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SUMMARY , .
lue to the large amount of information
obtained, this sumnary can oanly give an outline of
8some of the most important subjects. More detailed
information on these ana the other subjects 1g to
‘be found in the report itself.
’ In Holten the synthesle gms ssmrduced £rog
ocke in watergas generators. The waterges produced
donteina'oarbon-muo;ide and hydrogen in ratio ] : 1.25,
whereas a ratio of 1': about 2 is preferred dr synthesie
by Ruhrohemie, at least for synthesis at normal Preassure.
. After H,8 'purification,v therefore, 1/3 of .
the watergas 1s sent to & conversion plant, where the
gTeater part of the CO is converted with steam into
- kydrogen and co,. - o
~ The mixture of converted.and -original water=
“gns oonatitutes a syntheeis gas with the desired’
ining 15 - 17 % inerts. After
rgenio sulphur down to max. 0,2
is sent to.the synthesis plant.

i mmmltmvlmfm*sim‘“‘““"
Xy ,mw(u,ooo ‘t/year), for
40,000 %5 symhssis gas per-hour
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‘This part of the Plant ig 8radually being put into
operation. ~
‘For the production of the required watergas
11 generators with a total rateq capacity of about
80 - 90,000 43/ have been installed.’ :

. . When wpri:ing at atmbapheric Pressure, a
¥1eld of 120 grams 11quid product plus 12 grems Gagol =
C, and 04 Per m3 ideal synthesis 8as (= gaa consisting of
qundlz oniy)isobtu.ngd.’ o :

Waen working at higher Pressures the yielad

. increases to 145 grams 1iquid- product plus 7 - 8 grams
Gasol per m3 ideal gas., (Theorstically a yield of 205
&/83 can be obtained if theCO-is completely con-
verted into liquia hydrocarbons). - -

: Charscteristics of products obtained when
operating at: S e

T . nommal Pressure higher Pressure

L.B.P, o S %°c. e g
--=100°C - - T 28.5 % by wt 17 % by wt
=-200°¢C ] i ) ‘61_5 A} " 42 " ‘ﬁ.‘

) ‘.32'0_.c; . SR - 88.5 n » 72 " w
 O.N: Bes. M of gasoline . o o
- . Endpoint 160°® 57.5 39
O.N. Res. X of oline : .
.. Endpoint 180° "51.5 . 32

T Synthesis under pressure Yields more total
"p‘rogmot, shich at the same time, is heavier, Te process
under- pressure requires ‘Bore-energy and no ‘conclusion
"can as yet be drawm which of the two processes 18 to.

‘be preferred. o '
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. In Holten the primary product is worked up
. distillation and oracking, ’
Nota:
For full details about the properties
of ‘the primary products obtained both at
nomal and at elevated bPressure see Annex P
(4 sheets). )

These sheets have been taken from the Ruhr-
chemie's Report submitted to the U.s.4.C.
partners accordi’ixg to Article IV of the
agreement, :

Catalvatg,
The catalyst used consists of a mixture of
Cobalt, thoriumoxide ang magnesium oxide pPrecipitated
on Kieselguhr. _ S
In Holten a‘latgé catalyst plaht is available
which serves besides Ruhrchemie's synthesis plant also
several other Fischer plants in Germmany. This plant
regenerat ©S Spent catalyst together. with-a- certain
Tquantity of fresh materials to ‘make up for losses,
 ®hich amount to about 3 - 5% per year.
v oo oo - The metals are ‘dissolved in nitric acid and,
‘after purification of the solutions obtained, precipitated
83 carbonates on Kieselguhr 8s & carriér. The precipitate.
‘18 dried and then reduced with .hydrogen. The ‘size of
catalyast partiocles varies from 1 - 3 mm,
’ One synthesis converter holds about 10 m3
(=3 tons) of catauex;.cmaming~about‘-85~o-=~9oo“k‘g“’“
Cobalt. . : . : '
Gaf}blyst life when-operating at nomal
PTESSUre amounts 0.4 .~ 6 mantha - oo oo
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FIRST MRRTING 1.8, LUDWIGSHAFRN
. .

Tuesday 25th October 1938,

Present, from:

Standard New Jersey: “Scharmann
: ~ Roetheli
o ' . . Spicer

Kellogg: Keith

Wara
Johnson
Ribblet
Roberts
Mansfeilq

. I.G. :- : Pler B
‘Ringer .
Petérs
Hofeditz
nwietzel

TVH.B.C.Cu: Tillmann
' Van t¢ Sp1 jker

vShelJ.: Langen wvan dep Valk
’ . Volkers, -,

[

e

. Ruhrchemie's report was unavallable for distri.

yet been Teceived, which, however, was expected any
moment , Proposed to atpdy r'eport the next feyw days
' and after that Visit Ruhrclemie at Holten. -



060277

-9 -

The Ruhrchemie's repox-t vas handed over on
iledneudny evening and it was agreed that on Priday Ruhr-
ohemie would g8ive further verbal information.

Friday a.nd Saturday 28th and 29th Octobox-.
Present: same au uentionod above. Moreover from:

Ruhrchemies Poiszt
. Willke

I.6.: Winkler.

Sabel

Fritsche

Meisenheimer.

The rirst subject to be discussed was the

catalyst, the manufacturing of same and, sﬁbsequently,

the pm-:ltication of the gas a.nd the catalyst plant _Proper.

CATALYS‘! .

Inromtion 51ven by Dr Peisz (Ru.hrchemie) .

HISTORICAL MA.

Dr Peiazt etu-ted with a few historicel data. -

. L !l'en ypa.rs ago tests were commenced vith Pe and
a.lso vith N1, srnth. gas (co + 82 in proportion 1 : 2},
vith Ni as catalyst, produced mainly saturated hydro-
oarbons with a rather large percentage of methane. There-
after Co was used, with the ‘addition of Cu, which allows

-—vo’t:l.ng~¢t*-lover"towperature and reduction of catalyst
ix"situ. This cata.lyat .producea .less saturateq hydro-

®oarbons and vas the first to be used on a pilot-plant

"~ 'scale at Holten. Activity and lireti.me of Co + Cu were
rather small. - . b

- v . Therefore, Co-Th catalysts were tried out a.nd
with aa&:istactory results. In the meantime they had
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succeeded in reducing the catalyst in a special furnace
and £illing the reduced catalyst in the oconverters. This
vas a Aifficult problem, as the reduced catalyst ia highly
PYrophoric. Up to 18 % of Th oxide calculated on Co metal

" was used. The metals vere deposited on Kieselguhr as a
carrier and Precipitated as carbonates or hydroxides.
After drying, reduction with H, took place at tempera-
tures between 350 and 300°C. Reaction temperature 1s
lower than vith Pe and K1, with a smaller pProduction of.
wmethane. The Plant at Holten was started with this cata~-
lyst. Aftervards trials were started to replace Tho by
Mg0, the latter being cheaper and available in G_ermany.-(>
The results were satisfactory, if not better. The life-.
time of Mg 1s 1 - 2 months longer and the formation of
methane 1s also less than vhen using Th. '

L "In general 1t can be said that the composition
o? N1, Pe and Co 1s different. Additions of Th and Mg

~‘t0v00h-do'ﬁpbt‘chi¢h_ge the characteristics. The following
frigures may 1llustrate this:

N - GAS CO t'“zll 22 - CO:HéOZ:l
Co Ni 2) Fe 2)
) (18,0, . 3> 350 3
refore  (up % 100°C ' “PBS K by wt | 36K by wt 30 % by wt
to {vp ts 200°C . S ® 72 = 80 -
1iquld (up se Sa0°C S . 95 w %8 o«
M(mf' frestions up to 2000 | .o.e0s 0,670 0.665
only (% olet.0f freotions up to ‘2000 35 . 15 Q2
(asid content =y KON/g prod. " Jup to 0.005 | up to 0.005 roughly 0.1
'] g O,C‘ 1) ) 12 18 24
[ ] 17 32 Q2 L -
<o todal prodiot 1} - , 120 95-100 90-93
eoz 1 3 4 large
useful reastion temp, renge 1835-198 [  190-210 .. 210240 - -

‘ "71) per &3 riorma) eynthesia oes
2) figures given from wemo ry
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- 'I'i:_e."i-eactlon temperature increases from the

sinimum to the maximum in the course of the run, vhich
is_for Cobalt-Th about ¥ months." o TR

K

The content of Th oxide can be v;i.ried from
10 - 20 £'1in relation to the metal Co. The sawe applies
to Mg0 without fmportant changes in the product. If the
ThO and magnesium content is more than 20 £ or less than
10 %, the activity decreases and also the lifetime of the
ocatalyst. -A higher Th content results in heavier products.
No definite data are available regarding Mg. Low Th
content entails higher temperatures, which, however,
affect the lifetime unfavoutrably. e :

. « In general- at higher temperature ‘lover boiling
products are formed;. a Co catalyst at higher temperature
inotgggo- CICBC,‘ _Production, whereas its lifetime 1is
shortened. et : ’

THR CAPACITY OF THE CATALYST.

’ ""The"'av'ex‘agé"l'é&dm on Co“h contact for the yields
18 1 m3 synthesis gas per kg Co/h. With Mg '
-this can be 50 - ‘70 % more and such at a one to two
months! longer 1ifetime. With fresh contact the load' .
can be higher, e.g. 1.200, which decreases then to 0.800
at the end of the period. .

1

S Y
In fig: 1 curves I and II show the variation
of yields against catalyst life for Co-Th
catalysts at ‘different, .. but constant loads of -
1.0 and 1.5 m3 synthesis gas/kg Co/h re-
spectively. Actually when running a plant the
load 1s gradually decreased in order to obtatn
& more constant CO % conversion; this is -
1‘1111';stratéd in curve III for a Co-ngcatuynft.-

x) The i‘igurea}of this ochapter relate to annexes 4, ir
not gtategd otherwisge, :

!
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, Throughputs of from 1700 - 1800 »3/h hate al-
ready been attained. It has been proven advantageous to
&'i'-ge 2 steps working on 70 ~ 75 % 00 conversion in
the first stage. A higher percentage of conversion in
this stage would result in an abnormal production of
methane and gasol. 1Ir a catalyst works'very well and
eonverts 90 £ of the CO, 1t 1s possible to reduce the
temperature vhich, however, will only help for a short
time and it 1s preferable to increase the throughput.

SYNTHESIS AT ATMOSPHERIC PRESSURE.
"2 L OTHERIC PRESSURE.

. . 1In running a plant two different procedures
can be followed: 4 cohverter can .be placed in the first
stage and arter about 2000 m the second étage, or
the converter can be kept for its whole lifetime in the
first stage, using separate converters for the second
stage only. - !ho.proportiox; of the number of furnaces
in first and second. stage-will: be “kept-at-a constant
figire in both cases. ‘ ' :
o - For-design-purposes; when ‘working at atmospheric
pﬁgyu;jo, . the average 1oad on the converters is taken at
TS0 w3/h- in first.end second step together. 'Per ‘converter
850 - 900 kg of Co metal 1s used, which 1s equal to about
3 tons of catalyst with an apparent density of 0.26 -
0.30. At Holten all the "atmospheric” converters can
be used for first and second stage. However, for future.
—phqzr;t-vuu;‘afp_q sufficient to make arrangements that
only 50 % of the furnaces can be connected either to the
first or to the secona step. 'Thus part of the converters
'&re alvays used in the first stage, the CO conversion
Percentage being regulated by adjusting throughput anad
temperature. The important point for conditions in
Germany 1s to arrive at a maximum overall yield of liquid
Products of ‘the total plant. It 1s possible that other
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Procedures will prove to be of advantage, especially’
as experiénce with the pure Co-Mg contacts is st111
uaurricigmt.

The fipst faotor of influence 1s t rature,
—=——=—=—=_—-calluonco 1s temperature.

: With Co-Th or Co-Mg contacts the starting
temperature 1s about 180°. fThe products contain a rather
large quantity of paraffin wax and a high percentage of ,
products bolling between 140° and 280°C. ' As the catalyst
gots older, the temperature has to be'increaaed-,’ result-
ing 1n a lower boiling range of the products. During the
™un the propane-butane production iricreases from 10 - 15 .
&/m3; at the end the temperature of the converter at-
tains a maximum, producing st111 lighter products. The
following figures w11l 1llustrate this:

| first pertod 37 -39 g bo1ling below-150°C .

~middle-period-—— 47 g " o " 1508¢

~endperiod -  55-57% o " 1s0%c
?Sl’ - .

77V At the same time the olefine content and the
acid figure show varistions. The olefine conmtent in ,

- the product boiling up to 2009C varies from 30 % in the

 beginning to 35 % in the miadle and 40 % at the end. =

" Variations in.octane numbers are only slight. '

i

"~ These changes tigicl,..theixi._pnincip&l—i.explanatién;'

in folperatu;'-o variations. - Ageing of catalyst 'is pre-
sumably of no influence. ' '

2. Influence of variation of CO:H, ratio on products.
 Increasing the CO:H, ratio from 1:2 to 1:1.8

results in a higher y_ield of olefines, e.g. of 5% in
~ the fraction bo1ling up to- 150°¢C. The proportion between

T
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high- and lmr-boilug products changas only lli&tly.
the octane xmnber increases only by 1 - 3 point-.

The £ olefines in C Cy increases from 50 to
60 - 65 % (a maximum of 72 € was found).

When decreasing the co:n2 ratio below 1:2,
gradually more and more methane is produced, e.g. with
& gas consisting of 95 ’ Ez and 5 ¥ CO, only methane is
obtained .

7

3. .Variation of the inert content.

More 1inerts Mcpegee the percentage of low-
boiling products, for which reason in the second stage
wore low-boiling products are produced. Yo

4, Errect of space velocity.

Higber ‘space velocity reaults 1.n production or
lighter products. The" ‘question has been put whether the
hei@xt of the catalyat layer oa.n be increased. . It -was .
ansvered that ?‘ v has been choeen on account of the ex-
perience in momi~-technical experi.menta, e.lao because

"this was the largest dimension that could be used in view of
the sisze of rallvay vaggons. The following graph gives an
1dea of the ohange- in product vhen applying a 1arger ’
velosity.

. The graph fidg. 2 gives an idea of the change in
. production of one converter when increasing the
- 8pace- velooity. ~The curve shows ‘a maximum, which,
according to Dr Feiszt, for the atméspheric con-
verters at Holten, will lie botween 1,700. and -
. 2,000 m3 throughput. MF&Q&-QQ—m—B—
‘ _ . ) L
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Bverything that has been stated above relates to
working at atwospheric pressure. The teasperatures mentioned
(&re alvays stoan temperatures in the boilers. It is esti-
mated that the temperature of the gas flow 1s about 10 -
15°C higher. On the active catalyst centres the tompers-
tule will be st1ll higher, mayve up to 100°C.

Reversing the flov of gas from dovnflov to up-
flov gave unfavourable results, vhich must be attributea
to the fact that too much high-melting paraffin wax re-
mains in the upper- layers of the cate.ly;t, rinally re-
sulting in clogging up of the converter. :

R

The pressure arop 13 a converter on normal
Peration, which means downflow, 1s about 50 - 150 mm
vater. After 50 - o days' run a converter had already
coumulatea 1ts ovn veight = 3 tons as paraffin wax. - The
Umensions of the converters._are.about. -5-m-long-x-1:5 m~—
1de” x 2,5 m high. The free space in the oven is about
10 --12 m3, The. average load per oven is_about 1000 m3 -
| ﬂl!{!_'ﬂ!gﬁll%éuf»atﬁ()‘?.:and~-»760-mr&s" U AR

BE-ACTIVATION OF cATALYsr., @ v

: When working at & constant temperature (say

185°) the. cO conversion falls ofr rapidly during oper-
ation. By gradually méipulng the reaction temperature

(say frow 188 - 198°) this deciinme in_activity can-be——
Partly oounteracted, but still the Co conversion during
obontion. of the catalyst decreases 8radually. . This is
mainly dus to_the aéoumulation.ofr paraffin waxes and - -
'resins. It 1s then necessary to re-activate the -catalyst,
vhich 1s done at Holter by replacing the synthesis gas flovw .
by a flow of_pur,é_ nzla_t temperatures of 200 - 210°C (see greph
fig. 3). a re-activated catalyst gives 4_e.~aligh,t11.1over_ .
'J1eld than a fresh one and also the GO conversion shows a




0006284 Cie-

" faster decline. The average .aotivity is shown by the
dotted line. In actual operation. in addition to the
above, the throughput is padua.lly docroaued in order
to assist Ln_keoping up the ‘co converuion.

. The re-aetivation wvith 82 reaulta in a craoking
‘of paraffin wax, rielding about 165 % of heavy o1l boiling
between 200 and 320°C and about 5 % gasoline, ‘the balance
‘boing oonvertod into methane. (When sorking at higher -
pnomq {in the pilot plant), this re-activating has
not yet been necessary, riratly because temperature in-
crease 10 very slow; . secondly because products formed
'pa.rt].’ condonae and diasolve pa.ra.rfin vax

Re-a.ctivation can also be done by dissolving
the pa.ra.frin vax and reaina in heavy benzine, and also
in dbenzol or acetone. In thia way !the total’ yield of

-the-plant-could-be  increased by about 1% - 27 g/m3, be-
‘cause in this case no cracking occurs. ‘Hovever, this
Procedure 1is cumbersome and has only been applied in

“the low pressure pilot pla.nt. )

The Co-Th ocat.- produces about 1% - 3 tons of wax per
about 1000 hours per converter, the Co-Mg catalyat giving
about .60 ’ of this quantity.

‘This ro-activating procedure at__nolten_.ia_ne-

_peated 3 to L) times in about 4 months, after which the
catalyst is removed from the converter for complete re-
_working 1n the : ca.talyat Plant. - . ..

SYNTHESIS UNDER PRESSURE. '
—_—— e .

Besides the synthesis at tatmoapheric preuui-e‘
a method has been developed for working under- a higher

pressure; . the presau:/rm applied at Holte_n vary between
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5 and 10 atm. In general the influence of variations 1in
operation under pressure have the same tcndcncy to

change the product as with atmoapheric Pressure. The
.products change in the same way as wvhen working at. atmos-~
.pheric pressure. The operating temperature range 1s
Jvider, being from 180 to 200° (probably even 210°). When
vorking at 7 atm. with Co~Mg catalyst, a product with

the following characteristics was obtained:

I.B.P. 35°
up to 100° . : . . 17'% by wt
" oon 1500 . 29 % n n
" " o000 . 42 $ " "
n n 3206 . — 72 % " "
spec.gr.ot fraction boiling belov 200° 0.630
‘olefine content " " " " 18 ¢
acid value . ' 0.005 mg KOH/g
co, S . > 2 e/m3
CxCy e 7-8¢ -
TCHy - 25-27 &
1iquid product 145 g

' It appears that there 13 no great dirference
1n products betveen 7 ana 10 atm.

- The catalyst has & longer lifetime than at
- atmospheric pressure. It 1is estimated that the life
will be increased by at least 30 %. ’

;ue“temperature can even be 1ncreased to 210° L

‘without excesaive production of methane.
1,

fhe “average ‘throughput mel be 15 - 20 % more -
than when: ‘working at atmospheric pressure. This figure
is felt to be conservative.
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- Prossure 'experiments in pilot plants have been
started from the bogj.nnm with Mg or mixed Th-MNg cata~
lysts.’ !'ho figurcl mentioned above relate to these

’ cuta:l.nt-. " It may, however, be possible that for Ng
alone the figure of 1200 can be surpassed. It is in-
tended to start the full-scale high-pressure converters
(expected in the next few weeks) with an initial through-
put of 1700 w3/h.. ‘

A .

» 8ynthesis umder pressure yields more total

_ product, which at the same time is heavier. The process
needs wore énergy for compression and no conclusion can

as yot bo drawn as to which of the two processes is the

better. This un depend also on the prices of the '

various products obtained and the costs of electrical .

energy.

T - wWhen" producing gasoline as a final product the

\

producta balancen ‘may*’ be ‘given-as follows: e

‘LiePo-: 120 3 50; atraight-run up to 145°C .. .60-g -
e 50 % reformed at 73 % ) y3 "
e ,1-2 "_- . gasol polym. incl. pol. of .
W : ga.sol of cracked gases v 5"

' ' ’ 108 g
b. NP 185§ 20 % straight-run up to 125°C 29 g
g "116 g Fero¥med & at‘“?)“i“““““““‘_‘as‘“"““
+ polym. of gasol 6"
- . . 120 g .
: R : . i . -
" - In both cases the final mixed gasoline has an '

octane number of 66. There 1s practically no differemce
‘between research and ‘motor method. -
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The: 1ifetime of the high pressure. catalyst 13
Dot yot definitely knéwn; 6 wonths .may be accepted: as
‘& _conservative t'iguro This lifetime relates to an
average yield of 120 - 145 g. The catalysts are at
present the. am"_'if.h low pressure ayntheeis.

It vaa asked vhy the' throushput could not bde
lincreued proportion&ny with 1ncreaae of pressure. Dr
'roust stated firstly that the increase in throughput

of 15 -'20 % given by him must be considered as very eare.
The upper limit of morease 4n throughput has not yet
beon investigated. Secondly, although abaorption velocity
-inoreases with pressure, desorption of the' hydx'o"a.rbona
pmduced from the cata.lyat ‘surface seems to be relatively
mdependent of pressure

Rner eon tion..

e For aynthesis ELd atmospheric preasu.re at Holten,
a blover 1s used, to deliver the gas at 3000 mm water- -
. gauge. 'I'he capacity is %0, 000 m}/h. ~ The blover takes .
600 '¥W. " The. ‘figure in the 1 report ‘of 600 - 800 ¥Wh per - -
rton pPrimery product includes all electrica.l consumption,
‘a.aaumlng that" all’ blovers, etc. are driven electrica.lly.
About 50 £ of this 1s used. for the gas. production from
coke at Bolten. -
o, .
: ‘In thg*_llgl_t.en_plant,«ton-part-or-—tno-—energyw
stoam is. uaed. - The total steam production of the catalyst
ovens would be' surricd.ent for the Production of all’
.electrical. energy. and - there. would stil1- bea surplis of '
,about 400 wWh per ton of pProduct. When working at' higher
preaaure, the power consumption is much higher.
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'ORGANIC SULPHUR REMOVAL.
' The purification of wvatergas 1s relatively
nnnple, as practically no tar eu-n.m and no
resin-formers are present in this gas. Inorganic sulphur
is removed in the usual manner; organic sulphur is
eliminated by pasaing the gas through a mass consisting
of a mixture of iron oxide and sodium carbonate at tempera-
tures of 200 - 300° in tovers, vhere special care 1s taken
to. ensure a_good gas distribution.  Two types of these
tovers are in use: ‘ '

. In the first type. the gas 1is passed through
different layers of purifying mass in 2 towers which _
are connected in series, each tower containing about 65. .
tons mass. . One set of two towers he.s a capacity of
20,000 m3/h. A

ST -----«--‘Hhen using a-normal-quality-of-German-coke for -
the production of vatergas, ‘the organic sulphur content
-varies from 12 - 15 g€ per 100 m3. Every 83 days one B
~-tower- 18 ‘takerni ‘out of operation rox}'fehév1ﬁ‘g “the mass,
IR Por the organic sulphur- removal, the so-called
rinal puririca.tion, 5 sets of 2 tovers a.re available at
l!olten. . When one towver. of a set is taken out of use,

the other-is also cut out. Ra.ch set of towers is equipped
with-a- furnace for heating the gas and a circulation
blover, tc a.tte.in the necessa.ry velocity in_ the pipe-
heater, vhilst ‘the air for ‘combustion 1s taken from a
main line. B ‘l’he tovers are also equipped with one heat-wlv
exchnnger betveen the 2 tovers, vhich » hovever, has been
found to 'be not ’ necessary

Gases produced from bitumincus substances 1like
‘coal” and lignite may contain resin and resin-forming sub-
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stances. However, the latter will be destroyed at high
temperatures of, say, 1100°; if the gas in the generators
has been heated sufficiently, the resin-forming substances
‘are cracked and eliminated. If elimination of resin-form-
ing substances ias impossible, an active charcoal unit has
-to precede the organic sulphur. removal.

The purifying towers of the second type have
oylindrical screens; two towers are connected also in
series of two. The gas passes thrdugh the mass in the
tovers in a radial direction. This construction renders
it possidle to empty the towers through the centre and
is to be preferred vhen no heavy hoisting equipment is
avallable. At Holten a 30 ton portable crane is- availa— .
‘ble, which is necessary for lifting the heavy 1norga.n:lc
.u:l.ﬂmr-purirying boxea.

comuxon.

The ugaa from the converters is pa.saed through
—vertical ooolona .haped as tovers, where the water is_ -
ujected in3 staeea., The towers are. 11ined with acid-
proof brickvork, vhich has to be finished very carerully,
all mpports boing made or atnnlesa steel. Water and

" condensed produeta are taken off in aluo carerully 11ined
¢{Srenches. The water is kept in circulation and cooled in
%llor-.'l. cooling towers constructed of wood, vhilst care
hl been taken that all sorews and bolts are made of
-ltdnloumatul.-——'l'ho~vator-—11nes«have—-t6~be~mde-—or
may steel or of aluninium, as 1s done at Bolten.

5
v

-9he temperature at-the- top of the tover 1is 27°,
tho condensed product mainly boils above 1‘&5°c. After ~
the tower the gas is passed through a charcoal absorption
Plant of normal type. If it is ‘necessary to attain a
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high yield or t':3 and 0~, & low saturation of the charcoal

is neconary

, when do.orbing {vith ttoanl, au-ins tho first
5 minutes the gas ocontaining s large quantity of oo is
passed into the aip, _Then a gas containing about 60 o
ot 030; and 20 - 25 £ co, 18 driven out. This gas is
compressed at 35 atm.: a.nd the condensate pauod through
a -t.muer. ou./ M A2 T

At hi@a—momo-syntheus, condenaation 13
much aiwln. The cooling procedure is then' as follows:
In the oonmt.r. proper about 35 % of condensate 1s
_=ror-od,_~uth a bouing range of from 200 - 320°C. After
'upu-cuon. the gas is then passed through a simple pipe -
cooler with tube: of. uid-proor alloy steel. It 1is possi-
ble to apply 8 hot soda~wash and thus avoid the use of
special tube utoudt thp price difference, however,
18 on;, ...11 e T T T e e e

: The vm 11@% rraotiona a.nd a.lso 03 and cu )
Are condensod 1 . nomq:l. oj__:_l._,_absopption plant, dimens{.oned
acoording o the: nooeuxtr or prodncing more or less’ 03 b
or c,,. At Mtan aotin coaJ. 'As “used for this purpose,
but only on umnt ot tho lattor bou:g ava.uable from

tho l.ow mum plant.‘

I

n:o .om oontont of. thg“gqqnna..utom‘about_
m »g por. n.tro, oon-i-ting of organic acid and
diuolud oo 'The organioc acid oontains 70 ‘% acetic

,,loid. furthu- romic- -and. propionic-acid. T Ty N

N It 18 polsiblo to condonee dirrerent tractionn;.,
lcparately, vhich can be crackad aepm'a.tely. The tai}
gas from H.P. synthesia may be used ‘(expanded) for generat-
ing electrical ‘energy or tor rerrigeration pnrpoaes in
ata.bilizers, etc.
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-~ After the r:l.nt unthnh stage, the gas needs
only pmm ocooling, thus oondu:m only the high boil-
- ing tmttonl. whereas the low boui.ng rr.ct:lon- pm on
“with the gas to the second stage. It is possible to pass
the gas from the first stage through a charcoal ab-orption,
"~ freeing the gas entering the second stage from gasoline.
' Definite experience as to the desirability of the :I.a.tter
. proocedure 1s not yot availabdle.

'ﬂm ablorption oil to be used, consists of. a.
' fraction promood in the plant 1teelr.

: The gas entoring ‘the seoond stage convertora
‘418 not prohea.tod. ‘

MANUPACTURING OF CA'I'AL!S'I‘

. Bvery oven oonta.ina 10 (B.P.) a.nd 12} (L.P.
m3 of catalyst respectively, with an apparent density

"of 0.26 - 0.30. It 1s important that the catalyst should
be dust-free. At pment Bolten'a converters-contain

_ catalyat conoiating of a’bout ‘2 tons of Kieselguhr, one
ton Co metal and 50 kg ThO and 80 g Mg0. 'I’he quantitioa
or '.l'u)-nd m can be tecuced, but derinite rigurea are

' not yet available. nfa ‘catalyst 1s manufactured in a
lo’mto plant, ﬁneh hu to ‘serve tvo purpo-ea:

B % -nntuturing of fresh _caea:l_.ntz
2. <Wtionr of used catuyat.

. . ) .
Y macmm OF PRESH CATALYST.
Y _plant_needs: about.3 - 5.%. fresh catalyst. to .
' nm up m all tho lossel -dquring the year, which figure
'_ is based on a re-generationxrrequenoy of 2% times per
' year. The components of the catalyst are:
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MATERIALS: -

a. Co metal. .
" The Co arrives at the plant in the form of

- ecncentrate or as a metal (mian or German origin).

!ho method of purmmg and further treatment -depends

~mu the origi.n. The Oo may not contain more than 0.2 $

c. and 0.5 % Ou. A certain yorqontago of Ni 1s neces-

* sary, say 0.2 ’. )

A‘Ab‘. nenoﬂf
8pocitio gravity 0.25 - 0 28 1s normal. On
& sleve of - %00.noles/cm2 no more than 5 % may be retained.

: /. . ¥he contents of Pe and Ca must be a minimum.

_ German no-olguhr -o-cauod ebgobrannt" or calcinated,
18 suitab].o as is allo no-elguhr of Japanese and Ameriea.n
or!.sin Ir mndary, a ch-nicn purifica.tion oan be
“applied: "It ‘has been !'ound that a certain but yet un-
dotinablo atmcture ot the neaelguhr is necessa.ry.-

ﬁrimand&eeu\m. -
- 'l'hoao prodnct: mr pnrc.hased 1n nomal comercial :
quauty; analmu may bo had at Holten.

gRe Briorly the opmtion 1. as follova: “The Co

1 dl.oolvod in nitric acid, the -olution is purified
Clld. after addition ‘of TH" .or/and Mg nitrate at a tempera-
turo or 90 - 100°, m'ocipitatod with sodium carbonate
on uelolguhr the resulting mass is fiitered and vashed
with hot disulled va.ter, ‘after vhich the wet osta.lyst is
dried and granulated. The product is called "green corn"
and has to be red’ucod vith H, berore use.
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!'he nwdnringthowumm is roughly
Ihovnlnt'lg. .

‘The water used for wvashing the filter cake
f_mat be very pure, and at Holten Adistilled ntor is
taken ror this purpose.

- The nitrate solution is made by adding Co,
’ortion after portion, to nitric acid in a stainless
;.tool conta.iner. ~equipped with poverful atirring appa-
»“mc

T e,

- The green corn is produced in difterent
lhos. e.g. 1-3mm or 2 -~ 4 mm, etec.

Cegi Py

Pulvorizing has to be avoided as ra.r as possi-
;‘gblo: .dtut is recu-cula.ted. ’

. THR muon OP USED CATALYST.
M "

. . An atatod above, 1in the course of time the
oata.lyut mau becomes less active. most probably on

- acocount-of-deposits -of" pararfin wvax; resins and also
Ftu‘. l(ouovor, a certain sulphur content is detrimental.
n:o opent ca.talyot rrom the converters is transported in
v moial vcuols to the catalyst llant If the _catalyst
.arriving at this plant contains more t!gen 25 - 30 % of
pararfin wax, the latter has to be removed either by
‘diuolving in bonlino or by stom. :

,‘:»..,_

Ir tln ml—is__atul pyrophoroue, it has to
«bo oxidised - t!.rnt vith ) or carefully vith air;
'hon nu:l.ng ‘alr high tenpe atures (say above 150°C) have to
be avoided, in order not to decroue the solubility of -
the Th.
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The catalyst mass 15 thereafter dissolved in
. batches in nitric acid. Vigorous atirring is necessary.

The slurry is paaaed to a filter press and
- the Kieselguhr remqved.

For a simplified flow scheme see rig. 5.

The solution 1s then heated with a.limited
qua.ntity of sodium carbonate, precipitating the im-
puritioa such as Pe, Cu, Al, part of the Mg and also
Th. 1r necessa.ry, the Th can be recovered aftervards;
"4t may, however, be of advantage to return the Fe-Th
compound to special industries.

-npd

: ‘In a second stage, by the addition of sodium
_fluoride, the surplus quantity of calcium 1s remdved.
“This calcium originates most probably from the attack
“of nitric acid on the xieselguhr. ' Apparently this Ca
“had no— ‘detrimental effect” on “the ce.talyst when rresh
. I:leaelg'uhr was used. .

" Now a Co ‘r‘iit'ra't“.é' ‘solution 1s produced, which
hw the same propertles as vhen ma.nuracturing f‘reah
.~catalyst. ‘ S
. ( The, xieaelguhr could also be recovered, but
‘even at Holten 1t 1s considered better practice to re-
:place 1t by freuh K_;_g_a__;el.gu_h::,_usins_.the_spenz_dny~pnomm
* for other purposes, such as insulating, etec. ~ - -

BEDUCTION.. . . .. . .. oo .

_ The reduction-of the catalyst takes Place at

390 -.450° and being an exothermic reaction 1t has to

. be accomplished in the shortest- possible time, as the
.contact 1s. unt‘avourably affected by high tempersture.
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'1_'he flow through the reduction plaqt in a
a:l.mplified rorm is 31ven in rig. 6.

An excess of B2 is circulated, conta:!.ning no
‘co, 002 or water. The circulating hydrogen is dried in
‘ a very extensive and earoml way. -

Prom the C or the carbonates a certain amount
or methane 1s formed, which has to be bled off continu—
ously. .

The CO content of the f'rash hydrogen gas 1s
limited to O. 05 %. A larger amount vould entail the
formation of methane, vhereby the heat produced would
_fburn (sinter) the catalyst,

The green corn may ‘not be too ary (water ;
“content a.bout 10 ﬁ). with drier green corn practice

'_has shovnﬂzat ‘the cata.lyst produced 1s less active.

) _Using air for the. decomposition of ca.rbonates
vvould necessita.te foo h/fgh a temperature.

'l'he meth&wtent 1n’ the circulating gas
should not exceed 1% - 3 %;. 1t is not the methane 1it-
self that is dangerous, but the formation of methane.
Even if no methane should be formed, a certaln quantity.
~ot—hydrogen-1n-—é1rculafrion-ha.s-—to-be——blovn-orf_as-other.-.
yot unknown detriunntal substances are being formed.
About 1000 m>. circulating’ gas per squa.re metre per hour
ot cata.lyat """ surface is used, "~ " -

The reduction takes place_ in vessels with 2
screened bottom, having a surface of 1% m2, on which
~the green corn 1s spread in & layer 35 cm thick. .
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The flow 1s as in frig. 7.

After the reduction is finished, vhich takes
-about one hour, the catalyst is cooled vwith circulating
nitrogen. By turning over the vessel the catalyst 1s
discharged (without coming into contact with air) into
'a container, which can take about 16 charges, and sa-
«tm-atod vith carbon dioxida. :

mmm OF THE MASS FOR m PINAL PURIFICATION.

PFor final purification a mass 1s used, con-
sisting of lux masa and sodium carbonate. Lux mass,
being mainly iron oxide, is left over from the manu-
facturing of aluminium from bcuxite. :

‘Ina cpociai mixer this lux mass, containing

50 - 60 % water, 1s mixed vwith dry sodium carbonate in
the proportiom 27ary lux mass tol"soda:~The plastic
product obtained is transported to a so-called "Stra.ng-
-presse”, \dlu.c.h produces short macaroni-like pleces,’
‘from vhich, ina rovolving hot air drier, the water 1s’
‘runoved. The resulting product should contain about

“12 % water and is placed on a sieve mecha.nism, from which'
* the dust 1a returned to the original mixer. The size of
"the end prodlxct——is—-about 5 - 15 mm; 1t can take up about
¥ 10 £ of its own weight of au:lyhur. After use. this mass °
1- not re-generated. o

‘Pig. 8 ahoin’i a simbli}i_eﬁaﬂ'nov"of the manu-
cacturing process. .. ..
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CHAPTER II.

‘ VISIT TO THE RUHRCHEMIE PLANT AT HOLTEN,
on Monday, 31st Oct. 1938,

Present: the parties from Standsrq, xbl;ogg, I.G. and
Shell, as mentionea before,

Furthermore from Ruhrchemie:
Director Aléerts
Drs Peiszt -
Wilke
Bahr
‘Von Asbsth
- Schailer

S "The works at Holten (Ruhrchemie and Ruhrbenzin).
consist of the_aynghgs;a>p;aptvproper, a large ammonis

Plant, 3'80para§e Plant f'Og_,,!318-!1!11’&_!.c,1;'1.;|1'1ng-~c'a.talysts,--:'f-“w

“which also serves some %4 other synthesis plants in
Germany,‘laboratories, Pilot plants and auxiliaries,

. ‘The synthesis plant combined with blue wabtem.
gas plant has an extensivewiay-out, separdated from the
oﬁper plants,<The,prpduc€ion of thé“nynthesid’plant at
the time of the visit was given at 90 tons primary
product per day, -or 34,000 tons per year, with a gas
throughput of about 32,000 m3/hour. It was expected that
vithin a few veeks the first units of the pressure
~-8ynthesis-plait would be put into operation. After |
‘completion of this pressure plant the production will

be inereased to 85,000 - QOQQQQ,tonBWOprrimar&vproductal
“per Joar, o _
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The mnuracgﬁrm of blue vatemss. ‘ ’
Rleven Domag generators, systenm Rumphries,

. Glesgow, were inata.lleq.: 6 of which have ‘a rated

- capacity of - 6800 - m3/houn each, the 5 newer units having

" 7800 n3/hour. In actual operation these units produce
7400 ana 8500 n3/hour each respectively. Pour units were
in operation vith ane 88 stand-by. The generators are
operated sutomatically, which 8ave full satiafaction,
Coke 1s chargea to the generators every 3 minutes at
the rate of 200.kg, 1.e. about 100 tons per 24 hours,

. The oycle 1s: 3 o -

1 minute blowing with air

T " blowing steam from top

r blowing 8team from bottom,

‘ -The co’mbo'aitibn.br ‘the 888 produced was given
as follows:

used. for blowing the furnaces, .

Ma&ve*equm‘f' t vas available for the

- transportation of the coke in special railway containers
(% containers of 19 tons each upon 1 railvay carriage)- -

~to.bunkers on-top of ths" r oo

e generators ,
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After the generator plant comes the CO
conversion plant, whers about 1/3rd of the total gas -
output, after sulphur purification, 1s paaaéd over
& catalyst together vith steam, to convert the CO
with ateam into co2 and hydrogen, thus producing a
8as vith a higher H2 content, which, after mixing
wvith the untreated 2/3rds, yields the synthesis gas
of about the folloving composition:

8% &0
*8.i% R,
3.1% . N,

The conversion is ,et"f'ecte,d«p_aial;ytigg},_& at .

& temperature of about 450°¢, This plant “vas" originally
Placed befors the final Purification; aftervards this

_ Was reversed on account of difficulties encountered

. with the converter catalyst . (see-figs 9 ana 10, innex A

-‘~~~—~~‘~~-"--“r-“"““‘“‘““’Ne:t‘”"t’é‘f‘fﬁe co 'converéion Plant a turbo
compressor staticn was in course of erection, In a
building of about 15 x 65 m, equipped with a.15 ton-- .-
orane, four turbo compressor units » each unit consist-
ing of one 1.p. and one h.p. compressor, are placed.
‘The 1ip: compressors have & working Pressure of 5 atm,
and s capacity of 20,000 m3/hour at 3,000 revs/min. The
electric motor of . kW at 1500 revs/min. is connected
to the turbo by a gear-box, manufacturer Deutsche Werke;
tho turbos are from_.ont.omtfmngahutte;—t‘}“xeﬁndt,:” T8
Blemenis, .. e

. 'I‘he-"«high-preum;e conxpresaorg_"@yq_vth_»e"_aame_, B
‘capacity and-are of ‘the same type and make, the delivery
pressure being 10 - 14 atm. The motor 1s rated 1000 kW,
One unit of two compressors 18 driven by Fstea.m, produced

by. the above-mentioned 18 atm. boilera. Tha 14-tm- .o -

or's from
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fuch that two units are used for water ‘gas and one for
fonverted gas, whereas the founrth unit is stand-by fror
both purposes, ' : E o

Bo8 and organtc sulphur removal plant, 4
_ . Inorganic and organic or final puririers are
86t up in ‘ome 1ine, the whole space being covered by a
‘30 tan travelling crane, with an extension on one side
, Over a free space and a railvay track for emptying ang..
' ref1lling the Screen-boxes. At one end of the purifiers
"'a blover station 1s built (at the other end a f1lling
‘statlon for bottled gas)., ’ _
- ' In this blower station 3 blowers of 40,000,
%0,000 ana 80,000 m3/hour capacity respectively are
} initilllegl'; 0nily eme of the firat}-merntj_.o_r;gq‘blpx»ers vas
* Tunning, passing the gas from the gasozgete?' ‘gsfapg.t_:iig‘y"
.'20,000 m3) ‘through purification, -converter and-subse. -
“'quently ijnthéhién(aee‘tig.mlgruAhnet»A):wWWW”“‘ﬁ”““‘“’“

‘ﬁ . The delivery pressure 18 about 3.4 m water.

* Each blower has 2 stages at 3000 revs/min., coupled

by & gear-box (in the 'same ‘way as the compressors
mentioned befors) to an electrical motor of 640 1w

A (onoblover of #O,.Ooofln}/hr) or.to steam turbines
‘(one blowver of 40,000 and one of 80,000 m3/hr),

. . Difffculties vere encountered on account of

‘+'sulphup depositing on the vanes of the blowers, which

.’r’noceuitat’éd‘a shut-down overy. 8.weeoks —
T . For this reason a change of the .rlow wvas
intendeaq, 1.e., Passing the gas through the B,

£18. 10 a8 1t 18 now ang £ig. 11 as 1t 1s intendeq
to be in the futupre, -
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In the blower. -taticn (dimerisions tbout .
igb X 20 m) also a ntoun-roduoing Station vas installed.

,f ; " The gas 1uv1ng the b].ovu-l nt a temperature’

' »ot about 60°¢ passes through s set of coolers with
m:-oot vater sprays and then enters the Hza removal
tmrl. These towers arp of the common type, as used
1u coke gas oven plants,

‘ * "~ Two sets of § towers are ava.uablo at Holten,
rﬂn 838 passing 3 tovers in-series, cne tower of the -

: A_"ut being refilled. Each tover has 16 screens vith
ftpln-:ltnng mass in layers of 400 - - 500 mm,

. The Lux mass in theae tovera should not

- eontain more than 50 ‘% vater; vhen preparing this mass,

- about 20 £ spent mass 1s mixed with fresh mass, so as
_to obtain a better poroaity,. The average 323 content of
the inlet gas is about 3 8 per m3; the purified gas
omtdns 0.2 g H,S per 100 m3 and, in addition, 150 -

..... 800 mg_organtc- ~sulphur-per m3,"

The orgu.nic sulphm- rgmove.l plant, .consisting
*ot 5 aota or 2 tovers .each, of which _one. set. 1s- spare, -
48 equipped with one heater per aet, ‘using ;ail, gas
uulsu-, _bothfrmaminline.v )

A eirculation blower serves the purpoae of
hcrm.ing the fuel gas ve].ocity through the gas
heater.. ‘ : ’

Ju

' These @as heaters are quipbed;uith..vertical———
tubeo and as the gas enters from one-side; thus heating -
‘the tube- direct exposed to the 1ncom1ng 8as, more
‘than the 16 others, it was. necessary to.provide for a -
,-eyu-ate expanu:lcn for the first half of the tube bank
Thus the outlet-oover on the top consists of two halves,

~oach ha\ring & separate flexible outlet ccnnec‘tion wvith
aepa.rate balancing ve:lghtu.
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Two types of towers fre in use, described
fully in the Ruhrchemie report. The ‘price of the flat

eylindrical screen tovers; moreover, the first’ type
needs & hoisting equipment, but the rlat screen towers
/680 be recharged in 4 - 6 hours, wvhereas this takes 36
‘hours for the ¢ylindrical tovers,

Oxygen 1s introduced before the H,3 removal
.boXes, in such a quantity that the gas caontains 0,3 -
0.5 % total oxygen as & maximm. .

A8 inlet and outlet for each layer can be
°losed independently, it 1s possible to operate vith
tvo or more layers in series.

The synthesis plant,

. The synthesis piant 18 housed in a large
bu:lldingv about 170 m long and 35.nm wide, A platform
‘at a hg:l,ght“gglwgbout;_,_jSﬁAmV__croases,«the---buiil.d:l.ng*in"'the’“‘-”"""
centre from one end to the other, the converters being
‘situated left and right of this long corridor.

C e e -In the older half’length of the building the
1.p. synthesis ovens are placed, )

R In. thé centre an ample space has been re-
“@erved for operating control (central operating room).

T In the never half length of the bullding the
I .

g.h,p. synthesis ovens were partly ready and partly in

—Sourse.of..construction: = . .
CAB ;thé'!—overail length of the converters 1s
‘only about 6 m, an ample space 1s left alongside the
‘walls (open from the base to about 2% m height) for a
..rallwvay track on which the catalyst-containers are
transported,
The weight of the large containers (d1a,
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3100 mm) 1s 5600 kg, taking one oven filling of

catalyst (10 m3 is 3250 kg,. or, 1ir heavily loaded .
vith paraffin wax, 5000 kg)« The capacity of the crane /
travelling over the ovens and railway track is 15 - ¢y AL» ,
17 tons. : i —

A special ring equipment 1s available for
tipping the container above the oven.

When an oven has to be emptied, a special

scraper conveyor 1is attached to the bottom, from which

- with’'a bucket éonveyor at the back of the oven, the
mass is transported to the container. Vide Annex A,
fig. 12, .

At Holten 52 l.p. ovens are-available, of

‘ Which 48 - 50 aro in operation, whilst 2 to & are out
of use on accounf_orAchanging catalysts and at the
same time overhaul of auxiliaries, etc., also for

‘re-activating thé"cgtaiyut with pure hydrogen... ... ... .

'AtIHolteh 8ets of 2, 4 and 6 converters are
connected to one steam drum, The temperature of each
oven iqﬂregulated;rrom~the~central'operating‘rOOE by
:adjusting the pressure at which the boilerns deliver
their’eﬁeéyﬁtg‘the central .steam line.

, -The boilers are designed for a working
pressure or.?o atm, The normal pressure»in the central
steam lipe 18 9 - 10 atm, When an oven with fresh
catalyst is started, the temperature corresponds_to—

“abouﬁfo:“? atm,; during this short period of a few
. hours the steam 1s blovn off 1n the low pressure line,

eia . FoGd . Of..bo1lers. 1s-automatically controlied
by Hanomag feed-water regulators, which work quite
,aatisractoriiy. The feed-water 18 softened in a
permutite plant angd the water 1s aftervards heated to
70°C, whers under a vacuum all carbon dioxide aﬂd air
are removed, : B
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Quantities of inlet and outlet gas to and
.from each separate converter are measured,

. Of the 48 - 50 ovens in use, 36 are connected
; iu first stage and 12 - 1% 1n the second -stage. These
Frigur-e-, however, may be altered to 32 1in the first.
{.stage and 16 1in the secona stage, depond:l.né on the
: "nmmeu" of the catalyst,

The gaa enters the ayntheais converters with
‘a tompex-atm-e of about 200°C, wvhich, however, varies
‘with the required temperature of the organic sulphur’
!'enoval, the latter depending on the catalyst age.

The outlet gas of the rirat stage, with a
"temperature of 180 - 200°C, enters the 1nterm1t;tent
‘coolers with direct Mmater spray, of the same con-
ltruction as t:he aecond-ata.ge coolers mentioned
further on, vhere .about 50 % of the total liquid,
products romd in the first stage are condensed.

~inri-At-Holten; where the" CAPEE1ET and the ] 9) el

line~up of -the charcoal plant do not allow or PR
treating the total qua.ntity fot‘ ‘gas after the -
‘secon - atage, ‘the cooled gas of the fiz;at stage 13
-'tlun passed ‘through a' set of 4 charcoal adsox'ption '
vessols and from there, via a “water<cooler, to the -
; sécond stage - Thia water-cooler had to . be 1nate.11ed
aftervards to equauze the outlet temperature of the
,,‘ohlrooa.l ‘Plant, which changoa during the adaorption
Eperiod: the temperature of the 8as entez;imehe
'E“. cond atago is about. 25°C, . : -

After leavi.ng the second atage, the
ns s .¢ooled again in-a- water -spray tower' and’
pauaed on to another set of charcoal vessels to be
ltripped, up to about 80 % of the cj"’u- thus 20 ¥
being lost in the tail 8as. Further details about

2,
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the condensation and the charcoal plant will be given
belov, L
It was stated that the complicated construction

of the 1.p. ovens, which does not allow of much tube
expansion, was nevertheless very satisfactory., In the
course of 2 years!? running, only very minor repairs - .

to the oven-tube systems had been ‘necessary. For these
‘tubes normal seamless boiler tubes with tensile strength
of 45 xg/mm? are used,

o To avoiad leakages it was said that the oven

_was brougth up to temperature slowly (2% hours) and ,2 h/tdw,
‘taken out of use also gradually. On a latep occasion

this vas contradicted, when 1t was stated that the .

whole process of taking the oven out of use, dropﬁing’ )

the catalyst, filling it up again and bringing the oven
into production, required no longer .than 48 hours.,

"As alré_ady s‘tatedv;' an oven with_fnesh.‘__catalyst.,

""1s”started at a temperature corresponding to a steam
pressuré of 5 ~. 7 atm, » which in the course of about
4 months 1s raised to 15 atm. .

The steam pressure.contyrols were satd to be .

oxactvithinlimits ofvl/lo.e_i.tm_.-—.'.« R
Uhex; filli_ng & new oven with catalyst, 8pecial
care has to be taken to leave only & minimum of free
'i.‘pwec . ’ ! ’
—— A surplus_£111ing-of, say;iy/2"on—top—or—tHs—
tubes. and cooling fins vould entail excessive formation
.of methane and excessive heating of the top layer, with
..the.resultant- danger of “burning of ‘the catalyst and =~
clogging up of the oven. S
' . The catalyst building has room for 72 h.p.
ovens, '
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The operation of the converters is controlled
}by registering the 002 peroentage of inlet and outlet

:888. A8 average figures the following 002 percentages
'vere given:

inlet first stage 13‘ %

outlet * » 32 - 34 &
" socond " 45 - 47 ¢

On entering the first stage the gas has a
sressure of about 1500 mm and on leaving: 1100 mm;

‘on entering the second stage' 1000 nm and on leaving
this stage: 650 mm,

“g“ ondensation.

AR The condenaation after first and second
gltages of the low-pressure synthesis 13 effected in
,vez-t:lcal cylindrical towers, of which 2 with a diameter
Fo!' about ¥ m and 1 Vvith a dtameter of 5 m is available,

f:llled with Rasch.ig ringa 90 x 90 mm, with. direct e
vater sprays. '

The condensate, together with the cooling

Irater, -18-plped-to-settlers, ‘Where” the ppréduct 1s’
tepa.rated .and from where the water is re=circulated
ua cooling towers,.The.acid content -of theé circulating

ter is. kept at an equivalent of 650 mg KOH per litre,
Eby discarding 15 - 20 m3 water per hour per stage;
-;kooup wvater 1is added at the upper inlet of the
Ecoolera. :

>‘ CA11. parts coming 1nto contact with these
liquids are made of' acid—reaisting materia.l, as the
producta contain. 00213m amall amounts..of -fatty acids;

‘.

In the newly bu.ilt part of the cooling pla.nt

product and water are aepara.ted in acid-proof brick-
1:Lned trenches.
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At the Molten plant all valves in the gas

Tlines (partly riveted, partly voldod) are hnd-oporatod.

f’.ovon to diameters of 1500 mm.

(..3

The charcoal adsorption plant, coneisting of
é,g. adsorbers for first stage and 6 for second stage,
£(for the lov-~pressure syntheais plant). Por the H.P.

El nev adsorbers were installed, built by Bamag (Lurgi-
%mtan) and fully automatic (the valves operated by
'!vd:nulic pressure and controlled by olectrically—driven
mhltt). This system vas said to be the first of its
hh.ml &nd gives complete satisfaction,

; - The adsorption véeuela are placed on a

i ltmcture of about 5 nrheigfxtwrhe amall vessels
toontain about 20 m3 « 8.7 tons of activated cha.rooa.l,
tho large ocnes have & ‘capacity of 40 m3 = about 18 tons

"'olvoa and oonnocting linea are arranged under the
—n.uls. T

‘“‘*’ff*’i

The cha.rcoal plant 1a x'u.mung vith the
fouoving cyclo~

~18t stage " Zna ﬁ'té;_g;

. _a._dsorbing T min. 7 20-60 min,
drying 20 " . oz =
"coaling . o0 W uo-zo»‘ »
) 100 min. 120 min,

Msn.atoming,——the—ﬂrat*mt*of“tho gas 2
-, S%polled, with a ‘high c02 content, is blown off.. Then .
tho va.pours are cooled while the uncondensed cic‘i &
.to.a. galmeterwand are- utemrd- ocoupressed at 35 atm,
nnn cooled, the condensate ‘being atabiliaod.

[ ‘The charcoal takes up about 4 5% ot ita own
weight when removing gasoline and (80 %) C"Cu.
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Up to now 500 kg product ‘per kg charcoal
have been produced, vhereas a figure of 800 kg has
been guaranteed. The opinion was expressed that
,charcoal 1s very sensitive to resin-forming
;lubatanooa and paraffin mist, because these products
jcannot ‘be removed by steam. w. #le - ety /

s In the charcoal plant at Holten the coal
‘Tests on aluminium screens. No difficulties were
“,'vonoountore_d vith clogging upof: same ;fqg—“g],mning the
‘vessels only very slight . pulverization of the
‘oharcoal wvas found, ‘ .
The effect of the charcoal after the first
‘stage on the 002 content of the gas entering the
-@econd stage 1is rather small. When the gas entering
_the chazz{coal}haay}?rﬁ, of cog', 1t enters the second
Autage, y%.t‘;l:_:_f_’_x_;pp}oa_sitl{% 27 %. This proves that the
-greater part of the carbon dioxide is not retained
~by-the-charcoals—— s

' Drying and cooling of the charcoal 1s done
“with tail gas, the temperature duringdrying ‘being--
,130="1%0° and during cooling as low as possible.
‘¥When cooling the tail gas in circulation with vater,
.the amount of cooling gas 18 equal to the ‘amount of
/treated gas.. . o
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Visit to and discussions on their o
lant 1/10, s 14 1
plan 7?1;14138{122?11/1/31%/1938 7/11/1933

A
B,
A.
1.
2.

3

&4,

S.

llu;urtctm-o' of fresh catalyst,
Regeneration of spent catalyst.
The various steps are:
Dissolving Co and Th and/or Mg in nitric acid.

Mixing the above solution vith an equal volume
of sodium carbonate solution containing 103 g
naaco (vater-free) per litre. .

Addition of Kieselguhr.
Filtration and mhing of the procipitatod catalyst,
Addition of dust, e

6.
.7'.

,Q.A.,

ﬁ'“9g

Further rutration and extrudlng of catalyat.
Drying of catalyat;. :
Screening and granulstion.

Reduction.

Soe Annex A, rig. 4, ‘for the flov of materials from

"points 2 -~ 9,

B.

The mioua steps are:

—-lwnhlolving of lpont catalyst in nitric’ acid.

3,

Filtration of solutiocn to remove neaelguhr

Addition- 9f ‘80 muchNa 00, unt1l uxfumﬁp&
iron “Mu‘e precipitated (these latter
impurities result from the fact that part of the
Kieselguhr dissolyes in the nitric acid).

Filtration of solution.
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. . . . B
5. Addition of NaF to remove calcium as capet-d““‘ym‘-«;;z

6. After filtration the solution contains about 45 g
Co per litre. Magnesium and/or thorium nitrate
are added and so much watep that "the final solution
contains 40. g Co per 1litre. This solution 1s further
treated in the same way as described under A.

8e0e Annex A, £1g. S5 for the flov of materials from
" points 1 - 6,

Discussions of the various ste s. '
T————=-=%¢ various steps
when

cated production of catalyst mass from 8pent catalyst,
Make up ror co losses 1s added to the spent catalyst,

#0lving spent.catalyst, - -~

.. This 1s done in sichromal containers,
having & volume of 32 m3, with technical nitric. acig
of technical strength (about. 620 8 per 1), These
contalners are' equipped with cooling coils and,
‘although they do. not contain’ tnairect ‘heating cofls,

. - Abqut(xfg—-'_g‘ajh} Co(N05), solution having
& concentration of 55 - 65 g Co/litre. 1is introduced
into. the tank. Then altsrnatively batenes of about,

100 kg or spent cataiyét anad nitric acid are added,
The addition of nitric acia s measured by rotameters
and 8o much 1s added each time that the free acid
content never rises -above 5.4, This 1a doné “to prevent
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f"”m—&—a—mwﬁ.w,mve

: too great formation of NO
and H02. During the dissolving process spent catalyst
and acid are mixed by a stirrer having a VeA-lined
shaft and Vzk-propellers. The stirrer 1s driven by

* 820" motor. As mentionea above, the solution is

" heated with direct steam. In the beginning the ,
toqierature is kept at about 55 - 60°C, Prom time
to time a sample 1s taken and filtered, the Kiesel-
gulr being analyzed on its Co content.

As aissolving proceeds, the temperature
is gradusally raised untiil the undissolved Co on
Kleselguhr is less than 0.1 % of the total Co.

...Normally the final temperature should not exceed
FM0°C, -
g - Duration: 20 to 2% hours.

In Ruh_z-chenie'_s catalyst pla.n_t:_vtheg/e«arem -

" 10 such containers, each having a capacity of ¥ oven-
£illings or about Z tons of 'éatalyst giving about
25 -~ 30 m3 nitrate solution on dissolving. During
this Qissolving pfocec;ure about 4.5 % HNO3 of the ‘

" acild added (calcula;»e‘d":a‘_a Ne)v is lost to NO -and NO,.
In the beginning these vapours were let off into the
atmosphere outside. the catalyst building. After somg
experimentingw‘, e.8. trying‘ to remove these vapours
by injecting steam into the vapour lines, they are
now installing. the_following-equipments—Each-of—ths—
dia_ao_lvving containers 1s connected with a header,
through which all vapours formed during the dissolving

--8tep. are. carried away by'“a'VéA“blove'r after passing a .
spre.y' vessel, which is meant to remove most of -the NO
and Noe vapours by water, the vapours entering this
vessel at the bottom, water being introduced at the .
top through nozzles and continuously withdrawn.
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. After all Co haa been diuolvod, the so-
lution contains 70 ~ 80 g Co/1 and this solution +
Kieselguhr is run off into wooden tanks, in wyhich
. the slurry is stirred continuously (20 r.P.li.). These
tanks are not necessary fram a chemical point of view,
but are merely hold-up tanks to allov smoother

operation.

2. Piltration of Kiesolguhs.

: ) Prom these tanks the solution is pumped
to filter presases with pitch pine frames. There are

- 16 of these filter presses at Holten, 12 of vhich are
in operation. As filter material cotton 1is used, .
vhich apparently la.ata very long. Since starting

. operations only 80 frames have been fitted with new
oloth. ’ .

The filter cake, of Kieselguhr is wa.shed
ql_th tap water. About .30.m3.vater._ is_used. -per- ton~Co. -
"The first part of the wash vater leaving the filter

' presses 1s 8dded to the filtered solution of Co(N03)2.
_¥When a concentration of. 21 Bé 1s-reached the rest of .
the wash water Y&ffun off into precipitation tanks. in
which variaua vash wvaters. are collected. By adding
méco;che diaaolved co 18 recovered as ca.rbonate.
After filtration this' c&rbonato is adq o the

spent -catalyst in the dissolving tankse?bout 6 % of
_the total Co. reclrculatea in that way all the time.

. . The mixtm'e of the first part of‘ the
wash vatex- a.nd the filtered solution has a concen-
tration of 55 - 65 g 60/1. From this solution. a.
“small qua.ntity 13 introduced into the dissolving
tanks berore starung diuolving spent ca.talyst in
nitric acid as mentioned under 1.
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3. Precipitation of Mapurities (Pe, AL,

The above solution is run off into wooden
tanks with stirrer. Mg0, vhich 1s lost later on in’
the process of regeneration, generally is added at:—
this point. Prom these tanks the solution 1is pumped
via storage tanks made of sichromal and via a heater, -
vhere 1its temperature is raised to 60 - 70°C, into
& small (2 m3) wooden tank together with a Na t’:o3
solution conteining 103 - 10% 8 wvater-free Na co}/l
and having a temperature of about 50°C. This temper-
ature is obtained merely by means of the dissolving
. beat of the uaaco .

: The Co solution still contsins some
~nitric acid from the disaolving step. So much Na co3
- 18 added in the small vooden ta.nk that a pH = 4 1s
obtained. ' : .. -a
~ The operation 13 ca.rried out 1n auch a
way that measiired’ atreams of the two solutions come
‘together just befone entering the small tank, the
- contents of vhich are atirred v:lgoroualy. Excess __
'332003' at any point of the solution mist be;avoided
dn- order not to~ precipitate any Co, which vill then
- ‘be lost” together with the impuritiea. From ‘this tank the
- solution runs into large wooden tanks where some more
NachB solution is~ addéd until a pH of 5,8 - 6.0 is'!
obtalned. The pH 1s checked by means of paper slips
_impregnated with.indicatom@—)each»ahowing*&-various
colours. for compairing ‘the indicator colours at 6"
different pH values, for :lnatance at pH values of
D69 .~ . 4,2 - A5 - by 8-=-5.1 = 5:4 orat pH ‘values’ of "
562 « 5.5 = ?.8 -~ 6, 1 - 6.4 ~ 6.7. These papers are,
- for instance, mnnfactured by Dr.Kloz (Leipzig) and
called "Lyphan". Then the solution ‘13 left in the
tank for about one inore hour, while. being atirred,

a
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_nnd' is thax-oa.tt_or immediately rutWor this
‘purpose a large filter capacity Ba-instaliwd-at Holten.
m-,mcqﬂm‘q in dilbgn .- - .
* i Nost important during this purification
step 1s to obtain a Precipitate vhich can be readily
“filtored. Gonditiors as regards temperature, concen- .
‘tration, degree of stirring should be very carefully -
Supervised in order to obtain good filterable crystals.
. ) Annex A, rig. 14 shows a aketch of this
l.rrang' ement. .
’ The amount or Na2003 added 1in this step
is about 15 - 20 % of the total qQuantity.of Ra,Co
used in the mx;n{actwe Qf the cataly %esideg the
impurities all thorium ¥ Procipltateh in thfs stepe 2" i
. . 'The wash water used for vashing this filter
cake 1s taken from the second part of the wash water
.used in a further stage_for.washing the final-catalyst-
w:tte_r being precipitaﬁed on Kieselguhr. The amount
.of filter cake being smsll, all wash vater used for
wau this cake 1s added to the filtered solution,

which reduces its concentration from about 55 to .
about 48 g Co/1. ' S R

&. The filtered solution is run ofe into & wooden
tank and stirred slowly by a stirrer with 18 r.p.m.
M(Qg_ﬁé;iﬁ_d_ 3 vat'er} 13 then pumped into this
solution, As Nﬂ&doea,.no.t.diseol-ve—vel»l——in*vater“;‘“‘
it forms a- suspension (vhich 1is pumped through iron
‘pipes), s Juch NaP s added that all calcium and
_.about S%Ez 0F- ‘the-magnesium 1s 'pre'cgﬁit:jétéd:' ‘This
Precipitation of Mg is necgaiary in order to obtai;
a b pits X} _ 1,/ As this
P L ——s —y |
magnesium is lost, it,. therefore, has to be added
hsvorn;a»wh‘e?rg_bé”rqre‘,th‘e removal of . the calcium, i.e,. -
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either before the precipitation step of Fe, Al, etc.,
aa'already mentioned, or before this step. It 1is

evident that the amount of magnesium which has to be
supplied for this Precipitation will depend on the ,
amount of calcium present. The ratio Mg0 : Ca0 should be'
at least 3 : 1, If the catalyst contained already Mg,

vhich all newer catalysts do, then the Mg lost in this’
precipitation step can also be added afterwvards.
. The ‘final solution should not contain more -
than 002 X . . !
-~ The precipitation was formerly done at
& temperature of about 55 « 60°C. Now the temperature
"1s kept about 30°C and should not rise above 40°C, It
.was stated that this decrease 1in "température was effected
only to obtain better crystals.,
_ Per ton Co about 100 =120 kg NaF are added
at Holten. e — s
: The addition of NaF 1s controlled by

analysis, , e e
 Just before filtering the CaF, and MgF,
~-a-small ‘amount’ of tilter"aidw, 8such as, for instance,
~-Hyflocel, is ‘added, _
. I
) “+ - Dupation of‘pz‘e‘ci’pitatiqn: 12 hours,
As formerly no gooa Precipitate was ob-
tained when adding NaP to the 80lution with pH-=5.8,——
“‘HVN(J3 vas added first to the .solution before' introducing
'NaF, 1in order to lower the pR to 3.8. ‘
e v s TOWEPAS --the“'em-!”'of' ‘this precipitation’ step
Na2003 solution was then added to the mixture in order
to raise the pH again~to 5.8, Introducing HNO; has

only been omittea for a few weeks past.
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Piltration 1s done by means of a filter .
dunt

press which 1s made of irem. The filtering material
is cotton, covered with paper, the reason for this
paper deing only to save the cotton, as now paper
Plus filter cake are thrown awvay, vhereas otherwise
scraping the filter cake from the cotton would smear
the jelly filter cike into the cotton “Gpenings.

_ The filter cake is washed with the second
part of the wash water used for vashing the final
catalyst after its precipitation (see further on),.
Amount of wash vater used: 3 m3 per ton Co.

- Lately experiments have been started 1in E
order to see whetherthe_ru_noval'of c’al?2 can be
&ccomplished by decanting, No. results are .la‘z‘ow'iré‘s“"
”to - .

5. Fot absolutely heééaaary, but more as a check on

‘ite final purity the solution, after being purified..
—from Ca"end having a pH - 5.8, 1s run off into

vooden tanks of 30 m3, where a very small additional
SWount of Ma.CO, 1s added to precipitate. any -impurities

—which still may be present. in the solution. The pH 1is

: f_l.ltorjd" through a filter pf_esa and run off into/so-

Moby‘mpoq"to 6.1, The ‘_aéli__xti_.on s then once. more. - v

» discussed further on under

_point 10,

$. Dissolving of fresh Co,

: At&cb,e,d ’,1_ Ruhrchemie's prescription with
Specifications for Co. -fannex- 7 In no case

..8hould ginc and. lesd -be-present  therels as Eheyapparently ‘

cannot be removed; at. ]_.eqaﬁ Ruhrchemie do not know any
method or doing this,

- T.«“‘“;;;
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. When buying the oxide one has to be ex-

" tremely caret‘ul as oxides vhich have been heated at

. high temperatures do not diasolve or dissolve only

¥ partly and slowly in nitric acid. In such a case

-41luted nitric acid works better than the concentrated
acid. At Prof, Pischerts laboratory in Mulheim 1t

. was found that when dissolving spent catalyst in strong
nitric acid, a black substance was formed, which, on
analysis, proved to be Co0. This oxide could only be
_dissolved very llovly » and was round to dissolve better
in diluted acid. -

Dissolving rresh Co for making the rirst

“batch of catalyst is done with about the’ theoretical
ampunt of nitric acid, e.g. 1.05 -~ 1.1 parts per part ‘
0oL i :

The procedm'e 18 as follows: All Hl\lo3
neoded for one batch is introduced into a dissolving -
;.ﬂtank and then the_total. -amount..of--Co-1s-added--either

. 88 powder,  in which case 35 ;4 mwo3 is ueed, or in
. melted form, which sllows the usc of 50 % HNOB. The
dioaolving tenk is- equipped with cooling coils, whéere-

: a8 heating can be done With direct steam. The temper-

. ature is: kept at a ma.xinm of.. about 90°c. At the end of
the dioaolv:l.ng process some more Co and then Na,‘,co3 are
added to raise the pH to 6.1, which will precipitate - -
any diuolved impurities., llaximum 10 - 15 kg Na2c03
. should be used per 4 tons Co. The contents of the

*tank*m“thou"’sucked‘iﬁbmeans of a vacuum a.nd pumped

“via' a filter press 1irito. storege tanks. Some undissolved
Co will also be carried along by the solution, which

“will be” removed, together vith the 1mpur1t1es, by t:hé
_rilter_preu. : . -

The filter cake 18 vashed with distilled

wvater and the wash water added to the mother liquor in
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the storage tanks.

Lo After about 10 - 15 of such dissolving
“tank batches have been filtered, the entire filter
cake 1s returned to the dissolving tank and the Co
dissolved in Alluted (35 %) HNOB. The material which
.finally remains undissolved in the tank at Holten 1is
‘returned to the manufacturer from whom Ruhrchemie -
buy their Cobalt. ‘

The excess of Co in the dissolving tank
and the Co on the filter press will remove any Cu
‘which might be present in the Co metal and whick
othervise would remain in the Co(N63)2 solution
after being dissolved in the mwoB together with
the Co.’

In the astep of dissolving spent catalyst
Some Co 1is added from time to time as make-up for
unavoidable losses in preparing and handling the

_eatalyst. e

.fl. Dissolving of magnesium. _
:iw.. ... There are.no 1apecm.l prescriptions for -
the magnesium. Various market products have been
f"ﬁv'eati'g_@_t'_;gg at. Holten, i.e. cheap, expensive, pure
“and impure ones.. After having started with pure ones,
-1t was founa that impure magnesium products could
~also be used, Rovevezr, in general it can be said that
‘the purer the magnesium, the better the catalyst.

v 7 ¥ost_important is that no impurities are
_present in the magnesium vhich cannot be removed in

- the pm-itlda{t;cp”gtqp'.waqq,q;mh,abo_uid.not ‘be.present. .
{vhen preparing the first batch of catalyst, as this
is about 'the‘ vorst impurity conceivable. The 80,

ion might be present ,s. Incald /uwlv'éw .
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Dissclving of magnesium compounds in
nitric acid 1is done in a separate step {H‘ggggeg%
tanks without any difficulties. The usual concen-
tration at Holten 1s about 120 g Mgo/1. However,
this concentration does not matter very much,

8. Dissolving or thoriunm,

Thorium has been obtained thus far from
the Auer Company 1in suf'ficient purity, The amount of
80, ion should be limited and can be controlled by
the washing when manufacturing this metal, as it 1s
made via the sulphates. In the beginning the thorium
contained . too much 304 but since discussing this
problem with the Auer Company a sufficiently pure metal
has been obtained. The reason for limiting the 80,
content 1s because thorium sulphate will Precipitate
vhen heating the nitrate solution; which apparently
causes. trouble by deposits in pipelines and valves.

wgﬁxﬁhermopewinsolublemK~orwNa-ThwdoubIe“shltﬁ“ééﬁfﬁiﬁam
be formed. : )

Z2inc and lead shbul@»not be present, for
”thefsame"rééabnuéé‘héhtibﬁéd above when discussing
cobalt, ' S
- Thé thofium compound bought from the
Auer Company is a basic carbonate. However, as nitrate
it can be used just as well. The first thorium bought
by‘Holten aid not contain enough water, which apparently
-18-important—in-a1ssolving-the thor 1 im, Holten now
buy a product with so much thorium that the basic
carbonate contains 70 % thorium 061?9%§§e§”§§f
ThOg. e - _
Also in this case 1t can be said that the
purer the thorium compound, "the more active the final
catalyst, . ’
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Another compound vhich should not be present
- from an economical point of view 1s iron. It does no /7
gggy_ig_fhe‘catalxgghypgg<gpgayly'ggde, but oﬁo iays e
the‘thorium price for the total amou;E of metal present
in thewthorihm‘compound; moreover, the removal of the
iron 1in the first recipitation ate£>costa sodium

— = ot

carbonate,

_ The conéentration of ThO, in the nitrate
solutions made at Holten 1s about 150 g/1.

The price of pure thorium in Germany 1s
about RM 18.- per kg thorium calculated as ThO,, 1.e.
RM 18.- for so much thorium as would give 1 kg Tho,.

9. Kieselguhr,
Sdme'general prescriptions will be given
| for the Kieselguhr. It should be

a. as purefas possible; -

uniform structure;

T b avallable in large quantities of
c.'aq light as possible; '
“de "as cheap as possible.’
» "A heavy 3uhr”éa§531vé a good qntalyst,'bﬁt
'}aulighf"ghhr‘v;ll give a betteér: one. Scme guhrs are
heavy,becauee,the‘total composition 1s heavy, whereas
others are heavy‘becauae, notwithstanding the fact that
they contain good diatoms, up to 30 % sand is mixed
mﬂxithgtha_guhn,_nm~neulen—augge-ted—thet-ve—shouid—seﬁd*“
about-10'1 of various types of Kieselguhr available in
~ the.U.S8. to Ruhrchemie to be investigated there.

Wéé, Adjusterﬁ"and measuring tanks.

At Holten the adjusters are tanks of 32 m3
'each, into which the 3 solutions of magnesium, thorium -
and Co nitrate are run to obtain a final 'solution having
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the right concentration of 40 g Co/1. It 1s not
implicit to adjust this concentration to exactly

40 g. In that case, however, one should know the
exact concentration of the solution before using it
for precipitating the catalyst in order to adjuat the
amount of Na2003 solution to be added, It facilitates,
hovever, the operation if always the same amount and
concentration of N32003 solution can be used, for
vhich reason the nitrate solutions are adjusted to an
exact concentration of 40 g Co per litre.

s - 2 Five such tanks arc available at Holten,
four of which being made of iron, lined with acid-
proof brick, and one having rubber coating.

The -solution in these adjusting tanks,
at111 contains some free acid, Cego 10 - @& g/1.
‘This. 18 due to the fact that an excess or acid 1s
neceasary to diassolve thorium. Maegnesium can be
*—dissolved-with the theoretical amount 6f H€éld, Prom
these adjusters the solution is pumped via a heater
+ into tanks in which the solution is heated to exactly
60°C by ‘means of indirect. stoam, as the concentration
‘has to be kept entirely constant duiring this heating,
and then run into’ meaauring taiks. Measuring '1s” doné
at exactly 60°C, This temperature 1tse;flgs_not important,
but a cei-tam temperature should be adhe;ed to rigidly, —
in order to measure always the same amount of .same
specific gravity. As, after the measuring, dilution
of the solution is immaterial, it 1s further heated
with direct very pure ateag;- which 1s speclally
purified over fillters - to 98°%C and then.run off into
.the precipitation tanks.

l. Preparation of sodium carbonate solution.

- This 1s done in the same kind of dissolving
‘tank as used for dissolving Co in HNOB. Calcined Na CO3

4
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and wvater are added into this tank and stirred while
the dissolving procedure 13 going on. The solution
should be made to an eéxact concentration of 103 -
104 g N32C03 per litre., Water for dissolving 1s
agaln taken from the second part of the wash water
used for washing the final catalyst after its
Precipitation on Kieselguhr,

12. Precipitation of catalyst,

} Co, Th and Mg are precipitated as car-
bonates on Kieaelguhr. Sodium carbonate solution is,
therefore, heated in a tank to 60°C and then measured
at cxactly this temperature for the same reason as
explained for the nitrate solutions. After being
measured, the carbonate solution is run off into
‘the precipitetion tank, wherg 1t 1 hegted further
to emest its bolling point By(dzre;t”épecially
purified steam before addition of the hot, admest
boiling, solution of the nitrates. These high temper-
‘atures 'must be adhered to ¢l68e6ly, as 10°¢ iower
temperature will result in much inferior catalysts
belng obtained, As men ned under 11, the sqdium
Egzbbnété'ﬂqutipﬁagéggégha'loﬁ'- 104 g water-free
ua2(703 per litre. During the precipitation step the
contents of the precipitation tank are stirred
vigorously. After addition of the,n;tpate,solution,(
wvhich 1s done very quickly, e.g. in 1 - 1.5 minutes,
stirring 1is continued for 30 seconds longer and
thereafter Kieselguhr added. This latter addition

takes 80 - 90 seconds. Asgin §1 ing }s pontinued pay o
for 30 seconds longer, / 2 é
proeoipitating—tank bulng then puliped qUITKIY VIE a .

screener. to . the filter presses: FPheregson-Tor—-the
screener_1is to remova.any large undesired particles
thich -may -heve--been added-with the Kieselguhr, 8ire

af—escreerr Y0 MM,
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After preoipitation, the mother liquor
vill contain about 2 g Na_.C g NaHCO -0(H8(H503)2 pour ke

2 ‘g
titvotoo—aq=ht-c.nbonate) and 48;3 NaN03 per litre.

. There are seta of 4 Precipitating tanks
at Holten. One floor above the precipitating tanks
are sets of 4 measuring tanks for the nitrate
solution, 4 measuring tanks for the sodium carbonate
solution and further 4 hoppers for the Kieselguhr,
arranged as shown in figure 15, Annex a.

) Into the precipitating tanks are run per
charge:
8, 750 1 nitrate solution, containing 31 kg Co;
b. 750 1 Na2c03 solution;

‘¢ 62 kg Kieselguhr.
Belonging to a set of four precipitation-
tanks are fowr filter presses for filtering these / sepat
..solutions, each filter press. -having--a- capacity-of —
2 precipitating tank charges containing 62 kg Co,
Each filter press 1s able tolmndle 18 filter press
charges or-18-x 62 kg Co per day. In all” therc’ are,
v12 filteér presses at Holten,”ﬁ of which are 1in use.

e After filtration the filter cake, having
& thickness of 22 - 25 mm (this depends on the
Kieselguhr, as some Kieselguhrs nllow a thlcker cake)
18 washed with ﬁ-ﬁm} distilled water. This water
“should be as pure 8_possible_and only. contain-the—
least posaiblewgpount of salts, as otherwise the
activity of the cataliat'will be impaired. The first
.part of .this. vater 1s. added- to - the mother-liquor; -
consisting of sodium pitrate solution, and dumped.
The second part i1s used for disaolving sodium carbonate,
or used as wash water for the Fe-Th filter cake.
However, at Holten this latter part can also be used
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for the rirst washing of the next filter press otnrgo.

The 8t efficient procedure of wvashing seems to be
‘wa alte ely bao “and /4/’
('htoh ny the total quantity could de reduoed to

& tons water per ton Co.

b
’ Piltering and vashing should be done
’anklr. as otherwvise the l!enll()3 wvill attaok the

- Rbsootgatr; . . ’ .

wanhing is done with hot water having a

tqeratm-e of over 85°C, but not above 95 - 100°C,
Shis washing takes about 25 minutes with new filtering
cloth and about 35 minutes with old cloth.

) The Na/ Concentration in the washed filter
-oaks amounts to O, % by weight, with a maximum of
0. £ by weight,. ax=flr, This amount should be kept
as lov as ponible.

e B CUA B ltep 20-%.Mg0 -18-108t; -£Or- 1ne -
ltance. i1f the charge to the precipitating tank shemid
contux;:l.s 8 Mg0 per 100 g Co, then the precipitated
‘washed . catalyst would only contain- 12'= 13g MgO per

, same qmtity of Co. . :
’ "The filter pressés used now e.re so-called
'l’m-er nlter presses™; formerly so-called "Rahmen
filter presses" wvere in use. The first-mentioned ones,
hmnver, wvork mch faster,
!'hc—tinal-cake—-—&rter*waahing‘--stin“‘

“eontains sbout 70 ¥ vater.

:n. Additim of dult. e
Arear dropp:l.y the filter cake on the mixer

beneath the filter press, dust (obtained further on in

the process vhen granulating the catalyst) is added

e ,W.Z

)“"

vith so much water. that -the mixture of filter cake, dust

and water is easily pumpable. About 30 - 40 ~ 45 &

1
L
¥
8
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(at present at Holten 38 £) on total catalyst to be
dried 1s added as dust.

It has been found that the catalyst be-
comes harder when dust is added.

Formerly dust and water were added se-
parately to the filter cake. At present dust and
water are first mixed together, the slurry being
added to the filter cake. After this addition, the
mixture of filter cake, dust and water contains about

83 % water.

14. Further filtration and extruding of catalyst,

The above mixture 1s then pumped to a
rotating vacuum filter working under a vacuum of
60 cm Hg, by which the amount of water 1s reduced
to about,SB’%. On this filter the catalyst 1s again ?,
washed with hot dfstilled water. Depending on the Co
and NaNO, content the recovered water is either usgd

for making the dust slurry mentioned above or run off/wmm
into the general precipitating tank for the recovery

or Co. ) v B ) )

The catalyst cake, after belng scraped
oft the rotating vacuum filter, drops onto a kind of
extruding machine, which presses the wot cake having
a temperature of about 40°C through 6 mm holes., A
cross-sectional sketich of this extruding machine 1is
given in figure 16, Annex A.

The four blades A, B, C and D rotate in
such a vay that the catalyst mass 1s pressed through
the holes. Tpe»qlearanqe»bepweqn‘qaphiof the blades and
the bottom plate with holes 1s 2 mm.

15. Drying of catalyst.
i The drilers used at Holten are not specially
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sdonimed for this pux-po-o, but bought as a normally
avallable type. !'hey consist of about 22 slowly
I'ota.t!.n'é m:ontcl disod having a radius of about
= 3 mwx; oach of which consists of segments and
.each having a screaper which scrapes the catalyst
“from a segment onto the gorresponding segment of
tho 41sc just deneath it, Hot air is blown over .
thi. catalyst. This air circulates and is heated
vith 18 atm. steam through steam coils arranged in
the heater alongside the walls. Presh air enters the.
“drier at the bottom after .being preheated with 8 atm,
. #team,. This 1s the" expanded steam obtained from the
18 atm. stoam used in the coils just mentioned. Wet
air 1s removed from the drier at ths top by means
of & dlover,.The temperature of the air in contact
with the almost dried catalyst ' ahom‘got be above
110‘*—‘::0‘-). highor than when in contact

dt‘& tl. uat “t&l”t-. Otherviaerblt-om‘or
R — T
: {see fig. 17, Annex A)

nu oata.ly-t J.oa.ving the drier contains

lboue 10 # of water,
‘ . " The atir 1eav1ng the drier is washed by
:*ntor £3r dust recovery in a tower having trays with
~2loles; This water 1s then passed through a filter
‘Jwess under its own pressure and the filtered water
m%th-mcoh-:bynem of a pump, The
'm Gust has been exposed to too high a temper-
‘fa, therefors, unsuitable as such for the
‘of catalyst. It is returned to the dis-
; hqﬂu for spent datalyst (see fig. 17, Annex A).
’ ﬂntom ‘time ‘of ‘4rying 1is about 2 hours,
ity of the drier 1is about ¥ tons of final catalyst

‘.“’n'..d-.y. As about 30 § of the total dried catalyst 1s
*@ow as Mt. the actual amount of catalyst passing
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through this Aarier is, therefore, 30 % more.

Lately Holten Y €0 use driers
which do not have a Scraper for removing the catalyat
m the disc segments, but which make these segments
turn slightly at a certain point to let the catalyst
&rop onto the corresponding lower segment. It was .
said that this kind of drier causes less dust formation.
Por the same reason they intend using a continuous
belt drier, in which a belt slowly moves downward
through the drier, leaving the catalyst in 1ts plsdce
on the belt during the entire time of its presence
in the drier. ' i

4€. Screening and granulation.

' " The catalyst leaving each of the four
ériers 1s moved by a horizontal belt conveyor to &
vertical bucket conveyor (elevator) which drops the
_eatalyst onto' v‘ihré.torq:wg'_h‘g're are two bucket con-

voyors or elevators at Holten, each dropping the
uhlyit onto two vibrator sets, each vibrator set

.eanslisting ofs

first vibrator,
. granulator, -
second vibrator,
 third vibrator.
(See rig, 18, Annex A). ‘ _
' fho—r—j:rst*-vtbrator“separate’sigjre“c“dt‘al’ﬁ't““-
by means of 2 vibrating screens, viz. a X 3.5 screer
and a 1. x 3 screen; inio three different sizes, viz,.
too large size, good size (1 < 3 mm) and dust (every~
tlu.né passing the 1'x 3 screen). The oversize particles
not passing the X 3.5 screen are fed to the
gruiulator,. vhich consists of a sacreen and a slowly
~-rotating arm presaing’the oversize particles through.
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the screen. The material leaving .the granulator drops
onto the second vibrator having three screena, viz,
from top to bottom.

’ % 5 x 3 5 screen
a 2,5 x 2.5 screen and
a 1 x 3 screen.

The particles not passing the top screen
are returned via the elevator to the first vibrator.
The particles not pPassing the second screen are fed
to the thirgd vibrator, as well as the particles not
passing the third screen. Everything passing the
latter screen is dust and drops into the dust
#o0llector. The third vibrator consists of two screens,
vu. 8 2,5 x 2.5 and’a 1 x 3 screen. This vibrator
serves for removing any dust left in the good-size
particles and, therefore, receives the good particles
from the rirst vibrator (1 x 3 screen) and the second
uhrator (2.5 x 2,5 and 1 x 3 .screen), giving, there- ...

fore, two different-sized particles, vhich 1is necés-
sary, as some licensees ask for smaller and some for

» ,l.u'ger particles, .

The vibrators are enclosed and work under
a l].ight vacuum in order to- prevent dust from escaping
. l.nto the atmoephere.

Catalyst of the desired size is put into

r s, each conta 30 kg catalyst. This
pvenio e AT Y

um:-t 15 called "green_ catalyst.w IR0

no Horeaftdr the ca.ta.lyst is reduced vith hydrogen
vhich is previoualy ‘heated to about 450 - 460°C,

Ruhrchemie use mixed gas of their ammonia
plant for this reduction step instead of pure hydrogen.
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This gas 1s kept in circulation. After
passing through the catalyst to be reduced, it 1is
freed from CO and H O in various units and then
returned vias a. hoater to the reduction chambers
containing the “green® catalyst (see Annex A, figs
6 ana 7).

The reduction plant consists of the
following parts:

a. reduction chamber,
b. conversion of co,,

Ce B8pray cooler. with separator,
d. Junker's cooler,

©. gasometer, -

f. blower, '

g. _cooler,

h.. blower,

1, coblex', .

J» __ammonis cooler,

k. Silica gel drier,

‘l. gas heater.

Ca. " A sketch of the reduction chamber 1s shovn

rig. 20, Annex A.

' By 1ifting the top part the inner basket,
having a height of 35 cm, can be filled with
ca:talyst. At Holten the depth of such a catalyst
layer does not exceed 20 - . 25 cm. About '8 paper
Bags or 2#0‘):3 cat"‘lyst are rilledeach time In
“each chamber. When reducing, the hot. hydrogen passes
through the green c?talyst from top to bottom, ‘
"heating it to 380 - 470°c. The following conditions
are absolutely necessary for obtaining an active

catalyét :
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1. a thin layer or "green® catalyst;’

2. high velocity of the hydrogen;

3« 1low vappur pressure of 520 and coa, say,

. beloy 0.1 g Bzo per m3 cirgulating gas;

L co_nita.noy in oconditions, °.8. temperature,
32 velocity and purity or Ha.

The catalyst 1s not sensitive to 1120
and 002 at room temperature, but very sensitive
at higher temperatures,

If the vapour pressure or H,0 and co,
should bdbe too high, the temperature has to be
increased in order to obtain a good reduction,

However, this increased temperature, say,
above 450°C, produces a conaiderably less active
catalyst. One may expect, therefore, a still better
catalyst than obtained at the moment by reducing
at still lower temperatures. 'Ho,lten have succeeded
in reducing even at 300 - 320°C. However, the
"time of reduction is then sbout four times longer
than at 380°C,

: It-is very difficult or even impossible
to measure the actual ‘temperature within the
catalyst, ' / T )

. ' The aifference 1in gas temperature between
the inlet and outlet of the catalyst bed is about
200°C when starting the reduction. This difference
docreases graduslly and is usually about.80°C___
tovards the end of the reduction. Hoveirer, this
temperature difference is not a guide for the time
_of reduction.. . . . . ' e

The amount of hydrogen used at Holten is
1200 m3/h gas (3!!2 + N, + impurities) per m2 ~
catalyst surface. This quantity cannot be increased

1
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much, as otherwise the catalyst will start sviun'iné.
To prevent this, a sot of distributing vanes,
having about 10 x 10 om squares and a height or
about 10 om, 1s attached to the top cover of the
chamber., When this cover 1is closed the distributor
1s pressed about one inch into the catalyst bed.

The figure of 1200 m3 mixed gas/hour/m2 - -
does not mean that vith pure hydrogen cne could
use 900 m3/hour/m2, as a certain partial pressure
.of water should not be exceeded and enough gas
has to be passed through to dissipate the heat
of methane formation, .

It 18 said that with pure hydrogen the
reduction temperature can be reduced somewhat.

At Holten there are six chambers, each of
which 1s connected to one hydrogen header. The
total quantity of gas passing through the chambers,

““which means the total quantity of gas in circu-
htio’n, is 10,000 m3/h. Every 20 minutes a .
chamber filled with catalyst 18 being connected .

" to the hydrogen cycle to start the reduction.
" This reduction takes one hour, for which'xv“eason
‘all the ‘time 3 chambers will be. connected to the’

- hyarogen cycle and the amount of 10,000 m3 just
mentioned 1is, therefore, passing through 3
chambers all the time. In order not to 4ncrease
the percenta ge_of._impuritics_above-a-c ertatn—l4mit-
abdut 950 - 1450 m3 gas per hour 1is continuously -
blown off ax:d 1000 - 1500 m3/h I‘resh'H2 + N,

..added. .The. ~chambers -together can'reduce six
gynthesis converter charges per day. Cross~sectional
-surfage of one reducing chamber is 1.4 m2,

Duringl this reduction a small amount.of
dust is formed, which 1s removed in the cooling
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atége mentioncd sub b,

' After rcdv-tion 1is finished (this time 1s
known by expericr~: and not controlled by any
analysis) hydrogen 1is repleced by N,. Then con-
nections from and to the chamber are removed, the
chamber turncd upside down and connected to a
much larger céntainer, which can be moved backwards
and forwards under each of thc six reducing chambers.
This latter container is filled with nitrogen and
reduced catalyst 1s dropped into it. It can hold
15 - 17 reducing chamber charges, 1.,e., .an amount
equivalent to 15 - 17 x 240 kg "green” catalyst.
Smaller containers are also in use, having a
capacity of 4 - 5 reducing chamber charges.

All work in this reducing plant is manual.

Time needed for, the variou operaZiona in the +
reduction stepﬂ?"‘as follows: : 7‘

foet’-60 minutes for reduction;

%

-

}Q_minutea for replacing 82 by N2, disconnecting
-~ chamber and turning 1t upside down; s

5 minutes for emptying the chamber;
10 minutes for tuining eh&mbers,'rilllhg, reconnect-

- -1ing to oycle and purging with nitrogen.
e

. In 8 new catalyst plant charging, discharging,
etc. will all be done automstically, which will

b,

al86 reduce the time for the total cyde.

Conversion of 002. .

As mentioned under a; 1t is lmpérative to
keep conditions constant during the reduction step
in order not to impalr the activity of the catalyst.
However, this has not been entirely:possible as .
part of the 002 removed from the green catalyst
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(carbonate) stayed in circulation and was converted
to CHu vhen coming again into contact with the already
partly reduced catalyat. This caused g continuous
variation in 002 and CHu content of the recirculating
gas. Moreovpr, everything that has been said with
respect to a necessary low vapour Pressure of the
vater also holds good for CO0,. Removal of Coe'arter.
the reduction chamber;_therefore, was expected to
8ive a better catalyst., Holten are afraid that this
cannot be done, hovever, by caustic wash, as the
chances are that a small part of the caustic may

be carried through to the catalyst, They have,
therg{ore, Just started to reduce the CO2 to CHu
over a catalyst right after the reduction step,

This can be done at 180 - 2509C, ‘when no. or hardly
any water 1s present. However, with the actual
amount of water present, viz. 40 - 50 g/m3, 1n the
8388 after the reduction chamber (e.g8. reaction

wvater and moiqgigMpgggggpm;g;;he“gneenucatalyst)nawm
‘temperature of 350 - 400°C is necessary. This 1s
somewhat higher than the average temperature. of

the gas when leaving the reduction chambers,for
vhich reason a speclal heater is now beilng installed.
Without this heater only 40 - 50 % of tye 002 which
is present inthe gas after the reduction chamber

to an amount of 1.7 g/m3 can be converted, as the
gas temperature 1s only 250 - 300°C. As catalyst

‘for this CO, ——p CH) reaction Holten use their
_aynthesia—catalyat7—vh1ch*they~expect“wIII“IEEf“TEF“'
a long time,

Spray cooler, o o

The spray cooler reduces the temperature
of the gas leaving the reduction chambers from
300 - 400°C to about h0°C,~bt the same time
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removing any dust carried along.

This latter amount is very small and dust
wvhich remains in the tover 1s only removed from it
tvice a year (see fig. 23, Annex A).

The Junker's cooler is a tubular indirect water
cooler, the temperature, after this cooler, there-
fore, depending on cooling water temperatures and
being, say, about 25 - 30°C.

f, g8 h, i1, There is no-reason ihy the 2 blowers +

2 coolers could not be reduced to 1 blower +
1 cooler, Pressure after the second blower:
4000 - 5000 mm water.

It 1s worth mentioning that the use of
Roots blowers cannot be recommended, as such
blowers give impulses to the gas flow, and most
important” is that the gas should pass smoothly
over the catalyst during its reduction.

5

' The amhovia cooler brings the gas_ temperature
down to -10°C/4'g}J cooler has a capacity of
p&". - 10
150,000 kcal/ﬁ;}fﬁe‘EBmﬁ%essor using 80 hp, and
is guaranteed to reduce the water content to below
5 g/m3 gas. Actually at Holten about 2 g H 0/m3
or less 1is reached.
The equipment consists of one heat exchanger
(recuperator) and 2 N33 coolers in parallel. .
The s111&5‘891_plan§g_et_xolten“conaiat

of tvo driers, operating alternatively, Each drier-
has 2 layers of silica gel and switching over to

. the other drier .is .done.long before the bottom -

layer is saturated vith water. The gas entering
these driers at the top contains about 2 g HQQ/mB

and leaves the drier with 0.0 - 0.4f%g xao/ma.
o0y 80
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Regeneration 1s carried out with hot hydrogen in
circulation, which 18 heated vith steam to °C.
After regeneration is finished, the silica gel
1s cooled by hydrogen in circulation, this being
itself cooled indirectly by water, The cycle 1s:
one hour absorption, one hour regeneration.

When starting operation, Holten used gel
driers constructed by the Silica Corporation in
the U.8,A, At that time they d1id not have an
ammonia cooling., The gas entering this drier,
therefore, contained about 25 g H,0/m3, leaving
the drier with about 0.8 g H,0/m3., As the gel
cannot stand such large amounts of water present
- in the fresh feed a gas volume of about 3 - 4 times
the amount of fresh feed was kept in circulation
to dilute the fresh feed with dried gas. Regeneration
according to the Silica Corporation's method was
carried out by the hot gas itself, after leaving
.wthewreductionachambers~described~under~gmand»wm~Mw“
having a temperature of about 250 - 300°C. After
the gas left the. gel unit to be ¥oigd, its
temperature was about 100°C, It was then cooled -
and passed through the gel absorbing unlt (see .
- Annex A, fig. 24), ’ :
This method of dArying did not prove to be
very successful, as
1. the driers had too much resistance for a fresh
gas—-rate--of—105000-m3-gas/h+—With-normal—blowers—
one cannot attain much more than 6 m H,0. In-
creasing this pressure, considerably increases

" the power consumption, €.g."

€Enm H,0 : 250 kW,

8m " : 250 ".
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2. Some dust from the reducing containers accumu~
lated on the gel, Holten installed a dust
catcher, but owing to the small amount of dust
and the particles probably being electrically
charged this did not work well.

As & gel drying preceded by NH3 cooling
was considered to be considerably less expensive,
an NH3 cooling system was installed, at the same
time replacing the gel unit just described by gel

.+ driers from Gebr., Hermann, K81ln, Now the results
mentioned in the first paragraph of this point k
are being obtained. -

l. @Gas heater,

The gas heater consists of a tubular bundle
through which hydrogen passes from top to bottom
and is heated by hot flue gases obtained by
burning rest gas with air. Also in this case the
_tubular bundle..consists..of two _parts.which.allow..
independent expansion of the tubes heated by the
"flue gas entering the bundle (vide Chapter II).
.(8ee Annex A,Arig,vlg). - e ' '

a8. v Cooling of reduced cataljst and saturation )
with 002 or oil. As mentioned befbre, the reduced '
catalyst 1s dropped hot into small or larger containers,
holding either 4 - 5 or 15 - 17 reducing chamber
charges, After being filled, these containers are
--cooled,~which-is-done-ocutside~the-reduction-part—of
the plant with circulating N, (see Annex A, fig. 7a).
Time for cooling of a large container: 5 - 8 hours;
‘for a smaller container: about 2 hours, When a
temperature below 40 - 45°C is reached the catalyst
is saturated and impregnated with 002 by feeding CO2
through the catalyst from bottom to top. This
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saturation is continued until the gas leaving the
top of the catalyst container shows a co2 content
above 98 %. 120 kg CO, 1s used for a large container.
This step takes about 100minutes.

The circulating Na’is cooled itself
indirectly by water. The cross-sectional form of
the tubes of this cooler 1is stream-lined. The
tubes are made of aluminium and have a diamcter,,
square to the stream-line direction, of about 1",
Wall thickness 0.3 - 0.6 mm, These coolers are made
by Rudolf Otto Meyer, Hamburg, and are said to be
very cheap, viz, about half the price of normal tube
coolers., They are also used by the German Navy and
are called “aerodynamic coolers".

Instead of Coeﬂalso oil can be used; for
instance, a catalyst charge shipped to Japan had been
impregnated with:oil. Although this latter procedure
“apparently ‘does not harm the overall activity of the
catalyst, 1ts starting activity is somewhat lower
than in case of CO impregnation.

If the catalyst has to be transported over
& long distance solid CO is put on top of it after

the CO 1mpregnation is finished.

lﬁ. Transport of catalyst to licensecs. For
transporting catalyat to licensees two methods are used:

i~—tvo~iarge*catalvst—containers*on“&“ratiroad—car,
each container having a dead weight of 5650,kg. One
fresh catalyst charge weighs 3000 - 3250 kg. After
‘usé the sperit c¢atalyst might weigh iup to 5000 kg,
owing to paraffin absorbed in the catalyst. For
this feason the Holten cranes have been amply

dimensioned at 15 - 17 tons.
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2, Bight small containers on a railrcad car, each
velghing empty 1470 kg and each having a capacity
of 800 kg catalyst. Thererore, four such containors
jt._ut )zaye enough capacity for one oven charge. The
form of these containers is shown on figure 31,
Annex A. Dimensions are 1570 mm long, 1420 mm
vide and 2135 mm high; total volume 3500 litres;
net volume 2500 litres. Lately these containers
have been transported to the various licensees in
upside down position, in order to facilitate
f1lling the synthesis converters and making 1t
possible to‘tranaport_. the containers on rails on
top of the overis, allowing a lighter constructipn
of the synthesis building. See fig. 22, Annex A.

. Por sketch of transport cars see figure 21,
Amex A. '
£20. Some remarks on equipment installed at
Bolton's catalyst pla.nt.

It may have been noticed that for all
filtering steps, except one, filter presses are
used. Ruhrchemie -stated in this connection-that - -
vhen designing the plant this type of press has
.been. chosen on. purpose, as it 1s very flexible °
and reliable for all types of precipitates,
independent of crystal size, and furthermore en-
sures effective washing of the filter cake.

Once the conditions for a certain
precipitation step are known and rigidly adhered
to, one can advantageously apply cofitinuous
filters,- thereby. reducing materially. the cost of
upkeep and labour,

Regavrding the material for the equipment
to be used in the catalyst plant, the following
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‘oan be said.
) Iron can be used throughout the plant
when no free acid 1is present.

Parts coming into contact with neutral

. catalyst, whether dry or wet, should not contain or
be made of: copper, bronze, zinc, tin, aluminium or
lead.

: " Whenever HNO3 18 present 1t 1is heceasary
~ to use either iron with acid-proof lining (bricks,
rudbder), or Cr-Ni stéela,- or alloys such as ascaloy
or sichromal (DEUTRO 16-3 made by Vereinigte Stahl-
werke Thyssen, Dusseldorf, or Vy7 F.E. made by Krupp.
Both these metals contain a small amount of Ti and can
be welded without being annealed afterwvards)k

For the final catalyst precipitation V,A
43 used, It is important for better cleaning that
thalo containers have a smooth surface, for which
‘FeasSONn” sichrome.l, ‘wvhich;" moreover, oxidizes -quicker;-
‘48 less desirable. ) -
5_ A1) pumps can be of nonnal construction._
ﬂwy should run at moderste spesd to avoid excessive
wear; for more viocous liquida open vanes should be ‘
applied. In caae of acid-conte.ining liquids, Cr-N1
or Cr-steel or stoneware 1is to be used, The latter
material is not applied at Holten.

As mentioned in the foregoing description
_filter presses for acld-containing liquid-are made of
wood, for vhich pitch pine is speclally recomended.

----- s mmwu pumped. through 1r,on,p1pea.,_< o
v In the purification steps mostly wooden tanks

Iron is used in the‘reduction plant throughout.
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A8 packing material rubber 1is mainly used, .

except at hot Places, vhere asbestos packing 1s applied.

The following names of manufacturers may
be menticned:

Vacuum filter: Maschinenfabrik Buckau
R. Wolr, Magdeburg,
Extractor: BUttner Werke, Uerdingen

("Spezial Aufgabe Apparat -
fur Paatenrdrmige Produkte®).

Drier: ~ ) BUttner Werke, Uerdingen.

Vibrator: Pluémrich, Recklinghausen.

Reduction step cooler: Junker?s Cooler, Dessau.

Nitrogen cooler: Rudolf Otto Meyer, Hamburg.

Rydrogen heater: Rekupera.tonS Dusseldorf,
Etanad

lo.ter for heating the ) AN ){Lv.o"#,.,v,,:,

- Co(NO,),, solution before- Price
ving Pe, Al, etc.: Zz Scyotﬁier.
: A Aol

. This catalyst plant should have a capacity
for the re-generation of 1% converter fillings per 24
. hours; the capitsl cost for such a plant built in Germany
under the present’ c¢ircumstances would amount to RM 2,100,000,
This includes buildings and_appagatuses,
cooling vater supply, purification of wash water, all
olectrical equipment, aettling pits, etc.
s : The—-costn-—tor—-bui1d1ngs~amount—to-—25-—-30—%-
vhich buildings are necessary in Germany on account of
the pouibility of rreezing.

‘When built in the South of the U.S.A. 1t might
'bo posaible to reduce the capital 1nveatment by omtting ‘
or simplifying the buildings. . :

~ The above plant can normelly re-work 1.3 tong
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of Cobalt with a maximum of 1.6 tone of Cobalt per 2%
hours. ‘

The utility requirements were stated to be as
follows:

Condensed water, 200 tons/ton Cobalt; this
quantity is sufficient also for making solutions, etc.

If the costs for preparation of condensed water
should be extremely high, 1t might be possible to reduce
the above-mentioned quantity to 130 - 160 tons, replacing
the balance by normal tap-water.

The latter should then be used for the washing
-of the Kieselguhr, diluting of nitric acid, etc.

Apart from these quantitlies make-up for cooling
vuter and a certain quantity for rinsing water ere ne-
cessary.’

It was mentipged in this respect that the con-
densed water-distilling plant at Liitzkensdorf 1s -
@imensioned_for_a quantity_of 288 tons/24 hours for re-
generating 3 tons catalyst per 24 hours. This must be con-
sidered to be a bottom figure.

The cooling water circulation for Tégerierating
14 tons of Co is to be set at somewhzt more than 200 tons
per hour; the returning cooling water from the refrigerat-
ing plant is taken at 30 - 40 . :

If cooling water in large quantitles and of suffi-
clently low temperature i1s available (e.g. from q_r;var),
-the*guanetty-of—ctrcu&attonﬂvater—can—benneduced.cpnsiﬂaz;__
ably. - &

The steam consumption will be from 4 - 7 tons
per hour for regenerating 13 tons of Co/24 hours.

Regarding the electrical facllitles the following

figures vere given:
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The total rated capacity of the electrical
motors 1n a plant for re-generating 1% tons of Co/2h
hours 1s about 780 kW. The actual consumption will be
about 25 & of this figure, i.e. 200 iVW.

The total quantity of Co tied up in the
catalyst plant of the above-mentioned capacity, may
be estimated at 30 tons.

This figure may be considered as ample, but
vhen such a quantity 1s avallable, a smooth running
of the catsalyst plant 1s facilitated.



XD
2
<o
(%
[T
It

- 73 -

CHAPTER IV.

BMARGFACTURE OF CATALYST FOR ORGANIC SULPHUR REMOVAL .

This catalyst 1is prepared by mixing lux mass
with sodium carbonate.

The lux mass 1s stored in the open and contains
50-60% water, and’ aleo some alkasline (7%), calculated as
.s0dium carbonate, partly conaisting of. NaOB, partly of
lu2003. ;

It is mixed with the soda in a so-called
oounter-current mixer (Each Hochleistungagegenstrommiacher,

' Bsch Werke, Duisburg). This 1s a cylindrical mixer of

about 2 m dia. with a vertical spindle,. with a planetary
system or scrapers revolving around it.

w—w~~w~"mw~Invthla“mixer”600“kg“of“lux*maas“contéihfﬂg“so%“"
of water, 100 kg of dry calcinated sodium carbonate and
sbout 220 kg dust (see below) are mixed at a rate of
‘5=T-charges per 8 hours. So mich water is necessary
Shat the mass 1s just sufficiently plastic. If the lux
‘@ass contains less than 7% alkall, a corresponding quantity
o uuzco is added above the quantity of 100 kg mentioned
i.rore.

The lux mass and the soda are mixed for about
AN hounp_atten_uhich_about-l/é-the—quant1tyhoﬂ—dust—1a
added, rolloved by 20 minutes' mixing. Then the remaining
dust 1s added and the mixing continued for 5 minutes, after
-vhich the mass-1s dropped through the- bottom. ‘

After mixins, the mass 1s dropped by an
‘Rntleerungaklappe and fed by hand to a so-called
Pauaier' sleve, consisting of a horizontal plate with
holes varying in diameter from 3/8-5/8 inch, drilled in
'3 of the & qQuadrants. Arms revolving on a vertical spindle
push the mass through these holes, from which 1t drops
onto the revolving blades of a hot air drier.
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It 1s important that the mixing should be well
timed, to attain the desired plasticity of the massa, which
hardens rather qQuickly by cooling below 32°.

Delay 1in pPassing through the "Passief" sieve
might result in breakage of the arms; 1t has been found,
hovever,.that-the nixing time does not influence the
quality of the product. An extruder such as 1s used for
the manufacture of synthesis catalyst would be unsuitable
in this case. ‘

The drier (Biittner Werke, Uerdingen), of the
Same construction as used in the synthesis catalyst plant,
has a diameter of 6 m, the inside diemeter of the vanecs
being 3 m. The drier has 22 sets of vanes, spacéd at a
vertical distance of 200 mn. ' .

The air for ‘the drier 1s pre-heated in a
tubular heator‘with stean of 18 atm., the heating collig-——- -
“'in the drier getting steam at 8 atm. The temperature of
the air in the drier is about 1000, with 2 maximum of 1200;
.a higher temperéture.wbuld result in-too much -splitting
up of the mass. The latter enters the drier with about
35% water and leaves 1t with 3-5%. After leaving the hot
air dfier,,the broduct 13" taken hp by a bucket conveyor
;nd fed to a vibrating sicve, which scparates: '
' a) parts over 15 mm
b) product from 10-15 mm
- ¢)-parts-under=10—mn (gust).
!¥he oversize product 1s. passed through a breaker and sicved
‘dn a second vibrator. The oversize from this apparatusAis
'ftransported“back“to”the'fiﬁst'Vibrétéf. S

. All parts under 10 mm are taken up by a conveyof
and used as stated before, together with the dust, which 1is
eollected by a special vacuum system; the dust-catching
dbags are emptied periodically'bylreleasing the vacuum. "
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The capacity of the hot air drier was stated to
be 15 tons/24% hours. (Por synthesis catalyst driers the
eapacity was given at 5 tons). It is considered that this
type of drier could be replaced successfully by a belt-type
drier, where the material stays on a belt and 1s not dropped
poriodically onto the lower set of vanes.

The above-mentioned size for the product of
30-15 mm 18 used at present by way of trisl; normally
salphur catalyst of 5-15 mm has been used. Also experiments
with 5-10 and 10-20 mnm are being carried out.

The chemicsal an~2lyscs of lux mags and sodium
sarbonate are available at Holten.
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CHAPTER V.

CYCLE OF FILLING AND DISCHARGING A
SYNTHESIS CONVERTER.

When filling a converter, a large or small
gatalyst container 1s put on top of such a converter
—4n vhich air has been replaced by CO2 by introducing
Shis gas at the bottom and further by putting a special
freme on top of the oven and blowing 002 from cylinders
Shrough this frame. The catalyst, saturated with CO,,
j_ll then dropped from the contalner into the oven, which
@o to be done carefully in order to get an even dis-
Astbution of catalyst over the converter cross section.
‘Buring the rilling procedure & small stream of CO, 1s
»own »contrinuously through the frame on top of the oven.
~#mimeene. After. the converter has.beer. filled, the oven .
“ elosed. As the top cover 1s conca've, leaving an
Em“'o of air above the catalyst, nitrogen or CO2 is
‘@own under this cover over the catalyst to replace this
-;lr.

- Filling and closing a converter takes about

S hours.

. The converter 1s then heated up by blowing 18
@, steam into the water-circulating system.. This takes
"f.ﬂlt‘?"—“‘}“hours-fand-d:a—-conti-nued-unt—i«l—-a-s.team_pnesaur.e..
-.f 5 atm. is reached. Then synthesis gas - preferably
;‘l from a first-stage converter - is passed over the

’ L;'“t;lyét"”mmo’x‘doi" to "determine whether or not reaction -
w11l start, which 1s shown by the CO, recorder. If so,
Shen no further heating 1s done. If not, heating 1s
sontinued ih_ile synthesis gas 1is passing through, until
reaction starté. This 1is generally the case vhen a
steam pressure of 5 - 6 atm. 1s reached.
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The initial gas rate is 600 ~ 700 m3/h, which
1s ;-aiaed 8radually to 1400 m3/h. When starting on gas
from a first-stage converter, after about two - three
4ays the switch-over to fresh gas is made or the new
;.onverter i3 left in the aecond stage for more than half
"of 1its liret.imo, as in this case the catalyst will bde
Sore protected, mainly from sulphur. Figures given were
about 2500 hours in the second stage and the rest of ita
lifetime in the first stage.

It is also possible to start a converter on
‘fresh gas; hovever, in that case the initial gas rate
‘should not be over 600 m3/h, which furthermore should
be very slowly increased. This qQuantity 1s limited by
:Qo capacity of the steam back-pressure regulator. s

: Conversion in either stage 13 controlled by
nb«ooz -content;-as-fresh-gas-entering the Tirst stage
Wme & practically constant percentage of €O, (about

'33.4 & at Holten). When vorking on a 75 % contraction

‘S the first stage, gas leaving this stage would contain
ARout 55 % co,. At 57 % contraction, which 1is normal,

: Ui CO, content would be about 35 -~ 36 %. 57 % contraction
‘Seens a conversion of CO of about 70 %. .

Rormally operation 1s as follows. After start-

488, as explained above, with a gas rate of 600 - .700
_Mwun.-vhich—-i-amincreaaed—-,graduai*ly;‘—-a_fixe'd-ge:s“‘ra‘té“'
"f sbout 1200 to 1300 m3/h 1s maintalned. By controlling
$he steam pressure the temperature is regulated in such
'@ way as to obtain a certain convérsion of CO. By =
gradually reising the temperature up to, say, 200°C,

this 0O conversion 1s practically kept constant. Further
4increase in temperature is not advantageous owing to in-
Creasing methane formation. Therefore, once a certain .
Daximum temperature has been reached the gas que.ntilty
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would have to be 8raduelly reduced in order to maintain
the same CO conversion.

However, in actual Practice the catalyst is
regenerated before this maximum is reached, e.g. after
about 1000 hours? operation, by which time the operat-
ing temperature has been increased to about 195°C. After
this regeneration {hydrogenation) which will be explained
below, it 1s possible to obtain again the same CO con-
version &s before with the Same gas rate, but at a lower
temperature, for instance 190°C." Again this temperature
1s gradually increased to sbout 200°C in order to main-
tein the same CO conversion. This ¥1ll then take about
800 hours, at about which point the catalyst will be
regenerated a second time. Soon after this second hy-
drogenation it will be necessary gradually to reduce the
-§as-rate,maintaining-the-temperature - at s maxiiim G =
203 - 205°C. The gas rate is then lowered very slowly

to a minimum of about 800 m3/hour over a relatively long
period of time, during which one or two more regenerations
will be cafried ou If the CO conversion at this final
‘n'-rnte/:§;i;aéﬁﬁ§;43ture of 203 - 205°C drops below

55 - 60 £ in the first stage, usually such converter is
taken off the line. '

Dwu shows the actual varil- .
-.ation_of.gas-rate,—contraction-and-"Letstung'~with—the
time during the entire lifetime of two catalyst £illings.
ﬁuring this period 4 regenerations were carried out. It
iofintoreatihg to see that the "Leistung" before the first
regeneration vas eiactly the same for the two converters.
After this regeneration one converter showed a slightly
better "Leistung” than the other one. One will further-
more notice the drop in operating temperature after each

regeneration.
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We were told that both these converters were
kept for more than the usual length of time in the
first astage.

The hydrogen to be used for these hydro-
genations or fegenerations should be free from CO as
much as possible, 1.e. should contain less than, say,
0.1 % CO. The CO, content should preferably not be
higher than 1 to 2 . This hydrogen 1s kept in circu-
lation at a rate of about 1500 m3 per hour per converter.
It passes the converters in the same direction as syn-
thesis gas, 1.e. from top to bottom, 1is then cooled down
to‘aeparate any liquid products and returned by a blower
to the converter.

Part of this circulation gas is continuously
blown off in order not to increase the methane content
Aullor-wt~cgrtain»percentagé“and”rréSE’ﬁydibgen continu-
ously supplied to the cycle at a rate of 300 - 40O m3/h
for two converters. Analyses for methane before and
‘8fter the converter show whether the regeneration
(hydrogenation)is rinished.

After a catalyst 1s taken off the line it 1s
once more hydrogenated to lower the wax content before
transporting it to the catalysg‘plant. In the beginning
Bolten used pure hydrogen for this latter hydrogenation

_alao,_but—latelyntheyhhave-started-usiﬁg‘synthéﬁrﬁ“gﬁé“‘
vith the additional purpose-of Erying to k111l the cata-

' lyat at higher temperatures and furthermore because
“8ynthesis gas 1s cheaper. As synthesis gas-usually gas
from the first stage 1s taken, but fresh gas can also

be used for this purpose. When hydrogenating with pure
hydrogen no increase in temperature 1s noticed. How-
éver, with synthesis gas the catalyst 1s still active
enough to give a rise in temperature. The steam pressure
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is then kept at about 19 atm. The time for this last
dewaxing step 1s about 24 hours. °

When. starting to use synthesls gas instead of
hydrogen for dewaxing, Holten apparently did not have
any more pure Cb—Th catalysts in operation. We were
told, however, that with Co-Th catalyst they would
prefer to use hydrogen mixed with some synthesis gas,
as dewaxing of this catalyst is more difficult than of
catalysts containing Mg.

The latter dewaxing and the regenerations
mentioned above with pure hydrogen during the period
of actual operation are carried out in order to free
the catalyst as much as possible from accumulated
plraffin; vhich 1s cracked at the normal operation
teuwperature in theApresence‘of hydrogen. 1In the case
‘:of“normal“hydrogehétiﬁhmiith'pﬁﬁé"ﬁjﬁiS@éﬁ”EEBﬁﬁwBOOQ“

kg total products; of which about 1500 kg consists of
CR., are obtained per cohverter{ When Qewaxing w;th
synthesis gas just after taking a converter off the
line,'very probably more CH, &and more total products
are formed, firstly because this cracking is carried
out at higher temperaturqs and secondly because CHu
vill be formed not only from the paraffin itself, but
also from the CO of the synthesis gas.’ When using
Pure. hydrqggn rqr the_laa&.hydrqggnauiqg.A_‘A

sary to heat the catalyst with steam. An endeavour was
made to preheat the hydrogen to 350°C but this did
- not help at. -all. S SRR -

In future Holten may apply extraction with
certain gasoline fractions instead of regeneration
with hydrogen. They consider—extraction to be a better
‘method of remaving paraffin from the catalyst, but the
best method of doing this, and what gasoline fractions
should be used, has still to be investigated. It 1s




f

()

L

VL

32 - 81 -

)'u.uxod. hovever, that in this case no Cobalt carbides,
4 formed auring the synthesis operation, can be reduced,
u is dome apparently when regenerating with hydrogen.

After this last treatment with synthesis gas
.t h:l&er texperatures is finished, the steam pressure
h reloased very quickly to atmospheric or somewhat
Mr pressure, vhich will ¢ool down the converter.
Shen a fov preparations have to be made before the con-
‘orter can be discharged, during which. time the con-
geter will ocool dovn somewhat more. The gases within
R eonverter are replaced by nitrogen or CO,. An
‘sfmost horisontal chain scraper is connected to the
‘Sttom part of the converter and an almost vertical
-Mesket conveyor fitted in such a vway that the catalyst,
‘¢fer leaving the first conveyor, is picked up and
m into a catalyst container (see Annex A, figure
“M8). Phen the two bottom plates, on which the catalyst
;aa-. are opened, vhich can be done from the outside.

AN --In general the catalyst runs -easily out -of
~ oonvortor. When most catalyst has been transported
m thc tvo oconveyors into the catalyst container, the
'Y 13 ftn-t.bor cleaned by poking and, if necessary,
m bloving. 1In case the catalyst should not run out
hooly. the converter is completely closed again and
/again treated with aynthenin gas at higher temperaturoa,
mi‘i“ducubod above,
o AL in the catalyst oontamer should be en-
l--t:.x-ol: feplaced by CO, before starting to fill it with_ .
.spent catalyst. 00, 1- also blown over the conveyor
Ql'm transport of the oatalyst from converter to con-
tainer. After being filled, the container is closed
and brought to the catalyst plant,

Generally, spent catalyst 1s not stored;
1s not on account of the catalyst itself, but only to

this
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1imit the number of oontainers in circulation.

This catalyst 8till contains pararfin, vig.

when using Co-Th catalysts 15 - 35 ¢
for mixed catalysts 8 - 20 %,

An endoavour vas made at the time to remove
this paraffin from the catalyst in situ, which means -
in the converter itself, with steam. This A1d not
®eet vith success, as a temperature of about 400°C 1s
hecessary and Ruhrbengin's synthesis plant is not
sQquipped for preheating the steam to this temperature.

. $herefore, steaming to remove paraffin was worked out
Soparately and, vhen found to be possible, carried out
4n the catalyst plant before starting the dissolving,
#tc., proocedure. S8ince using catalysts containing Mg,
ltguing of spent catalyst is not necessary any longer,
as such catalysts usually do not_contain. more-than—-20- %

pavarein, wvhich remains in the Kieselguhr during the dis-
eolving procedure. The catalyst is, therefore, now
.aropped fronm.the containers into barrels, which are
ewptied directly into. the dissolving tanks. All spent
_catalyst is tested on its.paraffin content (this ana-
lysis takes about one hour), because steaming 1s stil1l
earried out when the paraffin content is over 25 %.

This steaming not only lowers the paraffin
‘content of the catalyst,.but also_helps._to _kill the

activity of the catalyst, as spent -catalyst is of

. Pyrophorous nature. FPorwerly all spent catalyst, even
.Af the paraffin content was not too ‘high, was-entirely
de~activated, losing thereby its pyrophorous nature.
-This latter treatment could be done with either steam
"Or steam + air or air alone.

With Th catalyst one has to be very careful
not to exceed certain temperatures wvhen oxidizing the
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Catalyst vith air, as otherwise part of the thorium
¥ill become insoluble in nitric acid. Such temperatures
are, vhen measured with a thermowmeter in the catalyst,
150 - 190°C. The actual catalyst temperature may be
then as high as %00 - s00°C. Therefore, in such cases,
oxidation - that 1s ki1lling the activity - should be
carried out slowly or by small additions of air or
oxygen to nitrogen. Cobalt itself 1s not sensitive to
- these temperatures, although when going to atill higher
temperatures one apparently paasses a range in which
Cobalt can also be harmed. ’

~ It 1s also possible to oxidize with steam, in
which cases the temperature may be considerably higher
without affecting the dissolviné properties of the
thorium. Hovever, this is more expensive and more Aiffi-
~ ®ult from a mechanical point of view. Nevertheless,
~“when @e-activating Th catalyst, Holten think that steam
18 to be preferred, as in that case it is not necessary
t® esmtrol the temperatures very closely.

The amount of gas which 1s circulasted when
oxidiz\lng vith air is 300 m3/h. . When woricing with steam
1~ 1.5 tons per hour is required. Duration: 10 - 12
bours per oven charge when using air; 18 - 20 hours
per oven charge when using steam.

An endeavour will be made to oxidize the spent
catalyst, wvhile still in the converter, by introducing
small quantities of oxygen to steam.

coe e Ol 6N -8PO -1nstalling new - equipment ‘for trans-
porting the spent catalyst - which now no longer con-
sists of pure Co-Th catalyst and, therefore, does not
contain too wuch paraffin - directly from the converter
to the dissolving tanks. In this case the spent catalypt
vill De dropped into a vessel of about 2 m}, into which
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CO(N°3)2 solution alao'runa, equipped with a stirrer
vhich mixes the spent catalyast vigorously with the
nitrate solution and from which & pump takes suction,
pumping this solution directly into the dissolving tanks,
at the same time recirculating part of the liquid back
-into this vessel. This would save much time and labour
if found to be a success.

Ruhrchemie's catalyst plant 1s able to rework
about 6 - 8 converter charges per day. Ruhrbenzin's
own consumption 1s not more than half an oven charge
. per day; therefore, it is considered to be a small
planp and most of the spent catalyst they rewvork comes
from their licensees.

) There are apparently 3 catalyst plants at
preaeht in Germany, viz. one at Ho1teh, one at Ruhland
and-one-at-Liitzkendorf: ~Outside Germany this Pischer
process-ia.applied, for instance, by Kuhlmann, who also
have their own catalyst plant.
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CHAPTER Vi,
Questions raised dnrl.ng the stuay of .
_the process by Partners vith ansvers by Dr Alberts.

w
- Several guestions vere discussed, which Dr Alberts
mvem as rouovu

h nuwz ot 1deal gas per t;on Co per hour in first
_ :ltm : .

n) At atmospheric pressure: 1300 m3 per hour total gas,
including inerts. This 1s an average and remsins the

. same vhether more or less inerts are present,

. Productiom 100-g- liquid product + 12 g gasol per m}

w« &1“.1 ‘SRS T T h

lil ' lli@er pressures: the pressure can probably’ vary
vcon 5 and 10 atn..At higher pressures the. trend
oeo tqvarda more parafrins and more saturated hydro-
carbon-. Tbererore, at 5 atm. less pa“art‘ins vill be.
prodnood and the povor conaumption w11l also be less
than 8%..10 atm. Prom 10 --15 atm. neither yield nor -
mafﬁn content vary (this means a vartation of not
loro than 2 £). Above 15 atm. both yield and paraffin

oonmt_dr.op_appreciab-,. :
o mfforome in yield and paraff:l.n content betveen
7 aud 10 nt.m. is very smll. o

At higber preasures more oxygen—containing.
products are formed and at 8till higher preasure the
reaction goes more and more towards the methanol
synthesats. '

Neta: Mr. cd“od relate ts questions whioh have been dealt -un in
other chaptera._
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Throughput in case of pressure synthesis is about
20% higher that at atmospheric pressure. Yield:
1257130 8 1liquid product + 7 g gasol per m3 ideal gas.

Note,

Figures at atmospheric.pressure are adtual plant
data over long periods. Pigures at higher pressures
are data mostly from laboratory and pilot plant tests.

" Throughput per ton Co per hour in second stage ?

Both at atmospheric and higher pressures the
throughput in the second stage is about 10% more
synthesis gas (not 1deal gas) than in the first stage.

Yield at atmospheric pressure: 20 g liquid product
+.3 g gasol per m3 1deal gas entering first stage.

__Yield under pressure: 25 to 30 g liquid product.
+ 3 g gasol per m3 ideal gas entering first stage.

Therefore, total yield:
atmospheric pressure: 100 + 20 = 120 g liquid
product and 12 + 3 = 15 g gasol per m3 1deal gas; .
under pressure: 125 to 130 + 25 to 30 = 150 to 160 g
liquid product and 7 + 3 = 10 g gasol per m3 ideal
gas.

3-3. WVith and without pressure 90 - 92% of the CO 1is
being-converted:—Difference-in-ylteld-between—the-two-
processes has to be explained by a larger or smaller
production of methane.
' fﬁiéf@tiéai jibia‘ffoﬁ i ujﬂ1deai‘gﬁs‘iaﬂéiolg'pér
m3, . )

Holten use gas with about 15 - 17% inerts. The con-
traction in the first stage 1s sbout 60 - 65§, for
70 - 75% conversion of CO, wvhereas the contraction in
the second stage 1s about 30 - 40% on the gas entering
the second staﬁe.
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5. Total production in fipst stage ?

Atmospheric pressure: Catalyst 11re in both stages
i1s about 4 months or 122 days. Throﬁ;hput at Holten
is about 1300 m3 total -888 per ton Co per hour or
about 1100 m3 1deal 888 per ton Co per hour. There-
fore, total production in first stage is 122 x 24 x
1100 x 100 = 322 tons 1iquid product per ton Co.

Pressure: Catalyst life 6 months, or 183 days.
Total production, therefore, in first stage :
183 x 24 x 1100 x 125 x 15 12 (20% more throughput) =
720 tons 1liquid product per ton Co.

Q‘ Total producﬁion in second stage ?

This depends on the number of first-stage ovens
connected to. one second-stage oven. During its whole
—lifetime-a-catalyst remains 1n thé" stage in which 1t
has been put originally. Generally 3 first-stage
ovens are connected to 1 second-atage oven. Supposing
"that '1000 m3 total synthesis gas, containing 17% inerts,
enters each of the first-stage ovens, that is, 830 m3
1deal gas (CO + 2 Hy ), at & cohversion of 76% on CO
in the, first stagev630 m3 ideal gas will thus be con-
’verted. The remaing gas per oven will then consist of
200 m3 CO + 2 H2 and 170 m3 inerts + some methane

500 m3 per oven. The feed to a second—stage oven con-
nected to 3 first-atage ovens will, therefore, be
..about. 1200 m3 total.gas containing about 50% inerts.

Production in the second stage 1is said to be about
20% of the production in the first stage. Three ovens
in the rirst stage will produce : 3000 x 0.83 (total

- 1deal gaa)“x 100 = 250 kg liquid product per hour.
- 20% of this quantity, 1.e. 50 kg, will be produced 1in
' the second stage. Assuming that the gas entering the
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second ‘stage contains 50% inerts, making from 1200 m3
total gas 600 m3 1deal gas per hour, then the
production 1s about 85 g per m3 1deal gas in the
second stage. Actually the production in the second
stage amounts to 90 - 100 8 of liquid product per m3
ideal gas.

The conclusion which can be drawn from the above
is that irrespective of stage, the conversion per
converterbamountn to about 100 g 1iquid product per
m3 1deal gas.

.. Further information on the two stages : Poisonous
resins deposited on spent catalyst appear to be the
same in both stages.

It has been found that the percentage of Co in the
catalyst could be decreased, without affecting the
prodnctioﬁwperwconverterr“Or+ginally”one“oven”rilléa””
vith 3 tons of catalyst contained about 1400 kg Co;
later on this was reduced tc. 850 - 900 kg Co. This
refers to atmospheric pressure ovens.

When starting the pressure experiments the 1atter
catalyst was used. This 18 ‘alsc the catalyst now
‘being used in the few commercial pressure ovens which
are at present in operation ﬁnder atmospheric
pressure. Experimentally, the amount of Co has even
_hﬁpn_neduced_in-pneséureaexperimenbs—to~gn—equlva}ent——
of 400 kg Co per converter filling.

Every 4 menths an oven 1s taken out of service. It
‘takes about 2 days in all to discharge the. oven, re—,
£111 it again vith catalyst and put it into operation.

On an average, 2.5 times during the 4 months!'! running
periods a catalyst 1s regenerated in situ. Usually the )
first time this 1s done 1s after about 1200 operating
hours. Total time for regeneration: 10 - 12 hours.
Therefore, total regenerating_time per 4 months' running



630 "%
period 1is 2 5x 12 = 30 bours. The overall out-or-
production time per oven (regenerating, .discharging
and refilling) is, therefore, 48 + 30, or, say, 80
hours, or per year 240 hours = 10 days. This is about
97% service factor. Por the design of the present
German plants a service factor of 92 - 93% has been
taken.

Por design purposes an overall throughput of 2
820 - 850 m3 1deal gas per converter (1st + 2nd stage) "*’2?'
1s taken.

The second-stage ovens do not have to be
regenerated, or, at the most, only once during a’
4 months? period, because less paraffin i3 absorbed
by the catalyst in this stage, owing to, firstly,
less paraffin being produced and, secondly, the
‘8cavenging action of the larger amount of inert
gases present.

- Thus .far it has not been necessary to regenerate
the catalyst in the pilot plant working under higher
prensures. These catalysts have now been 6 months in
operation and have, therefore, shovn a. 100% time
efficiency. )

Z,gﬂ..Number of ovens operating in first and second
stage.? .

N

There are 52 atmospheric pressure ovens at Holten.
_Usually 48 - 50 of these ovens are. in operation,.nH_h
about 36 being in the first stage and about 13 - 1u
in the second stage.

11, - Catalyst volume per oven ?

Atmospherid pressure: total free volume 12.5 m3;
catalyst volume: 10 - 11 m3. Pressure ovens: free
volume 10 m3; catélyst voluﬁe: 10 m3.
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This shows that the overall apparent deneity of the
catalyat is a little higher in the pressure ovens than
in the atmospheric pressure ovens.

d2: Tons of Co per oven ?

850 - 900 kg Co per oven for both atmospheric and
bigher pressures.

1};,_ Apparent dena;ty of catalyst ?'

280 -~ 300 kg,/mj.
_1_‘,_ ~ Number of spare ovens ?

At f!oltexi 3 -4 out o 52 convertv:ers‘.
}j; Weight £ Co in catalyst ?

~-In-green-coptact-(that-i{s-unreduced catalyst) "
2% roughly . This latter catalyst still contains
about 7 - 10% water and also a 1lttle absorbed co,

In final catalyst 24 —26%, viz. 850 - 900 kg Co per'

- o 7 /
3 - 3.1 tons oven charge. - Jp - 179, 500 =2

’

19, Exact readings from thefmocouples in catalyst bed ?

The temperature difference betwcen lower and upper
- layer of the catalyst in an oven 1s‘ about 3 - 5°C
_T‘empex:atune..dittenence s~wWhen-working-wi-th—-a-tube-of-
about 20 m ‘dia. in the laboratory betwecen the wall
and the centre of the catalyst (theref‘ore, about 10
mm diste.nce), 1s about -15C; : S

Practice has shown that the temperature control of
the commercial ovens can be done by the steam pressure
only. Even in the labordatory no temperatures are tak,ena
any longer with a pyrometer tube in the catalyst bed.
However, it ia relalized that the actusal temperdture on
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the catalyst surface may be from 100 to a few 100°C
higher than the temperature actually measured.

21, Are ovens started singularly or in dlock ?

All converters in one block are started and shut
down together.
AL

22, VWhat 1s the preferred number of ovens operating
in one block from a process point of view and from
a plant-size point of view ?

Oven blocks with 2, &4 and 6 ovens are in use at
Holten. Dr Alberts does not think that there is any -
objection from a process point of vievw to combining
6 ovens in one block. For small plants, however, it
vill be advisable to reduce this number, as otherwlse
_the service factor _will be adversely affected... .

22‘ What 18 the total amount of fin cooling surface
and steam-pipe cooling surface in both low and high
pressure ovens ?

Lovw ‘pressure ovens: 4000 m2 total cooling surface |,
per oven. 10% of this is vater-cqoled tube surface.

High pressure ovens: 2100 m2 total cooling surface,
all being water-cooled surface.

.

_5& Weight of metal per oven exclusive of boiler drum
and connections ?
Lov pressure ovens : 41 kgt.

:High pressure ovens : 48 - 49 kgt, all without insu-
lation.

26. Why are bvena used with a depth of catelyst of 2.5 m ?
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Pilot-plant converters have a depth of 1.5 m,
commercial-plant pressure converters of 4 5 m. Do not
knov how far one can go, but too high a cataly-t bed
wvould give too much gas on the first layer of catalyst ~
where the gas enters, which could cause trouble
through too much heat evolution. Permissible catalyst
depth will, therefore, depend on cooling surface and
efficiency of cooling means. For this reason Ruhrchemie
do not think that the depth of their low pressure con-
verters could be much increased. On one occasion, a

A'tairly large amount of carbon was found to have

deposited on the entrapce side of the catalyst
chamber and warping of the vane tops was noticed. This
was not due to too much gas, but was explained at the
time by too bigh an initial activity .of the catalyst.

Preaaure drop per foot of catalyst versus age of e
catalyat 1n first- and aecond-stage ovens ?

Pressure drop dces’ not increase with age of

‘catalyst. Normally ‘the preasure drop is 100 - 200 mm™

wvater per oven, both for atmoapheric and high pressure
ovens, such when using 2 ~"3 mm catalyst., It 18
evident that variation in the size of icatalyst will
vary the pressure drop. -

What experiments have been made to prove that oven

“has been evenly filled 7

3,

Once the pressure urop‘or all tubes on two cross

‘lines 1n @ pressure converter was measured. The

higheat variation foumd was 10%.

Have you ever operated high pressure ovens at
atmospheric pressure ? '

Hiéb preémure ovéns were operated at atmospheric
pressure with same throughput as for the atmosphert.
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pressure ovens. No dirrerence in operation and yiela
wvas roundfsﬂo tests were made in pressure ovens at
atmospheric pressure with higher throughputs, but

Dr Alberts believes that this will be possible. This
question 1is of importance becauae the cooling 1is
supposed to be much better in the pressure ovens than
in the atmospheric pressure ovens,

'22, ¥hy did you choose 15 ft depth of catalyst bed for
high pressure ovens instead of using 3 ovens in
parallel with § rt depth of catalyst bed ?

This was purely a matter of capital costs.

In the pilot plant it was found that with equal
apace velocity no difference could be determined in
composition of the products vhen varying the linear

~-veloeity-from-1-to-2-or -1 to l; —

Hdvever, different products are obtained when using
8). 1000 m3/h containing 800 m3-CO + 2 H,
versus— - —_ .
b) 2000 m3/h containing 800 m3 CO + 2 H2

Lighter products are obtained when the gas contains
more inerts.

__In_general—it_can»bq~saiduthat—at—the—same-temperatur@—
but with higher throughputs the products obtained are
lighter.
- Vith same throughput but varying temperatures lighter
Products are obtained at higher temperatures.
» - |

'@ds  Have you ever emptied an oven layer by layer and
exaiiined the catalyst from each layer in the laboratory
to determine whether the decline in activity of the
catalyst is the same at tbp and bottom ?

|
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Activity decreases from top to bottom. A comparatively
fresh catalyst will shov much higher activity in the
bottom layers than in the top layers, the latter cnes
being polsoned, of course, first. After some time of
running, however, the bottom layers will get poisoned
also, so that the activity of the catalyst at top and
bottom will then be about equal.

28, What 1s your present recommendation for i1deal con-
struotion of lov pressure ovens ?
S ———————

Converters with catalyst in tubes.

When not considering yield per m3 gas but only yleld

per g Co, one can use wider tubes when 1ncreaaihg the
linear velocity. Dr Alberts believes that when cir-
culating gas, such as, for instance, tall gas or cnu,

to remove the reaction heat it will be necessary to
recirculate about 5 or 6 times the volume of fresh feed.

Vhen using the same gas quantity the conversion with
8 2 = 3 mm catalyst vill be about 70% CO in the first
stage, wvhilst vhen using a3 0.5 --1.0 mm catalyst the -
conversion will be about 90% co.

. One can reach also in the lattbr case a conversion
of 70 - 75% CO ®y increasing the throughput by 35%.
This 1s due to better heat dissipation.

For cammercial ovens Dr Alberts would recommend
_tho_.rollovi-ngz -
Tubes of 10 ma dia., thickness of wvall: 0.75 mm or
as.thin as possible. Material of tubes, if possible,
“Al; length of tubes: X - 5 m, Catalyst: hard as stone;

if possible, less than 1 mm.

Hovever, 1t 1is .poiiited out that a small quantity of
dust is worst for a 0.5 - 1 mm than for a 2 = 3 mm
catalyst. The shorter the tubes,. the emaller the
pressure drop and the more difficult it is to obtain an
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even gas distribution over the tubes. Hovever, apart
from gas distribution 500 tubes of 1 m are to be
preferred to 100 tubes of 5 m.

22 Have you ever visualized connecting a numl;ér of
cooling tubes to different headers in order to control
temperature in direction of flow ?

Trials have been made in _connecting a number of
cooling tubes to different headers, in order to
control temperature in direction of flow. No great
difference was found in the results, A réal advantage
could not be ascertained; probably ‘the producta are

 somewhat more saturated.

26, Have you ever made experiments with upflow through
catalyst bed tending to show that u can operate with
1R -or-1f4-of “the normal catalyst bed ‘thickness 2~~~

EBxperiments with upflow through catalyst bed have
been made. -It "vas"ata‘t;i-'g:hat“in' ‘this case no great
.aifficulties had been engountered with clogging up of
the bed.. However, after a fortnight the experiments
vith a low préssur,e oven had to be terminated on
‘account of leakage. A h.p. pilot tube clogged up after
2 to 3 months, Probably the upflow will produce some
more paraffins, but with slight difference as compared
vith dovnrlov. Dr Alberts does not think much | of the
' coo:u.ng effect of the reflux.

~ale -Analysis ‘of"‘a‘ynthe‘si 8’ gas "enteri‘ng "first stage,’
leaving first stage and leaving the second stage ?
o

The analyses of the gas entering and leaving first
stage and leaving second stage are as follows:
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entering first; leaving leaving
stage rirst stage]second stage
co 28 17 6
H, 55. 32.5 10
cnu O.h' 8 17.8
002 ) 13.5 35.5 55
N2 o 3.1 6.5 : 10
Olefine - 0.5 : 1.2
Conversion after 1st stage t 72 - 75% CO

Total conversion after 2nd stage : 92 - 95% CO
38. What are the properties of the gasol fraction
after first stage and after second stage.?

The properties of the gasol fractions after first
tage do not change.

"Some time ago activated charcoal was used after
the first etage, this was discontinued 7 months ago,
-as -there -was-no- difference to be found. - e

&

' 29. ° Have you.any results vhen operating with a
B syntheaie gas as produced dlrectly in the vater gaa

generator ?-

A oyntheeis ges, conuieting of 1 CO - 1 5 H2 hes_
been uaed.

It nppenred that vith 1 P. operation, with CO-Th
as a—catalyet, the cetalyat lire was shorter (aboutm
b weeke) and that the liquid producte were lighter.

The oletine oontent in the light gasoline was in-
creased from 40 to 60% with an octane nuaber of 68.

It 1e expeoted that more auitable catalyste may be
found for the purpose of operating vith a syntheais
gas as produced directly 1n a watergas generator.
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An experiment with Co-Mg catalyst under pressure
1s in progress. Yield is the same as vith synthesis
gas 1 : 2, During 2 monthe catalyst activity daid not
lnorea.-e. There 1is some difference in olefine content
or product- betveen running at 5 atm. and at 10 atm.

It 1» 'fntoreating to note that under 7 atm. pressure
vorking with vatergas, about—the same products (as
far as bolling range and clefine contentare concerned)
are obtained as at normal pressure vhen vorking with
gas containing oo:nz in ratio 1 : 2.

As Ruhrchemie are leas interested in paraffin
production, - they, therefore, intend running their
full-scale plant under pressure with vatergas ir
the experiment should prove successful. In the ,
seocond stage, they will then add some Ha, in order
"trobtaln“a bYetter OO conversion, ™ T

The Ppressure of units .4Nn the second stage, 8also
in-the ocsmse of - vatergaa ‘as rav material, leads to a
lightor product,

I‘n .oue_ 1t should prévé advantageous to run the
second at a higher pressure, this will be possible,
because the h.p. compressors can deliver the gas up
to 15 atm, on account of the tail gas of the first

m-mmmectﬁrgmvmrmm—tne——w

nmum involvod 4n- ox'ganic sulphur. removal ? .
ﬂzo mnonl :I.nvolved in organic sulphur removal
are &s follovs: -

After primary purifying, the gas contains 12 - 20
g/ 100 m3 sulphur in the form of about 60% carbon
disulphide- (csz) and about uoﬁ carbon-oxy-aulphide (cos)
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These figures, of course, depend on quality of ocoke
and the way the generators are run. These compounds
are converted into Has with the aid of Hz present,
and are taken up by the sodium carbonsate; the
reaction 1s promoted by the iron oxide.

A small percentage of oxygen (0 1- 0 2%} 1s ne-
cessary to oxidize the sulphides into sulphates; air
may be used for this purpose.

In the beginning no oxygen was added, but in that
case the:H,3 "breaks through" more easily, and the
saturation could not be carried on higher than 7%,
vhereas now with the addition of oxygen, the satu-
- ration may go on up to 10%.

It 1is 1mportant that”the purifying mass should be
very poroua, 1n which respect lux mass is quite
satisfactory. It was stated that any kind of porous
_iron hydroxide is suitable, such as, for instance,
"Raseneisenerz". Al-content is immaterial. This
purifying mass conaists of 66% Feo and 3h$ N32CO
The temperature when purifying is about 200 - 300°.

Cyclic-bound sulphur will not be-removed, but
mercaptans are. L

Cyciic sulphur compound 1s contalned in gases when .
Produced in generators operating at relatively low -
temperature, but vill be cracked at 1100 - 1200 C;
'”consequently; the Holten synthesis gaa does not con-
tain such compounda.

The price of lux mass was stated to be RM 14,50
per ton, containing 50% water; calcinited soda RM 100.-
per‘toq~and the price of finilshed purifying mass was
said to be RM 90.- to RM 100.- per ton.
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Questions 145 and h6:

35. Why 1s the addition or oxygen necessary ?
6. If the answer to 45 18 to produce sulphates
vhy do you have to make sulphates ? :

have also been ansvered by the above.

35, 1Isa roduoing atmosphere noceasary ror sulphur
" removing ? . :

Investigations will be carried out to ansver the
quea%ion vhether a reducing atmosphere 1s necessary
for sulphur removins.

-jz;, Vhat 1s the maximum space velocity used success-
fully in sulphur removal tovers ?

[

‘.4~~M!98§£4!w§b9#qngs;1onmormthewmaximummtolenablemm
space velocity in organtc sulphur-removing towers,
the following answver is given:

]
' Two types of towers are 4n use:

"set of tVOAtO!erB

2) screen tovers cap. 20,000  cont. 50-60 m3
A(trayu) m3 gas/h mass each tower
b) cylindrical cap., 25,000 , cont. 90-100 m3,
tovers - 28,000 m3/ mass each tower.
’ h (probdbly
- 'more)

 The towera are used in sets of 2, placed one after
the other, for the sake of greatest possible safety
and economy.

When the first tower 1s saturated up to 10-11%, the
set 1s taken out of operation and, after re-filling,
the second tower is placed first.
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. The apecinc gravity (app dena.) of the mass 1is
- 0.8,

A high porosity is necessary, therefore, no balla
or pellets can be used.

You have two designs of towers; which do you
prefer ?.

Lzs.

For handling the heavy bells of the H,8 removal,
hoisting equipment 1s necessary and this crane 1is
also available for the second purifying step, thus
making the use of screen (tray) towers, which are
slightly less exp’en'sive than the cylindrical towvers,
possible. One tray at Holten has a weight of about
30 tons.

” 162‘," Do you 'have both types “"of“'tovérs in- operati' on~TTT
at Holten ?

' ~At-Holten -5 -screened towers-and £-of the other type
are available, i.e. in all: 5 sets of 2 towers. In
- operation. there‘ 15‘ no difference.

© 50, Do you recoammend a heat-excha.nger or cooler
between towers ?

A heat-exehanger between the towers is unnecessary,

as .about the same temperature in both towers' is satis-
ractor'y.

ﬂ; " What is the analytica.l procedure for organic
sulphur determination ?

'I'he sulphur content of the purified gases is
determined by combustion. The ga¥ 1s passed through -
an analysis apparatus at the rate of 100 I/h , yielding
after 4 hours sufficient sulphur to be determined as
Ba sulph. This procedtlxre has béen described in "Brenn-
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stoffchemie”; Heating the gas at 1000° in a quart:
tube filled with Quarts chips vith the hydrogen
present and determining the xas as CA8, is a shorter
m.thod.

2,_ Hov many grems of sulphur are deposited on catalyst '
vhen towers are changed from second stage to first
stage and tovers are removed ?

~ .. . .
Regarding the shifting of towers, the following
13 stated: ) N

The 1ife of one tower is 83 days.

zr one tower is taken out for reneving o!‘ the mass,
also the aecond tover goes out of operation.

A»cooung ‘of the mass vith circulating synthesis
—gas—or tall-gas is applled; otherilse the hot mass
would 8low when coming into contact with alr, which

would de detrimental t;o the tranaport belts and
ﬁu-ther equipment.

Pu't or the removed mass,. vhich apparently has
not yet ‘been comletely saturated, 1s separatéd,
gra.nu].ated and used again in the H;38 removal. The
cooling,, discha.rging and reﬁlnng of a tower takes
‘24 hours. ' 1

*

m' A:lbona mentioned the possibility that in future
ox- in. other 1mta1:l.a.tiona both purifying steps may
-be- replaced- by ‘other- aystems, e.g.a mnde-l?runkl
process, in vh:lch the gas: 1- purified from coz,nes
organic sulphur and gum by regenerative cooling down
to ~180° /-1900. In this process & ‘scavenging gas '
‘is. sppned -to remove-the condensed 1mpur1ties, for ; .-
Vhich ‘Ltnde require nitrogen, involving high costs.
-“Dr Alberts thought 1t possible to use air for this
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pu.rpo-e. but Linde refuse to build auch a plant.

:2,. What 1s the total uttlity consumption and the
T net utility consumption, exclusive of the watergas

generators and synthesis product-tresating units

" (uteu. electrical power, vater and fuel gas) ?

‘The utility consumptions are glven as followvs:

1) gas oonsumption for organic sulphur removal 7 3
of calor, value of the gas to be treated; the flow .
chart ZM 106/19 estimates this figure to be 116 cal.
per m3 synthesis gas.

2) for 4istilling fuel consumption 2%.

3) when vorking under pressure, the heating of the
ratoil from the oil absorption plant will require
1 - 1{5 ot the calor. value of the_products_condensed..

%) steam consumption ror_the final purifying: nil.

5) steam consumption of the synthesia: merely for
starting up the processes (heating of the ovens),
this- dua'nuty is :about 1 ton/h steam of 20 atm. for
a plant of 100 converters. '

6) for the condensation of the heavy products in a
plant vomng‘at atmospheric pressure, no steam is
‘necen,larr""rhe activated ‘charcosl™ p‘lant“r‘e’q”ﬁires

2 - 2.5 kg lov«pressure steam of 2} atm./kg gasoline
px-oduced.

Ir 03 and c,, are produced 1n large quantities, the
steam consumption is to be set at 43 kg/kg c3 and Cy.

An a.verage figure for Holten 1's about 3 kdkg ll.ght
benzine, inecl. C3 and Cu. :

The steam produced in the ay,nthesis ‘at Holten amounts
to 5 kg per kg liquid products.

1
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7) When vorking under pressure no steam 1s used for
condensing heavy benzine, which needs only indirect
wvater cooling; the 1ight. parts are absorbed in o,il;
for removing”the vapours from the rat o121,

steam cannot be used, it having an insufficient
temperature; the fuel consumption is about 132 % of
the cal. value of the oil produced.

8) The electricalrenergy consumption, assuming that
no steam 1s used, may be stated as follows:

For nzs removal, a small quantity for circulating:
air during the emptying of the vessels.

For organic S-removal about 20 kW for each set
of purifiers with a capacity of 20,000 m3/h . This
figure includes the blovers for air and circulating
flue gas. : - T :

~r-~-~--~'1'he“"e,lectri'c'lc‘l“”dbnaixﬁpeioz; for the ayni;hesis is

about 0,75 MW per oven for feed Pwmps, hydrogen
blovers (1nterm1tt_ent)ﬁ,v crane, etc.

9) Por esirculating cooling water pumps, 30 kW per
ton total .11quid products are required, this figure
1hc1ud1hg also products pumps ‘for synthesis at at-
' mospheric pressure. = -

10) If the activated charcoal plant has to recover -

.~a;la.rgo.-—percentagrof'fgasul“('&‘:gdi),” a circulating
blower 1s used vith s consumption of 25 - 30-KW/ton
total 1iquid products, .

11) Por the—compression of propane-butane produced
as gas (containing about 60% C5Cy) from the activated
charcoal plant, the electrical consumptioh 1s 150 kWh

i N .
12) when working at atmospheric pressure, the gas
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transport blowers vorking at a pressure of 3000 mm
have a powver consumption of 15 W for 1000 m> gas.

When working at 10 atm., the turbo compressors
conau:ﬁé'"}zB kWh/1000 m3, thus for 80,000 m3/hour,
10,000 v |

13) The coolling water is circulatéd; for losses and
evaporation a quantity of 50 m3 per ton of liquid
primary products has to be supplied, including
boiler feed water. This figure relates to the
synthesis alone; for the complete process, incl.
cracking and distillation, this figure would be about
70 m3. #J""“‘“ £ve.d, . :
'EN o ‘o
The circulation at Holten amounts to about 500 m3/
hour. -

-8, -~ -Welght-of-steel-required for each step 2 "~ "

The veightd of steel required for each step are
- . given .as follows: — R :

H,8 removal 1000 ton's'rper 40.,0004!13_ gas/t.
organic 8 removal ... Y nooowo
synthesis: one 1l.p. con- - o

verter . ) 45 " 70

one h.p.. con-

verter 3 " 9

"pipe connections, fittings, "
" boiler drum, etc. about 8 " converter

synthesis bldg, supports
& roof, incl. crane, n " ‘n
excl. wvalls 3.4 "

‘ .

Condensi lant for
l.px.‘8 P 250 " " 40,000 m3 gas/h
o
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Activated charcoal plant,

.incl. absorbers, steel

structure, blover pipe ’

connections, fittings, etc. 800 tons per 40,000 m3 gas/h
- - / enme——

‘N

Condensing plant for h.p.
incl. coolers 130-150 " " "

011 absorption plant with
heaters, etc. about 300 non "

[y

Y Y Capital cost of each #tep ?

The- capital cost for a plant of 40,000 m3
synthesis gas/h 1s given as follows:

H,8 removal . ) R -
(all erected, incl. foundations) RM 500,000

Organic S removal
(al1 erected, incl. foundations) " 350,000

Synthesis per oven, incl. pipe con-
nections, instruments, foundations,
building and erection costs, excl,

catalyst : ) .
for low pressure : RM 63,000/ " 65, 000
" nigh " : " 72,000
~Condensing plant; tWo stages oF :

-"lov pressure t o " 300,000
--Activated -charcoal plant, excls - - S S
charcoal = = . , -oon 800.090

! (charcoal 100 tons at RM 2000/ ton) -
Condensing plant, high pressure " 250,000
011 absorption plant (incl. : )
11 9 ' ( t " 6‘”1000

pipe stills, eto.)
{
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Blovers, 40,000 u3/h , 3000

nER 820 each, incl. motor RM 30,000

Ditto, 80,000 m3/h , incl. -

mctor . " 37,000

H.p. compreassor unit for 10 600 c

ng/h incl. bldg, foundatiéne,

pipe connections and erection " 220,000

Complete_compressor plant at Holten ,

vith % untts ¢+ = - ‘RM 1,600,000
. " L N . R S ST SRS A

' 2,. ' I)-bqur”&oa’t for each step ?

The labour:costs are statsd to be as follows:

“For purifiers and- blovers e T )
» to 80,000 Wh X ' 3 men per shirt

160,000 3/b - . 4 » m om
Por synthesis plant of 100 ovens 6
, v S [

\l(oreqver. for small repairs,

cleaning, changing of catalyst 10-15 " " o
(working mostly-in daytime only)

Condensstion (for pumps) lman " ®
Aotivated chareosl plant and {
- gasol produotion - . . 2 men " "

For obntrql uboruor.r :3;;%;:’}99, day



110379 - 07 -

Repair shop ‘15=20 men per shift
vorung tvo shifts making
in al1 30-50 *

Repairs in the Plant are
executed by these men; part
of these are also’ employed

for the ammonta plant,

2,_ Cost of maintenance and repairs for each step ?
The costs of maintenance and repairs are 1-1!5 of
the total capital cost. 'l'hia figure includes labour
and material, but only for the syntheus plant

vithout watergas produqtion.
.§9,  Cost of miscellaneous supplies ?

The co-téof-—ntscollaneous'auppliea are difficult
-to-estimate;- for-the plant at Holten" ‘a’rough figure
~ of RM 100,000/year was given.

$1.  Wo should 1ike a flow diagram showing type, material
and cost for each Pplece of apparatus.

- - 'Regarding the materisls used for the various
apparatuses, etc., it is ansvered that only normal
iron has been used in the plant, vith the exception
of the valves, for which a chrome-nickel alloy (2%
and 18 respectively) is applied. Moreover, for the
h.p. condensers special tubes are used, containing
_chrome_and nickel (probably 5-6%. chrome- and 3% nickel);. ..
- the tubes of the heaters i{n the organic sulphur. removal

contain #-6%£ Cr.
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CHAPTER VII.

CONTROL & RESEARCH LABORATORY.

PILOT FLANT CONVERTERS AND INVRSTIGATIONS.
A. CORTROL & RESRARCH LABORATORY.

. In the Laboratory the various starting materials
for manufscturing the catalyst are very carefully analyzed
and further a minute control is performed on the pre-
paration of the catalyst in the catalyst plant, although

_this plant 1tself analygss the 1iquids handled during
the manufacturing processss. Although in this way an
excess of impurities, oetc. 13 easily detected, and can

~ be corrected forthwith, it occurred that the catalyst

. produced proved to be unsatisfactory. Therefore, the
llbora.tory has. the-task of-taking- samples-of-the-puri-
fied solution and p‘l‘.cipit.ting the cobalt and the
Oxi.d.l on Kieselguhr, vhereafter the catalyst manu-
-factured in this- vay is tested in specislly duilt
leorntory converters.

M consist of glass tubes of about 5/8"
m.. phood in sets of 3-8, mostly 6-8, in an aluminium
olootricm,-hoated oven, vwith a special arrangement to
keoop the tc-poraturo constant. Synthesis gas is led over
‘the csgjat and the condensed. liquids are measured._and
ml:md miodie.uy. In the laboratory more than 200
nnpleo of’ catalyst .are tried out sirmultaneously, part of
m':h ousnuto from catalyst plant solutions,. part bemg
tr:lod out for rooea.rch purposes. .

" The fir.t-mtioaod tests are run for some weeks
0217. or tho :utter somo nuplo- were running for more thur
.8 year. : .

: It vas atatod that ‘dn this wvay the manufactuning
process of the catalyst phnt cu; be controlled without
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unexpescted failurea;

. The price of one oven block together with
temperature control 1s about RM 500 .~

8eparate from this, similar apparatuses are
used for investigating lifetime and yield of differ-
ent typoo of catalyst under pressure.

As an example of the mvostisstiona in progress
it was mentioned that catalysts are being tested
having cnly half the amount of CO as compa.red with @ o
the normal catalysts. Results look promising, “but
no final coneluaionn g_p.n as yot be drawn as to their
 14fetime. . » ‘

Pt

‘8. PILOT PLANT CONVERTERS AND IMSTIGATIONS-
'—-'_———————__—_____

) Pivo pilot plnnt .eonverters are. housed 1n

‘a buildlng of about 12 x 16 m. These converters are

of dirtormt size and construction and have different

) ccpaoitiol. Each of these converters will be discussed -
brieny. _ )

1. Same cmtmtion as the. high pressure commercial -

convertoro. but 1/10th of their size. ‘

‘l‘ubel emiat of an inside and outside tube with
the catalyst-in betveo.n, inside dlameter of outaide
tube’S# ms, out:ude dimter of inner tube..J_l}_m,_.
(see Annex A, ris. 13 B).»--

~plant.

eonvmer d.tmw o 1.30'm ‘ ‘

‘catn.vct volune 15000 L

gas rato 100 m3/h ) on g:g when
- ‘2. Converter dlsmeter 900 mm

~hetght - “obm

catalyst volume 400 L ‘ )

gas rate 40 m3/h ) on day when

pressure T atm. visiting this
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Tubes of 34 mm having a thin metal. sheet pressed
into thsm and spot welded on three sides (see figure 13 A,
Annex A). Catalyst f11ling entire space inside of
tube.

3. Converter dlameter about 900 mm
height 2k m
. catalyst volume . 300 L
8as rate 30 m3/h ) on day
when
pressure 5 8tm. . ietting
) this plant

'l'ubea-' 10 m‘ diameter.

This small converter already contained 1550 tubes.
It vas calculated that a commercial-size converter of
this type would contain 35 im tube length of this dia-
meter. It would take the entire Mannesmann outfit 4
...years_ to.manufac ture enough-converters-of-this- type
for a plant like the one of Ruhrcheme. -

4. Converter dtiameter about 1200 mm
‘height ' o ' 2.4 m
catalyst  volume 805 1, o
‘gas rate o ' ‘80 m3/h ) on day when
visiting
pressure ’ S atm. this plant,

Tubes: samé construction as those of the commercial
high pressure converters and the pilot plant converter
“wmentioned under 1.; however, the dlameters in this case
vere 44 mm inner diameter of outside tube, 24 mm outside

dlameter of inner tube. '

5. Converter diameter © 900 mm

height o 1.20 m
catalyst volume 300 L

... This converter was not in operation when visiting
the plant. It has a peculiar design in so ra.r that 1t
consists of two metal sheets welded together ‘on the 4 t
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sides, but leaving a small volume in between and then
vound 1ike & spring. (See fig. 13 X, Annex A).

Cooling 1s done by water circulating inside the
tvo metal sheets welded together, the catalyst filling
up the entire space of the spring-like wound metal
sheets and the largest distance between this two sheets

“being 10 mm. This 1s, therefore, the same kind of con-
struction as used for "Imperial® coolers.

The cooling in all these experimental converters
1s done by water and the temperatures are controlled
in the usual way by steam pressure, the boilers being
designed as vertical tubes vith a diameter of 8" and
a vorking pressure up to 50 atm. '

We were told that ths best co0ling was obtained
in those converters where catalyst had water on both
8ides (inside and outside as in the.converters -mene— - ——-
tioned under 1, 4 and 5). '
Most ‘experiments had been made at 5, 7 and 10 atm.
The higher the pressure the hpavier the product pro-
duced and the less gasol and'cnn obta{pg@l_.ﬂ
At higher gas rates lighter products are obtained.
When doubling the gas rate the "Leistung" 1is
inoreased about 1.5 times, when leaving the temperature
- the nine. or 1.8 times, vhen 1ncreas}.jlng the temperature to
“Ba{ntaln the same CO Gonversion. In the latter case
relatively more CO 1s lost as CH,. Rough figures given in
this respect:

sl er

wl. 100 n3 gaa/honr ;és°c.. _75% CO conversion
2. 200" * 185°C., say 588" "
3.200" * " say 200°C. 75% " »

In case.3 more CH, and in cage 2 about the same amount of
cn,, 1s produced as compared wvith case 1. _ | »
| ik
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An experiment was made vith ono of the pilot
Plant. converters to seo vhether the reaction heat
could be removod by adding tail gas to the fresh
foed and circulating this tail g8as back into the
reactor via a cooler. It was found that about 5 times
the amount of fresh feed as tail gas vas sufficient to
prevent any evaporation of the water left instde the
coaling tubes in the reactor.





