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introduotion

E w1thin the scope of the\experiments ror the use of ole-
-fins of widely different origin in the 0X0 . synthesis, olefinic
_,carbon monoxide hydrogenation products, as obtained by different
-processes, were examined and subjeeéeawto the oxo reaotion- their
'convertibility was studied. These studies were to provide us a-

'qualitatlve and quantitative pict: vfi'ﬁzte-comp051tlon of the




Oxation

The oxation was carried out in. all cases ‘with a slurry
of Fischer synthesis catalyst (Co content = about 30%) which had
beenrpreviously“reduced outside the conversion vessel. The oxXa<L
tion proper occurred aﬂ temperatures between 130 and 160°C. an@ b
at water gas pfessures exceeding 200 atm., either in the auxocl&ve

or: also, in part, on a semi plant scale as continuous process. ’

After complet;on of_rhe oxatlon the sludge was. treated g 180° and

200 aﬁh pressure w1th hydrogen. Both the oxation and the hydro- N

genatlon went smoothly.r‘jf
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rzsllcohol) formed during the- oarbon monqxide hydration 15 determined,l
1t 1s possible tf give a reliable evaluation of the quantitative
‘ratio of primary aleoh.ol to oxo alcohol, For the detergent alco- L
hols,. this may be gathered from the graphical representations at-=" M.,
:_tached to this report. The ratio oxo

'cohol; primary alcohol arsol
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‘»_with a 10-20% excess ohlorosulfonio aoid -the operation went very
smoothly.: The neutral 0il was removed by extraotion of the neu-‘f
tralized sulfonation product in. aqueous/methanol SOlution with v
'benzine.' In this process,: also the’ major part ‘af " the high boiling

secondary products (dimeric alcohols) whioh are formed during the

. X0 synthe31s, are converted into alcohol sulfates.v‘-

Nethods of Determination Used T '1wuf PR 7';.”L B ?.T" 3:‘
| In order_ho_determine_the composition of the produots to

fbe examlned 1t is necessary that they be broken down 1nto several

ﬁsharply deflned fractions._ The magnltude of ﬁhe individual frac- g

itlons glves an accurate overall plcture of the b01ling fraction>

: l
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. to. Hanns;~Kaufmqnn-and Winkler,'the-adsorbed oomﬁonenf"ih'phosﬁhorJ
‘us pentoxide~ sulfurio acid (SPL) was determined according to-. Katt-

winkel; however with this method" all other oxygenated compounds I

'besides the ‘olefins are determined.

Oxygenated Compounds ,j‘~v :  ;€

The determination of the esters, aoids, alcohols and al-.;

dehydes was oarried out along the 1ines 1ai_ d‘wn in th I'Ge an

'lytioal method. The alcohol content was also.determlned: artl byn

su}fonation w1th chlorosulfonic acid.

_Compllatlon and Evaluatlon of the Analytlcal Data
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valuas ‘for the determination or the oxability are obtained.
[« From the C numbers or the olefins it can be seen that

for the detergent group, the components beginning with 175-180°'
(i.e. cll) ‘ean’’ be- used for the oxo reaetion. The entire component

above 175° will henceforth be referred to as o x o . d et e r-:pfv

gent . ra ng e.- In this connection, still another concept was )

N v
’introduced namely the ) r i m ar y - q e t e r g e n - r a n g eg
_This 1s the range whlch contains the prlmary alcohols originally y

present ‘and. belonglng to the détergent‘fi“ld from 012 on, i Gy

ffrom 225-260° - N;'P”

The results tabulated in numerlcal form 1n the tables are

fvlsuallzed in the corresponding_gra“h"a-Trepreeentatlon
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and hydrogen. The gas is converted with recycling and, contrary to.
the normal Fischer synthesis, the ratio of carbon monoxide to hydroa
gen in the cycle gas is maintained at about 1:1, Due to the high'
gas velocity: through the catalyst and the changed CO/HQ ratio, the{
olefin yield is almost tripled by the repression of hydration.b |
Analzyical Exemination f;,”~' |

The results of the analytical examlnation are conta:.ned

s e et

fin Table l.: The alfohol content of the low boiling fract:.ons lies
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tained a8 primary original product and alcohols rormed by the oxo
'synthesis) Here, the raot uas taken into account that through

the oxation an average weight increase of about 10% takes place.,
fEEE‘Uomeggition of the alcohols can be. determined from the analyti-
cal results if the above observations are taken - into account the
carbon distributlon of these aloohols is. repre;ented in graphical
form in Figure 2, In this graph the primary alcohol content (i ar

the alconol formed by CO hydrogenatlon) and the oxo alcohol con-'_;

=tent are marked on the x-axis' on the : axls, the amounts of a;co-f

'hol as:. based on the C number is reprasent :Mostly, 2 C numbers

1are combined~—correspond1ng to the data in Table 1. The alcohol
mixture 012/13 conslsts of about 90% oxo alcohol and lO% prlmary
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temperature = 270°; pressure = 19 atm., gas throughput calculeted

"

on the basis of the catalyst volume = 1 300.

Analytical Examination
Only the components boiling between 180 and 3h0° were

used for examination, The components below 180 and above 340° were
only collected quentitatively. The values obtained are given in '
Table 3 and its corresponding Figure 3._'*-55 R o
_ ‘Table 3, see P lh. e o
The alcohol content decreases w1th 1nereas1ng’molecular
welght in the fractlon 180 200, 1t is 16 5%, whereas in the frac-
tlon 320 340, 1t 1s only 2 2%., Acids are present only in srall

amounts._ However 1n contrast to the Ruhrchemie primary olefln,
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Based on the total product, an olerin content in the 0xo- detergent
range of 12, 15% is obtained. S

As to the oxability, the same conditions hold as for the
Ruhrchemie primary olefin.' In the direct sulfonation of the oxo
conversion product, alcohols of too short a chain length (08—011)
are also sulfonated’as is the case with the primary olefin these
chort chain alcohols amount to 9 1% of the total alcohol (i e. 1‘
primary alcohol + oxo alcohols) By assuming a. lOm increasekin o
weight in the oxation,'and on the baSis of the analytical examinaé;

tion, the alcohol distribution represented in Figure 4 is obtained.

Before the direet sulfonation~~however, this'product requires, be—'

cause of ltg ester content a saponification, because otherw1se
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Zusammenseisung der Grsamialiodle.
meh O<1erung dos brevton Bandss 180-340°C /MnduWW}

ron N.W. Sy- Produkt (Lewwa)

' COMPOSITION OF THE TOTAL ALCOHOLS AFTER OXATION OF THE
WIDE BOILING RANGE 180-340°C (0XO DETERGENT RANGE)
- ,0F HYDROCARBON SYNTHESIS PRODUCT (LEUNA)

Bild ¥

Pigure 4
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removea rrom the catalytic chamber with great rapidity and thus the
alcohols, apparently formed as primary reaction product, were re-
'moved unchanged rrom the reactor. The main portion of the__ygthe-
sis product leaves the Treactor in the vapor phase, together with ’

'the gas, end is subsequently separated by cooling of the gas ‘cir-

culation system.. 4 small portlon of the synthesis product (ab.

) precipltates in. liquid form on the catalyst (reactor paraffln)

4ed by the reactor, w1thout gasol or product water. The results mayi

‘be seen in Table 4 (see p 19) and Flgure 5 (p. 20)
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Symolhresiautoroqubt (Leuns)
_ 'SYNOL CYCLIC PROCESS FRODUCT (Lxung)
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for instance, may be seen from Table.5.

-—

. Table 5 .

e After -

o Without saponification saponification
S , - T % . Alcohol
Fraction - OH-No. . OH-No, Ester.vAlco— OH- Ester - Alco- "increase:
Temp , theor. found .- No, ‘hol. WNo.  No.  hol in %
175-218° ' 410 226 . 26 55 S 27 k. 66 .. 20—
218-255° 340 187 = 28 55 - --225 T 0 662 . 20
255-290° 290 .~lh0 ‘37'h h8.5” 150' .0 '-51471 1.“6.6‘

. . In the flrst two fractions (Table 5), a 20% 1ncrease of
'the alcohol content occurs. In the thlrd fractlon however, thls
,1ncrease amounts to only 6. 6%.: ThlS leads to the conclus1on that

'by ester saponificatlon malnly the short chaln aloohol contents

'1ncrease.. With the detergent alcohols, an average 1ncrease‘of~5m,ﬂ




- 22 -

the product examined, with aﬁ'EVEiage,tlefin content of 17.3%.
‘Calculated against the total quantity of'product examined, the ole-
fin content useful for oxation into detergent alcohols amounts to,g;
é_éé% The low boiling components (velow 175°) with 61.2% are high~
- indeed, whereas the residue ‘above 360° is very small with 2%.

) After oxation of the wide b01ling component~l75 360° (oxoxﬁ
detergent range) and durlng the sulfonatlon which follows that por?i”
tion of . the primary lower alcohols present 1n the fractlons 175- 2559,
whose chaln length (C7—Cll) is too ‘short for the detergent group, isr
:collected together w1th the other alcohols.. On the bas1s of analyte

'1cal examlnatlons 1t was found that w1th the synol product this

. short chaln alcoho 'V”T%‘J ons1derable, amountlng to 46 7% ofmz

'the total alcoh"
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Zysammensetzung der Gesomtallohole
m Grierung des braton Bandes 175 -260°C r.fym
und nash Alrennen der niederen Alkshole Co- Cr 4. MMM

e COMPOSITION OF THE TOTAL ALCOHOLS
after oxation of the wide boiling fraction
'175~360° of synol oyclic process product

ﬁl‘/d 7 and after separation of the lower
\ . aloohols 07-011 by- distillation
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when the product is saponified for removal of the egters before
oxation, In this case, the proporﬁion betwaen brimery~aleohol and
Thus by means of oxation, an extremely large increase of the de- -
tergent alcohols is achieved.‘ ‘ :
The total alcohol content was determined both before endv
after- oxatlon, by the OH_number_and also by the chlorosulfonic acid

-sulfonatlon, For “the - fractions above l75° the resultg»are tabu-

lated in Table 6 below-""

Fraction °

ul75 218;
218-255.
1255-290
290-320
:320—360




a6
In order to avoid any possible misunderstandings, it
should be pointed out that the data tabulated in Table 6 and the
,graphical representations 6 and 7. do not constitute a contradiction._
From Table 6 it aﬁiears that by the oxation the alcohpl content in—\
oreases by only one half, whereas 1n Fig. 6 and 7 primary alcohols
and oxo alcohols in the detergent range are 1ndicated in equal quan-

;tities. Attentlon isn also called to the fact that in Figure 6 and

7 alcohols of the same C-number are put next to each other whereas

1n Table 6 the oxo alcohol whlch stems from an olefln of the same

lb0111ng behav1or as the prlmary alcohol is contained.g Thus, this
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subjected‘to,hydrogenation treatment, as is the case in the oxo

synthesis,

Michasl Products (Ludwigshafen)
Method of Preparation
In contrast to the other proﬁuc,ts, this particular prod-

uet is prepared in the liquid phase with slurried 1ron catalyst. ,
The hydrogenation of the carbon monoxide does therefore not occur—,~
_1n a tubular reactor but rather by leading the synthesis gas, fine-
'ly div1ded by means of porous plates, through a pressure“contalner
 f1lled w1th catalyst slurry. Pressure‘%‘about 15 20 atm., synthe—

"91s temperature"'

jAnalytlcal Comp031tion
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_dementaprechend micht in atnn RShrenofen, eoadern durch Durghleiten des m ‘

tten fein verteilten Synthesegases durch einen mit der Koataktsufsehlis-
sung geftillten Druskbehslterx, Dor m-uck detriigt 15 - 20 Atm., 419 lylﬁlo”'ﬂ"
ratar liegt swischen 230 und 21 -

" suf Qrund stndlicher nttmw-mtmn—wswmmzun -
von Bensin'und Nitteltl und der Anfallwengs an Paraffin (Rickstant) und 4urch
ansere analytischen Untersuchungen eines aus dieser Synthess stammenden Bensins

.. und'Mitteldls orcibt sich dio aus Tafel 7 und Bild 8 orllohtlioﬁo Zusamsenset-

» Sung. e -
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Ll. 7%, the residue 11.8%. The average olefin content of the oxo”
detergent fraction is hk L%. Calculated against the total produot,
the olefin content is round to be 18 52% (011-021)

y' " Oxation of the component 175 360° {oxo detergent range)
leads, if the same assumptions as to weight increase are maintained
“t0 an alcohol mixture containing 19 35% Primary alcohols of too ’
»short a chain length (07-011). These had to be removed by distilla—

tlon, just as had been the case w1th the synol product.‘ The com—

'pos1tion of - the alcohols and their distributlon according to thelr :

C number which is determined on the basis of analytical examlnaw hjf
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LZusamomselsung abr Gesawioliotole
. #ach Orrivuny & drsilon Bandes 175-360°C (Gvrirtariiabonsl)
9 Miseciprodult (L mdwipsholn)

) . COMPOSITION OF THE TOTAL ALCOHOLS
_after oxation_ of the wide boiling range 175-360°
{(oxo" detergent range).of Michael

_ B’Ma synthesis product (Ludwigshafen)
Figure ‘9 - |

Gm%
Weight % .

Caopa
- Cun

$a A *p

20

: Neight %

| Primary Alcohols - T; Oonlcohols
hva—dm 'j-;?'; |, Oroatiosoly
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conditions, as well as ‘the method of separation, are not known»to
us in detail; so that we are able to give only the results of a
primary distillate up to 320°‘. Only the oxo detergent component
was subjected to examination. The data obtained are given in
Table 8 (see p. 33) and 11lustrated-in Fig. 10 (see . 3h)

The product contains about 5% alcohols, small amounts of
jacids and no aldehydes.' The low ester content, especially in the .
'higher b0111ng fractlons, is remarkable. The olefln content de-v;j
creases from 51% and 5l h% in the flrst two fractions respectlvely,
pto L5, 3% The average. olefln content of the oxo detergent range

1s 51. 6%. The product resembles to a certain extent the hydrocar—,

;bon synthesis product and the Mlchael product It dlffers from*'”'
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a2 - Lipyvéqjunanganuauf

- LURGI SYNTHESIS PRODUCT

BidmwzuRytt b
Fig. 10 for Table 8
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Nraetoie/iv &7 Pudrbowis
. - RUHRCHEMIE cmcicomms
Mﬂnrum o :

Fig. 11 ror Table 9
11 1 RN  Fraction °c.
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by the method of Kiein en& Hannst ”ﬁowever,‘alsg‘the’thoephoriogg
sulfuric acid absorption test gives'very accurate results.? This
olefin, which was also oxated on & larger scale*by the.Leune con-
tinuous process, is over 95% convertible. . - BT

The high olefin content of- this olefin, which lies around
80% in the members up to- 013, is noteworthy 1ndeed. :

Comment and- Interpretation of the Results -

 L“_ The analytical results obtalned from the carbon monoxide_
hydrogenaflon products of difEerent orlgln and preparation were !
compared*as—to thelr_sultabillty for use as’ 1nitial products for ‘
the oxosynthe31s of detergent alcohols.; From the varlous illustra—a

tions Wthh glve the comp031t10n~of the examined products,‘one can.!

see tnat-a?~~~




- 38 -

either by previous saponifioation or. by hydrogenation treatment
rollowing the 0xo synthesis.' %he alcohol contents would thus be
increased in proportion to the ester content, With the synol eyce~
lic process product, ‘the alcohol content would increase by an over
.10% average of the previously present alcohpls when the esters ;“-

are subjected to the hydrogenation split. :f 1<f::"v..

U Anoﬁher method for rendering the synth631s products moreg

muniform would be to dehydrate the product beforehand thus,'a phre_f
oparaffln-olefln mlxture 1s obtaaned. This could then be processedﬁ'

gfurther bJ oxatlon.- The follow1ng Table lo-(see p. 39) glves 1n—;*

;Lformatlon ooncernlng the condltions for prepa.ation: the comp 3:
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0X0 DETERGENT RANGE IN WEIGHT %
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of thie Tange.

The last three rows of values in Table lO constitute the

_amounts of detergent alcohols based on the total’ product the table
4is'illustrated by Figure' 14 (P. 43) ' va,:t;'-‘g;4;f“_r _;;f
.+ The total detergent alcohol yield is highest with Ruhrj :

chemie primary olefin and Michael product.. Despite the fact that r

jthe synol synthesis yields products of very hlgh alcohol concentra—

(tion, the detergent aleohol yield 1s low because of the so far ﬂbt

vvery satisfactory quantltatlve amount”’f_intermediate component. -

By oxation of the synol product the;detergent alcohol component
can be doubled, and yet even then the total_detergent alcohol yleld
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TOTAL DETERGENT ALCOHOLS IN WEIGHT % ' -
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sition than the iron products, the former consist mostly of only

olefins, paraffins and alcohols.

.~ 3. The iron products contain substantial amounts of ‘

acids,- esters—and~eldehydes- they are . therefore renaered nore uni-

form by the ‘hydrogenation which is’ connected with the oxation proc—‘

essf'this facilltates their further proces31ng.; N _ |
v h._ The alcohols present after oxation (i. 8. the origlnal'

+ the:roxo alcohols) are: appreciably 1ess w1th the cobalt products

than with the iron products, th_y reach a maxlmum value w1th Leuna

. synqu‘roduct.ﬁm;e

5 —The—fractlon containlng alcohols of such chain lengthh






