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per year) .

-Table VI vopposlf.e“ contains the esﬁimf.ed. catalyst

plant requirements for a Synthesis installation to pro-

duce 4800 tarrels of oil per day (200,000‘ton—s’ o}‘ o1l

The oil yleld and the catalyst life were

affect ected by .t} the )res_,sure under which the synthesis re-‘

ect, ion ve,s carried -out, and. cansequently-the est imates

rave been glven lipon the baseS' e
1. Atmospheric pressure.operation.

2. Seven atmospheres pressu're operation.

This t.a.ble shows 2?2 react,ion chambers would be re-

quired f‘or the seven atmospheres p]ant while 332 chambers

\
would be required for the atmospheric pressure pls.nt. ‘

Lhe total coba.lt. requiremnts would. be, respectively,

55< 000. pounds (251 tons) and 662 OOO pounds (301 tons),

and the qua.nt.ities of cata]JSt that would have to ‘be )

1

pounds (7.5 »tons ) respe_ctive ly.

N

"‘.”(216)"

~ Catalyst

“—/ ‘.///”Pmﬁt"::‘ ;
—Requirements
ke
Table V1
—_—T

(b tons) and 17, 000

‘The i.t.em mclud.ed. s"c t.h’e bettom of: the ‘.tabulation as

B

"Building and Fquipment wes based

in the
Pl‘&n',t. It uas estinated that the figures "shown

table could’ bedecreased by as much a

climitic conditions would PS

L

. C
'of the equipment..

on a completely housed

s o'ne-third when the

rmit exposure of a 1arge‘~pa‘rt
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"’he ;ollwir.g tabulaticms give the cost of oatalyst_ Catalys®
' . ' Costs

mBh a.&cture follc'ding the Ruhrchemie methods but using

" American raw mterials for the ca.ta.lyst.

The item about
; :

~which lee.st-‘ve.s known vas the labor requirenents;
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219.

Cost. cf Catalyst

Basis: 1,000 .Kg. ‘Co T,000f reduced catalyst.

Debiv:i™ : :
Cost of Rew Materials and Chemicals
Zcet of labor-at 75¢ man hr. : $3,2§:é.gg
\,Onaensate Water (Waehing) at 20¢ tan 26'00
Cocling Weter at 1/k £ ton ‘ '8.50
Power at 1/2 ¢ KWH S . 17.00°
e ) Total Debit . $3,,762.5’6
\:CST; ol C&mlyst (EXClc F.C.) = §2 Z62 .io = $0‘=)‘)+ per 1ib.
: . 7000 :
i
Ceost of Reworking:
Basis: 1,000 Kg. Cotalt
'Depit: T
- Coat cf Chemicals (Incl. Make-Up Cobalt) . $ 888.00
r-as, of labor at T5¢ men hr. | 150.00
Ccndensate Water (Washing) at 20¢ ton ngog“,m
Cooling weter at 1/4 £ ton | g 3 .?)0-
"°cuer s;.t 1/2 ¢ KWH I (A%
- Total Debit - ‘ - $1,089.50
1 Ccat of Reuorking Cat. = §_‘]_.__2_§_ = $0.155 per 1b.

i " 7000.
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—(219-A)
The following tebulations were made up from data Capital
- L Costs
giver by Ruhrchemie. ; :

It will be noted that the capital
costs for the sy:ot.hesis plant vere not given upon the same

e
bﬂs*s a3 the data upon oatalyst requirements a.nd utilities.

Ir. view of the numerous mterpretations that might be given
~he varicus 1t,ems, no further canversions were attempted .
It would be helpful to have official figures for & complete
plart, all items being upon a s*ngle ‘tasis, preferably

upon & given oil production.

1
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2 20

| CAPITAL COSTS FOR SYNTHESIS PIANT

(Basis: Ca £ N -
: Capacity of 40,000 M /Hr.
, = 34,000,000 cu.Fi./Day./g?L)

4

Low Pressure Plant,A: o - ~ Dollars
=S - _RM. IRME$ 5O

 HpS Removal e e
- Organic¢ Sulrur Remrval _ ggg’ ggg ‘ $211<.zg,000.

. Low . Pressure Ovens '(59) ' 3,8’-50’ 000 1 514»0’838'
Low Preasure Condensation 250,000 ’100.000.
Lcw Pressure Charcoal Absor 800.,0 > 500

. - p. » 00 320,000-

- Low Pressure Compressors 70,000 28,000.
Low Pressure Blow ? ey
ek Mers . _._81,000  ___34,700.

5,897,000 $2,362,700.
L ...~ Dollars
Bigh Pregssure Plant: ' . R.M. - 1RM=$ .10

HoS Removal . “500, 000 $200,000.
Organic Sulfur Removal | 350, 000 o l)l-0,000.
High Pressure Ovens (56) - 4,030,000 . 1,610,000.
High Pressure Condensation .~ 250,000 ‘ 100,000 .

" High Pressure 01l Absorp. , 600,000 240,000.
High Pressure Compressors 880,000 0,000.

' 6,610,000 - $2,640,000-
Overating Costs - - - . . S |
—_ < ' A '~ Dollars
. _R.M._ 1RM=$ MO
Mp intenance (141/2% Per Year) $ 140,000.

tes (Per Year) 1oo,Qoo

i
K

" uiadellaneous Surpl



CAPITAL COSTS FOR SYNTHESIS PIANT
TO PRODUCE 4800 BARRELIS OIT PER -

' DAY

Low Preasure Plent:

Bﬂb Removel

(assumed)

: ”Organic Sultur Removal
Low Pressure Chambers (332)

Condensation-

Chercoal Absorption -

Ccmpressors
Biowers

Pressure Plagt:

HoS Removal

Organic Sulrur Re
High Pressure Cha
Ccndernsetion
Cil Absorpt10'1

_.Compresasors

!

mova.l
mbers (2 72)

154002283

. Dollars - v

R.M. 1RM=$ .40
2,810,000 "~ $1,112,000.
1,970,000 ' 790, 000.
21,600,000 8,640,000.
1,410,000 560, 000.
4,500,000 1,800, 000.
.390,000 156, 000.

___ k90,000 196,000.
33,170,000 - $13,254,000.
S Dollars -

R.M. - _ 1RM=$ .40
2,440,000 % 976,000.
1,710,000 - 68l ,000.
19,600,000 7,840,000.
1,220,000 488,000.
2,930,000 1,17o,ooo.
ol 220 000 1,715 zOOO.

32,190,000

$12,875;oob.f
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154002284
UTILITY REQUIREMENTS
- FOR-
- —SINTHESIS PIANT
Basis: 92 Tons Liquid Produét Per Day =
820 Bbl.(42)/Day
fuel Requirements (Ges with Hg!;= 320 BTU/Cﬁ.Fi.) Cu .Ft +/Da
Organic Sulfur Removel. . 1,010, 000
Absorption System (Press. Cperatian) ' - 7190,000
Steam Requireménta (280#/Sq.In.) R . _#/mr.
~ Eeat Ovens and Regeneration (52 Ovens) o1
3tevr Requirements (1jﬁ[SQ.In.2 ) #/Hr.
To Strip Out Gasol. e 3,200 i
T Strip Out Light Benzin | ;2:__0%._ %
) ‘Total for Charccal Stripping - 22,90

; ) R . K.W.

Pewer: Requirements ‘ : . 3%
“Braenic Sulfur Removel (Blover) 2o
Synthesis (Water Pumps, Hp Compress or, epc.) 25

Candensation (Water Clrcu. etc. : i
Chercoal Abaorption Plant -
Compression ol Gasol. o | |
Compressic of Synthesis Ges: 525
To 3 Meters of HQO )_'_,500
To 10 Atms : S
o \
: : . GPM
Water Requirements . 7700
Cooling Water 150

- Boller Feed Water-



iawcr Requ 1rementé

Blowers-

Purification

Supervisors (synthesis plant)

Sme 11 rereirs, etc.
Filling and cleaning oven

Caondensatl on

Activeted charcoel

" "Repairs (entire planét,) -

1laboratory supervis ion .

Iaboratory helpers -

223)

154002285

i ﬁﬁn per shifv
. 2 men -per shift '
6 men per shift
) '5'*menip;ar*'shift.~
10 men per day
1 man per-shift
2 men per shift
15-20 men per shift

11 men per shift

lo
6 men per shift
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CONVERSION UNITS

0.394 X Centimeters

=  Inches
0.155 X quuare. Centimeters. .= Square Inches
0061 X Cubic Centimeters = Cubic Inches
'3 28 X Mef;@ = Feet
10”: X SquareA Moters S équafe Feet
‘55.50’“‘)( Cubic‘%‘ié}é'- . = Cuble Feet
.70 X Atmosphere’sw " 2  Pounds Per Square Inch
1L.20 X Kg./Sq."Cm. - = - Pounds Per Square Inch
l.h2v X Meters Water - - = P,ounds "Per Square Inch
2200 X Metric Tons. = Pounds’
372 X Metric Tans 0111_ = Gallons 0il
7.86 % r-aer,ric Tans 01l - &'gre,is 011

G.00397 X Calories T B.T.U-
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OroANIC SULFUR ReMOvAL

~ SCREEN TOWER .

T som(re’a”)
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. ORGANIC. SULFUR REMOVAL

i

SCREEN TOWER

The organic sulrur removal screen twer consisted Figure XXI1T

“twor oerforeted sheet. cylinders which were. placed _one,

irside »f the other. Phe fine purifying mass lay in the

nrnular spaece between the tWo perfora.tedrehee{ﬁc}i{riidei:sr.'

t

The inner perforated sheet cylinder was divided int,o

3’everd‘- sections, vhich could. be removed f_rom above. |
This cor.struct,io'x mde it possible to discharge the towex;_:
iﬂﬂwards t.hrough the inner perforated sheet cylinder
The c¢rude gas flowed through the connecting piece "C"'
into the outer annular space of the ‘tower and from tpere
it was dr\iformly distributed through t,he contact nass

h K

intc the central tube 15 order to come out through the

ccr.r-.ecting piece "p" gg purifiled ges-
1 | .



- Freupe XXIIL

SECTION.

" ORGANIC SULPHUR CATALYST MIXER

i
[
!

'/
/v I’“i

" D. . CORP'N 181 CRANK'S BOND
s g g

I
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" ORGANIC SUIFUR CATALYST MIKER

The solid Luxmasse and solid sodium carbonate were Figure XXIII

plrced in the mixer and, after'»vigorous vst_irx"ing for a

few min utes, beoame 2 semi- fluid paste. The fihe material
‘rcm the screening operation was then added a.nd the mixing
cortirued for a short period. The mixer was not provided

with heating coils alt,hough the pasty mss would quickly

3~11d1f'y at temperatures ‘below about 85°F. (32°C"-‘)'.
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THE PRECIPITATION VESSEL

The prec Lpim;i'c:i vessel was 9 feet ‘(2».75 meters ).

5 -

high 2:d hod en inside dtsmeter of 7 feet, 3 inches

o
Ny
o

=otera) nt the top of the vessel. The total free

()

colume uﬁn’.s \bout 2b5. cubic Ieet (7 cubic meters), A
nigh 3= fd atirrer (050 R.P M. ) was fitted in the éenter

5f the wnank end vas used during the Precipit-&tion SteP'

A11 =tal which wes in contact with the catalyst was of-

15-8 cbx:::r.u-nickellszteel. The P!'301P1t3t1°n vessel vas

i

zls2 equ 1p£cd :'or"i‘ndirect (_?‘t{?ammcﬁoug) a.nd dirept

heat &g

~(208)

Figure XXIV
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d

Fraore XX -

" o Izmmcsmmicc
CROSS SECTION

e LS M (5 feel)

) » ]
) B S _
\

)
r

- |~
| .

LONGITUDINAL SECTION

EXT RUDER.

O, 8. CORP'N 181 CRANI’S DOND
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IEE EXTRUDER

The Durpcee of the extruder vas to deliver the cat.a.-. "Figure XXV
1yst, ir smped pieces t,o the drier, and ccmsequently it

vas lecated immedi&tely a.bove the Bu’c.t.ner &rier. I‘o con¥
sist,eﬁ cx e Lu sh:.ped st.eel plat.e, about five feet long,

hith v vﬁxflmi,lflzreter holes d.rilled mto the bottom of the

‘poles :r the" t_nd of t,he U-shaped pla.te than on the other
et .'Jn.: | e'xreSt. t.he Deriphery of the d.rier, the purpose
o ims un-‘angemnc being redial distribution of the ’
.ex-'.,mdéd ::‘x’\.tc!‘it'.l an the trays of t.he Buttner drier. Re-

ol v'*‘"g ir.a i&c :he U-srna.ped plate vas a’ lnrge cylind.rica.l ‘

sernper aboub 1*’* hchos cutside diameter, in the shape of

& croas, .hich romt,ed at 3 R.P. M. There vere also four.

|

reller i}cmpgrs revolving 1n91de the dished.-in perts

vere 8o %ﬂanged that
‘l..\. N

of the 1nrger scmmr. he 888,,

the smnller scrapers elso’ xecvolved at 3 R.P.M.
e ‘ H

into
(‘,.m.lyat plus about 70‘p water, was, mtroduced

ough the 8ix’
“the extruder amd prossud by the 9""&1’9” ehrough

\ttner driei"'f CIET
milllmet,er holcs onto the trays ot the Bu

S o era,ture of
wig 1m‘oort&nt th&t the 'catalyst be at a temy o, et
L

&bout cS)"F uhilo voing ext.ruded
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Firaur e XXVT

Feeded | L-itn'\

&%\ | \Mzsh Screen Belt o

_CATALY.ST . FORMING APPARATUS

o e ESR
‘D, B. CONP'N 181 CRAN"*S BOND
IR . .
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CATALYST FORMING APPARATUS"

it rad been found t.hat. the oa.t,algrst. could; also be

Figure X0T

vy

crmed- into rﬁs byé nistcn-type extruder. T-he cata- -
173t a3 L;ced in 2 1eeder aun and pressed through a
hole from whizh +¢ fell onto a conveyor belt, covered
\-'i'h'e. ri-e rceah (two millimeter) screen. The catalyst
_¥Bg frvm in l‘ y dried on the ‘belt--from 65% water to 60%
Hve.;:er. In 11ing on the screen the ce.talySt rods vere
~tcked, nrd after the preliminary drying the rols broke

"
st the r.ic:-&ed‘;icis.c.; and fell onto tho, trays of a‘mﬁr&er

di'ier .
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Stagger p/di?s. on
_‘H!;‘”;!:ﬂ 'fraz‘ S

. Extrudar
Air Out
f
| — 3 M & £

AL

7777777777 7777777

777777

E |

———

§
%

[22 Vraws
200 mm. oe.

i

7777777

=
_ ]li B . *‘k : l} - ’; - 4

o ,\.‘ _ \: | ‘ . C ON
L PUTTNER DRIER - | o

I 777 777 77 7 T

5

4

o
'D. B. CORP'N. 181 CRANE'S BOND
\ ‘ .
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. 7HE ‘B/PTHER DRIER. -

- —

™%

-y Batoner drler, for drying the formed catalyst
froz whe wxtruder, sonsisted of an octagmal—shaped
.

rrick frume, i ~a1de of vhich vere steam pipes for heat-

teg the cirdiTATing alr. Rotating irside of the drier

verc TWonly-iwo unrdf orm]:y spe'.ced trays. Three fans were

located nenr. 'he center of the. drier to keeP the air in

— s

circulatton f»xd. to blcv 1t unif ormly over the catalyst-
| .

) E.eatved wir wna i"t,roduced. at- the bott -om and left at,

: bout 212
the top of the drior. A temperature of a ‘

o
TE A1 ‘U-irud Uhroughc.xt 'che drier“

(231)

F. was
| <
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Rake fastened
to cylinder

_ € =y _

N - —// [Rotation of
| Bottom

IO I Ao

0
r
>
z

e
(o

=

. SECTION

EIRICHMISCHER

D. 8. CORP'N 181 CRANZ'S BOND -
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THE ETRISCHMISCHER

The Eirischmischer was used for forming the cata- B Fiigu_g' e Xi(VIII
-y"t. tnto okl balls s It coﬁéiétéd’; of ankupright, .

cylinder, about six feet in dia.meter, provided. with a

rotat 1*.3 bocto:n and two scraners and- rakes, which ro-'
wsted in n directlon oppesite to that of the bottom of
the mixer . "The screpers were adJust.ed. to have a minimm

'~1oar«- .ce vetween the sides of the cylinder and the
. ﬁ‘. |

’/h‘ubttg:. ory poudered. catalyst, ccnt.a.ining about 20—50%

-
-

= coarser uat.erial (UP t.p cme m.illimeter) was placed in

‘the :jl*vder ord. the mixing etarted. The bottom ha.d a
P. M.

w

peed sf S R.P.M., ard the scrapers & sPeed of 60 R.

o

¢ the srart. About 50p water was sprinkle,d on the

catnlyst ,H rmd :ftcr some' timo the R.P.M. of bOth the

bottcm and scra pers were doubled. 704 of 'the °mr33d

C“ValJSt r‘ould be recovered a8 sized P‘.’f}'ti'\c;l?s‘



 Fioure xxx 3

. ~Reouction Charseer
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TN

. o
The reduct.ion chamber consisted of a squa.re steel

Figure XXIX
:box, 63 inches square by 16 inches “highy with a cone- |

',V”_shaped LoD and bo'c.t,om aecticn. The total height of the

).

~r.ah.ber was 52 lrches. A fine screen was placed on the

bctto,.a 551 the square box o support t.he catalyst and

' hydrvgeq wes irt,roduceﬁ. atf“che top cone section a.nd. pe.ssed.ﬂ
|

- downwerd over t,he cat.a.lyat. The top section was on hinges

and wes Oponed when introducing fresh ce.talyst. The’ ‘entire

chamber wes on a rotating axis so that 1t. might be inver’ced
wher. rP'noving the cat,alyst- The reduction chamber held

eboat 21 cubdlce feet. (oOO liters) of cabalyst and had e

e synthes s’ chamber charge-: 1900 :

|

.:d»uly cr.nacit,y of about, on

pcurds (850 xnograms) cobalt..



(.LS1r0v23)

oo\9

I .
| _ Ot o - |
L - J *h. UL
= ! = I =
- = T \
ol
“| |||||||| b - I.-..WL-.I%Ol L e e S _" —_——l ey —_—— 4"
G — 1 3 . R A . | -
“ - ! - o b %o oqino(o b %o i \ul ..W
an ) ! 8 m t— [e))
; L) 3l : S|
( _ { a
(B8€0J09) _ A
= » Sascl ail 1
_ >y
- =i i
[o]
_ mm% 1
- vl’.! — . m b “ !
~ b .
|
_ ! o oo d o o
_ -,WPF P
. / T
\_ ﬁ ﬁ .WQ; ‘ ’ . - 3 N ’
088" ”
7 - 000S _‘, _
g-v NOILD3S 1
]
i . )
- ]
SUZE ]
ny "
=111

cOon2003ST



154 008’304

‘234)

RF{\CTION CEM*WIR FOR USE AT ATMOSPHERIC PRESSURE

The contact -chamber for use at atmospheric pressure - Figure XXX
Z=gure 2%

ves in the form of a rectangular box 16 feet (5 meters)
10 b;foeet (1.5 meters) wide by 8 feet (2.5 meters)
deep.  The cross sectional area of the chamber was there-

fore =bout 80 square féét \(7-5 square meters ). -The total

free volume of the chamber was about 440 cubic feet (12. 5
sublc meters ), but due to the void.s only about 350-590
cubic feet (10-11 cubic meters) .of catalyst could be pla.ced

i~ the over.. This catalyst vvoluma corresponded to 1_900-

2500 pounds (850-900 kilograms) cotalt.

3yn tbegié g,aé ehtered at the top of the synthesis'

"h&mber end prssed downwards. ‘through the ca.talyst- The

Y

'»C&t&lys\, rested upon hinged gcreens which could. be opened

) . The re-
to ereble an easy e'nDt.’lins of the catalyet mss h

! ater-
ection heat. cf t.he Synthesie was transferred to.a W _

_,,_.:.b_,/*"‘” ﬁ.». _“l‘ - R am.ﬂ
cooled pipe sthem and led off in the" form of -stea

4 was
The cooling system was therefore under pressure an

-~ h
connected with a boller drum which was fitted. wit,h the

-norrirl steam boiler accessories «
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_The rectangular chambers vwere traversed._by_sea,mless—boiler“

tubes in horizontal direction. Vertical to the boiler ‘tubes were

steel shéeta_.» havlns a thickness of about l/l61nch (1.6 miiii-
meters ), spaced at intervals of 0.3 inches (7.4 millimeters ).
order to obtain good het‘a.tit.ransfer from the steel sheets to the
boiler tubes, the latter were expénded to fit snugly into the
noles in the steel sheets, by forcing a btall through the tubes.
mch. f\:}mmﬁer had a total tube surface of 4300 square feet (40O

aquere meters) and a total fin surface of 38,700 square feet

(3600 square meters) for a total cooling surface of 43,000 square

feet (L0D0:square- n_ze'cers ) . o : ,

e = 20

. . . \

The 'wefight of the atmospheric pressure chamber, no insulaticn,

. wasg abc—a‘c 90 OOO pmnds (b1 tons) ‘ oo

. . . '. . e
I . [T

t was stated bba.t. the ideal rea.ction cha.mber would consist.
of woter-cooled aluminum tubes O.4 1nches (10.millimeters) in

dinmeter, with O. 03 inches (0-75 millmeters) walls and about 15

Te (h -5 mt,ters) long. Idea.lly, these tubee would. be filled

th
with catalyst of the highest poesible a.ppe.rent density and wi

- 1 size. It
the highest porosity in about’-O 5 millimeters part.ic e Sl

the tube
wes thdught that having @ temperature increase along

h ' dvanta eous
in the direction of flow of the gnses would be disa g 5
' of methane -
‘0 1 f 1n| r"oduction would “be ‘decreased and the yield han
Since e produ

increased .
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REACTION CHAMBER FOR USE UNDER PRESSURE

. The contact chamber for use under pressure con-

b ‘ Figu.re XXXI
sisted of a wrought iron cyl:lndrica.l boller in a ver- .
tice.l posit,ion, fitted wi‘bh a double pipe system be-
_tween two, top and bottom, tube sheets. The ,ca.talyst
wes placed in the annular ;pacee between the inner and

| outer tubes. The cooling water occupied the space
arocund f,.he ocuter tu_beé and f'lowed through the inner
tubes - "I‘his_” ééoling system appeared to be mich better

~ than the. combiné_i;ié__m of fins and tubes used "in .the |

atmoepheric pressure chamber.. The steam accumlation N

system was simi]n.r to that described for the atmos pheric

l
' .

. pressure chamber. - _ ,

The high pressure 8 ynthes is cﬂal.x‘x‘ibve'r"w'as 9 feet
(2.7 meters) in diameter, 15 feet (4.5 meters) high: It -
had a total volume avallable for catalyst, of 350 cubic
feet. (’10 cubic meters) and could be totally £illed wit,h

catalyst; This volume corresponded to 1900 pounds (850

‘xilogrems) cobalt. o
Thé a.nnula.r apace into which the oaté.lyst was placed vas

0.k mches (9 millimeters) wide.‘ Each pressure chamber .

Lcontained 2 Ohh such—a.nnula.x‘ spaces. The total\‘coolingv

1
v

1
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“

~gurface—in—the chamber was about 22,600 square feet (2100 square

_meters ).

While this docling surface was only about ha.lf that |
in the atmospherié pressure .chamber 5 the pressuré chamber waé
thought to be more efficient due to the fact tmt all the cool-
i.ng surface was directly :Ln ccntact. with vater; The weight. of
v.the 1ron in a pressure chamber, exclusive of insulation, con- -

rectichs or boller, was 108,000 pounds (bg tons ).
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