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“EXPERIENCES WITH THE SEHI-MERGIAL SYNOL RESEARGH PLANT HBHSB, .
Report’ No. 72/hhA, Iauna Works,, October ‘10, 19hh"

mmonucrom HEMARKS

This report preserrba the reaulta obtained w‘.i.th the Synol. research
» nnito In addit:lon to the observations which are particularly important for
the oparation of a Synol plant, some remarks of & gemral nature win also
be presentedo . X = ‘ o N
. - The plant includes catalynt reduction, synthes:ls apparatus » carbon
dio:dde extraction, activated carbon adsorption and distilla.tion u.nitso The
_ ind:lvidual parts will be discussed :I.n order, , SR

R - CATAIEST REDUCTION e ,‘
; _ The manner oi' operat.ion is apparent from the sketch ‘in Figure 124,
: :Proposals for glterations have been pnesented in mamo:anda entitled "Ex--i-
;'-'pansion and Improvement of the Reduction Faeilit:.es " dated March 6, 19h3 5

,"and "Reductlon of Fused-Iron Cata]ysts for a: 10 OOO Ton Per Yea.r Synol Plant 1

ffdated July 2, 192:3.

Very pure hydrogen (sulfur content less than 1 mgn/m3) ent.ers tl[u-ough'
_itwo revarsible Pattenhausen coke tawers (Pattenhausengmdeturme) praheated to
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lowing unita. Two circulating blowers (capacity, 2050 cubic mcters againat 3
preoaure of appro:dmate]y 90 mm, of nercury when the system is heated up),
preheater (Sicromal 7), the reduction chamber, a water cooler and an ammonia
cooler, A second circuit consisting of a blower (capacity 300 cubic metera
per hour}, a high-presaura steam preheater, .one or the othor of the silica .
gel towers and a water cooler, accomplishes the drying and final ccolxrp of
_the saturated silica gel tower, ' '

Reduction Procedura ‘

,_Jhere follows a d:lscusaion of the reduct:.on procedura and the var-

red

ious precau‘o:.ons and observations connectec_l__therewitho The catalyst container
(diameter J.hOO Mo ) is i'illed with apprc)chnately SOO liters ‘of i‘used catalyst
(V»Kl?) hav:.ng a partlcle sn.ze > of 005-1 0 mm,” The catalyst rosts on two semi-
' c:.rcular ségments 9 whlch are att-ached to two ad:]acent axles for dmp1n° the |
| catalysto On these segments therc 1s a 093 rm'no screen oi‘ bronze (1ron screen -
= 13 rap:.dly destroyed) whlch must be ca.refully fltted 5o that no fcatalyst can 1_

G

; f&ll throug&: before the lz'educt.:mn° The segments rest on pins Whlch can be

' inserted and removec\:l from the outside.,_ The pins are made tlgh by ecrew cap

’coverso : ‘I‘he threads\ must be carefully coated *vith graph:.te bei‘orc eac}L_educ-» ,“'3'

btlon since othcrw:Lse they w111 be "frozen" at" the ' _educt:.on temperature (hSO°C )

_After filling the unit is purged w:.th carbon" d:.ox:.de., The blowers are startedn’

Sincc the c:chu:Lt is calculated for hydroé,en care "mur-t be 'V‘:aken that, the blower.




atmosphore «af lwdrOgen ‘and tha carbon dio:d.do 48 admit.ted 1.0 i;ho circuit on
ke suction o1de, of the blower, o

| Again oporation is continued until 85 percent carbon dioxide is at—
tained, . Then operation 18 mr.i.tched to lvdrogen by- withdrawing the appropriabe~
blind flangeo At first 5’0 m3 of derog,en per hour are introduced and later
during the reduction 30 n3 per hour, and the pressure is maintained at SOO'mmo
.of wa.ter by means of the outlet valve, )

. At the beginning, it 1s preferable not to mamtain the pressure so _

low that ‘ohe outlet must. be regulated i‘requently on account of the large var-.
'iation in gas density, s:lnce carelessness might. easily cause u reduced pres-

I Y

_eure at the blower inleto SO - ' " - ) BRI L -

’ T ~When t.he carbon dio:d.de content has d.ropped to 5«~10 percent and the""
uni'b has been t.ested for 1'>aks with thc blowers cut outg ‘the bywpassas o.t‘ the 'f_'

] blo-vers are’ shut and the burner is lightedo rner is pre vious

}':wi't.h n:.trogen for one-»half hourq Ignitlfm is







'Yihen no moro rrater ia recoverad, thore is no break 1n tho curve.
The course of the reduetion can be recognized by a second character-
mistieo In the eketch (Figure 16) 1 designates "£he temperature difference be- .
tween the middle of the catalyst and the outlet from the cata]yst chambor;
and 2 represents the difference betweenl the cat&'lyst chamber inlet and the
midd];e‘of the catalyst. Since ‘the reactioﬁ.ie exothermic ’the diffeienee 2
_:Ls at f:lrst groat and w:i.th increaaing reaction daclines, while 1 in compari-
‘son remains constant, o ‘ ' »
‘l‘he water cont.ent of the twdrogen beyond the silica gel varies be-
' tween 0 5 and 2 grams per eubic meter., This determn.nation 15 carr::.ed out '

most rapidly and easily by paasing the gas through a scrubb:mg i‘lask -nth

50 cca of me'onanol and detarmining the water content W:lf.h Fischer reagen'bo o

‘};ihoc; I is wit.hdrawn through a s:lphon







upper grete. 'rho or:l.giml ﬁ.ning was 80 arrenged that ;_,el A was below gel Bo
.M.‘ter 23 reductions P ~it was i‘ound that wel A rather than gel H had become :m- .
: act:l.veo

| After appro:dmabely 50 hours the reduetion is' completes - The burner
"1s cut off, and the passage of ‘alr ie continued until the temperature in the
cata1y8t~ drops to SC"G. ‘I'hencarbon ‘dioxide is admitted to the unit slo'ﬂy
This additzon of - carbon dioxide mu:t be carried out very carefully wzth con—~
: tinuous c:i.:ccula.t.i.c:m9 e:lnce the ca.rbon dio:clde i3 taken ' up. by the reduced ca’oa—
: lyst with the evolut:.on of conelderable heet oi‘ adsorptiono “The coolez's ro-
main connecteda ay ‘ RS _ _ ‘ |

The carbon diox:lde mm.t be i‘rced from hydrogen sulf:.de and dried by

silica gelc At \ILcm tempcratures ¢ bthe catalyst J.S even more seneitive to- mois-=

i»ture than at higher tenperat;uresg . The removal of hydrogen sulfide i., accom- " e
"plished by a mud;ure of laut,masse a.nd cla.y which has been pas bed drled and

then broken up to pea s:lze., Frem a‘Ehs containinp 165 mg‘ of’lwdrogen sulfide

: 5-7 ours., The mass. Oecomes'




. The’ storage of the cata.lyst is carried out under. hydrogen pressure
(approximately 250 mm., hydrogen) That portion of the catalyst which liea
directly above the discharge valve in the kubel must be throvm away upon dis-
charge of t.he catalyst since in spite of the ivdrogen pressure, air diffuses
jnto this zone, and small traces of oxygen make the catalyst '_muéaclce

Description of" the caxstruction of the synthaais umt is shown by
o

Figures 17 and 18, Figure 17 shows the original arrangament while Fignre 18
111ustrates the plant after the latest changes._ The converters are of 700-
11ter capac:.t;o - The two converters facing East. have tubes of 15 m. diameter,
those facing West 20 mm.- The. number of 'bubes is 1300 and 7oo respect:.vely,
per converter, Space velccltles varied from 150 to 500(.. The conversmn was
12 percent in 'bhe flrst case a.nd 0 ? percent in the second case., o |

Staz-tinp Interrupt. g,, and Stoppigg_the Synthes:.s 75- _'

o I

ntthydrogen at 'a' mospheric pressureol Then the pressure ‘13 gradually ralsed
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damage ‘the catalyst.. For this reason, there is provided on the'gas inlet a -
coﬁnectibn for lvdrogen.aupé]yc The !wdz‘ogcn is delivered through a reducing
valve from a ‘ZQO atmosphéré line. The lwtirogen pregsure aﬁould be comewhat
above the synthesis pressure. If ‘the synthesis must bé Ainterrupted for any |
‘reagson then the gas inlet valve is closed and mediately afterwards the }w—
drogen valve is opened so that the synthesis gas can be replaced- by hydrogen
at constant pressureo The carbon dioxide content of the outgoing gas is then

- watched and the outlet Vvalve is closed when the carbon dioxide content has N
dropped below 0.5 percento Since the oven will no longer be giving of‘f reac-
tion heat, ‘the vapor pressure must be gradual]y mcrgaaed s0 that the ovan
temperature will change as l:.ttle as possibleo Preesure and temperature
variat:.ons a.re to be~ avo:.ded since the ovenTcan easily develop 1eaks as'a -
result of such variationa After each ma:jor change of pressure or temperature,‘

it must be teated for tighbnessa _"' ’ B el / :

Plate Reactora

¢Plat,e reactors used ‘for first 111 days were aba.ndoned because of
N N N T et e

._'1631:5., Recycling was . introducedo» '_ T S S
L | lﬂgh»Pressure Water wasm.ng R

'.l‘he high—pressure water. washing was cperated only for a shoz't time

i Latest findings 1nd1cate that removal of 002 from the synthesm gaa is ‘not °

: neceesaryo NIV

Act:lve : Garbon Plant

L ST Distﬂlation
Distillatmn details a.re discuss 'd..

PRESENT STATUS OF SYNOL SYNTMESIS AND SCHEDUIE. FOR EXPANSION AND IHPHOVEMENTS
on' the\; synol process will be

. I \the rouowing, tﬁé results ‘;of work

brieﬂy summarized and the direction of advantageous extensions will be pointed

-'aﬁto-“




MANNER OF OPERATION
Recycle Operation (Characteristics)

Effect. of 00:9 Formaticn on Converaion.
&7

It has been-determinad that the water--gas shift reaction can take

‘place on an iron catalyst., In contrast to the cobalt catalys+ which consumes
. carbon mono::ide and hydrogen in the ratio of 1:2 and accordingly produces
watar as a byp /oduct according to the equat:.on co + 21-12 -"-CHQ + HQO the iron
ca‘calyst in—ths hitherto conventio*zal three-stage process causes v'eactlon
» according to the equatlon 105C0 + 1, SH2 = CH2 + O°5H20 + 0, 5002° According]y,
. from each six mols of synthesis gas there is obtained from this conversion .

. one mol of carbon dioxide., Consequently, .Lt 1s necessary to *vash out the 002
if a r'onversion of 8~5:90 percent of the available gas is to be attainedc‘ A~
higher conversion. 11‘ possible is always de°irab1e especi ally 11‘ a: high},,’ purin

fiad gas is involvad (s less uhan 5 mgo er cubic nater)u AR

..f the gas is- recyclad and ‘the major part of the reaci;mn water rem.

' sultlﬂng from gach_paasage through ths _catalyst is condensed, uhB"l the foma-a
; :tion of. coﬁ can ba 80, 1imited that 90-93 @ercent oi‘ the synthes:.s gas (with
an inert content in the fxesh gas oi' abou‘b 6 percent) can be convarted with-=
out 'bhe necess:.ty of was}ﬁ.ng out th° 002¢ ' ) R o
ST Llfe of Catalysto ‘ | S R L T e

].yst acti‘vity declinas in a much shorte; period o;,timea




Producta.

' The alcohols and olefine which can be dehydrated or hydrogenated by
the action of the catalyst will be separated more rapidly from the catalyst
zone, An increunse in the alcohol content is particuldrly notable in the higher
boiling portions (Clh-017), since the increased ouantities of carrier gas asso-
ciated with rocycle oreration maintain these components to a higher degree as
vapors and as such separate them rdpidlY'WhllO}dt smaller throughputs, they |
are dissolved in the liquld phase dnd trickle over ‘the catalystoﬁ

pace Velocity o o . ' By

The high gas throu hput accompliohes an inoreased removal of heat

in the catalyat zZone,: Therefore, 1t is DOSSlble elther to 1ncreasc th convér-
51on or: to space ‘the. coollng elementu in the oven farther apart thereby 51mp11—
‘catalyst ,whlch partlcularly in the case of a fused catalyst presents a diffi—‘
1cult problemo u”ﬁl? L;__ i : e

Separation of Products.,:_f‘

In connectwon with the separation of theulrodncts there are certaln -

—advantages Whlch Tlll be cons;dered more. speolfzcally latere




dioxide, . Advantageoua],y, the convereien is aocomplished in two etageeo In
the first atage, 70-80 percent of the gaa is converbed eo that the :Lnert gaa "
level is helq within dee:!.red limits, since the decli:;ing partial pressure or
carbon dioxide and hydrogen results in a reduced yield of.liquid oroducts and
an :lnc'r'eeee :Le V'the production of gasol and methane, - Aleo the reaction tem-
perature rises wherepy the catalyst 1ife &nd the content of alcohols decline
_somewhat., The remainder is. converted in the second stageo The scmewhat | _
higher gasol product:lon relative to the total y:leld :le of little consequencea'
The experiments eo far have been conducted in a 15»liter oveno A
2 fa\“m plate oven -for recycle operation 1n l[EhSB ‘has been constructed but.
.- ,has not yet been put :Lnt.o operatioh, Fhe oven can be operated aS' deeired :
r-either as’ one=stage or two«etageo The experience obta:.ned from thie operau-“
' tion i can be used as a baeie for go:!,ng over to connnercial operatione S

Recycle and nSUlﬂ’F" Phase - ’

e The preparat:.on of synol in the "snmpﬁ‘" phase has not been followed";

\ &
up at Leuna because the valuable products thus produced (alcohols s olef:’me y

a.nd eetere) remain in prolonged contact w:.th the catalyst in such operation \-

'and consequently are particularly ‘:1ke1y to be decompoeech Furthermore X ’v -

.periments ce.rried ou’c. by Dr. m:.chael with our synol catalyst. m "sumpgn phaee




_also come into p1§i a8 will be discuseed in greater detail in the section on
catelyate, A 15-1iter reactor has been built for this purpose, but has not
been testedo

,‘/ On account of these and other technical advantagee of the "eumpt‘"
phase operation (more effective removal of the reaction heat with a coneider-

'eb]y emaller mmber of cooling elements, ' easier discharge of the catalyst _
and the charging of fresh catalyst or additions to the. catalyst without in- .
terruption of the synthesis) this method of operation should be: investigated
"'further, - = — :

~ First the availsble 15-liter reactor can be set up for this further

work. It consists easentially of an insulated 100 mm, tube above which a 200

'Ma tube is placed as a: settling zone., Heating ie accomplished by twc verti-

"cal tubes carrying uater under preesure., '.l'he gas would be introduced at the

‘:bottcm in the be;inning without a.ny speclal arrangement for distributiono -,'- : _
fSubsequently, fritted or: perforated plates can be tested., _ The products which

’ vare not withdratm from the reactor in the vapor state (apparently about 10
pe cent of the total product) will be withdrewn in the begmning discontinuo;ly .

' ‘, through a: ceramic filter located appro:dmately at the middle o10 the reactor., :»

The reactor is filled et the etart with paraffd;n—ﬁren the\ el syn- :

X ’-:thesis, which 1s first p _tre t‘e" with‘hydi"“' gen if it has been standing long in

:v';?'.contact m.th air, so that 'any poseible damage to t-he catalyst ce.n be avoidedar :




' In thiese experiments, it is fmportant to guird sgainst spraying and
fog. fomatian which would result in a drop in the 1iquid level. Prel:bninary '
experimenta with para.fﬁ.n without added catalyst have shom that thia effect
prevails within moderate 1:lmit8° B .

b

Y

COnveraion and Yieldso rd

The space xields of the Fischer-'l’ropech a.nd s:!milar syntheses are
emall in ccmparison with those of high—pressure synthesis !Wdrogenation, Land
‘methanol productionc This resulta in the - f:.rst place from the fact that the_
procese :ls highly exothermic (700 kg., cal /m3 of reacted gaa) and at the same
_k tme 5 the reaction temperature must be held within na.rrovr ljmits (3—5°C ) if
the conversion :i.s nnt to etop ccsnpletely or run awsy., In the atmosph irlc
f)éssure syntheeis of naphtha with cobalt catalysts 9 appron.mately 80 m3 of
gas are converted per m3 of catalyst per hour, “in the pressure synthes:.s de- ‘
veloped later, convers:.ons oi' 199—m3 are attainedo v The conversien in 't.he 3-»-
’stage synol grocess is about 1:120., ‘ After the imroduction of the recycle "
:method of operation, the convers:.ons were. increaaeé by ?5 percent to 15’0 m3~_
The opt‘lmum is yet to be determined m.th longer’periods of operation and pez'=

ticularly in combinatlon with the test:mg of new, reactore with different ar=- B

rangements for coolingc - ‘




fractions ahow on]y a emall content of elcohola. The aim of the alcohols and
A '.olefins declinea from 80 percent in the lwer fract:lona to 65 percent in the,

boiling range of the Cig alcohoko The alcohols are primary and straight

éhain, the olefins :’likew;u_leo _The’ higher fra.ctions contain esters to an in-

————y

‘creasing extent, rising from about 10 percent 1n ‘the region of Gy alcohole
to 20 percent: in the region of the C1g alcohols, The content, of aldehydea |

v .and ketones in all fractions amounts to 1«2 percent,

The yields'qf liquid product.a can be still further increased at the
axpense of gasol by going over to. pracipitatad catalysts; Fnrther work in

thia field m.ll be concemed with the evaluatn.on of catalyatso

I,

Ca.t t

LE Of 1ats, investiga’r.lons in the f:.eld of catalysts have been put o

; aside in favor ni‘ instituting and evaluating new. variations in the @ner of »
1‘operation° In this field of catalysts,_hoy_ever, there are st.ill many quea- bl
ﬁ"jv?tions unan{mwered andqas thinga now stand, material inrprovaments in the pro-=

-<‘..__4___-,

‘ duct quality can b 'expected particularly from changes :Ln_the_ca:t,aflysi:‘> i

Influencﬂ of reduct.n.on conditions on act:x.ntyu

‘.f“yfa noticeably lesa ’ct:.ve caf.alyst wag obtainedo A higb degrea of purity of

‘v.‘,‘;:the H2 :Ls esaentialo “ ‘l'he ca‘balyst redu ed w:.th H2 recirculation (addit:.on




-of 3-5 percent freeh ue) is. considerab]y better than a'catalyst reduced by onee-
through operation. For this reduction, a very pure }wdrogen 15 used hav:lng a
sulfur content less than 2 mgo per m3

Influence of’ particle s.gze on: aotivitya

A snbstential increage in the catalyet capacity can be attained by
vgo:l..ng to smaller catalyst particle sizee. Most recently, operations have been
F- conducted with particle s:lzes oi‘ 0o 5‘1.0 mmo in contrast with the size of 1-2
,mmo used previonsly. In using still smaller particle sizes, the pressure -dfop
through the oven becomes too higho_ From the higher oapecity of the more i'inely
divaded catalyst it is concluded that the interior of the catalyst particles
‘_does not play an essential part in the syntheeis,, : With prec1pitated catalysts ’
; partijcle sizes of 1-3 f'mma cannot be exceeded since otherwise on account of the

low mechanical streng‘k_, _and resultant hlgh dust formation, the oven mll be too

easily plugged up° Also in the case of fused catalysts » a certain amount of

dust forma.t:.on result 'from shak:lng and transportatlonn. Therefore » for further”.

"‘*experimentsﬂ—aet is 1ntended to fill the 1ower nart of the oven with a layer of
\ : . S
~coarse catalystgv Thereby the openings in the grate on r:h:.ch the catalyst rests»;__

e

‘can’ be 1arger smce in’ thie locat:.on a partial disintegration s_ to be expectedf

sm&ﬁﬁéﬁ watér-gas SHift



Catalysts of dif.f.‘eront parl‘.i:cle‘eizee have eipo' rllae-an‘-.uae'd for the
hydrogenation of - nitr:.lea to am.ines.,"' Tl'iis reéct.ion eén be eé.rz;ied oxit on an
iron catalyst slnce no water is rroduced as a reactidn ‘product (in these ex-..
periments the same observations with respoct to activa.ty differences as a result
of different particle sizes were ,m'_ade),, On the basis of these results, it - |
should be;expected that going over to a"eata]yst dust -as is-used m the liquidt.
phase process would prove to be egpecially acxvantag,eousn A reduced caté.iyst -
dust ‘in suspenslon, however, has not fulfilled this expectatlon in m.trlle hy---
-drogenat;ion° In order to exclude the varlable of changed course of reduction, )

=

the condltlone'of the former redactlon were mltated by mixing. th': catalyst dust

with a granular cataly.;b by sha.km,; and separatlng it aga:.n after reduct:.on by
s:.enr\xg, However 5. a catalyst prcpared in th:n.s wmanner attalned only the actlnty
oi‘ an equal welght of 1—2 mm° cat.alvst., These exp-r:unents are st:L]J. :m the:.r '

early stages and _nu"'b be contlnued,i—Partlcularlx, 1'i‘. would be expedlen’c. to carry

out. 'bhe reductlon of powdered catalysts accordlng to 'bhe prlncn.ple of Lhe v!:.nkler_

genera.tor :Ln a somewhat largev' scale of about 20=-SO l:Lters s because the opera‘bion

SR,

;of such a pror_ass on. a small scale is very dlfflcult»~'

Influence of Fused vsa Prec:.pitated Catalyst Form on Actlvz.ty

An advantaé‘e*“oi‘ the 'J:Kl? catalyst in contrast to a prec:Lp:Ltated cataw'“‘

lyst. of the oame' compos:.tlon,' as already brough’c oui, 1n F:Lgure ZU.; J.S tne pre~

n of' low-nbonllng constrbuenxbs and of parmfln, ‘].‘he liquld com-

3“ponen'hs show !c.he i‘ollow:.ng compos:Lt:Lon? :

Prec:.p:.tated

- patalyst;..
LTI i percent
coopc. | 513 L8
200-400°C, 25,2 ,375_2’ -
>hoo°co:' QTS b



An explanation for this difference which apparently dooends only on
:,the structure and not on the chemical compoeit.ion of tho cabr.lvst cannot be
given at prescnto ] . ,

One simificant obsorvation in this connection should still be ‘noted.
In a few caaes for no apparent reason the uKl7 cnfalyst vielded ‘ron the bcgin-

.ning 30—h5 percent b01linb above LOO®C. This phenomenon still requires explanaw

tion (see, for =xample,” uxperlment No.~ VII/67 in 2CO cm. tube GVen) By lncreaSw
ings tho carbon monoxicde conuont it Can e wnilin; ranie can bo shiftoed tcward

the’hi»her'boiliog H01ncs w;t Qll ile. q{ clfdiyens, ﬂlthoot'cs=ont1dl chdne
“in the 1uanti y 01 the midaie :racfion A =1milar shift in conp051t-on can be L
ol *alnpﬁ by cnang1n;~to smaliér“catalysu partlcle szzes anc uv the uoe of lower

throughputs~ At the same tlnc these cbanueo rosult 1n an :ﬁ””“ﬁ’& 1n‘t‘o‘ole—‘"

fln content of th oroourtg The cont~nt of alcohols remalns anproximately conwf:

stant “$hcse exoTrlmcnts have been carrled out hltherto onI" in. tho stage pro—l
cess and mu t bn exnended to Eﬁb recyclp:t- Qf opcratlon“, :

fect of Gatalvat Comp051t10n on Svnth851s Droducts,b-*"ia' i

P

Regardlny thc effect o* cataly t comp031tlon on uhG synbh951s oroducts

th° following can be said,; The pota551um contcnt mu t be between Oal.,and 00;:f

percent, The optlmum hnre is: the same as with anmonla cat lystsot 1”hen acidlc

,',._,

constltuentu,7auch as: s111ca carr:.crsp are added the pot3831um conteni mus

increased
Lyst o‘uses the alcoholiformatlon‘to dccline in favo‘ o olefin~formatlone The”

addltlon of arsenlc Ane anounts of a; few tenths of'a percentmlncreasesithe forma—

o '.‘!3_-9{1;: Oi: .:'@WFS 2

,.
AR
A



A large rnumber or early exper:!mente could not be properly evaluated
becauoe the exect effect. of the potassium content :l.n the catalyst preparation
had not yet besn determined and- therefore, with unfavorable -potassium cont.ents.
the effect of obher additions could not be appraised. A content of 2-i percont
alumina a3 :Ln the case of amﬁonia cate]yst,euiecreaees the ‘aotivity. ' 'The ex-
perimentu develepment of catalysts will be conb:l.mxed on the basis of the iron-
potaesium-aluminum cempoeition (refer to 'c.he previouely preeented catalyst pro-
"gram)s _Tha. program for carrying forwa.rd work along theee 1j.nes has alrea:w
been established. The next. objective should be the preparation of a cata]yet

of reprodu: 1ble activity; by precipitation frcm 1ron and aluminum o‘;lorideo

Emphasis enould bs laid particnlarly on tha development of the smplest pqs»'

ount.e of potaseimn is concerned° In one series of expermente the waehing

: of a cataljst precipita‘bed w:lth a potaesilm carbonate solntion w:v.ll be carrier"‘\‘

In a secondhser:les the precipitation will be undertaken‘with ammonia water to

which a sultable amount of potaesium»carbonat.e i* added so that a.f.‘ter ene»or
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preaauro, o‘orrosponding to 225°C. When the operating temperature of the con~
verter is higher, it is necessary to use dipheml Decalin, or some aimilar
cooling medium for controlling the teprperaturao. The great advantage of ths
synol process over other %rocesses using ':h'gn cataf!yats’ ig that ’the" operating
temperature is comparatively low (185-200"(3,) , and,. conaequently, all con~
_verters can be coolad by water. With fuaad catg;ygts thé use of the plate
converber Ieads to. cons:lderable difficulties,' Recently, therefore, converters
without.'t-he -plates were introducedo The apparatus contains a group of hori- v
is slightly tilted to facilitata ‘the steam removala This comrerter may be
IGBSIIY emptied a.nd a.uy traces of catalyst which sﬁick between the tubas can -
‘ba removad by nreo Emptying the plata converl:era was moza difficult 3 it uas
'necessary to treat each saction individually L_ S T e e

When a recycl:.ng T edura is ussd the gas throughput may be ino ,

creased seven-fold and the 'éa;atanca between the tubes increased to 15 Mo : 251.’

P°rcent greater efficiena;r‘ :I.a btainedk‘ v
e -f,l""“I‘he tubes are rolled 1nto uube sheets on bo‘bh endsg, Experiments

shogéd that 21*1m° diametar tubes 5 m. :ln length ware satisfactoryo’ It ia

preferable to arrange the tubea a.n angle of 10° from the horizontalo The '

convertg was fﬂleiwith 200 Mters of cata.‘lystn Tha c talyst 1s arranged

:yaround the tubaa which are contained in an\ open containar he sidas of which

f : Expeﬂments 1n the 15-11ter~converter indicate the desirability of
ramoving the 1iquid products inmdz.ately at‘tar the gases leave% ’"he .convaz-tero



Bar]y experinente have ehown that at’ recyole epaoe velocities of 2500, on]y
negligiblo quantitiee of mater:lale boiling below 360°c° are- present. Pre-
lininary separation of the products may thus be effeoted. Fnrther, all the
-inherent difficultics connected with handling of aemi.-solid matcrials are re-
movedo » '
- Gorrosion experments in the 100~-1iter converter ahiow that the upper |
permiebible temperature can: be detemined for which the material is noticeably
attacked by the organic acids in presence of water, For multi-stage experi— ‘
ments _this temperature is approx:lmately 130°c° Between 125 and 90°C°, the .
corrosion reaches a maJd.nmm and at '.lower 'bemperaturee decreasem » - Then re-
_cyc].ing is en;ployed, the condensation point of the aqueous phase is somewhare '
between 75 and 95°C., ’ depending o‘n the degree of recyclingo In the case of
the planned experiment in HEhSB, an irngation wa.th soda solution is‘mad.nav
‘-vtained vhen working in this temperature range., By meaps of nroper—byapaeses _
' around the heat excha.nge.x:,«;l.° the temperature can be ma.tmally contrc?]:[*e‘d? 00r=» .

o roaion testa are being planned i‘or various sections of the apparatus durlng

the recycling . operationo





