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CHAPTER III.

MANUFACTURE OF RUHRCHEMIE CATAEYST

ﬁgi;%t t°3§7g09i3§3881278 7n tgeir 7at71ys§ '
on 14/11/193 17/11/193
el /11/1938 21/11/1938 30/11/1938 o

S

A.v Manufacture of fresh catalyst.

., B Regeneration~of spent catalyst.

A, ~The various steps are:

“ 1. Dissolving Co and-Th and/or Mg in nitric acid.
24 Mixing the above solution with an equal volume

of sodium carbonate solution containing 103 g
NaQCOz (water—free) per litre.p"

ddition of Kieselguhr
Filtration and washing of the precipitated catalyst.
Addition of dust.~ . ’

D
4
5‘ : o
',6.‘~Further filtration and extruding of catalyst. |
,:7. Dryihg of catalyst.
”LS. Screening and granulation.

9. Reduction.w_ , v:_-

~ See} Annex A, fig. 4 for the- flow of materials from
. points 2 -9, '

B.',i The various steps .are: ”
1. Dissolving of spent catalyst in nitric acid.

2. Filtration of solution to remove Kieselguhr

3 'Addition of so- much NaQCOB‘unt all aluminium,
iron and nickel are precipitat d (thesé latter
1mpurities result from the fa¢ét that part. of the

' Kieselguhr dissolves in the tric acld).

4, Filtration of solution.
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7 5:. Addition er NaF toaremove calcium as Ca‘F2

6. 'After filtration the solution contains about 45 g
- Co per litre. Magnesium and/or thorium nitrate '
f are added and so much water that the final solution
-fcontains QO g Co per 1itre. This solution is further
treated in the same way as described under A.?t'” '

See Annex A, fig. 5 for the flow of materials from_f
points 1 - 6 Cok ' '

,Discussions of the various steps. : o
- \

As freshlcatalysttis only made once when’
'starting ‘up -a new plant and from that time onward the
catalyst"plant*wilI“treat spent‘catalyst only, we. are
starting our description with tne.much more complig/»
cated production of catalyst mass from spent catalyst.

Make up for Co losses is added to - the,spent.catalyst.

L te—

1. Dissolving spent catalyst.,

R

' , This is done in sichromal containers,

having a volume. of. 32. m3,. with technical nitric ‘acid ..

of technical strength (about 620 g per 1). These;‘
containers are equipped with cooling coils and,

although they do not contain indirect heating coils,
facilities for adding direct steam«are installed. Inzuﬂmr |
catalyst plants indirect instead of direct steam is

used for heating. The dissolving procedure is as

follows- '

About 12 -.15 m3 Co(NO )2 solution having
a concentration of 55 - 65 g Co/litre is introduced
into the tank. Then alternatively batches of about,

100 kg of- spent catalyst and nitric acld are added.
The addition of nitric acid is measured by rotameters
and so much is added each time that the free acid -
content never rises above 5 %. This 1s done to prevent
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the formation of- a metal oxide difficult to dissolve
nand, further, to prevent too great formation of NO
and N02. During the dissolving process spent catalyst
 and acid are mixed by & stirrer having a V2A-lined “
»;shaft and VéA-propellers. The stirrer is driven by -

a 20 kW motor. Asimentioned above, the solution is

~ heated with direct steam. In the. beginning the |

_temperature is kept at about 55 —V6O°C. From ‘time ."
 to time a sample is ‘taken and filtered, the Kiesel- |
guhr being analyzed on its Co content.‘“ ' T

: “eAs dissolv1ng proceeds, the temperature:Q
) is gradually raised until the undissolved Co on '

, Normally the final temperature should not exceed
80°c. | e e

-

‘ Duration° 20 to 24 hours._iy

In Ruhrchemie's catalyst plant there are
10 such ‘containers, each having a capacity of 1 oven-
. filling or about 3 tons. of catalyst givdng about

_‘25 =30 m3 nitrate ‘'solution-on- dissolving During
this dissolving procedure about 4.5 % HNO3 of the ..
acdld added (calculated as V ) is lost to NO and NO,.
In the beginning these vapours ‘were let off into the
atmosphere outside, the catalyst building. After some '
experimenting, e.g. trying to remove these vapours
by injecting steam into the vapourylines, they are
now installing the following equipment. Each of the
dissolving containers 1s connected with a header,
through which all vapours formed during the aissolving
step are carried away by a V2A blower after passing a
spray vessel, which 1s meant o - remove most of the NO
and NO2 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 has been dissolved, the so-

jKieselguhr is run off 1nto wooden tanks, in . which

the . slurry is. stirred continuously (20 r.p.m.). These
tanks are not necessary from 8 chemical point of view{
but. are merely hold-up tanks to allow smooth*r -
fopération. : 7 i S

2. Filtration of Kieselguhr PR

From these tanks the solution is pumped
\~to filter presses with pitch pine frames. There are
‘16 of these filter nresses ‘at Holteh, 12 of which arel
in. operation. As filter material cotton is used,,’
'wnicn apparently’ 1a§t”’very 16ng. Since starting .
,operations only 80 frames have been fitted with new
cloth. ST ST e : :

: . The filter cake of Kieselguhr is washed
with tap water. ‘About 30 m3 water 1s used per ‘ton Co.
The first part of the' wash water leaving the filter Q
presses is added to ‘the . filtered solution of Co(NO )2.'
_When a concentration of 21 Be 18’ reached the rest’ of .
.the wash water is run off into precipitation tanks in'
;which various wash waters are collected. By adding
NaQCO the dissolved Co. is recovered as carbonate.
After filtration“this carbonate is added to the

spent catalyst in the dissolving ‘tanks. About 6 % or

the “total Co recirculates in that way all the time.

The mixture of the first part of the
wash water and. the filtered solution has & _concen-
tration of 55 - 65 g Co/l. -From this solution a
small quantity 1s introduced into the dissolving
_tanks ‘before starting dissolving,spent catalyst in
nitric acid as mentioned under x.

-
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3, Precipitation of impurities (Fe, Al, Ni).

/

The above solution is run—off into wooden
tanks with stirrer. Mgo, which is lost later on in

" the process of regeneration, generally is added at

this point. From these: tanks the solution is pumped
via storage tanks made of sichromal and via a- heater,
where its 1 temperature is raised to 60 - 70°C, into

a small (2 m3)- wooden tank together—wigh a Na2003
solution containing 103 =~ 104 g water-free Na, 003/1

ﬂand having a temperature of about 50°C. This temper-’

ature is obtained merely by means of the dissolving

ThemComsolutionwstillinontainsmsomemmwmmm

‘heat of the Na200 SRR - L

‘is added in the small wooden tank that a pH 4 is

obtained.

The operation is carried out\in‘such a
way that measured streams of the’ two solutions come
together Just before entering the small tank, the

«eontents of which are- stirred vigorously. Excess

Na2003 at any point of - the solution must be avoided

‘in order not to. precipitate any Co, which will then

be lost together with the impurities. From this tank the
solution runs into large weoden tanks where some more

Na2c03'soiution is added until a pH of 5.8 = 6.0 is’

fobtained. ‘The pH is checked by means of paper ‘8lips

T

impregnated with indicators and each showing 6 various

vcolours for compairing the/indicator c¢olours at 6

differéent pH values, for instance at pH_I_lues of
3.9 - 4.2 - 4.5 - 4, 8 - 5.1 - 5.4 or at pH values of
5.2 = 5.5 = 5 ,8 = 6.1 - 6.4 - 6.7, These papers are,
for instance, manufactured by Dr Kloz (Leipzig) and
called "Lyphan". Then the solution is left in the
tank for about onevmore‘hour, while being stirred,
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anﬁ is thereafter immediately filtered. For this _
'purpose ‘a large fillter. capacity was installed at Holten.

This procedure’is discontinuous. v . _‘L

.

Most important during this purification
step is to obtain a. precipitate which ' can be readily
filtered. Conditions as regards temperature, concen=-
tration, degree of stirring should be very carefully
.supervised in order to obtain good filterable: crystals.

' Annex A/ fig. 1# shows a—sketch of this
arrangement. : L

( e m

The amount of Na2003 added in this step T
is about 15 - 20 % of the total quantity of Na2003
'“used"infthe”manufacturE“of"the eat“Iy*t*“BesIaes”the
’ impurities all thorium is precipitated in this step.,

“The” wash’ water used for washing this filter
cake is taken from ‘the 'second part of the. wash water :
used in a further stage for washing the final catalyst

after being precipitated on Kieselguhr _The amount ‘
of filter cake being small, all wash water used for

'”washing this cake 1s” added t“‘the ‘filtered” solution,w
which reduces its ‘concentration from about 55 to
vabout 48 g Co/l. . : o

4 The 1 filtered solution is run’ off into a wooden | -
tank and stirred slowly by a stirrer with 18 T.pom.
‘NaF dissolved in water is then pumped into this

. solution. :As NaF does not dissolve well in water,» v
it forms a suspension (which 1is pumped through iron
pipes). So much NaF is added that all calcium and -

" .about 50 % of the magnesium 1is precipitated. This
precipitation ‘of Mg is necessary in order to obtain
e precipitate which can be filltered well. AsS: this‘
megnesium is lost, 1t, therefore, has to be added
somewhere before the removal of the calcium, i.e. .
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either before the precipitation step of- Fe, Al etc., -
' as already mentioned or beforé this step. It is .
~evident: that the amount of - magnesium which has to be’
.supplied for this precipitation will depend on the k*l
_ amount of calcium present. The ratio Mgo : Ca0 shouid be
at least 3 : l If-the catalyst contained already Mg,
which all newer catalysts’ do,-thén the Mg lost in this
.precipitation step can also » be added afterwards.

: The final solution should not. contain more_-
than o 2 % by weight Ca calculated as_Cao. -

o ~ The precipitation was formerly done at .
“a temperature of about 55 - 60°C. Now the: temperature
**"iS“kept"about jO“C and should not “rise above ﬁ0°C. It
' was~stated that this dec¢rease in temperatureewas effected
-only to obtain better crystals.rr Lol o

: Per ton Co about 100 -120 kg NaF ‘are added
at: Holten. ' o S o
The‘addition“of NaFfis controlled»bym"

}‘;égﬁliéi?ﬁ_qw,,” e e e

o : Just before filtering the CaF2 and MgF2

- & small amount of filter aid, such as, for instance,

_‘Hyflocel, is addede . .. ° SR
Duration of precipitation- 12’hours}7

. As formerly no good precipitate was ob— N
tained when . adding NaF to the solution with pH = 5.8,
- HNO,, was -added- first to the solution before introducing'
NaF, in order to 1ower the pH to 3. 8

Towards the end of this precipitation step

Na2003 solution was. then added to the mixture iniorder
to raise the pH. again to 5.8. Introducing HNO3 has
only been omitted for a few, weeks past, :
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'

) Filtration is done by means, of a filter '
press which_is made of iron.’ The filtering material
is cotton, covered with paper the reason for this
paper. being only to ‘save the. cotton, as now paper
plus filter. cake are thrown avay, whereas otherwise‘*
scraping the. filter cake from the cotton would smear”

the Jelly filter: cake into the cotton openings.

The fiY¥ter cake is washed with the: second

_part’ of the wash water used- for washing the final'
,catalyst after its precipitation (see further on)
"Amount of wash Water used ~§?m5»per ton Co.

Lately experiments have been started in
order to see whether the removal of CaFo can’ be

-5. Not absolutely necessary, but more as-—a. check_on
'its final purity the solution, after being purified

accomplished by decanting. No results are known as .

yet. T | e,

“from Ca and having a pH = 5.8, is run off into

wooden tanks of" 30 m3, where a very small additional -

”amount -of" Na2003 1s- added to- precipitate any impurities

which still may be preésent in the solution. The 1e pH is

"thereby raised to 6.1. The solution is then once more

/filtered through_a filter press and run off into so= =

called adjusting tanks,'discussed further on under

'pointllo;p

' 6 Dissolving<of fresh Co._

-

LT

Attached is Ruhrchemie's prescription with

specifications for Co. (Annex E N° 3). In no case
should zinc and lead be present therein as they apparently
cannot be removed, at least Ruhrchemie do not know any

' method of doing this.:
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_ When buying the oxide one has to be ex-'
ttremely careful as oxides which have “been’ heated at
high temperatures do not,_ dissolve or dissolve only
partly and slowly 1n nitric. acid. In such. ‘a case~”
*diluted nitric acid. works better ‘than the concentrated
.acid. At Prof. Fischer's laboratory in Mulheim it
was found- that when dissolving spent catalyst in strong
nitric acid, a black substance was formed, which,von
analysis, proved to be Co0. This oxide could only be
dissolved very slowly e and was found to dissolve better
in diluted acid. T '

- o Dissolving fresh_Qo for making ‘the first
batch of catalyst is done ‘with about the theoretical
amount - of nitric acid, e.g. 1. 05‘- T.T parts per part
Co.f , : o . , S

g The procedure is as follows. All HNO3
needed for one batch Is introduced into a ‘dissolving .
tank and then the total amount of Co. is added either'
as powder, in which case 35 % HNO3 is uled, or in
melted form, which allows the use of 50 % HNOB. The
dissolving tank is equipped with cooling coils,'where-ff
as heating can be done with direct steam,_The temper- -
ature is kept,at a ‘maximum. of about 90°C. At the end of
the dissolving processxsome more Co and’ then Na2003 are
added to raise the pH to 6.1, which will precipitate
any dissolved 1mpurities. Maximum 10 = 15 kg Na2003 n—
tank are then suckedlp'ty means of a vacuum and pumped
via & a filter press into storage tanks. Some undissoIved
Co will also be carried along by the solution, which
‘will be removed, together with the impurities, by the

:I -

filter press.

", *The filter cake is washed with distilled ,
water and the wash water added to the mother liquor in
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'thefstoraée'tanks.
,  After. about 10’ - 15 of such dissolvi\g
itank batches have been filtered, the. entire filter
cake 1s returned to the dissolving tank and the Co ~'__
. dissolved in diluted (35 %) HNOB. The material which
finally remains undissolved in the ‘Tank at Holten is'\
returned to the manufacturer from whom Ruhrchemie *

wbuy their Cobalt. ru,‘“ C e . rf,g.~

-

o T The excess of Co in the dissolving tank

~and the €o on the filter press will remove any Cu
Vhich might be present in the Co metal and which

.otherwise would remain in the Co(NO; )2 solution _
a.f:_ter,..being,,,.dissol.ved.in,_.th.e._HNO3 togethermwith"mwm
the Co. - -

In the step of dissolving spent catalyst
some Co is added from time to time as make-up for
‘unavoidable losses in preparing and handling the
catalyst. i : , : i

17. ﬁissolving of magnesium.;yw

There are no special prescriptions for
»the magnesium.AVarious market products—have been .
investigated at Holten, 1l.e. cheap, expensive, purei'
"and impure ones. After ‘having started with pure ones,
it was found that impure magnesium products could F
also be used. However,Jin general it can be said that
the purer the magnesium, the better thé catalyst.

-  Most important is that no impurities are
present in theé magnesium which cannot be removed in
the purification step. Calcium should not be’ present‘

,when preparing the first batch of catalyst, as this
i.is about the worst impurity conceivable. The 804

1on might be presents:
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Dissolving of magnesium compounds in
nitric acid is ‘done in a separate step in wooden.
“tanks without any difficulties. The usual concen-~
~tration at Holten is about 120 g Mg0/1. However,
this concentration does not matter very much. :

N . . /.'~’

7

8. Dissolving of thorium.

Thorium has been obtained thus far from

the Auer Company in sufficient purity. The amount of
~804 ion should be limited and can be controlled by -
the washing ‘when® manufacturing this metal, as 1t is
made vig the sulphates. In the beginning the thorium
_contained too much sou but since discussing this.
“problemfwith”thefkuer"company"a sufficiently"pure"metar
“has been obtalned. The reason for limiting the~ sou
content is because thorium sulphate-will precipitate
~when heating ‘the nitrate solution, which apparently
'causes trouble by deposits in pipelines and valves. N
Furthermore insoluble K- or Na-Th double salts -can also
’be formed. T ' ' " :

Zinc and lead should ‘not” be present, for
the same reason as mentioned above when discussing
cobalt.

The thorium 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 did not contain enough water, vhich apparently
is important in dissolving the thorium, Holten now '
buy a product with so much thorium that the basic d

carbonate contains about 70 % thorium calculated as
Th02.5, . T
: © Also in this case it cen be said that the -

purer the thorium compound, the more active the final N

catalyst} o
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, Another compound which should not be present_

;_from an economical point of view 1s iron. It does no
harm in ‘the catalyst when freshly made, ‘but one pays.

- the thorium price for the total amount of metal present
in the .thorium compound, moreover, the removal of the

_iron in the first precipitation step costs sodium
carbonate. L

P .
P o 7

| \\ e

The concentration of" ThO2 in the nitrate

visolutions made at Holten is about 150 g/l. P
N . The price of pure thorium in Germany is .
about RM: 18.- per. kg thorium calculated .as Th02, i 0 e.A

pRM 18.- for .80 much thorium as would give 1 kg Thoz.‘

2 Kieselguhr

-_for the Kieselguhr. It should be

a. as pure as possible, :\_

b. available in large quantities of uniform structure,'“

. Ce as 1ight as possible,l;;_f ‘i | Tl ; ;V-

d. as cheap as possible.

. o

o >h( A heavy guhr can give a good ca_alyst, but
© a light guhr W11l give a better.one. Some guhrs are @’
ilheavy because the total composition is heavy, whereas
others are heavy because, notwithstanding the fact ‘that
they contain good diatoms, up to 30 % sand’ is mixed . ‘
with the guhr Dr Reulen suggested that we . sh__ld send
- about 10 1 of various types of Kieselguhr available in
vthe UeS, to Ruhrchemie to be. investigated there.

10. Adjusters and measuring tanks._if‘

: 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 3 final solution having
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the right concentration of 30 g Co/l. It '1s not
implicit to adJust this: concentration “to exactly
40 g. In that case, hoﬁerer, one should know the
:_exact concentration of the solution before using it—;
- for- precipitating the catalyst in order to. adJust the
amount of Na2003 solution to.be added. It facilitates,
. however, ‘the operation if always. the same amount- and
Wconcentration of. NaECOB'solution can be Jused, for - :
_which reason . the nitrate solutions are adiusted to an
exact concentration of 40 g .Co per litre. : o
, T N
| “Pive such.tanks are available at Holten,
four of which being\made of iron, lined with acid:‘f“f

,proof brick, and one- having rubber coating.

‘ . - The solution in these adausting tanks
still contains some free acid, e.g.. 10 = 20 g/l..‘

This is due to the fact that an excess of acid is
necessary to dissolve thorium. Magnesium can: beli,'
dissolved with the theoretical amount of .acid. From _’
these adJusters the solution 18 pumped via a heater
Ainto tanks in which the solution is "heated to exactly :
60°C by means of indirect steam, ‘as the concentrationu_'T
has to be kept entirely constant during this heating, -
and then run into measuring tanks. Measuring is done

at exactly 60°C. This temperature itself is not important,
.but a certah1iemperature should be adhered to rigidly,
in order to measure always the same amount_of_same T
'specific gravity. As, after the measuring, dilution

of the ‘solution 1is immaterial, it is furtheér heated
with direct very pure steam - which 1is specially
purified over fPilters - to 98°C and then run off into

the precipitation tanks.

'll Preparation of sodium carbonate solution.

This is done in the same kind of dissolving
tank as used for dissolving Co in HNO3. Calcined,NaQGOB,
: N , = ‘ e /
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and water are- added into this tank and stirred while
- the dissolving procedure is going on.- The solution
should ‘be made to an exact concentration of 103 -
104 g Na2003 per- 1itre. Water for dissolving is
'fagain taken from the™ second part of the wash" water
“used for washing the final catalyst after itS'
precipitation on Kieselguhr

‘12. Precipitation of catalyst.

o Co, Th and Mg are precipitated as cars .
jbonates on Kieselguhr Sodium carbonate solution is,‘
therefore, heated in a tank to’ 60°C and ‘then measured“'
at exactly this,temperature for-the,same reason as
fexplained”for"théfnitrate“solutionsrfxfter“being
meaSured, the*carbonate solution is run off:into%;?
the precipitation tank where it is. heated further

to almost its ‘bolling point by direct specially o
-purified steam before addition of the hot, almost
;boiling,'solution -of-the nitrates. ‘These- high temper-j
~atures ‘must be adhered to- closely, as: 10°C lowen ﬁ
-»temperature will result In much inferior. catalysts
'being obtained. As mentioned under 11, the sodium
'carbonate solution contains 103 - 104 g water—free'
‘NaECOB per litre. During the precipitation -step the

- contents of the- precipitation tank are stirred

. vigorously. After addition of the nitrate solution,
" which is done very quickly, e.8. 1n 1-- 1.5 minutes,
stirring 1s continued for 30 seconds longer and
thereafter Kieselguhr added. This-latter addition

~ takes 80 - 90 seconds. Again stirring is continued
for 30 seconds longer, the total contents s of a
precipitating tank belng then pumped quickly via a
‘screener to the filter presses., The reason for the .
Screener 18 to remove any ‘large undesired particles_
which may have been added with the Kieselguhr. Size

of screen 10 mm. -
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After precipitation, the mother 1iquor :
Cwill contain about 2 g Na2003 6 -T7g NaHCO (Mg
titrates as bi-carbonate) and T70- g NaNO3 per litre..”

There are ‘sets of 4 prec&pitating tanks -
V‘at Holten. One floor above the precipitating tanks
~are sets of 4 measuring tanks for the nitrate — o
‘solution, 4 measuring tanks for the sodium carbonate
| 'solution and further L hoppers for the Kieselguhr,
' arranged as’ shown in figure 15, Annex A%

’

R Into the precipitating tanks are run per

e

i MRS
charge.”,,m'_; e e

<

750 l nitrate solution, containing 31 kg CO,

750 Na2CO3 solution,x‘

c;’ 62 kg Kieselguhr -
Belonging to a set of four precipitation
tanks are four filter presses for ‘filtering.these
—solutions, each filter press. having & capacity of
2 precipitating tank charges containing 62 kg Co. o
Each filter press is able tolandle 18 filter press_1
charges or 18 X 62 kg Co per day. In all ‘there are,.
12 filter presses at Holten, 6. of which are in use.-

PR

. - After filtration the filter cake, having
a thickness of.22 - 25 mm (this depends on the '
Kieselguhr as some Kieselguhrs allow a thicker cake)
should be as pure as possible and only contain the
1east possible amount of salts, as otherwise the
activity of the catalyst will be impaired. The first
-part of this. water 1s added to the mother liquor,
consisting of - sodium nitrate solution, and dumped.
' The second part ‘4s used for dissolving sodium carbonate,
_or used as wash water for _the Fe-Th filter cake.
However, at H01ten this latter part can also be used
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for the first washing of the next filter press charge.
The most efficient procedure of washing seems to be -
washing alternatively backwards and‘forwards,’in :
;which way the total quantity could be peduced-to
130 - 160’ tons water per: ton Co. —., o L

. Filtering and washing should be done
A.quickly, as. otherwise the NaNO3 will- attack the
Kieselguhr R : '

7oL

- , Washing is done with\hot water having a
temperature of over 85°C, but not” above 95 - 1100°C.
This washing takes about 25 minutes with new. filtering
cloth and about 35 minutes with old cloth. : ' ;-<j.”

, “he“ma:concentration*inrthemwashedmfilterm—
cake ‘amounts to 0,009 % by welght, ‘with a maximum.of.
0 015 %. by weight,. on Co. This amount._: should be kept ;

as low as possible. - '\” S .

. In this step 20 % Mg0 1s ‘lost;. for in-»
'stance, if the charge to the precipitating tank should z

contain 15 g Mg0 per 100 g Co, then the precipitated
t’washed catalyst would only contain~12 - 13 g Mgo per

_ Same quantity~of Coe
The filter presses used now are so-called '

“Kammer filter presses“; formerly so-called "Rahmen -
filter presses were 1in use. The first-mentioned ones,

however, work much faster. .
The final cake, after washing,'still
contains about 70 % water.

_2. Addition of dust.

y After dropping the filter cake on the mixer
beneath the filter—press, dust (obtained further on in
the process when granulating the catalyst) is added
with so much water that the pixture ‘of filter cake, dust
and water is easily pumpable. About 30 - 40 = 45 %
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(at present at Holten 38/%) ‘on total catalyst to be_'
: dried is added as dust. P '

_ - 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 preseht dust and
- water are first mixed together, the slurry being
.added to the filter cake. After this additbn, the
mixture of. filter cake, dust and water contains about '

83 ﬁﬁgater. o ,; o TN

./—‘

lh Further filtration and extruding of catalyst..
' The above ‘mixture 1s then pumped to. a.;

~~ of Co.

rotating vacuum filter working under a vacuum of -

60 cm Hg, by which the amount of water is’ reduced

. to about 65 %. On this filter the catalyst‘is again

_ washed with hot distilled water. Depending on the Co
»and/NaNOB content‘the recovered water 1is either used »
for making the dust slurry mentioned above or run off
Anto. the general precipitating tank for the recovery

-

- The" catalyst cake, after being scraped
- off the rotating vacuum filter, drops onto a kind of
extruding machine, which presses ‘the wet: ‘cake having
a temperature of about 40°C throug__§ mm holes. A -
cross-sectional sketch ‘of this extruding machine is

Tgiven in figure 16, Annex A, R
| The four blades A, B, C and D rotate in_

such a way that the catalyst mass 1s pressed through
the holes. The clearance between each of the blades and

: _the bottom plate with holes is 2 mm.

_5, Drying of catalyst.
The driers used at Holten are not specially
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designed for. this purpose, “but bought as ' a normaIly
tavailable type. They consist of about 22 slowly
'wrotating horizontal discs having a radius of about
2 -3 mm, each of which consists of segments and
each having ahscraper which scrapes the catalyst
g_from a- segment onto the corresponding segment of
,the aisc Just, beneath 1it, Hot air is blown over
n.this catalyst This air circulates and is heated
‘with 18 atm, steam through steam colls arranged in :
the heater alongside the walls., Fresh alr enters the
drier at the bottom after being preheated with 8 atm,
steam., This is the. expanded steam obtained from the
18" atm.,steam used in the coils just mentioned. Wet
*”ainwismremovedﬁfrom,themdrienmatnthe topmby;means
of/a blower. The temperature of the air in contact
with the almost dried catalyst should not be above*
110°C ané/not be higher than 100°C when in contacta
“'with the ‘wet catalyst. Otherwise- -the structure of‘f
the’ Kieselguhr would be harmed (see fig. 17, Annex A)

- The catalyst leaving the drier contains
: about 10 % of water. e e e et i e : - o

. The air leaving the drier is washed by
water for dust recovery 'in a tower having trays with
holes. This- water is then passed ‘through a filter N
press under-its own pressure/and ‘the filtered. water
returned to the wash column by means of a pump. The .
recovered dust has been exposed to too high a temper- -
ature and is, therefore, unsuitable as such for the

- manufatture of catalyst. It is returned to the dis-
solving tanks for spent catalyst (see fig. 17, Annex A)

P

The total time of drying 1s about 2 hours.
Capacity of the drier is about 5- tons of final. catalyst
per day. As about 30 % of the total dried catalyst is
retn=—-o2 ns dust, the actual amount of catalyst passing
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; b

through,this drier is, therefore, 30 % more. R

A Lately Holten have started to use driers
which do .not- have a scraper for removing the catalyst
from the disc segments, ‘but which nmake these segments

imturn slightly at a certain point to- let the catalyst 7
drop onto ‘the corresponding/lower segment. It ‘was S
_said that this kind of drier causes less dust formation. .

" For the same reason they intend using. a continuous— o
{belt drier, in which a belt slowly moves downward~ _
‘through the drier, 1eaving the catalyst in its place.

- on~the belt during the entire time of its presence

in the drier. B : : '

16¢~Screeningmandwgranulatio“.

- The. catalyst leaving ‘each of the fous
“driers is moved by,a horizontal belt conveyor to &
’vertical bucket -conveyoyr (elevator) which drops the
;catalyst onto vibrators. There are two bucket con- -
veyors or elevators at Holten, each dropping the
catalyst onto “two vibrator sets, each vibrator set
‘{consisting ‘of s~ R ot

first vibrator, - -
. granulator,
' second vibrator,
third vibrator.

(See fig. 18 Annex A)

. The first vibrator separates the catalyst
by means- of 2 vibrating\screens, viz, a 2.5 X 3e5 screen
and-a 1 x 3 screen, into three different sizes, viz..j '
- too large size, good size (1 - 3 mm) and dust (every-
thing passing the 1lx 3 screen). The oversilze particles
not passing the 2.5 x 3 5 -goreen are fed to the )

granulator, which consists of a screen and a slowly

rotating arm pressing the oversize particles through
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. the screen. The material leaving the granulator drops

onto the second’ vibrator having ‘three screens, viz.
from top to bottom°' -

i g

7 o

a 2. 5 x 3 5 screen

“a 2 5 x 2.5 screen and .

al x3 screen. L=

_ The particles not passing the top screen
_are returned vi“‘the ‘elevator to, the first vibrator.

~ The particles not passing the second screeniare fed
to- ‘the third vibrator, as well as the particles not
_paSSLngwthemthird screen. Everything passing the
latter screen 1s dust and _drops into the dust = _
—collector. The, third vibrator consists of: two*screens,
viz. a 2.5 X 2.5 and a T% 3 screen. THIS™ vibrator \
serves for remdving any dust 1eft in the good—size
particles and, therefore, receives the good particlesi
from the first vibrator (1 x.3 screen) and the second
vibrator (2.5 x 2. 5 and 1x3 screen), giving, there-
fore, “two different-sized particles, which 1s neces-r~i
sary, as some licensees ask for smaller and some ‘for -

.

A - 1

P

The vibrators are enclosed and work under g
a slight vacuum in order to prevent dust from escaping -
‘into the atmosppere. B ‘ R
' ‘Catalyst of-the desired size is put into
paper bags, each containing 30 kg catalyst. This
catalyst 1s called green catalyst" :

17. Hereafter the catalyst is reduced with hydrogen
which is previously heated to about 450 - 460°C.

Ruhrchemie use mixed gas of-their‘ammonia .
- plant for this reduction step instead of pure hydrogen.



| : This gas is kept in circulation. After
g.‘.passing through the catalyst to be reduced, it is
"~ freed from CO2 and H20 in various units and then .
returned via a heater to the reduction chambers
containing the "green catalyst (see Annex A, figs
6 and. T)e .

'\.— I

. The reduction plant censists of the
-following parts-y o “

a;’ reduction chamber,
b,l'conversion of Coe,ﬂ .
_Ce spray cooler'with\separator,,
d. Junker!s cooler,.7 -

e. . gasometer,

f. blower,

Ee “ceoler,.'

h. | blowef,

1. cooler;

: j; - ammonia cooler,_

" k. Silica gel drier,
’ 1. gas heater.,

a. | ) A sketch of the reduction chamber is shown '
i in fig. 20, Annex A. . :

~ By 1ifting the top . part, the inner basket,

having a, height of 35 cm, can be filled with.

= eatalyst. ‘At Holten the depth of such a catalyst
layer does not exceed 20 -. 25 cm. About 8 paper
bags or 240 kg catalyst are ‘filledeach time in _
each chamber. When reducing, the hot hydrogen passes
through the “green" catalyst from top to bottom,. '
"heating 1t to 380 - 450°C. The following ‘conditions

an actlve

are . absolutely necessary for obtaining

-catalyst-
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1. 8 thin layer of . "green“ catalyst°' /lA
a,r,high velocity of™ the hydrogen, ) -
3.’ low vapour pressure of H20 and CO , say,
below 0.1 g H20 per m3 circulating gas;
4, constancy in. conditions, Coele. temperature,

‘»\;He velocity and purity of H2

| The catalyst is not sensitive to H20
- and CO2 at room temperature, but very- sensitive.
at'higher temperatures.-f

- If the vapour pressure of H20 and CO2
'shoulg\he too high, the temperature has to be

increased in order to obtain a good . reduction.;w:

However, this increased temperature, say,
above-450°c,~produces a considerably less active
catalyst "One may expect, therefore, ar still better

: catalyst than obtained at: the moment by reducing :

“at 8till lower temperatures. Holten have succeeded
in reducing even at_ 300 -v320°C. However, the

time “of” reduction is then about four times longer -
__than at 380°C. = - S ' |

It is very difficult or even impossible‘
to measure the actual temperature within the
catalyst.- S e “hv-;;~f

: 4 The difference in gas temperature between

- the inlet and outlet of the catalyst bed is about

N§00°C when starting the reduction. This difference
decreases gradually and is usually about 80°C
towards the end of the reductions HOwever, thils
temperature difference is not a guide for the time

Yi
L —— .

of reduction. a
-The amount of hydrogen used at Holten is’

1200 m}/h gas (3H, + N, + 1mpurities) per m2

catalyst surface. This quantity cannot be increased
N\
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much, as otherwise the catalyst will start'swimminé-
B To prevent this,'a set of distributing vanes, - |
"having ‘about 10 %10 ¢m squares and a height of
about lO cm, is attached ‘to the_top cover of the
‘chamber. When this cover '1s closed the distributor
is pressed about one inch into the’ catalyst bed.

N The figure of 1200 m3 mixeéd gas/hour/ma

“:does not mean that with pure hydrogen one 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 formationm

It is_said that uithmpure hydrogen the =

‘reduction temperature can be reduced somewhat.

s At Holten tnere are six chambers, each of

',which is connected to one hydrogen header. The "
total ‘quantity of gas passing through the chambers,
which means ‘the, total quantity of-gas.‘in circu~-.
lation, is 10, 000 m3/h. Every 20 minutes a
chamber f£1lled with. catalyst is. being connected g
to the hydrogen cycle to start the reduction.

>~This reduction takes one hour, for whidh“reason :
all the time 3 chambers will be connected to the’

{ hydrogen cycle and the amount of 10, 000 m3_ just
mentioned is, therefore, passing through 3

" chambers all the time. In order not to increase
the percentage of impurities above a certain-’ 1imit
about 950 = 1450 m3 gas per hour is continuously
blown off and 1000 ‘= 1500 m3/h fresh H, + Ny
added. The six chambers together can reduce sSix
synthesis converter charges per 4daye. ‘Cross-sectionsal
surface of one reducing chamber is 1.4 m2. -

. During this reduction a small amount of

' dust is formed, which is removed in the cooling
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stage mentioned sub b.

After reduction is finished (this time is'
known by experience and not controlled by any-
analysis) hydrogen'is replaced by Ne.ﬁmhen con-‘¥»'
nections from and. to. the chamber are removed, the

—chamber turned upside down and connected-to a

much larger container, which can be moved backwards
and forwards under each. of the. six reducing chambers.
This latter’ container is filled with nitrogen and

ireduced catalyst is dropped into it. It can hold P
C15—=-1T7 reducing chamber charges, i.c. an amount

equivalent to 15 - 17 X 240 kg "green“ catalyst.

Smaller containers are also in use, having a

capaclity. of - -5 reducing chember- charges.

All work in- this.reducing plant is manuale.
—Time needed for ‘the various: operations in the_; ’
reduction. step is as follows-' '

60;minutes for reduction,

lO minutes for replacing H2 by N2, disconnecting
o hamber and ‘turning 1t upside down,

‘*‘5 minuteS'for emptying the chamber,

]~¥1o minutes for turning chambers, £11ling,. reconnect-

vb.

ing to cycle and purging with nitrogen.?g"p .

. R 'In a new catalyst plant: charging, discharging,
etc, will all be done automatically, which will
also reducenthe time for the total cyde. ’
ConversiOn of COpe ‘ )
As-mentioned under a, 1t is imperative to
keep conditions constant during the reduction step .
-in order not to impair the activity of the catalyst.

'However, ‘this has not béen entirely possible as
part of the CO2 removed from the green catalyst
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/(carbonate) stayed in circulation and was Gbnverted

to CHu when coming again into contact with the already
‘partly reduced. catalyst. This caused s - continuous
variation in CO and CHu content of the recirculating :
gas. Moreover, everything that has been said with ' :
. respect to a necessary low: vapour pressure of the
water also holds good for 002. ‘Removal of CO after’
- the reduction’ chamber, therefore, was expected to .
- glve a better catalyst Holten are afraid that this'
“Icannot be done, however, by caustic wash, as’ the
'chances are that a small part of the caustic may
therefore, Just started to reduce theiCO2 to CHu
Cover: a/catalyst right after the reduction stepe.

This can be done at 180 oy .250°C, when no_or hardly
any water is present However, with the actual -
~ _amount of water present,vviz.Vho - 50 g/m3, in the’
gas after the reduction _chamber (e.g. reaction
water and moidnre present in the green catalyst) a
temperature of 350 - "400°C is: necessary. This 4is - -
~ somewhat ‘higher than the’ average temperature of B
'Wfthe gas when ' leaving the reduction chambers,for« _
.;bwhich reason & . special heater is now being installed;
“Without this heater only 40 - 50 %4 of the 002 whicb
is present "inthe gasmafter the reduction chamber
to- an;gmount of‘I ? ‘g/m3 can be’ converted, as the
gas- temperature 'is only 250 - 300°C. ‘AS catalyst
for this CO, —¥ CH, reaction Holten use their.
synthesis catalyst, which they expect will last for™

a long time.

u‘Spray cooler.

_The: spray cooler reduces the temperature

f “the gas leaving the reduction chambers from.ﬂ
300 - 400°C to about 40°C, at the same time
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_ removing any dust carried &10ng. g _

PR

This latter. amount is very small and dust
which remains in the tower is only removed from it
twice a year (see fig. 23, Annex A)e

E =
—

a.: The Junker's cooler is & tubular indirect water

a%T;:-'cooler, ‘thé- temperature; after this cooler, there-”

fore, depending on cooling water temperatures and
being, say, about 25 - 30°C. >

f, ‘g, h, 1. There is no reason why the 2 blowers +
2 coolers could not be. reduced to 1 blower +
1 cooler. Pressure. after the. second blower.uﬁhf
4000 - 5000 mm water. . e A ‘

“*"“"““““It"is*worthrmentioningmthatmthe«usemoﬂmi
Roots blowers cannot be,recommended, as such '
blowers give impulses to the gastlow, -and most
important is that the gas should pass smoothly
over the catalyst during its reduction.

=

btj.,- . The<ammonia cooler brings the gas- temperature./
down to =-10°C.. This cooler has a capacity of

150,000 kcal/h, the compressor using 80 hp, and

is guaranteed to reduce the water content to below

5 g/m> gas. Actually'at Holten/about 2 g H, o/m3

or less is reached. Lo

~ The equipment ‘consists of one heat exchanger
(recuperator) and 2 NH3 coolers in parallel.v o

ke . The silica gel plants at Holten. consist

o of- two driers, perating 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 with water. The gas entering
these driers at the top contains ‘gbout 2 g H0 o/m3 .
and leaves the drier with O. 05 - 0.1 8 Heo/mB..me
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o

Regeneration is carried out with hot’ hydrogen in, |
circulation, which is heated with steam to 120°C.
After regeneration is—finished the silica gel.
is cooled by ‘hydrogen in circulation, this being
itself cooled indirectly by water,. The cycle isse
one “hour absorption, .one hour regeneration. |

; When starting operation, Holten used gelh

'driers constructed by the Silica Corporation 1n

the U. S.A. At that time they did not have an

. _ammonia cooling. ‘The gas entering”thia drier, "

therefore, contained about 25 g H20/m3, 1eaving
~‘the drier with about 0.2 g H o/m3. ‘A's the gel

“cannot stand ‘such’ 1arge amounts of water present
““in-the“freshﬂfeed«avgasmvolume~of—about~§=s 4 _times___
. the amount. of fresh feed was kept in circulation

to dilutefthe fresh feed with dried gas. Regeneration}
vcarried out by the hot gas itself, after leaving

the reduction chambers described under a and

having a temperature of about 250 - 300°C. After
-the gas.left the gel unit. " to be: tried —

temperature was" about 100°C. It was then cooled

and passed .through the ge1~absorbing unit (see
Annex A, -fig. 24)._ : - :

This method of drying did not prove to be

‘very successful, as AN
1, the driers had too much resistance. for &a. fresh _
. gds rate of 10,000 m> gas/h. With normal, blowers
-one ‘cannot attain much more then 6 m HQO. In-
1creasing this pressure, considerablyﬂincreases
the power consumption, e,g, ’

6 m H20 s 250 KW,
8 m " 350 -".

e
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2, Some dust‘from'the_reducing~containerswaccuﬁu;
,;_lated*oﬁfthe,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 a- gel drying- preceded by NH3 cooling
was considered to be considerably less expensiveg
- an NH3 cooling system was installed, d, at the same
-time replacing ‘the gel unit “Jjust described by gel
driers from Gebr. Hermann, K81ln, Now the results
;mentioned_in_the first paragraph of this point.k
w_are belng obtained._ o S

1, Gas heater. '\-; _'~.'l_.:5.ygl.d

~ .The gas heater consists of a tubular bundle.
hrough 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 thef
flue gas. entering-the bundle (vide Chapter II)

(See ‘Annex A, fig. 19). - i
ié; . ool ¥4 of reduced catalyst and saturatiOn

with'COé or oil. As. mentioned before; the reduced -

catalyst is dropped hot into small or larger containens,
'“holding either J. =5 or 15 =17 reducing chamber’ ‘f- -
charges. After belng filled, ~these. containers are
cooled, which is done outside the reduction part of .
the plant with circulating Ny (see Annex A, fig. 7a).
- myme for cooling of a large contalner:, 5 - 8 hours,

for a smaller container' about 2 hours. When a '
~ 45°C is- reached the catalyst

temperature below 40
is saturated and impregnated with 002 by feeding CO2
through the catalyst from bottom to top. This
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isaturation 1s continued until the gas leaving the
top- -of the. catalyst container shows a CO2 content

above 98~%.~120 kg CO5 is used for a 1arge container.
‘This step takes about 10 minutes.?’,

I The circulating N2 is cooled itself
1ndirect1y by water. The cross-sectional form- .of
the tubes, of this cooler is: stream»lined. The -
'tubes are ‘made of aluminium and have a diameter,
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. sald to be
'kvery cheap, viz. about half the price of ‘normal tube
'coolers. They are- also~used‘by the Gebman Navy and
are called "aerodynamic coolers" ' ‘

Y

, ‘Instead of CO2 also o1l 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, its starting activity is. somewhat lower
“than in case of o, impregnation.'_l -

. If the catalyst has to be transported over
a long distance solid CO2 is put on top of it after
the CO2 impregnation is finishedﬁ o

-
Ll

12;t ' Tpansport of ‘catalyst, to licensees. For

-ftransporting catalyst to licensees two methods are used:

-,l. two large catalyst containers on a railroad car,
each contalner’ having a dead weight of 5650 kg. One
fresh catalyst charge weighs 3000 - 3250 kg. After
‘use the spent catalyst might weigh up to 5000 kg,

" owing to paraffin absorbed in the catalyst. For
" this reason the Holten cranss have been amply

dimensioned at 15\~ 17 tons.
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2. Eight small containers onfa railroad car, each -
~weighing empty . pty 1470 kg ‘and each having a capaciiy
of 800 kg catalyst.\Therefore,,four such container:

" just have enough capacity for one. oven:charge; The

'fyform of. these, containers is shown on figure 21,

" Annex A, Dimenslons-are. 1570 mm long,,l420 mm
wide and 2135 mm high;. total volume 3500 - litres,"
net volume 2500 litres. Lately these contalners
have been transported to the various 1icensees in -
-upside down position, in order to facilitate-
- £111ing the synthesis converters and making 1t
_ possible to transport the containers ‘on’ railsTon .-
—etQp of the ovens,_an“pwing a lighter constructipn -
fwthemsynthesiswbuilding.WSeezﬁigiiaz, Anng§_§¢_~;bg

1

. o " For sketch of transport cars see figure 21,
Amnex AL S ST N

gt

/.

20. Some remarks on equipment installed at

'Holten's catalyst plant..ouoih”.:j; S = Q-jui-i

It may have been noticed- that for all
"“filtering ‘steps; - except one,- filter presses are o
used. Ruhrchemie . stated in this connectionlﬁhat
when designing the plant this type of’press has

' been chosen on’ purpose, as it is very flexible
and reliable for ,all types of precipitates,v'
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 continuous ,
filters, thereby reducing materially the cos#~of

'-upkeep and labour._ : :

' Regarding the material ‘#or the équipment

ﬁto be used in the catalyst plant, the following
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“can be saild.: )

Iron can be used throughout the plant
when no free acid isapresent.’

_ 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. o ' ‘ k

Lo

Whenever HNO3 is. present it is- necessary
to use either iron with acid-proof lining (bricks,
_ rubber), or Cr-Ni steels,.or alloys such.as- ascaloy -
or sichromal (DEUTRO 16-S made by Vereinigte Stahl-
; werke Thyssen, Dusseldorf, or V17 F.E. made by Krupp. :
~_Both_these metals contain a small amount of 71 and can
be welded without being annealed afterwardsk '

N For the final catalyst precipitationlva
is used. It is important for better cleaning that

these containers have a smooth surface, for which _
reason. sichromal, which, moreover, oxidizes,quicher,d o

is less desirable._

A1l pumps "can be of- normal construction.
They should run at moderate speed to. avoid excessive
wear; for more viscous liquids ‘open. .vanes should be .

8'Pplied. In case of acid-containing ligquids, Cr-Ni.

_or Cr-steel ‘or. stoneware is to bg used, The 1atter

material 1s not applied av nolten.'
: As mentioned in the foregoing description )

filter presses for acid-containing. lIiquid are made of
ecommended.

*wood, for which pitch pine is specially re

NaF is pumped through iron pipes..

- a '~ In the purification steps mostly wooden tanks

are used.,

Iron is used.in the reduction plant throughout,
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As packing material rubber is mainly used,;

except at hot places, where asbestos packing is*applied.

The fellowing names of manufacturers \may
be mentloned- i ’ e -

’

Vacuum filter: Maschinenfabrik Buckau~——
_ : R. Wblf Magdeburg._
Extractor: "Bittner Werke, Uerdingen

("Spezial Aufgabe Apparat  °
fir Pastenfdrmige . Produkte").

Drier: Btittner Werke, Uerdingen.

vibrator: . Fldmrich, ‘Recklinghausen.

Reduction step cooler" Junhker!s Cooler, Dessau;‘ﬂ

Nitrogen cooler: __w_RudolfﬁOtto*Meyer, Hamburg.-
~,,,Hyd:cog‘en heater* e Rekuperator;‘Dﬂsseldoﬁf. -
- Heater for heating tﬁe o LT :

Co(NO solution before ° o

remov né Fe, Al, etc.: FritzJScheibler.

Capital costs and utilit 're uirements'for a catalyst
plant t for manu ufacturing Co=Mg catalysts, sufficientufor N
- 200,000 tons of 1iquid product per year.w

- mm?‘ |
This catalystlplant .should. have a capacity o
for the re- generation of 1% converter fillings per oh
hours; the capital cost for such a plent built in Germany
under the present circumstances would amount to RM 2,100,000,

- This includes buildings and apparatuses,
. cooling water supply, purification of wash water, all

.. electrical: equipment, settling pits, etc.

The costs for buildings amount to 25 ~ 30 By -

vhich bufIdings are necessary in Germany on‘account of - _

the possibility of freezinE-

When puilt in the South of the U S A. 1t might

vbe‘possible t6 reduce the capltal investment by omitting

or simplifying the bulldings.

The ebove plant can normally re-work l.} tons
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of Cobalt With a maximum of 1 6 tons of Cobalt per 24
“hours. ’ '

| ' :Thegutility reqﬁirements were stated to be‘as
,f01lows: S ”, S T " '
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, it might be possible to reduce.
the above-mentioned quantity to 130 - 160 tons, replacing :
the balance by normal tap-water.

. v The latter should then be used for the. washing
of _the the Kieselguhr, dtluting of nitric acid, etc." '

Apart from these quantities make-up for cooling

~--sidered to be a bottom figure.ﬂwg_”g

.:water and & certain quantity for rinsing water are ne-

cessary.“ﬁ'f 3

. It was mentioned in‘this respect that the con- .
densed‘water-distilling plant at. Lﬁtzkensdorf is.'ﬁ\,fm;t_
"-dimensioned for a quantity of 288 tons/24 hoursgfor re-
generating 3 tons catalyst per 24 hours. This must be con-

The cooling water circulation for regenerating
11 tons of Co is to be set at somewhat more than 200 tons
'per hour, the returning cooling water from the refrigerat-
ing plant is taken at 30 - 40 . :
if cooling -water in 1arge quantities and . of suffi-

ciently low. temperature 1s available (e.g. from a river),
the quantity of circulation water can be reduced conslder-
T AR
, : d A gyt =AY /
aqi/* h%ﬁ;
 The steam consumption will be from ¥ - 7 tons _iﬁjff
o/ 24 hours. =~ yr+hfn’

ably. . -

~ per hour for regenerating 1% tons of C

Regarding the electrical facilities the‘followinga

figures were gilven:
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~ The- total rated capacity of the electrical
:motors in a plant for. re-generatingﬁlg tons of Co/24
hours is’ about 780 XW. The actual consumption will beJ
about- 25 % of this figure, L.e: 200 K. ? |

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
,when such a quantity is. available, a smooth running
fwthe catalyst plant is facilitated._





