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Table V oprosite contalns the estinnted Gatalyst, Cate.l t.{,

. 4y8
nt’ requirements f‘or as Plant, -
plﬁ ynthesis 1nstalla.tion to pro-

. Reguirements ‘
“ [N . . 4 g N
duce h800 be.rre1§ of Q11 per day (200 006 t of 27 v

- °511 Table V -
‘-per yéar) . The oil yield anﬂ_ the catalyst life vere. "

affected by -the pressure under which the ByllthBSIS_EL

. action was carried out; a.nd ccnaequently the estimates

mve been given upcn the baaes.

o v [

N :\ ;
il 2 Atmoepheric\ pressure °Perat10n, S

-

k-p Sevgn atmoapheres pressure operationt

E N TR
\\ o, \ ~ . - .

s

This table shcws' 272"

I

. quired for the’seven atmoapheres p]a.nt whﬁe 332 cha.mbers
vould be requ 1red for the e.tmospheric pressure plant. _
xhv tnuz~ cohalt, requi.remnts vould be, respect.ively,

552 Dvo I“"u'*ds (251 tans) erd 662 ooo pounds (301 tons),

; A .
ismd t.hx, qfa“t. ities of ee.talysyl\ that would. have to be .

mnufar-tur(_d dp.ily Would be 9000 1"3“"“‘le (4 t.ons) and 17,000
o U \
. .

|

pourds (7.5 to“.e) respectively.

S -3
The ltem -included &L= the bcttom of the ta‘oﬁlaﬁi(m a N

d.
Buildfna a.nd muipment‘“vas based. on & completely house

the
| Plfmt. ’ It. was estimted that the figures shcnm 1n

\
‘ /5 _ghm when tha
f't&bie cOuld be decreased by 897’ﬁ“°h a3 Vone .
expoeure of & large-part

1t

' climt 1c cbrdit.ione would permit

i3
0,:,

of the ‘equipment .
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The following tabulations give the cast of”oa.talyst . Catalyst
" _Costs

mnufe.cture i‘ollow ing the Ruhrchemie met.hods but. using
'"’Americe.n raw mteria;s" for th_e ea.tiﬁ:yst. The item adbout

"vhic_h' least was known was the labor reciu_irements‘.*
4 - . . .
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C(aks)

s Cost of Catalyst
.

Basis. 1, -000° Kg. CO = 7,000# reduced ca.t.a.lyst*-

Debit.v 4 Ii{‘, C L
—-Cost -of Re. Nb.teria-ls &ni Che .
Cost of Iabor at 75¢ man hr. ql;cals $3 35.6% 88 :
*Cond.ensate Water (Washing) at’ 20,{ to 26 00
Ceooling Water at-1/b' d ton —o- - 8'50 ]
Pover at 1/2 ¢ KWH s 1720
Total Debit . K $3 762 ‘50
Cost of Ca.ta.lyat (exCJ.. F. C. ) ﬂz 20: $o 54 per 1b.
T 7000
Cost of Reworking
_ Bas:.s._ 1,000 Kg Cotalt
l Debit., ‘
Cost  of Chemicals (Incl. Ma.ke-Up Cobalt r~$ -888.00
Cost of Iabor at 75¢ mn hr. 1500607
Condensate Water (Washing) at cOy.‘ ton |+ 26.00¢
~Cooling Water at l/h £t L .. 850
Power at 1/2 ém 3 "{ _____J;?_.QQ
Total Debit - L ?fi‘,‘o89;.50

"Cost of Reworking Cat. = $ 7020020 = $O 155 per 1b.
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- The following tabulations were- mde up from data

given by Ruhrchemie. It will be' noted ‘that the ca.pital

costs’ for the syn’chesis plant vere not given upon the same -

basis as the data upon ca.talyst requirements and utilities .

In view of the numerous interm-etations Lhat might ‘be g:!.ven" .

Pk

I —

“the various- itens » no further ccmversions were attempted..

It would be: helpful to have official figurea for a complete

pla.nt, a.ll 1tens ‘,being upon a single basis, preferably

upon a. given c:il production.

(245)

Capital

— -.Costs



CAPITAL COS’IS TOR SYNTHESIS PIANT v

(Basis. Capacn-.y of 40,000 M3/Hr )

. = 34,000,000 Cu.Ft. /Day

155002472
" (1u6)

Dolrlar‘s—.

Misoenaneous :Supplies (Psb xaar) 1oo, 000

Low Pressu‘r'e'“‘P]ant»: R.M. . IRM=$ .40
HoS Removal " 500,000 | $200,000.
Organic Sulfur Removal 350,000 - 140, 000. -
Low Pressure Ovens (59) - 3,840,000 - 1,540,000.
Low Pressure Condensation’ - 250,000 . 100,000,
Low Pressure Charcoal Absorp. 800,000 .. 320,000,
Low Pressure Compressors T0,000: 428 000.
}.cw Pressure Blowers 87,000 . 3 ﬁbh,zoo.

5;897,900 $2,362,700.
_ ' ‘Dollars

High Pressure Plant: | R.M. . 1IRM=$ )+O
HoS Removal - 500, 000 $200,.QOT_OV.
Organic Sulfur Removal - 350,000 . 140,.000.
High Pressure Ovens (56) 4,030,000 1,610,000. :
High Pressure Condensation .250, 000 100,000.
High Pressure 0il Absorp. 600, 000 - 240, 000.
High Pressure Compressors ¢ 880,000 __j_zq,_gc_x_)_:.

.' | 6,610, 000 $2,640,000.
41 g
Operating CGosts v
. - . {
) COL .. ' Dollars
. RM. g ‘IRM=$ ll-Of*,
\\ ~—“‘--—-iv—l‘-—""“"' - -7 ‘JQ ¥
t'?h-'intenance. ('1-1/21' Per Year')‘r‘ ‘ $ uo 000.
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(147)
CAPITAL Goats. FoR SYNTHESTS pra
. NT
TO PRODUCE 4800 o LS OIL PER
| I, ) s E
- (as3vtied )
) e Dollars |
Low Pressure Plant' e RMLLY ‘ 1RM=S ,ug i
B8 Removal . 2,810,000 1,112 ooo.'pl
- Organic Sulrur Removdl _ - 1,970,000 .790,000:"
Low Pressure Chambe;-s (}52) 21, 600,000 8,640,000
- Condensation Skt - 1,1&10 000 - 560, 0007
Charcaoal Absorption | 4,500,000 1,809,099
. Compressors - .. 390,000 156, 000..
Blowers ' 490,000 ~196,000.
_- ;} +170,000 5 5. $ 13 ,254,000.
x_-‘; } 4 ‘ __#‘7 ) Dolhrs
\High Presaure Plant 2! B lRM=$ 10
‘HQS Removal . 2,440,000 - $ 976 000,
‘eanic Sulfur. Removal' .+~ 1,710,000 : gﬁ"f gog
h Pressure. Chambcrs (272)" 19,600,000 7,840, Q0.
adensation - S 152201000 488, OOO'VQ.
011 Absorption - 2,930,000 1,170,000+,
Compressors - —-'-9—2-—1‘ 290,000 L 112,000

32 190, 000‘ _$12 ,873, ooo.- :
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(lk8)
UTIIITY REQUIREM?}I\ITS
Ba 1 protuce ooV
: 31 92 Tens Liquifl Prod.uct Per D&.Jy =
820 Bbl. (he)/na L
' Fuel Re uirements _ Gu.s with HHV = Cﬁ Jt ./Da
. Organic Sulfur Remowul ' o 1,010,000 ..
_;;.Absprptipn Sysbem (Press. Cperatibn) . 190, 000
Phenif : 1’ '

Be&t Ovens and Regeneration (52 Ovens)

1 . ¥ T r
Steum Re uirements (1 S .In. S . it/Er.
‘To Strip Out Gasol, - ' : 3,500 -
Tc. Strip Out Light Benzin 12,_14-00 -
Tétal for Charcoal Stripping . -22;900
Powe:" Requirements -+ - ' IR "/’._,/;,L
© Organic Salfur Removal (Blover) ‘ 32
_ Synthesis (Water Pumpa, Hp. Compressor, etc. ) 32
 Condensation (Water Circu, ete.) - . i:]‘:lc»
Charconl Absorption Plant 52' '
Campresaion_p; -Gasol. ' - 0T
Compreeasion of Synthesis Ga.sf ‘ 525 ,
_ tTo 3 Meters of HgO‘ Tl 4,500
BERE i . » .
7 To 10 Atm. T
R S FGPM.
Water ‘Requirements o R e
,,.M.nCooling Water 130 .

Boiler Feed Water
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Iator Requirements

Blovers " 1mn per shift
Purification o .2 men pérshift

Supervisors (synthesis plant) - 6 men per shift

I Sxm_.ll' repa.irs'., etc. o 5 'méh"fer SThifp

Filling a.m‘i'cleé.ﬁihg--.oven L -'10 men; per day
o ¥ BT " A '

St g

C&mdensatic_m C ‘ . - 1 mn per shift

Activated charcdal - ... -2 menp?r Shift

Repaiz's"(entire planf) ' 15-20 men pe‘rvs?ift“

Iaboratory supervision 11 men pér shifit

-Ia;bcmtérjr helpers 6 men per spifﬁ
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.. 0. 00397 X Ca.lor:lea

15500247
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, CONVERSION UNITS

L S
‘0-39‘+ X Centiméférs‘ . =T
' - Y
Lo

0. 15‘% X Square Centimeters =.
O 061 X Cubic Centimeters '=~ Cubic Inches

"

lO 76 X Square Meters '~ Square Feet

5530 x Cubic Meters .= Cuble Feet- .

A‘,,

114.7_0 X.Atmospheres = “Pound.s Per Squarge Inch

e g

14 203(\“’%3 ;‘Y:S‘q.“Cm. = APounds Per Squars Inch
e X Metera Water = Pounds Per-Squars Tnch
2200 X Metric Tons .- 7 =  Pounds . =

372 x Metric Tcna oir . =" Gal‘lonsl 01;

"

Barrels 0Oil

8 86 X Metric Tons .«011
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I

o Y

The orgmic sulxur removal screep twer ‘consisted.. o

ﬁiwside oi the chqr. ine fin‘ I;urj_fm mss lay in the"’i..»'

I, "’hie

o}gmwerds thrcugh the inner perforated sheet cylinderf

o ' ’L .,
he cride A8 flcwedv through the connecting piece« 'C"
i o i :

1nto the suter annular apa.ceﬁ_of the twer and from there“

1t vea ur iformly dist.ributed. through the cantact me.sxel :
“— 5 ‘éﬁ}‘., s —y T

into t,he centr&l t.ube in order to comeiout through the

ccnnect._ingr plece F as purified gas
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ORGANIC SULPHUR. CATALYST MIXER

. . ,;lv ~~~~~~~~~~
i .

I

—_—m_
o, 8. OORP‘A N 101 CRANK'S BOND .

/
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(ORGANIC SULFUR CATALYST MIXER

N
LR

' The salid Luxmasse and solid sodium carbona:te were - Figu reXIII
pla.ced. 1n the mixer and, after vigorous stirring for a -
few minutes;*"became a semi-fluid pastes The £ind: naterial; |
-from the Screening operation was then edd.ed and the mixing
..continued for a shor‘b period.,, The mixer .was not. provid.ed. -
with hea.ting coils although the pasty nass vou]d quickl,y “

solidify at temperatures dbelow. about 85°F (32°C )
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‘high and had an insid.e

. L

"',high speed. stirrer (990 R.P M.,) was fitted in the center,_'

ff"aleo equivped for*® 1nd1rect. (steam coils) and d.irect

THE PRECIPITATION VESSEL
R i, . . i

1

- .1'.", .

. .
. The precipitation vesse} was«g‘ feet (2 TS5 met.ers)
R l"‘«‘t P ".

. mmeéer ofJ? »‘feet 3 inches

,‘_‘(ﬁ*me;t(ers )Jat the op of the vessel. The total free

"volume was a‘bcut 2h5~cubic reet (T cubic meters) s

'vof the tank and was us'ed. during thc m'ecipitation step.

f

All metal which was mv con‘ba.ct wit.h the oatalyst was of .

18 8- chrome-nickel steel. The precipit.aticn vessel vas

|

. '
S wr AT

j heat_i_,ng .

155002483
G34)

Figure XIV -
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(1)5)
The purpose of the extruder was to delivér the cata.- T F L e

lyst in shaped pie?.es to the drier, and consequently it
1

wgs located 1Jmnedlately above the Buttner drier. It con-

4 =

sisted ot a. U-shaped. steelvplate ,,4a.bout five feet 1ong,
with six millimeter ho[les drilled. into the bottom of the

’The holes were so dist,ributed thai; there were more
CT L.. ks L.

holes an the end. of the, U-shaped plate than'on the other

that was nearest the per.tphe,ry of the d.rier, the purpose

'of this arrangement being ra.dlal distribution of the _

iy,

extrud.ed. mterial on'the trays of the Buttner d.rier.' f%eé

[
\

volving mside the U ghaped plate wa.s a Ja.rge cylind.ricalv

: 8craper about 16 inches outside dJ meter, 1n the sha.pe of.

sar cross, which rot.ated a.t 3 R.P.Nk r"here vere a]so four

snnlle,r 8¢ vpers revolving :Lnsid.e the dished.—in rRris
) f,j» “

of the. le;i'fger scraper- The gea.rs were 8o arranged that

.. \:»

) the snaller scrapers also revolved. a'c 3 R.P M

l' w T P —

Catalyst , plus a‘bout 70‘/a water, wa.S’ introduced int.o .

the extruder a.nd pressecI 'by the scra.pers through the six g

1

mi‘llimet.er holes ont;o the trays of the Buttner drier. . Ii}_‘_,._

was 1mportani; tha.t the cata.lyst Ii‘e at a temperature of

i

about 85 F. while being extrude”d. i



- Fwaure XVL
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CATALYST  FORMING _APPARATUS

!
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CATALYST Fomm G APPARATUS

Ly
R
Lt =

T . . Lo . b —

It bad been”‘romd thatitﬁe'eatalyst could also be  Figure . XVI

formed into rods by a pistcrn-type ext,ruder. Theﬂ?c‘:é.’i;;é.b-:“

lyst wag vh,e¢ m ,eeder gun and presseu t.hr*\ugh a
S T
hole irom which 1‘17 fell ato & conveyor bel‘o ’ covéred

"j‘if;with e. fine meah &w millimeter) screen. The ca.talyst* -
was partially d.ried on the belt--from 65" vfater to 60%

'wat,er_. In fe.lling on the screen the catalyst rods were

nicked., and after the pr '~1nu.nary drying the ro@s hro

t_l d B -9”' !
atwffhe nicked pointa ﬁpd fell ont.o the tra.ys of 8. Butt,ner

p B -

d.r.-d.e Tr.
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\ er plates ;;
AMlternate trays |

27777 77

777772777077 777777 77707,

BUTTNER,. DRIE

% P‘N' 181 CRANE'G BOND
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C (s

W
THE BUTTNER DRIER

Ve T

w |

The But ner drler ,' or d:rying the formed‘ ca.talyst VV

‘i

Figure XVII

. frem the. «-extruder, ::onsisted of an octa.gonal—shaped

iy
2

briqk frame, inside oi‘ which were steam pipes ;or he' -

; ;-

. ing the circulat.ing air. Rotating msLde of f‘the drier .

vere tventy-two uniformly spaced tratys . Three fa.ns were

L e

,cloc:atod near the center of the d.rier to! keep the air_in

-circu]z,‘ hn and to blow iv unlfqrmly over the catalys‘b-.._,_.'-

* b ‘ .
=Bea‘oed. air was mtroduced. at the bottom and. left at ol

the top of/‘ the drier. A tempemture of about 212 F was

mint.ained throughout the d.rier.
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*|Rake fastened

' = to cylinder
) ! ~ .‘.“' - { . ) .
: ' ‘Faure XVIT
- f . -. . ‘.::; | ) B .E\_ . o ) .
B i | : "
I B - - o8N ;]a A -
, N L ey
- i —
8! A s T
T T /T (Rotation of,
I S ./ |Bottom
X 0

Y SECTION.

mRcHMCHER

D, 8. CORP'N 19) CRANE'S '



155002489
(158,

The Eirischmischer was used for forming the ca.ta.- Figﬁive xVIII"'

- 1yst. mto smll balls v It cons‘lsted of an’ upright
cylinder 'y a.bout s:Lx feet in. d.iameuer, provided with a -
rotating ‘bottcxn and twO scrapers and:. ra.kes which ro-

teted ine dix:ection opposite to that of the bottom of‘"

t.he mixer. The scrapers were adjusted to have a. m;l.ninmm'

T

clee.rance between ’che sides of”d:he gyli‘nder a.nd. the -

bottom. Dry gwdered catalyst, conte.ining about 20-50’ ;

M -

| of coarser naterial (up t.o one millimeter) vas. p]aced “in»

t.he cylinder and. the mixi.ng started. :

speed of 5 R P M., and the scrapers a speed_ of 60 R.P.M.
at the sta.rt;. ., About 50‘% water was sprinkled. on t}he
catelyst, and after seme 1time the E.‘P M of both :bhe

bottom a.nd. scrapers were doubled.. 70 ofmthe charged

"atalyst ccu]id be recpvered as sized particles .
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F I'-GURE‘_-: XX -
ReoucTion Chamer
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(159)
THE REDUCTION CHAMBER
The red.uction chamber consisted of p square steei Fféu_re ' XIX

"*._box, 63 inches lsqusre byﬂlo inches high, with a cone—

10

' sh&ped top a.nd. bottom section. The total’ height of the

- chaniber vas 52 inches. : A fine screen\wa.s p]aced on the ‘

_‘bottom of the sqmre “box to support the'\catalyst a.nd

hydrogen was introduced at the--top cone sectiozn e.nd passed 7

"downwe.rd over the catalyst._ The top section was on.hinges
L i

"-:‘and WTS opened when introducing fresh catalyst. : The entire '

J'."“cha.mber was on. a rotating axis so tha.t it might be inverted.

when removing the oa.talyst. The reduction che.mber held He
} ! ,r | . ___..k,' /]T A -
about 21 cubic i‘eet (oOO liters) of cata.lyst and hed &

@»d.aiiy oapacity oi‘ a.bout one synthes is cha.mber cha.rge--1900

: pounﬁs (850 kilograms) cobalt
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' O ¢ _
'REACTION ,CHAMBRR. FOR USE AT ATMOSPHERGG PREcciibs
S22 0N CHAMBRR § AT AT o e
SRy ’ ATMOSPRRRIC PRESSURE ' &

. AR . N
AR . A

KBS

ir lThe contact cha.m'ber for use a.t atmospheric pressure v

,was in the form of & rectangular box 16 feet (5 meters)

,1m3 by 5 f‘cet «(LQ meters) wide by 8 feet (2 5 meters)

d.eep.‘ The 01‘033 Sectional area. of thé 'cham‘qer was there-

: ,fore axbout 80 square feet (7 5 sqgare meters) The total
) s ; f

free volume of the chamber wa.s about th cubic feet. (12 '3

; {1
ycu'bic meters) » but. d.ue to the volds only a.boht 350-390'
S g s

‘ cubic feet (10-11 cubic meters) of catalvst could be vplacecl

I

s

2000 pounds (850-900 kilograns) cohs.lt.

Comerhgy ' - 3 : : N . -~

Synthesis .gas entered at the top of th‘e'/ sVyn'thesis'
i -chamber end pa.ssed downwurds through the cata.lyst The '
| taly'st rested. epon hi‘.nged screens which could. be onened

;7"'\

- to ene.blc, an 'easy e:nntying oi the catalyst mass._v T_he: re-

| .8-6t§£on heat of the synthesis wes tra.nsferred to a wa-ter- ‘

' cooled pipe sy‘atem and. led off in the form of steam.

herefore und.er pi'/es”‘ re—ana—was

4
""'”cgirmect,ed with & boller arom vinich ¥ _ r-'f;ltted with the

The coolir?,g system vas t

norml stea.m boiler accessories .

An tlﬁ oven This - cata.lyst volume corresponded to 1900- o

(260
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, The rect,a ' . S
L ngular Chambers were. 1"1“@'~Verse<1 by seamless boiler

tu'bes 1n. horizcmtal d. = ,
\ irection. Vertioal to the boiler tubes Were ‘

- steel Ehee"s' hﬂﬂns . thickness of about 1/16 tneh” (1 6 m:L:Lm- -

ol

meters), spaced at intervals of 0 3 1nches (7-h millimeters)

order to obtain good. heat transfer from the steel sheets to the -

\

. *boiler tubes s »the latter vere expanded to fit énugly into the N

. holes in the steel sheets, by forcing a ball through the tubes .

_Each cl;amber had. a ‘total tube surface of h5oo square feet (40O

SQuare meters) a.nd a. total f£in surface of 38 700 square feet

b Ty

(3600 square meters) ,'for a total cooling surface of 16 OOO squa.re

feet (1&000 square meters) SVE R
_The- weight of thb“fatmospheric Pressure cham'ber, no insulatioff:

b

.was about 90 OOO pounds (l&l tons’)

It was ste.ted that tﬁe ideal reaction chamber would consist

o

§ o

of water-cooled aluminmn tubes O 1& inches (lé) millimeters) in

‘diameter, with 0. 05 i.nches (o 75 millimeters) walls and about 15

'feef (‘+ 5 meters) long ' Ideally, these tubes would e filled.

Vith catalyst of the highest possible apparent d.ensity and wit,h

'the highest porosity in about 0. S milLithers prticle size. . It

V&S thought that having a temperature increase along ﬂlembe,

in the directim of flow of the. gases would be disadvantageous >
the yield,t of msthane

since olefin production would be decreased a.nd.*

; increased .
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' BEACTION CHAMEER FOR USE UNDER PRESSURE 155002459

The ccnta.ct cha.mber Tfor use. under pressure cos-

(162)

~

6

sisted. of a wrought‘r' iron cylindrical boiler in a ver;

tical posit.iqn, .fitted. wi‘bh & c'louble pipe system be-

1 oy

Seh,

.;__tween two, t,op \nd-vb'bttom, ‘tube Sheet.s The ca.ts.lyst

wes placed. in the a.nnular spaces between the 1nner 8:hd "

l

. uter tubes v . The cooling water occupled the spsce !
, around the outer tubes und :lowéd through the 1nner

tubé_s,. This cooling-,js‘yst‘._em ‘appeé.red. to be much better

than the combination O‘?\“::“;qs‘—and wbes used in_ the ST
e < .

atmospheric pressure chamber. ‘I‘he steam a.ccumulation T

system was simils.r t,o tha.t described. ior the atmospheric -

pressure chamber.
'\*
i T i

: The high pressu.re synthcsis cﬁamber was® 9 feet

(2 7 meters) m diametsr, 15 Ieet ‘(u 5 meters) high ]',thf

had a tota.l vol:,unm, avallaplie for ca.ts.lyst, of 350 cubic )
' - B - L

feet (10- cubic met.ers) a.nd c@uld be t.otally filled with

cats.lvst. This volume corz;espcmded

_o 900 pounds (850

. kilogram) cobalt.

'”The’annulsr syace into which the\catalyst was placed-W,s..s :

’O h inches (9 millimeters) Wid.e. Es.ch pressuru chamber -

The total ccolinsz

contained 2 Oh»h such annular spaces o

_ Figure- xx-i
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gurface in the chamber was about 22 600 square feet, (2100 square
met.ers) While this cooling surface wa.s only a.bout half that.

%n the atmospheric Pressure chamber, the pressure chamber was’

LN

f? thought to be more efficient d.ue to the fact that all the cool-

1ng surfa.ce vas d.irectly :Ln conte.ct with water. The weight of

the 1ron in a pressure cha.mber, exclusive of 1nsu1ation, con= .

nections or ‘boiler, was 108 O

Q pounds (k9 tons)n

Ly
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