mihez'e t.ha vapors are condensed anc. t.he gases sucl'ed Offooo T

SR i\ year aac; a large-scale experimental plani; has been built at. l.orilcao
’fhe ailabeamn;r Wled 48 there about 17 to 18m. thick, .The content of oil is about
6% by weight, The experimental ‘equipment consists of. a metal tube. driven into the
“groundn” the sidesi of which are provided with a: great number of longzmdlnal slits, .
s dbove ground 1t Hg Qonnect th & condenseLbLmeéna of ‘a gas discharging: tubee._ :
_-The subatmospheriic pressurea, o 8% course prevails:in the condenser contribtuted a .~

—great- deak- 4o bhé-extraction’ of the-vapors from the: ground.  Around the "mrzdng o
L tubs® six metall | fukes ‘are driven into. the grounda ~They-‘are equipped with electnc'ﬁ‘,
-heating resistanus elements of 22 K eachs To each of ‘these six rod heat:hxg-» S
-clements belongs an area of 10 mé, that is, & volumé of about 175.m3 or & quantity -
. of BOO tons,, Thak de; the heating performance was. 0,126 Ei/n3 or 0,055 Ké/ton of .
~-rockso Afier twe amd & half months of heating; the rocks had attained & temperatu,%i
of }00°C; end 75]{ ¢4 the fusl ‘contained in the shzle had been extracted. ‘A’ part of

-zae—r«asﬂaﬂa mliba%%bem-}est ﬁxrongh—theﬁftag The dn.s‘billate containa 2&% of v
erizing. I




' On %he. ba.si.a of the‘data in qnestion we may calculate tha t about 2.200

: K’}zﬁ/ton of oil-produced have beeru:omumeda_hosooa tona-ofﬁﬂ%per—anmm—eoﬁd—berp—
produced with 10,000 Ki., Ve way ssm ne s lowe

fuel oil to be about 60600 k cal/kgqa Thus the ratio of heat procmceds current

,conslmed is about 3»531.3

= %——'mis favorable resul“t—marbe exp.:.amed by tne fact that there ar& not ,_
any vertical rifts in the ‘oil«bearing rocks, through which gases and vapors' could T
em:ar:ea ‘or that thay are sealed when the rocks. expand in the nta;L‘_

direction,- nomerr, carraapondmg-to the natura] stratification.} r.he rocks rema:m ‘
pervious topas” ‘or vapor.s That this method yields such a good ‘heat effect is @ . .
certainly due to  the good “insulation of the ground and to the ravorable rat.io oi‘ L
; v'fgggerea to volume oi the 3,arga quantity of. heated%*ecksb' R . :

Lo Swecn.sh experts calculated that the Nev'ika shale alone may yn.ald a’oout
'30900" tons of oil per ammm Sulfur and other valuable byapvoducts arg also o

%ht&—ﬁﬁd“—‘“—

' (5) My mm investig&tlons on nndél;éx?éund 1ow«atemperamre/ carmmzatian F
O"oilshalea**w:;- e oy L / '

: . The sumy (1) shows that. there are many oil sha;e uresen'-es in the
*mrldamf. cn e S . RIS

: > This. oil«»eha.ne presance .a..,.ea in Morthem »sﬂmniab |
»J.ong the Lorthem shore‘, thers are outerope of - .,ongmstmtched bads of ail ahale under
@ comparative.s.y ’chin cover of qnartemary aedmmt&g RN ‘ :

) "‘he strata d:.p very gently southward at about 3° xnthin th« Lowera e
Sﬂman two horizons with. strikingly low contents of bituminous companent.s havej. v
evolved, the so=called Dictyonema shale; containing 574 of 0il.. This stratum
hea— d:.rect]y at the. Coast%, bu?. it is not rich enouph in oil te be exploited.e e
4.* ... The wthonian i'uel shale-xuckerarb med has attained an mcreaain. ly
mportant position in the eecnamy of Esthonis since the ‘wordd war., It fo"mo .
several bromnish sirata of maris and. shales 0.1 m thick, upto & “mexdimum. of .‘L mo
al‘am‘mtmg with. strata of limestone, . A horigon, 130 km long by 30 ka W‘ide hag - o
been proven, sald to contain S billion tons of materlal. worth working.  ‘This. o0il
sbale has mainly evolved Trom saprophagous vegetable matier: and containg 30703
of combustible materisl. . The rocks themselves aré combustibie and have a heatmg
ﬁ&tﬁe—aﬁz—Beﬁ% 30500 'k cal, 5o that the ‘shale has. been used a8 fuel, at times

: 3 amr 1urmer treafment SRR

ELI

PR The ma;}or par‘b of the shale mned is subgected bo low»temperam_ S
carbonizationo - The output of crude oil &sﬁaunts wo-18 té‘"iZO‘% of the gross “m.a}-m
The reiined benzing is.0f a high qualiwo The c‘a.stillation residua vh.ch containg

mm*———-

_(__*i ﬁaybe co;':i'ed . gpoﬁreamn@ﬁizn:_(ﬁ@) _

ok
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‘yet 8-:17% ¢ haa not yet been’ utﬂizedo
‘the wicinity of the’ plantsﬂ
90% in deep workinga, .

-in” organic ‘substances: varigd with the

_:the upper heat:[ng value wag. 8.;300 lc cal

- About 103 of :the pregence is mined in o ing, ~
In. 1932. afZO;QaQQitnns_nf—shale_were mined« ——'me conterr

momaus dumps oi‘ residue acmxmulatq in
wor

= The average ccmposition of Kuckersltg calc.zlated on the basia of

%%‘{amiis

T

apecific gr&nty
7‘}20 L s 1059%
BT — » "—-v»w39a78%*—~
Hp Bt
~'.‘ N A‘ ._E 300'
N BRI 8 03
N To*hal S 1027%

. SOa e 8,614
S£6s— D 1&@00%
M09 - T 6358
- F9203'. e 1,988
CaO ' - 110,15%"

‘\I&gO + KQO 0088%

On heatmgo the undecam

ﬁmﬁwzm.ut 350°C..

posed shale evolves gaﬂ at about 200'03 tha

-deco‘szposad shale differs. from that of

S Under nor'n,al condltn.onso tne }.ow-t
iylelds an: output of about 60-60% of  the or

shalec

: TE EO6E Up T
i‘omation of 011 liﬁu practically at 600°¢C,
“the ‘shaie: melts dike pitch on being’ slowly h

Vcaused many oi‘ the mistakes made in pr:.or observationag

’f‘hﬂ f'nv-mn%-! on n'f" &ég_%é_p—b‘&em m_
L;UU?J}&D‘C—T}E end point for t the o
It is interesting to observe that
eated o 330=350°C., ~The nature. of

normal shele, This difference in behanor
mperature carbonization process o
ganic substance coatained in the 0il

‘This output czn be enhanced to 753 by-adding steam in the. dourse of " the
_’operationg By ‘the Fischer carbon:.zation»am..;.ysisa
.cbtalnedc based on; air-dm.cd shale‘. U

the follom.né results are

29»7%

f Low Lemperature I'ar
L SRR R Coks - "55.0%
B Iater of d:l.stillation 693Z
CLow _Temperaturc Gas
(mthout HQS) 6 055
B {125 T _ UOJ‘;@
Tha low temperatura tar 4.3 of‘ a specific gravity of 0097350 Its
.ele,nentary anslysis is: - : e h
e "-‘"j"‘.-’.‘,:-?8'&322'%‘-1v C
a --'10':57% L

1621%‘

o= mn

986



Mit&neral eubstance T 63961%
COa (Carbonam) ___15066#

s LT ooggg
2L ',‘ :‘ ' o Q¢ :
gz o _~ 0075ﬁ Pt

. In the cqmrse of time vartcus typea of low ,_Majmr_e naz‘boni -
:fgméés have ‘been developed in Tsthonia.. .. Only: a-few-of them have stood the test
—becaase %uckersit~sinters*z'eadil:y'—1n 1927, after experiment:mg for ‘many years,

. the Egthonian .0il Shale Consortimn succeeded in. construct:lng a tunnel i‘urnacep _the
basic prmciplea of which are - maintained : Lationss— R

’ _A.lo") : Mining installations AT L _-ﬁ_;_*_,,;_{_
" 20) " Tracks for the conveyance of ahale from the mine
-37) ‘Flevated tracts for discharnina the ghz_Lle g

" storage places : IR _ Tt
.-lts) Breaking up. unit : ' VR
~5,)--Sereening unit and ehale bunkers‘““——““ g
~;._6‘(>"),'T'Hodnlization unit - Sl e ”“

=857 ,’mempera:'hn‘é”carbonizmg furnace ~

< '%%) Circulation tracks for the low—temperéture ,
... carbonization trucks PR N
100)7.'Carboniza’oion truck: tipper S S
e} Elevator and bunker: for low-temperature

. carbonization coke A con
'Coudensers EAR s

. Receivers for the dii‘ferant oila 2
__Benzine. removal unit for: light oil . -

: -Refining and rectii‘ying units and. receivers
~ Ditch for pipelines and waste water o
Tank farm ,
Boilerhouse and power plant

‘Bitumen blowers -

»Adninistration and laboratory

’Repalr workshop - : v
~22+)—m!u3rshop—fo%sEﬁpPMg “the b* tumen

NS 5)0} uw.r.t:uoubb'

Tk Benzine fmi:;g unit

-';‘.SSGES}S: :
Q.8 ©.0.0 © .

‘.18“)
19 )
.20}

hod
e

e ‘Ihesa plants are. very spaciouso Ii‘ we could succeed in. introducing
mderground g§81fication ‘processes, great-s phfications would be posaibleo
rseeultmg in important savings in imreatment aind 1abora S



- It nas ‘been—calcniacted*that theoratically 181 k cai——aré’ requi“d‘féf-‘ﬁﬁ_
. low tewperature carhonizaticn of oi.l ahaleo % e

— The heat balance in the tunnel-ldln is as follm:

R ?vaporating moisture - 78 k ca.l

" Superheating vapor SRR .; ‘26‘ "
"Heating up shale to hoo°c S 10h-;np;
Heating up. shale truck to 550‘0 '60 w o
','Heatmg up low~temp, - carbonisationg SRR *“

_products to 500°C ¢ - 60,

‘Héating up shale. Goke to 500"L &1 ":f;‘
_Radistion of the Kiln® = = = ¥4m~"s-~k<Wf33
.Radiation of the hearthse em:haustom : S

—md—circuit linea e s

P

1:6=2:63”kca1

T‘xia carbonizat:.on k:.lp consumes 202 times the amount oi‘ heat :
'mearem.callsuneceasany,_that ds, it isiof very- low ei‘i’ieiemyﬁ‘lo@weverral}  a

. the heat necessary ig supplied by the’ carbanization gase., > onlgu:luring mm
) 1»23 of oil mus’c- be used for additionel heat:mgu e

: '\' R . ""‘5_..

————

The investigatmn of ’t.he elacurical prwm'ties of Wi‘h ‘“ﬁ—_*—

) If we' should dlmctly apply the Rnss:...n xmderground gasiﬁcation proceas .
. i ’{uc ;ers.dc.g we f-*hould be obliged to° desist from pr oducinr' ol and should obtaln

tocte-i ":e«..lready been mede in Wurtiemberg,

R, 5
Tiidey w-.nvu;ur 5...5«:9 Sl

1,000 & cal power gas.- In the EEthoman teots & yield 'of about 74 of oilnhas beenv
| obtaified, that is, about 30% of the tofal il ‘production by the Fischer methodo

___'_"'ha exyermmts h?ve not vet heen i‘.er*nia tede At any rate, the ya.elds of 011 are )
. ".LQW&, o " 3 - "‘". e SR ’ i

i

2 mcre i :mothar passibili‘hy' oi‘ me..ts.ng 011 gha.le mthout m:ming W
'—beu by appl;nng electroheat to-the bed, Low—tenperaturc curbonization by menas
of ‘electric. erergy has been the object of thoroagh 1nvest1gations “or & long; tinec -
__;,‘l*he irﬂs’c patcnta ha.ve bsen g,rantec in d..:: : o R S :

J‘

"-~6~1841918~ ~uethod of and &ppnﬁatuo for freatlng 011 Shalé. uoo 1,269.7&?

¢ hw25_ vl921t. Improve:th m or’ rela,tlng to the kecevery of 0il from
L uubstances am:h amﬁtumen and ‘-‘halep Hoo 162.337 (Sicx)

P

10w7-=l921; %oceas cf o@)térranean uistilla't.ioa of ‘Jolatlle .dncral
: ST : aubstemcesp Hoo T5100655 4

" A

= - Up to datet, these patents have. been saithout practlcal meaningo ‘I.'hay
o ui.:..te'r mly :’m mlnor detmls i‘rom the Lsngstrom pI‘OCGBBoo-a ,




. Undarground lovrctemperature carbon:lzauon processes nay offer the
ronoﬂngadvmuges' o A v i SR

; "_'“lo Faat Tide ey the tanperatnre of the Bméo‘_ S ‘ |
eo' Suitable eonvaraion of ﬂxe alectrical energyp into combustible\
;-gases and o:l.lao LS S, TR e D '

Law-tmnperaturs carbonization wi'th raieétrQhé.gt._’ 19 ?listin‘g;ii_sh‘ed..iby{

the Iollowing prapertiesu e e e S } o s

—f“‘—lv* —Sfmlpie—consu'ubuong T - ‘ r‘ = T
- % Low costs of malntemance . ~~ - 1 . oo o —
30 *'Quick and ' easy ad;justment of the.tem.peratureo S R e
High themald’ficiencye ‘ s e

The obaective of nw invnstigation was the establishment of the me of
. electrical heating most auitable for Kuckersito N Syatematically three types had .-
_ta_h sbance —(am c-heats and - ductive;heatingo

For*th::.s pm*posao we—had to study the electrical properties of the
shalee By labox;atory tests onlyo 'bhe economical]y most- suitable ‘type of heating

"o uEls YL WL a8 , 'd Pllot t.eats are nsceesary for tlus
Purposeo ST S B : -

s'le baaed cur testa on direct electr:.cal resistance hsatinga data for
-indlrect heating being given by Ljungatrmo -

On Btudying the electrical reaistance of" Knckersito it has baen fou.nd to
bo 60109 in the gauple,. The test was conducted by placing the ssmple betmeen two
eleéctrode plates and passing ‘through “the c¢urrent, The voltage ‘was about 2,000 V.
and: the intensity of ‘the current abond 100 m 4, After a few minutes the rock becume :
-wame 'ﬁms we proved that high volt.age ld.l]._lmatjuckezsitn ——

4 Onr nead'. task was the reducing of t.he electric resiatanoa of shalee O_xgg_

" means to this end was to effect’ a change in the nature of -the shale; = If we sif:"ceed
~in. carbonimng the combustible matter contained in. the shale from the inside, as it
occurs in’ the formation of a8 bridgeo _t.hus generatmg a bndgeg we should have achxeved-'-
___‘c:his ob.]ectivep SEw e _ , L

o . Basically there are four waysjoi‘ generamngabridgebymeansoi‘high |
'f"tenaiona namelyp SR T e

“gratory m’e) S R
30 ‘Genérating ‘the hlgh ‘oension by shock currenta LT
’40 App]ying high f_:t_'gguen?y : T

‘ W - . The first- teste run were conducted nth transfomed hig,h tension (Figo 9)
~-~7-current

equipment avallable made 1t poasib}.e to. conduct tests with hOOOO v and
*f'._m—msmce oleO"cm_(Figo I and e - )




mThe values meaaured m recorded 1n synopaea 1 and 20 the graphs are
“ﬂ Y igu o .

”hn nmph consiata of tm: mé The fiz'strpm showa the caurse of the
t in. mrcamizz,; ‘the’ major Pesistances— “break-through between the
:;m alec%ma:iw hag occum-edg the reaistance goes dozmo and 10 V and 100 A ere -
*f&:‘i&cﬂmt for !ma%.ing purpoaesa

T 'ﬁw mit&al tenaion waa much higher when the elec_tr_oﬁea mmwmad—
mz;;lf Gnoa{h into, the buringa ¢ Lor, the resistance’ o.f.' the air lying between the .

@yg:’mg w2ll and the. electrade had to be overcome. Lng mls_dsfec%—t—«—

"‘m" ﬁ:aal@d t.ha elec‘bmdes w.i.i:.h granhita« Thereai‘tero the cur_vg_was mucn_,flatte;r_‘ =

;.,j & '{H‘ : t-ioul.ar ixxtm a8t wore tha observations rxxada T8 Aerdm;- the so«-
mmgiwwm@na which-35-comparabie-to & resistante break through- - @ith low
~Senss w.ﬁaH?mut 300 %o 500V, at first, no apprecizble change will take place in
Cthe ahale - But whiw the tension. exceeds 1000 Vo _s_zjoarks evolve,. saarching_fﬂr 8-
. m,m b*:«tfma the twa- e&ecﬁmd%g conpazreble to resistance- and Luninouvsearc hea.tmg )
enonena,  The LOFce of the current remaing very Yow, bemg about 0,06 &u Increasn.ng'.

*szw:’é,an Will result in th@ mcreased formatien-of- » £ 1orce of %he currenf.‘ e
ristan’ :‘v;i,m?l.;. unbil final: 3 &e%azt*b?idre ‘has been: evnlved between the two
electroded. © The rote of for'mation of L.».siﬂaziége——*'—bv readily” observed by watch:m,g

-~ Hhe changes ia. tna force of the mzrrenm When ths conductormbridga hag been fomedp
_the tenslon goes dcm ﬁuLat&ntially ang the forge of the oumnt_gce&upﬂ—-l%ridges s
cart b i’arr'fed at verious egnitudes of . ﬁensianr, ’*S‘a have observed that ‘this’ phenoe
menor “takeg rvlace tu-z: materp tha rnora aismra is held in uhe roc}:s and t.he hix:her

}'hfs 'f'{‘ht"* £y .’S‘

ims mmcc &af v,.bridg,,_»_zmwim ezfeci:s :in thc rack:s ,.ma" c.‘zanges 01‘
wature,  Holsture is drwcn out by spark formation, --.zﬂ'xen this process
amdly at-high tanawnp nany saall. crac*(s are made by the formation
-5y 2 rock bucomes more parvious for gas and will finelly burst, - The
durvent w}zﬂza its path along. these Yingr f.a.ssures,, which ars carbonized from the
Cinside b by “the. @mrks, These ° cm%nmzaﬁ argas of fer very low msxs&ame to the - -
‘eurpent; fobuing g aonducting 'm-igl{,aa betwéen the electrodes. ~ then the’ bridga haa
~bewn ue,mkmﬁf.ﬁ the ‘regular 220 volteze will be' sufficieat, It is important that
“the volisge used for ‘daicding the bridge is aufi’icz.em; for- m'iving out moisture and:.
Vcwbamsmr tha- auzface.s of ths- Lidgures.. Low voltagea mey be applied only after<:
wards {Flg. 8¥s It must be noted that: sparks are not only ‘formed-between the two
setrodel bub alse ot their. outer side., F:s.g» ? 8howa that ahe law-tmparamra
.{.uv‘xmm x&l»aw ﬁw 11:108 oi‘ fome:e e B R , _

5 %ﬁ f}“ of h%t:iug cﬁaesen bv u.gz comb_mp o
_uw}...:‘.&u..,v‘%?a,, ﬁvﬂm;ga dﬁfﬁfﬁw 12‘&31 thﬂ Qi!‘BQ'fo li{lhmln'"azt heatlng by' the

"“c&tw@ that tﬁm clectrmies entcr dix*ectly inta the rodcs and are surrounded by' =

S """"*oz*"eamndinf investigatians on aurttemberg Qil shd.e (pouidonia shale)
‘.gam: the - senme resultag excopting that, ‘are formation-s ometimes required higher - -

performances. up ’im b ¥, because &% 0.5 & the -bridge-formet 4 ToT advanced -
anexbon’

ui 1 *z*Lly 80 that epewticm could ‘heve yomrén E‘F 220 ¥ .



-«-»,».--But even thou’gh a bridga would not e’FOJ.Wp the' rocks would rather quickly
reach a temperature of 140°¢ Co ' The conductivity of -the. rocks is. to a very great
—m@enwependmmﬁhe -amounts of moisture contained- in the shaleo &ubsequent
to. the evsporation of the wa water,: condnctivity went down. In” ‘the’ experimental
smch;g_n_ujaa_notpossible to raise the temperature above this value, In the
- meantime, tests had been started on shale in situ, which could be heated - to lows
- temperature carbonigation Yanges. owing to- the ‘higher amounts of ‘moisture’ contained
Cdmibo Inositu, ‘nemely,’ moisture is not driven out hnt superhea‘bed” o This fact
may explain the differences in behavior mentionedo .  e s

For the lowotempgx;aj;m carbonization teats—proper‘Tkjin' and its _—“1
~equ1;mezxtﬁf0r ‘the-processing of -about 1,5 kg of shale were constructed (I‘igo 8 and .
9)e “Alternating current of 220 'V ang 380V was available, The current waz tra.neo &
formed over two tranafomerso It was poasihle t-o switch on j e .

B aeeiw and ocao Ao or

The hlé,h_mtensitwa ‘c.he eurrgnt resulted in. the generation o*“ heat mthln a. short
cperiod of time. -The condenser-unit, . however,'was too-snall to take care. of the ' -
rapidly evolving oil vapors, so that we- could: not simdy the ei‘fects resultmg, ‘from the
mpid heat:_ng-»up of th%&ugsrated . 1o 8- "The block of
“shals wag reduced to & sige of about 16 x 9 x 8 and t.he bridge formed with high = .
voltagec Then, ‘the ‘Block was built in in to the carboniger.” Tae carbonization Pro= -
2688 was- adjuated in: such'a mannier that o:u was . formed at d uniforn rate and that

7 the 011 varors were quantitatively aeparated in the clectrofilteru :

r‘—"

:M_f&%Msome tests pcmiery shale was proeessed (Fige 10 and ll)c T’nese tests
: Shcmed the. current - Yo form a conducting bndge in this case, 'c.oc; ‘powdery shale
could be heated to low-tamperature carbmuzation—-uemperatures like solid shalc:o

o
— .

' szma;z - Our experiments have established the yracticality of. electmcal
1ow~temperature carbonization, by passing the: current Qirectly through the rocks,
The length of time ‘required for the low«-temperature -carbonization process will vary
-in accordance with the electrical perfomance,, the . tempera ture being 450°C, “the -
‘minimun rate required in this: processo .The length of time required” for reaching

thia 'bempera‘bwe 13* elsa a functian of the alec urical perfcmanceu o R
o S In oz'der to tsst the practical applieabili:ty of this mathodo tha
i‘c:llcming variations had to he investﬁ.gate&, B :

i 15:.';,.Heat1ng~—t.her mmle wit.h hig)l voltages and :mr intensitieso
2» Bridge fomation m.th shoek tension (mrgratory waxre}v

36 vBridge fomation with shock currentae

'hf%fi'--ﬂieh “requency \ . ""ij‘.r“{::%f. I
- Fhe mode o.f heating (1) st«ocd the tast up to a 15 m-distance of the.
electrodesg but the: exneriments anplying methoda (2) to (h}—turned—ﬁut—to—b@?—




S R s L

L

;Thesewerrth&reaulta—of*the—ﬂrst 1o - te carbonization teat (D:l.agram 1).

Warhonization

L 5«»2'.",.;1-_.','1“’; I
- 166’8!".‘:» :

. satior 8 yielded a vary low rabe of output of tar. i
uhereas that of the residue agrees with he F, : ~ at—there—‘

jmva—beefﬁhe -aame ?ieldsmf volatile- componentrbut that the ways of.‘ cracking the»
oil vapora have_beemuidely differenta—(Stmary hhows the dé:tao) S :

3 ority by visualizing the ‘i:

o Aeid].er's investigations of Esthonian oil ahales have ahown that the rate
o.t" craoking of oil. vaporaqaﬂes with- -the t.emperamree Gentler carbon:i.zat.ion
methods will produce more cru : —less-benzine-(8 r ‘gentle”
"method will result-in less. crude ou with higher. ‘bensine ‘contents (about 25¢)s -~
Variati ns in the carbonizaﬁ.on tes_npamjmr affect this-shale muich-more—than——

-—-—'-——-e—»—One may in thia case arb:.trarily choose between the possibility oi‘
‘generating much h:l.gheraboiling oil and little benz:!.ne and crack:.ng gas, and’ much
bemme .end "erackin g8 jakAoda.’, otal Viglds of- ) T A e
WWW the refining of the shale oil 18 to be. avoided (hydrat:.on),
as'in Eathoniao Thereo one reckons with 1 part of bensine to 2-1/2 parta of ouo

o Zeidler compa.res the operational aﬁtput of a Wander«tuxmel kiln with that :
oi‘ the Fischer low-atemperatura carbo*xizatmn analysis as followsr L

o

Total Benaina Sat 5016% | '.3"’.69"
011 Beribine énd Gas. Benzine NS S ‘ o

"Flus in bensine output el T R

- 5.26% - 369 T 101.75

The' increaaed yield of bensino correspinds an i i ;-'
~increase in yield of uncracked 0:11 of 205 x loh'I o loh ',

h ©7 S T WA AP
%lieﬂi_ : 8

e 3‘7 g Oonvarted to the aame rate of cracking., the yield of oil 1n large-scale, oo
OPGI‘atlonwas thus aomeuhathih" D he Fischer ] benpe g—carb: ation

analysisa - This :phenomenon nmay:be: effected by the lower partial pressure of the oil :

vapors .tn comercialescale carbonization operat.ions involving gas. recirculation@




| e data ‘are, as conpared wi

SO T SO TENP R S

. Fischer Analysis =~ -Electrogarbon_igaﬁonﬂ

ut-of gas (Disgram-2)-1s high, The oil output, in
ettiarison o the Fischer output, amounts to k2,3%. If we compaty (in accordance -
-with Zeidler) gas and tar bensine as 2,5 times - as much. oil, the ‘calculation’ ghows—
&n output of 87.3% The 12,3% of tar which are niseing, have been converted into "
‘eracking gas, . In the Fischer analysis of & normal y-@verage shale containing
~ebout )23 of 6rganic substance,. there ‘are yields of about 4% of permanent gas .
(8,000 k' dal) (that 1s, 320 k o _gaseous form)-per-kgo T shale; “The electro~ .
-carbonization yie ,""235'8%'ot_‘-.‘permne'x;‘tfgae.‘;~that-"ia:'2,oloo";k_ calo Subsequent . -
investigations must-try %o increase the o1l output and to repress the formation of

—i

eracking gags .- »

of ofl EHEIE”—“—“

o oo A-few preliminary experinents. in- the:shale bed have been conducied after -
_the_laboratory tests ‘had shown that low 3 B ';;‘bbnisation_'by. means of -

-electric resistance ‘heating is possible, ~The ‘expe riments were carried out at -

' mtm““’“*’mm”&’ where a. modern oil-ghale’ carbonization plant is located;

electrodes which introduce the current into the fuel bed, = Moreover we Wanted to

iyt the optimm distances of the electrodes in Practical operatfon,  And

off of ‘the ‘gases; It was neither plasfed nor possilile to run tests ‘with respact to
‘¥he carbonisation period, the oil output and the consumption of current,, for, the ..
extensive: condenser unit necessary for ‘such -an inygatigat:!,pr;' was. not a ,pj.lgblea_'._ o

]

" Seven major

experiments ‘have béen carried oubs

M L ——— T N I A’

’ ™

. Electrode distances ‘of 005, 1.0, 2,0 and- 450 m have been .
tube-clectrodes-2-m-long and of 42 m interior diameter have en used, At a: -
performance of 400 kw a hridge vas-formed and a. few minuteés later gas started to.
evolve brisily, 'Figs .1l shows the details of the tube electrods used,. Fig, 12

¢lves 'the;':‘gﬂi’ho,aé. T e T —




R In thie testo one electrode on]y vaa :tormed a8 a be electrode. ,whereaa
__mg_,,second (Pig, 15). was. supposed to- effecta- point-lik‘é‘“radﬁtiono A Y'm distsnce.
o Jeﬁeeu the: alectrodeaowme—tuhrei:ectroda ‘which was supposed to discharge the;--
- -cerbonisation Eaees ¥as only 1 m long, the interior dismeter being 42 mm, In the -

. bottom of the bed a bridge was . fonned at 200 kwo Y The carbonization;gae caught firuj:_

immediately (Fig°~13)e e R R : S

e 'l'ube lectrodu—offm length at a dietancesor‘ls Y have been used in “_
'l'eet ~39 ‘In heating up-the bed 300 kw were needed, .Owing to the magnitude of "

 distance 1t wag not possible for a bridge to ovoIveo After about (7). minutes =

appreciabl&qumtiti,oe of: ca.rboﬁizatzon gas developed, This test seems *to—indiveizs_

ate with a wide interspaca between the electrodea, thua
avoiding the format.ion of a8 direct bridgeo T _ , : ,

‘ L 'Bxe sane tube electrodea mare used ‘ag in Test 3, but arranged in tha form
Of a triangle, the. side of .win 8- : e, H was—effe Bl terng
“current, It was’ found that’ heating a.nd thus earbonization effeete 'hook place only

in the interval between o - phaaeso The current chose pmbably the path of least.
resiata.nceo ; S ST SRS

RIS

' ; In this caae tube electrodoe t.hreefold cennected in parallels have been

:nsed (Figo 15); At a performance of 400 kw it could be .obseryed that: carbonization
-gas was formed at a satisfactory axd unifom ratep without the gasee taking fireo e

..?E".‘.Lé £ / - AT , B

- . In this teet we investigated the most suitahle fom of elect.rodes for 'bhn
ﬁne-grained shale which is’ pposed to.: he carbonized in heaps, Ve ‘studied- ‘
ﬁectrode-diatanoes 01705, ioOa X8, md- 3 mo Apparentlyo ‘the optimum hea.‘bing
conditions were  those prevailing at a 1.5 m-distances - Flate electrodes at a3 m-
-distance failed 10, effect the formation of a bridge so" that; in the neat test, tube
‘electrodes ‘were tested. also for the carbonization of dustlike shale; The distance

‘chosen was 0,5 and 1., No. br:.dge was formed, However, we . -may aseume that the 1 m
,diatance aelected waa t-oo shorto since a break-through occurred :

Indedsthe reaulta oi‘ theee : _' 511

- '-me carbon:lsation tests in qxeation did not prove anything but f.hat. it 1e
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'”,"British Patent 1620337
105100655

' ".v"»,vj,;'A"Swedish* n. Ljungstrom Irocess%;

'(‘I'he graphs and photoa referred to
“in the text can not’ be traced but,

I
BRSR

may be photostated upon requesto) .

M, Betn





