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Ve can see from this table that the total paraffin
~ contente iIn theze test varied from 3 - 46 percent of
the total reaction products. These emounte referred
Lo sollid end liguid products correspong to 5 - 51
percent. The proportion of liguid hydrocerbone wvarics
betveen 44 to T6 percent of the remchion progucte,
the proportion of gasol heitween 10 ans 32 porcent.
Catalyats which proguce good yields fopr particulsrily
long times, especially those precipitated with scdium
carbonate {at 235°C) and vwith =umonla (st 235°C) .
produce a proportion of s0llid, liquid and gasol
hydrocarbons represented by the average of the values
mentioned sbove; in general, a lovering of the reaction
temperature and an inecreaze in the alkali content
changes the nature of the reaction progucts tovard
higher molecular welghts. The iron-kieselguhr catalyztse

0

do not fall into this serics.

‘The proportlion of uasaturated hydrocarbone in the &
1lilquic products as well as in gasol ver giffercnt '
under different reaction condlitione, just Jike the
bolling point varistiones. Eigh mslting parsffin is a
by-proguct obtained durlng gynthesgls.

In aqgltlfon oxygenated organic compounde arc formed
eimilar to the synthole described by Franz Fischer &nd
Tropsch, 18/, : ‘

The iron cetalyste may finally be used undep
certain conditions for the production of city g=e
conforming to epecifications.

The middle preessure synthesiz with irom catalyots
permite one in particular to altesr the production tg
form primerily one or =nother reaction produets.
I'o predications could be mads in the normzl end migdle
pressure oynthesls with cobalt catelyste about the
directlon of the reaction, for regulating the fprmation
of any ingividusl typs of hydrocarbons, nor the Formetion
of eny definite products, beczuse of the great vap-
1abllity of these syntheses.

A. Liguld Eydrocarbon

The crude lliquid products sre not ag 2 rule
entlirely colorless, but are £llghtly yellowish.
Diztillatlion produces water-clesry gasolline, and emalier
amounte of & yellowish oll iz left in the reegisue.

The gasoline 1s stable and remailns colorless even after
storege for many monthe. :
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Phe provortlon of liquis bhyirccarbons bolling
below 180°C to the totel liguild hudroosrbons depends
on experimontal conditions. A catalyst prscipiteted
with emmoniz (with 1/# percent KEGGB’ at 250°G)
gave 5% percent of a distillate ~180°, eng with an
iron~copper catalgst oporated at 26900, 82 percent of
& distillate ~180YC was obtaines.

Figure 13 ghowe 3 Engler distillation of s g2soline
procuced with & normsl iren catalyst et 250°C eng
boiling -180°C, 50 pereent of this gasoline bolled
-88¥C, 60 percent” -100°C.  The boiling curve of the
gaszoline cen be strongly affected by chenging the
operating congitions. _ ‘ N : ‘

Table 29 shows the gravity, oleflne content,
bolling data ang octens numbder of & fev gasoclines
produced with some iron catalyets,

_ Table 29
Fropertles of Casolines Ovlsined with Iren Cetalysts

ﬁumb@i"d 615 Ql@'f » B 3 P . Amrj,rﬁf.s p:‘}? . 80 O ON .‘

washed Start 10% 50% 90%

‘ with

‘ , Ea.0H
1 yes 0.696 6k 30° 4% 88° 145° o.55 &1
2 " 0.678 65 3500 380 730 1yE0 62
3 no 0.€98 =38 0.18 63

Semple number 1, table 29 was obtained with a
catelyst precipitates’ with ammonia, sample number 2
from an experiment with a5 iron-copper catalvsh and
sample 3 in a test with an iron-kileselguby catalyet.

234

- §] ‘3 =~
of the gasoline ~-180"C waz 0.7.
lde-sulfuric acld extracted 64, 65

he gravity of

e -

1

volume rospsctively frvom the three
£

[}

7
Phosphorus penko
‘and 38 psrcent by
gasolines. The oo
the threse stabiliz

-

i
N
J

fne number by the motor methos of
1 ganolines varied from 61 - 63,

¢ The posslbillities of fuprther ralsing the kncck
registence of gzsoline obiainesd From lddle prescure
syntheslis are Siscussesd in a gepccidl section o the

subsequent working up of the pPrimary produects.
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A comparison of the fractions removad wlth
phogphorus-pentoxide-suifunle acid from the gheollines

with thelr cctane nurbers shows thet the latier does
not depend entirely on the clsfine content.

The synthol like orgenlc compounds found in the
reaction productz of iron-mldsle prossurs synthesls
are of importance. Thelr amcunt and nsture varies
greasly with the operabing conditions. Table 30 gives
the scld, ester, saponification end hydroxyl numbers
of some synthesls procuchs. -

Table 30

Dayeen~contzinine Constituents of the Iiculg Bydrocarbons

Cat~ boil- scld ester Bapon~ Hydroxyl

‘alysts ing no. no. ificzt- no,
ranEe ion no.

Fe 1/4% 32093 30 - 180

FG " " ' OVGI” 1800;2 0o2 005 2;3 N

Fe 1% E5C03 over 180 1.8 8.1 8.9 7.0

Fe-kioselglhr 3¢ - 180 1.4 15.0 16.k :

14 E5C0

Pe-xleselguhr over 180 0.1 2.0 2.1

1% K2005

The teble shows that larger amounts of esters
and alcohols, together with smoll amounts of Tree
egeclds e¢an be produced during synthesile ang this
appllss not only to low moleculsy welght esters angd
&lcohols cecurlng in gasoline, but also Lo thoss of
higher molecular weight with boliling points zbove
180°C. 7The formaticn of these products, is sirongly
favored Dy the slkelizing of the iron eatalysty,
¥When the tetal prodgucts obitained with sn iron~kieselguhr
catalyst are washed with 30 percent caleium chloride

- solutlon, 2.5 percen®t vwere dissclves in the water

soclutlon, and 0.8 percent adaitionsl were dissolved
in the subseguent washing withx sodiuvm hydroxide.

The ultimote analyels of ¢ total reaction pro-

of ti
ducts obtained with three gifferent iron cetalysts
are shown in teble 31,

T TR marwmm om0 ow o S
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Teble 31

The TUltlmate Anmlvsis of Synthesis Procucts

in che total

produoct Gasoline

G H 3 ¢ H ~ 0
Fgenormal R
Fe-Cu 84560 15.16 0.24 83,94 1%.97 1.09

Fe-Kisszelguhr

s

X Unwashed products were anelyzed. The oxygen
content of the low boiling gasoline is higher than
in the total product.

B. Pereffin

From 5 to 50 percent of the 80lid angd liquigd
rezction produets ceonsist of varaffins (fetermined by
the butenone method). With hydrogen-rlch synthesis
ges and lovw-zlkali catalysis the paraffin is white to
pale yellow, with esrbon monoxide-vich gages ang
catalysts contsining one or more percent of potassium
carbonate 1t is yelliow %o yellow-brovn., The coloring
watter may be derived from ivon op iron salte, but
it only constitutes & smell amounk of high boiling ,
olle and may be removed by extraetion or be decolorizeg
by hydarogenation. :

_ The melting point of the papeffin extend over the
whole range of the knowm paraffins, The total prodcucth
contaling particularly high melting constituents, ang
melts only at a relatively high temperature. A meniscus
formed 2% 80° in the melting point tubes with a
pareffin freed from liguila 1ydrocarbon by mesns of
butanone, when produce cetalyst conteining

1/% percent EoC0z, ans at 1049C vhen the catalysts
contalned I percent KQGQB. :

The paraffin obialnsd with an iron ~ 1 percent

EoC03 catalyst ves 5C percent soluble in bolling ether.,
THe Product precipitated with methyl elcohol melted
completely in melting poini tubes between 65 ana 70°¢C.
41 percent were insoluble in ether (24 hours extraction
in Soxhlet, using bolling hexane). Their end melting
peint wvas betwsen 90 and 10400, fThe remeining 9 percent
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of the hexzbe-insoluble parafiin hng en snd melilag
point of 1229C. s ;

The so-called catalyst papaffin chtoined when
an iron catalyst wes fractionally extracted in boliing
banzol, lesving some insoludle rosldue which was
soluble im bolling tolucl ans melied 2t about 1260C.

C. gasol

Table 28 showe that 16 to 30 percent of the
reactlon products of synthesis concict of gasgol hydro-
carhon (63 + Cyp). Ethylenc 18 2 product of Ghe iron-
middle preesure synthesis.. Figures 14 snd 15 shov the
repults of low temperature distillaticn mede ¢ the
inctitute by F. ¥Weinrobter. The £28c0us roaction
productes of & synthesis {iron catalyst with 1 porcent
E2003) vere led through & teep cooled itz liguid air.
Gasoline end all hydrocarbons except some of the nethene
are condensed in the trap. The COp - C4 frmetion of &
cample distilled up to room temperatura 1g shown
in figure 14 (aieotillation I). The gaevline remeining
in the trap still contained considersble gmounte of Cyp
hydrocerbone. They were removed by distilletion.
The Cj fraction obiteined is shown in figure 15 (gisz-
tillation II). Fo isobutylene has been found in the
two distillations. :

Table 32 pummarizes the results of the low
tompersture distillation. The distillation I wae
recalculated to the amount of pesol correagponding to
that of the aistillation iT. Ths pronortion of un-
satursted hydrocarbon in Gho diffezent fractions was
determined with mecuric nitpsis.



o
ol

]

~71

ﬁmﬁw 21l - 0004 1= RS . X
L3NS, 1“.. 4 0 T —peey -
..n
— , i 00T-
-
— prn
. S B gl 0g~
] Wm\ 4
A 8 o
F $ *,Jli!d
M : B 0
S . u‘w“ w.. (um,WCc
{ mﬁ. i :
N .ﬁs\ = vt _v
J S . o4~
i J
i1
m : Pl | o2~
" b W m )
i PoE : ]
P v\.zw .” n
e et N ' ~ : 0
P L\ 3
T : :
3 m . ] u.
] 3 - .er.?ﬂrh:wh«ﬂavhﬁh borna . o
¥ . b O+
o
og+
¥ et m . s Do
i
!

FUoquwocapiy snosyel Jo moaamﬂﬁanwQ ‘41 *Itg

o



el

c-z'?sz

88 eTm
000G

00¢

~

.@mﬂdoamm g
PEATOSRTP STOqaBo0ZDAY 1) JO UOTABATUITH
004

coe

"ST 514
00T

. e
Fi
, \ !
(4
. F : 3
N 3 m, . —
) {
i A A S N N S L BN U N n {
: } i
t H t
¥ i 3 p -
t N b i ..
¢ g A J— . : 2 j
i : "
m 3%. . 7 §
i H ¥ e s i ¥
] / X
| / o
w..x,x..?i % w o aa,,w
; 2 ! 5 ,.
; ! ; z 3 ;
_ a ] -
& o e v :ﬁ..wa. 5. = v : i e
7 [ L ,
\..k‘ - ] A
o I SR I. i
) H .
i ; i i i -
[PS B i L IR YO i £ m

S

Oo

-



TUTEEN TR M AMTTER WO W\ T v o -

“f A Tliofe

, Teble 32 ,
The G? - 04 Hyfrocarbors Produced During Synthesis

@

Distill, T Dietill. IT We. Percent of
mlsg. mls, Co -+ Gasol
fraction
Ethylene 2360 i5.8
Ethane 1830 13.1
Propylene 3480 3h.0

Propane 1130 _ 11.9
Butylene 1010 333 17.9
‘837 6.4

Butane 370

55 percent by welght of the Co Irection conslistes
- of ethylene, zns 7% percent of the gazol fraction
conslgted of unsaturaten hysrocarbon. In thess
experiments 5.2 g sthylene, 11.1 g propylens &n< 6.0
g butylene were obtailned from nchm,

) The amount an the composition of the gaseous
hydrocarbons devend on the nature of the catalysts
end on the resctiion temperature. Table 33 shows the
vield of gasol hy4rocapbons and their content of
unssturated constituents obtzines uncer Aifferent
conditlons of synthesis. All teste were run with

the synthesgis gas 3 C0 : 2 EQ an® at- 15 ztm pressure.

Teble 33

Ylela of Gasol Hy*rocarbons with Different Catalyatar

Catalysts femp. g Gasol Percent of
b/, -
C 1cbm unsesurateqd

ieal gas hydroczrbens
in pesol

Fe, Wi

preciplitatesd

with 0% K2003 255 30 T0

Fe, NﬂchB _

Drecipitated '

withq . *%" . @35 28 80

re; v g " 22z &
9

Fe, " " 1/ ug n 270 46 47

Kleselguhr 14 " 235 36

Fe, : 35

¥ The amount of gisol LyATGearDOns ObLEines In the
synthesis may be increased. Present vork is Jevoted
to that topic. : :

T R e - - e h
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2ture of 235°C ang with

At 2 synithesis tempeps
an iron catalyst brecipitates with ammonis or with
S07a the amount of gasol bydrocarbor¥nchm ideal

883 amountes to 20 - 30 8, Wlth 70 ~ 80 percent of
unsaturaten bydrocerbons, The gmount of gamsol :
hydrocerbons was Y11l higher at highep va&cﬁion’temper&tures,
but their hyerogenation as well as their formatlon

were both faveres, so that the amount of unssturated
hydrocarbonfnetm of the igsal ges obtained at the

reactlon tempersiture of 270°C zmounted to arouns 2¢ g.

The gesol hydroearhons obtained with the iron-
kleselguhr catalyst giffer Quantit&tively from those
obtalned with e catalyst free from kleselgubr. Just
&g in the case with gaeo0line, %he gasol cbtained with
the kieselguhr catalysts containing a sm2ll proportion
of unsaturateq by~rocarhons.



