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II, Gatalxjic'Efficiéncx

‘ fhere are precticelly mo expsrimental results svailisble to
mé on the efficiensy of the astelysts produced by Ir. Ed. Linckh.With
the exceptitn of some’ qualtitetive meterisl I eannot use this expor-
imsntal materiale

(nly the parent catalyat 997, whish hag been tested many tintl,
is employed for comparisen,

The oat#lyat wera qmpléya&'entirely similar conditions in
order to obtain ntilisable~§ompariaon vslnbu. The " spiral (1lleg)
reactor".which was daveloped by Dr, 24, Linckh was employed. Zhis ia
8 (11165) reactor 120 mm in-diametsr and 120 om in length. An HeBe

8 mm in dismeter and with ’
oopper tube . s wall thickness of 1.5 Barves
a8 catalyst .earrier. The tube is bent into 8 spirals each 65 ﬁm in
diameter at intervals of 95 mm. Iittle baskets made of braes
wire gauge 70 ﬁm in dismeter snd (illeg) in height sre fastoned aroufd
the spirals. Thess baskets receive the oatalyst which hes ' been grained
to 6-18 mm. A high pressure copper tube, which encloses ¢ tharmoelements
for recording the internsl tempersture, is introduced through the
aentral apening of thevspirala. The ocavalyst csrrier is free in the
interior of the resctor and contains sbout 1 liter of catelysts The
gae is s&mittaa«gy the head of the resctor, sweeﬁs sst freely pest the
edtalyst.-thns starting the oonrersian,'and then lesves the oven at
the baaa. The condensable producta art precipitatcd in an ad:oins high
presanra spirel cooler and then collactcd in & separator, After the
:aeparaotr the end gas 13 depressured through & comtrol valve and mesasured

with i gas meter inn o flow mengme tere 1 m® per ({lleg) of .the end gss
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is sent through an.sotivated asrbon tower deily to determine the end
g8 geeoline and the Gasol. ?ho'furnacce are hoétéd'ai cooled with sieem,
whioh c&n be superheated in & simple superheater, by means of the apifal
cgiilo _ ‘
A mixed gas of 15'..13 per cent CO plas 84 - 82 per cent of
gero gas. The priksura.ia-maintainod et 100 atm. The resctors ere run
et en internal temperature of 270 deg C 2nd with a reducstion in pressure
of the end gas of 100 liters/hr. After 2 dsys the temperature is raised -
to 260 deg O and the end gos rate incressed to 250 liters/hr. Bach batoh
is ran fpr two days and then ths temperature is reised by 10 degz O« The
end gas quentities ars reised from 100 %o 260, 500, 760, 1000, 1500 end
2000 up te 2500 or 3000 litara/iit In sddition to the end gas and the
Gesol -~ or the quantity of gzasoline 4n the end gss - the oil and water
drawn off 4aily from the sesarator is recorded. The content of slcohol )
is ditefninod by specific gravity end distillation, Day to day gase
snalyses of the end gas are als¢ taken. |

A1l these conditions were iisi@ly maintained in the eomparison .
experiments. The following tables contain the yields ohtained dy the
catalysts whioh have binn described up to this point with the above
indicsted method of opsration. The oafalysts heve been as:embled
aczording to the "relationship" of the melisin order to render poscible
conclusions on the influence of the added substsnces. Lvery

cstalyst is run at 450 and 650 deg C arfter & preliminary reduotion.
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ss8tulyst Nc, 997, which wes Turnished by br. Ed, Linckh, 1is
the comparison catalyst (see German patent 708512}, It is fused from
the following mixture: 89.5 per cent iron, 2.24 psr eent Ti0g, 2.24
ver cont silioxon powder, 2,24 per cent Lun0O and 1.80 per oent X0H. The
compsnion catalyst 997 Cuk contains 2.08 pcer cent copper powder added
ip the same mixture.

1290 13 the same in principle with ths addition of 4.5 per cent
CaC0z to the mixture. 1296 contains Zr0gp instead of Ti0g, the rest of
the mixture being the ssme as 1290, 1£97 replaces silicaon with Ti0p
end T10p with 2r04 until finally, at 1298%, all the"acidie" edditions
h:ve boen repdaced by Zr0p. In 1301 to 1304 81l the previously described
catalysts are modified by doubling the guantitty of iron in the mixture,
By this change 1301 compsres with 12390, 1302 with 1295, 1303 with 1297,
and 1304 with 1298, In 1302 CuX the melt is enlarged to same mixture
a8 1302 by the sddition of 0.8 per cent of copper powder.

ag far as
] The modioicstions bring sbout the following effeats
¢zn ve seen :
‘rom the table:.

l, Co  er

Copper as a replacement Ior aiksli csmuses & sharp diminsihment
of action. Jenversely, en apnpreciaxble incresase in the slochol yield
yield along with sn apprecisble increase in temper ture-stability ie
brought shout i1f it is employed jeinily with KOH in =n equivalent
quantity. In genersl, a msarked inoresse in the yield occure for the
most part.

2. Galciunm

The effest of Cs0 is uneertsin, However, we are under the
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imrression that cslciuvm rorders the melt more homogeneous and csuses
the sbsorption of the sdded substances to more uniform end more com-
plete ("dissolving cgent").

3. ¥xX 2r0p

If S10p is replaced by Ti0g, and Ti0g by ir0g, and finally dvoth
by %r0g, a general increase in yield will be observed es well as snyix
inoresse of the slochol yield in particulsr. 4n inoresse in the molar
weighte of the sdditives sppears to cause an increase in oatalytio
efficienay and, sanseguently, of yleld.

4., Incre:se of the iron content, it app.ar..aaimilarly resulte

in sn increesed output, insofer s= is perceptible.

1288 18 the model which substentially served as a point of
daparture for the newsr catelysts, It is derived from titanium magnetite’
Fez04 plus Fe0,Ti0g by addition of KOE and soppsr. It was modified
here by ZrOg.

1288, which is composed of 88,0 per cent irom plus 17 per sent
T40p, is & very peomr csialyst. 1288 K contains onl} helf the amount of
T10g plus 1/56 mel KpCOz, a siznificent improvement being thus attained,
1288 x8 Cuk contains an sdded 1/4 mol copper powder but there is no
noticesble elterstien, at the very mest & certain tendensy towerds
"gmeering" of ths catalyst, 1.es claskening of catalyst efficengy by
introduction of hizher meler orgenic substences. In 1525 Ti0g 1s slresdy
repleged by Zr0ge 1227 has the seme composition as 1320 with en additiom
of Eg003; 1251 has sn sdditien of sopper powlder instesd of XgCOgs snd
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1332 hae copper as wsll as EgC04 in aidition to the comnosition of 1326,
The following conolusions can be drawn form these instances:
1, X0H causes a violent incresse.
£, 2x0p eimilarly inoreases the yislds sppreeiably.
S« The effeot of copper em an addition is not clesrly discernible.
In contrast with previous experiences, the cstelysts reduced at
450 deg 0 in this group &re substantiably better than those reduced at
850 deg U,

Bose catslyst o, -1289 correcponds to cstalyet 1288 which is
supplemented by CaC0g as a "diss0lving agent":

79.92 % 1fon

18,08 % Ti0g

2,06 % CacCoy

1289 X is supplemsnted by 1.7 per cent KaC03; copper iz added
ir. 2288 1289 Cuk, 1226 contains ir0g instead of T10g. 1328, the best
oatalyst of thie group, sdis EplOg te the 1328 composition. In 1329,
#hioh hae the same com.jostion as 1326, the CaC03 18 replaced by 3aC0z,
In 1330 X003 is again added to the previous composition.1291 - 1294
are conoceived of ss iron-zinc~ocalsium spinels; 1t iz hoped that they
will provide = better catalysis for alochol. 1291 had a composition of
76.8 par cent iron, 13.2 per cent inl0z, and 10 per cent Callgz. 1298
conteins 86.7 per cent iron, 18.6 pgr cent insiCx, 11 per eent 2eClg,
and 8,73 per sent Ti0g., 1292 and 1294 coutzin do ble the amount of

iron,
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1346 is repared according to the model of titanium magnetite,
710z, however, bveinz re lsced by 2rOg, Call0g by Bal0z, and, in sddition,
copner snd ZgC03 erc added. 1346 is prepered like 1245 with calelum
replacing barium.

As could be detemined bafore, & materisal improvement is achieved
with copper and calcium. It is true that copper tends to decresce
efficiency somewhat, btut it mekes the catalysts more resistant, prim-
arily sgeinst soot formation. ZrOg roosts outpute sppreciably as com-
pered with the WiOg-contsining catelyste, Jslcium and osrium &pPPesT ta
possess equal efficiency.

The zinc-containgin mixed spinels were very disappolinting
although it is hoped that sysyematic wodificetion may still lead to
untilizable resﬁlts. '

sontains the cat lysts

In eny caee, this group

with the best slcohol _
velues, 1289 kK, and, sbove 2ll, 1328, In eddtition,

there sre 1346 and 1346,

Hore catalysts 1299 and 1300 are modified, that is, catalyaté
which chiefly contein ir0p es the acidic component. 1299 corresponds
to tho slresdy described catalyst 1298, thet is, & 4rOg-containing
ostalyst with an sddition of oaleium with replacement of the calclum
with BaCOz, From this 1300 is further daveloped. The remainder of TiOp,
which is still present in 1299 is replaced by arQg so0 that 2r0g is the
only acidic addition present. 1305 snd 1306 correspond to 1299 or 1300
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but #ith double the emount of iron.

130% to 1312 correspond to 1299 or 1305; the BeCogy
by LagOz, "Aure axide mixture” or didymium oxide. These are catalyete
1207 to 1309. The "iumer oxide mixture" is eseentislly a mixture of

is replaced

lanthsnum oxide and neodymium exide.,

in 1810-1812 the irem is sgein doubled, the composition othere
wise remsining the ssame, 1308 Cuk, 1310 Cuk smd 1311 eagh contain an
almixture of about 1 per cent of oopper. ‘

. results, sspecially

it can be seen from these in the table,
that the modifcstion of the 8c1dio mddtions hae u muck grester effect
than the modification of the bastig cdditions, epart from KCH or copper,
The snbstitntian.mf esloium by hariu-.oauécs 8 slight impeirnent, snd
the introduction eof rare earthe does not exercise any noticeable inflwenes.
Ag was already menticned, the markea influence of ¢opper together with

Kg0 is again clesriy demonstrated here,

This group is derived from catalyst 1289 which is composed of
80 per oent irom, 19 per cent T10g, end 2 per oenf CsC03. The CaCog is
here s].tormthy replaced by BeCO3, Mg0 and zine in equivslent amounts,
Variatione are then obtained by additien of KgCOg, then oopper, snd,
Tinelly, the two togehter. ihus, 1313-1315 contain BeO, g0 and Zngo
instead of 0s0. Addition of Kgo n 1316-1518; in 1319-81 a content of
Cuo, an4, finally, in 13£8.1884 Kg0 and Cuo together,
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The zuecess of tho Ca0 subetitotion is dubious. fhe results
are the same as those obtained with the unmodified 1289,

BeO plus ¥g0 sprear to Ye distinotly superior to ZnOs This
finding corresponds te the exnperiences obtained by the expefimahta
assambled 1in Tahlé 4 on the basis of which 1t is.cleay that the varintid@
‘oeueed by the basic 2dditions s of slight influsnoe only.

This gzroup, ir its struoture eand veriations, corresponds fally
with the previous one, with .ths exception that the oquivslent.amouﬁf
of 7r03 is added instead of T10p. The first three sgain contsin BeO, .
Kgz0 and ZnO; the next three contsin K30 as the additive; the following
Cn0; and the last thrde contain both, -
’ Here, too, the approaisbly stronger influence of the acidie
compenont, IrQsz, 18 clearly discarnidle. The valuss obtazined are far
superi&r to those of the previﬁus group and, in psr$, ;161& very good
results which rise asbove ths 100 £ threchold., The inoresse on sddition
of X320 is olesrly disoernidle. igain there 48 a distinot drep~when SuQ
alone is udded, wheress Ju0 and KgO together again 7 bring edout
the best results. In contr&stlto previens expearioness, reduation ie
appsrently more favorcble at 450 deg C in this group.

An importent result of previous experimente, ss 18 repressnted
in the following tables, msy be stated:

' It has been demonstrated that the "scidio™ sdditives exercise

the substentielly more marked influence in the s rthesis of alcohols
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#ith fused iron catslyste., It 18 clear that increseing molar weight
exercises s favorable influence. The precence of two acidic substances,
S10g along with T40g, generally lowers the influense of the higher
molsr proportien.

The influence of the basioc sdditives is noticeably slighter,
Ca0 appears to yield the most favorable velues. KpO plus Cu0 ars an
exoeption, Thus, it appesrs to refer principelly to the e=zrth slkaline
metalss For the me:t part KpC effeots an spprecisble increase in yield.
especially favoring the hydroosrbens. Cu0, which was introduneed as a
repladement for KpO, clearly effeots & homagenissticm of the melts
and spprecisbly reduces soot - formation, aven obvisting 1t entirely in
some imatanges, Cu0, which in itself tonds to lower
effictenoy for the mest part, brings sbout an sp-regisble incresse in
catalytio aotivity when combined with Kg0. by

The previous results were obtained experiments with the
1-liter resotors (spirrl shelved reacters)in = simple straight pess.
Theee figures must not be considered to be the mazimum valuves., The
experienne of experidmtns in a larger reactor with & content of 16 - 18
lit;rs with gas recirculatien, that is, under pilet conditions, gave
much better outpnts throughout. Of the svailable cetelysts to dste 18,
which Have been demonstrated to be the best aog far, have been selected
for testing undet semi-works conditions, On restorutiem of the ¢guip-
nent, which was partielly destroysd Sy enemy &ir raide, the experiments
will be carried out, It ia to be haped that more favorsble expsrismntal
results will be partially obtained,



