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l‘he Betort (Bm diametar nnd 7. m - he:lght) is charged and d:l.schargad
ata filling staﬁon. It is c)ﬁz-ued to this statich by a crane. This filling
, astation is connected with -the storaga bin 1or shale bya omvom. m:a
o convayer dischargas into & small cone-bin whj.ch is equipped 'nith ‘two rotating
chutes of different langth. The chntos are retated on'a ball boaring by
a gear (worm gear or tooth-gearing)——.ﬁ-om—tbe upper shaft of the ¢ convcyarf f__.";‘.
nmspreaderismountedontheframaofthecmwyar. Thebottomo.fthew .
chute may be cut out partly for-an .ddium spreading of -the shale on
. the whole su:r&ce. In order to equalize the /Smr rosistanoe alcng Ihich'
| the gas flows to the w11, theﬁneaarepre}‘emblybmughttotheuu
’ of the retort. - The spreader alsoc avoids the locally danaa packing vhich '
. othernise takea phce in a high retorf., nhggg the, sl‘aledr?pn .on the - .
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Dr.!Otto Hubmann ~ - .. TUNNEL KILNS
S S o for Carbonization .
: P ; ~+ ' of 0il ‘Shale

For the cer'bonization ,cf 011 shale direct heating of the she.le by flush |

- f

4 ge.s he.s been gound very ea.tiafeetory for a good recovery ef 011 and a good

+ v T

e \quality of thp Oils. ] Tl&e simplest and cheepe;t equipnent for a disrect hee.ting |

~\; of _dolid materiaI s arvcrtical—\shaﬁ: through which the material 15 conducted :

& b -
continuoualy. Suoh process » ho'Vever,! requires a material which on no account -

—m

. sticks together or ti.ghtens the layer of materie.l up e.gainst the flie of " gas.

Some rich oil shales as those of Estonia are softening under heat and may cake -
t°gether to a éolid rock under the pressure of a higher le.yer of materia.l. A

: da.nger of thie kind may exist ‘bempornrily even if the medium product bf the

:*—"'

mine does not st:lck together—“becauee with a reletively thin’seam of che.nging P
qual:lty the temporex:y delivery of rich oil shale cannot ee.si.ly be avoided. Fo : ]

The danger of eticking together can be reduced by not moving the materia.l

during ce.rbonize.tion end by reduci_'»g the thicknees of the layer. " Pre.ctically

thie can be ‘pe‘rformed in a tunnel & ln by means ofﬂ.at 'agone, on wh:lch the L
: -

shale is ple.ced 1n lavers of 1 to 4 1nch thicknese, and which are moved ﬁj
through the tunnel. Vélumes*z of - hot ases are oirculated through the layer of

the” materi&e.l by means of _numerous fans e.nd ge.s heaters;» wﬁi@“hm' are- n;\;nted elong

1 kg

| the tunnel. Even vn.th the epplioati "ns of this method, caking—ef—thetz_shale ’ i,'.' :

. cennot be alve.ye prevented but the o' - tion' of the plan t or :lts efficiency

S

cannot eerlously be influenced. Though the plant and the proceae are rather

- complicatea, this method has proved satiefactor_,r for Estonian 011“shale. Two .

types of ﬁlrnaces have 'been developed:
PR P The Esti-Kivioeli tunnel din '

2. The Sillame.eg_i __tunnel kiln




:““ heated by the flue gases which originate from tpe‘combuetion—or‘oit—ahaie.

Ao Eeti-Kivioeli Tunnel Kiln a o _mﬁh

e This system is working with a»horizontql cylindrio ‘tunnel made W

of eheet iron. The tunnel is ‘divided fato 12 to 14 carbonization sections_’
'which are separated by m.slide door from the feeding zone at one side ‘and by
o another slide door frcm the quenohing and discharging zone .at- the opposite side

of the furnace.h Two other doors close the tunnel at both ‘ends. 4he heaters,

- N '_'-_“«

They are"”i"

D

A number of fane for the circulation of the heating gaa through the ehale.L_ B

el
e

ta and the heater are placed parallel “the heater channel.a e

In tne lateat design of tnis type developed by tne LURGI-Oompany

*‘the heatere are gae fired the heating temperatune being regulated by row

circulating gasee, enlarged circulating fane are plaoed under the heatere, f”

,and each heater with ite circulating fen can’ be shut off for cleaning'wixhout
—t

stopping ‘the operation of'the tunnel unite ; _
. ' L

The‘wagons are moved periodically.' Thcy'arezconneoted'to thev—?

/—_‘ " ———-—«-—*.._‘

'Mheater at the bottom of the tunnel by two flangea pvbesed‘together by the

weight of the.wagon.’ The poaitione of the‘wagons are adjusted automatﬁcally

'.-gw.

iby e corresponding notch of thef :7_
| The slide gates are operated by a hydraulic gear, which eerves1
R 5 _

}also for the moving of the wagone. 'The supervision and ateering device ie

[N £

-loeated at a control room whichtmay be cammon to severel tnnnel—units.

naliie

_ééi, "__ The heatere consiﬁt o% vertical tubee made pf heat. resistant eteel,

the heating gas passing outsideihe tubes, the distillation gai ineide. The
Tff ‘tubes ere connected to rectangularly arranged groups. The firet 2 or 3 wagone,»

"hioh have.entered‘%q tunnei—are operated with lower: temperaturps for drying S

J

only, which has pr0ved veny;eseential for decreased caking‘and a good output

of oils.




- Sillamaegi Tunnol Kiln PR Lo e

' This system which was-in operation'at the Sillamaqgi plant; |
uses a rectangular tunnel made of sheet iron and placed into a brick cnannel.‘L
This . tunnel .18 of a larger cross section than the Kivioeli tunnel and uses

[

‘ larger .wagons operated with a layereof shale only 1 - to 2 inch thick.' The wagons

the bottom of" the kﬂ&n by the lower end of the siduvalls, mcving in grooves.

i'*Qome differences of construction consist in the heating method and the drive

- of tho vngons by an eleotrio gear.. -The heaters are mounted above the tunnel. o

e

which can be treated in the same kiln. The thickness of the laqer in. the

. s =

¥
'wagon in this case depends on - the differenct sizes of the shale or the re-

sistance of the 1ayer against the flow of the gases.
| Fines of shalecnnnot he treated in these tunnel kilnaa The finbs,
‘ which sometimes are plastic or can ‘be mede plastic by an addition of same
L water cre fcrmed to irregular bells b§-passing a rotating drum or by bri-
quetting., They are dried after whicm the balls af‘,hard enough for the

carbonization in the same way as the coarse shale.

g;g;m____m__mhe capacity -of ‘the Kivioeli kiln has been increaTed to a daily

i
B!pacity of 400 to 500 metric tons, wherqas the Sillamaegi kiln treats 500

ey 1} p—

: to 550 metric tons per day. The effioiency of the oil extraction utilizing

B the _tunnel kiln is 92 to 98% compared'with the Fisoher Assay.,f

— — -

- *he quality of the oils is very good.containing a high percentage'>

0

NS SRy

of light. oi; due to a slight cracking of the oil vapors in the heaterew

Operation of the tunnel kilns must be stopped and the kiln coobedAj>

down every 3 to 5 weeks for a thoroughly and costly cleaning of heaters an
g R
pipes, ‘80 that- tﬁalﬁorking days are reduced to 250 w 500 days pe per.year.‘,ln

sy

. \'\'.':n--.nnh{“:n:\:-'fu .




cas

the tunnel kiln very little permanent gas. is developed from oil ehale. The ;;.
. condensation of the oils and recovery of light oila requires & relatively

__very._ emall installation.; The recireled_gae which enters the shale is heated
I B .
to not more than 500 « 520° C. The oil vapors heing slightly cracked during

; T |
ﬂﬂ their circulation through the. heater the tunnel process furnishee oils with

a very. high content of light eile. ,

Pawu..-...

The necessity of frequent cleaning under unfavorable working con-‘ﬁu'

o .
o -1,

d!ticns and the periodioal standetilr'of a big part of the plant makes the

tunne}-eyetem unsuitable for smaller plants and. for a high labor standard.

High cost of nepair and laboL makes its operation too expensive in most coune

ety 3 Joex
triee; and for any shale with less than 20% of oil content. For Estonian oii_n;:ff_.ji
.ehale and " “the labor conditione of this country it has been proved as moct

’eucceeeful for many years.

[

: thﬁ Kiviceli plant are the follcw1ng; L;_," ‘-ﬁ_u

.“;YOil shale charged (10-80 mm eize)
o ] - - ) . \/.r I

”:Moisture:;l;:f‘ .57 , 3],5 e Fischer-Aseay 5009 Ce

;Ahalysis”based on dry”shale-ﬁ_ o - 0ils _. _22.9%

L0z < 18e8% - . Hpo . _1.5%

Ash T 4648% - o N © ' " “'Residue = - - 69 <0%

':Oxggxic substance 34.4% D -~ cas »' . 646%

figures are taken frdm the report of a thorcugh examination of the 4 kiln plant .

. C s
<8

~
—

Kivioeli practiced in Auguﬂt 195% by LURGI engineere. ‘;:;_A

The organic substance of Estonian 0il- shale is relattvely high in oxygen t

- and_nitrogen, which determines the speoial eharacterietics:of Estonian oil
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j} A mixture bf all the condensates made 1n proportion to production'figues,

”’showod the following mnalysis: R o y

.

Oils

I. Gravity et 15C. 0,946

oo 1
>Ljd;8t (ﬁnéolub1¢) n - °é1Q%_.$
ﬁ#gfphalts I .Q_sﬁ.i '
ash. o ‘0563'%-*
phenols T o -~16;3%
E1°m°ntary analysisz o g
wa.'s.z%
t0um
0.8%"
.ﬁ7i$‘:“
e S 0.2%
II ‘Distillation test (Engler)
HB°11138 Point sooc.
to 10009'

1oo-1$d°

_150-1850

~185-250°5
1 |
25095009,

. 300-3260

e R e g S
S Vs Sl 3 A e iy ~-!~‘D*A"




III. Fractionating-test

Re benzine ~ 1850 c.‘:"f

Gy resique _'
lost

Fractions™™

b, gas 011 185-3250 c. L 2643%

56428

. 'fgcj%  4 e

e ‘ gravity 15° c,

>sﬁifuf

phenoig, o

Distillation (Engler)

' boiling poiﬁt

}“-?50 Co
75Qeqo c.
80=100°

+100-1500

- as0utase -

gravity 15°C. |

4soc,

1905 total
24404
'243.0%
‘sg.q%

Cer.om

X

4.5%

19.0% - .
- 3940% .

10,0%

-~

sulfur .

phenpld:._“[A””—f”
f__QM;_Distillatioﬁu(Engler)-

' boiling point*

- -1850 Ce
185;3000 Co’
: 260-2505 c;

250-3000 Cq_

300—3500 c.

... .End point 3740

144°C¢--

N s.q% Vbl. total

s.qu
81.6%
32.5%
11.5%
Cu.

fl?,&% wpight'

,'.1905% L

0,903

| 41.2%‘ .
AI%;Q%”

- 5'.0%‘

-~14.q%
“'45.&7
\78.qz

8 9. 5% R ST

Rty

S s e A e by e s




".to~2eo° Cle

S

Reaidue (fuel 011)
’ ‘gravity 15° C-
'paraffin'wax |

fed resins

asphnlts v .

<

-

‘.0% tot&l

’ 200—22500.12.17

e
o .
¢

‘;Analysis4,ff

LOHOVO

.losses

zas-zsodb.lz E%

250-27500.11.4%

275-3oooc.11.&%

5oo-szsoc.11.z%

325-35000.11.&%
Residue (pitcﬁT"IQ.G%
3457

S = 0.8%

SlgL_

Nw

.3%
HH.Ve

7y
L

o

L Distillation gas

_ ‘Analysisz

‘H,TI.OSiMT
V'Q;GZ;
_12?0%‘,
) 1.£%

AL
Ta7We
19,19,

' 310'2%77‘2-.

. ;' :;'_":9';2, 06%"‘

.‘,fﬁ 53 .97,

. T76.9%W.

T e, —
C = 82.8%

. S.Q%H;f':

= 9,335 cal/kg o

" = 8,873 Cal/kg

COp = 23.2%

HpS A RSH w 10:0% .

AL FEEATRIR L At

R s e R L AR D R




-n.ﬁ;v; = 7910 Cal/'nm3
LEB.V. ‘Tise Cal/hm37
-Produets on dry oil shale:

oils D 22028

. . &
—,
‘water ¥

" ges

coke ™" .
" Products of ‘the plant fbrv 198‘? were delivered as . follows- _

gasoline to Estonian market P 11 480 t = 16.3q%

fuel 0il to Ger-nn Navy ." 53, 384 ta 76.4%

- -
-~

" verious oils for local market -3, 067 & 4.35%

Foas of refining ST Lo UgloT % 2.96%

TR Y

de Econogi'of Tunnel Kiln System

For a plan‘b of modern deeign us they have been delivered to

Eetonia in. 1943-44 the cost of errections of a 900,000 ton per year»-

) P e : RM
Storage for 5 000 tons of raw shale with conveyers ‘ 800;)00

- Crusher . plant with screening me.chinery bins and

— building j o fi B | f*' 1, ooo—ooo

!

Plant for treating fines of shale by agglomeration and drying -
. .~ 900,000
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'Capacity and produots.

0il shale graated per yaar R | QO0,000ig-per'yéar
Residie with 10% moisture .. - - - 734 000'?E'pér'yéar'

T
"

’,Qild- Ciude-oiva&V' U j;@ R 186 000 t per year ©

fuel oil '78% of crude oil. 145 000 t per year
_ benzine 22% of crude oil 41 »000 % per year
'Gas: 2245 cbm t (7 146 kcal per. cbm) used for heating.

o o ..
MEnergy, steam and cooling water = e

..a;' 'Electric energy
60 ‘Kwh per ton of shale 54 OOO 000 Kwh per year

'
'

Q\Fresh water ’ . - 'f w Y

0,50 m® per ton of shale . - 450,000 m3/year
s RN EER R year

.

~fqr poweni '} . 300,000 "

- Steam' JA

&MO.4 per ton of shale |
'Addltlonal heat required for kilns :

320, ooo cal/ton f — zes Bill, Cal/yea.r o

for power and stean . - 180 Bill. Cal/&aarv ‘

3e Labor'included for~loca1 ‘repair wbrk'

480 unlearned laborers
.70 léarﬁEH IahorerS'“
20 for pawerstation

- 40. for office, 1aboratory soc1a1 rooms -

6 foreman

3'engineers

1 manager .”f
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-

e

e . Germany :
- \_% m‘ v ‘

 Investment-capital = | 18,000,‘060‘,
} wo'rkix-i'g'ca.pital\” : S 1,506,000

?r"oduoti on~cost

R Oil ahaler, (inolud:.ng dump of residue) .
. 900 000 tons x s.oo RM '.A_,_M_4,5'oo,'o_oo L
900,000 tons x 3.00 $ |
Water ‘_ fi,f_:',_
750, c;oo tons e o.os R‘M |
750 000 .jons a 0.03 $ —
Wages for Labor

610 @ 3,000 RM ' g '~'Q""""""’73";850.‘Q.Q.».Q.,.‘

‘, Engineers” . . . " 70,000 ... 35,000°
\//q,Repair and gpeﬁating mater:.al - e

e ~

.57 of 18,000,000 RM S - 450,000

o A

3

o 2.57 mo,ooo,ooo $ -

) +
GRS T X T N

A"-. Amorti;ation C‘ost .
&% of 18,000,000 RM

3 Qf,g.o,ooo ooo $

LRRSS T PIRNS SW LG

In‘berest

3%0!‘19500000%.'

, Taxes and Admihistration

TO"‘.A,I,. cosr PER YEAR . RM 9,462,500




9,462,500 ;.g Sl f,_ e
| I§€f566' T T 51foo RM/tons

5,642, 5gg TE . .. . . 30.4 $per ton .

S

Cost of gas for heating of kiln and boilers 18 not included.

Operating costgper:ton of oil shale-

9.4625500-4‘500,000
» :

64g£§90»z 700, 000
4900,000 S

[

Operating cost;per ton of 011-

900,000 % 5.7 g=
Isa,aaa : ‘ : . R

.

mm?he operating cost per ton of shale is'g?txemq;y'pigh OWijg.tb‘high'm
inrestment and high labor cost.._~ ;T”wﬁ“”“_‘“f"” i

IR

Payment for heating gas would iﬁcféase‘thi§%¢op§hdbcordingly,lg






