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process for the purification of water and oxygenated cémpounds having olefinic 60
immiscible alcohols containing not more double bonds., The metal ecatalyst is

16 than 20 carbon atoms per molecule und is  preferably used in the form of a faity acid
particularly applicable o the purification salt soluble in the olefinic feed stock, such
of such alechols when prepared by the us the naphthenates, stearates or oleates
well known Oxo process. of cobalt, -iron or nickel, Suitable general 65

Primary alechols prepared by the Uxo reaction conditions include temperatures

20 process are of great economic importance of ahout 150°—450° F., pressures of
and of commerecial interest because of about 100 to 300 atm., H,:CO ratios of
their use as intermediates in the menufac- about 0.5—4.6:1, liquid feed rafes of
ture of plasticizers of the di-ester type by about 0.2—5:v/v/hr. and gas feed rates 70
their esterification with dibasic acids. of about 1000—45,000 standard cu. fi. of

25 Previously these alechols have been sup- H,4 GO per barrel of liguid olefinic feed.
plied mainly by such comparatively costly The hydrogenation stage may be oper-
procedures as aldol condensation of ated under comventiomal hydrogenation
buiyraldehydes, followed by dehydration conditions which include temperatures, 76
and hydrogenation of the nnsaturated pressmre, gas and liguid feed raies

30 octyl aldehyde. approximately within the ranges speci-

The synthesis of oxygenated orgamic fied above for the first stage. Varlons
compounds from olefinic compournds and known types of hydrogenation catalysts
mixtures of carbon momnoxide und including nickel, tungsten, molybdenum, 80
hydrogen under suitable conditions is their vxides and sulfides may be used.

85 well known in the art. The olefinic start- The liquid produet from the hydrogena-
ing material is allowed to react in the tion stage is wbrked up by distiliation {o
liguid state with carbon momoxide and geparate the degired alechols from wun-
hydrogen in the presence of a metal couverted olefinic feed material, "un- 86
eatalyst, usually an iron group metal hydrogenated carbonyl compounds, and

40 catalyst, such as a suitable cobalt com- hydrocarbons formed in the process.
pound to form, in a first or oxomnation The over-all carhonylation or so-called
stage, vrganic carbonyl ecompounds such ' Oxo ™ reaction as outlined above, pro-
as aldehydes, ketones, and acids having vides & particulazly effective method for 90
one carbon atom more per molecule than preparing valuable primary aleohols, .

45 the olefinic feed material together with particularly of the C, to C., ralige, which

hi:jt: m).

COMPLETE SPECIFICATION

Improvements in or relating

We, Srawparn O DevsnopumNt
('ouMPANY, o corporation duly organized
and existing under the laws of the State
of Delaware, United States of America,
having an office at Elizabeth, New Jersey,
United States of America, do hereby
declare the invention, for which we pray
that a patent may be granted fo us, and
the method by which it is to be periormed,
to be particularly deseribed in and by the
following statement : —

The present invenfion relateg to «

some condensed higher molecular weight
products such ag ethers, acetals, hemi-

[Price 28]

to. the Purification of Alcohols’

aretals, and esters, The carbaﬁyl ©o1-
pounds which predominate in the product

are then subjected to hydrogenation in a B

second stage to produce the corresponding

aleohols, usually in a rather impure state

together with many impurities.
Practically all types of organic com-

pounds baving an olefinic dowble bond OB

may be used ay starting materials to
the first or oxonation stagé ineluding
aliphatie olefins ang diolefins, cyclo-
olefins, aromatics with elefinic side chaing

find large markets as intermediates for
detergents and plasticizers. The C; and

11
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G, Oxo aleohol products are especially

preferred for use 1 forming esfers to be-

used as plasticizers in lighi-colored or
colarless plastics and resins.

5 Tor certain types of olefin feeds the
reaction conditions have been found to be
yuite critical and specific. For instance,
the conversion of hepienes to octyl
alcohols by reaction with earbon monoxide

10 and hydrogen in the presebce of cobalt
catalyst to form octyl aldehydes, followed
by hydrogenation of the aldehydes to
sleohols, has been found to give best
olefin conversion levels in the first, or

15 carbonylation stage of the reaction with-
in ‘a rather narrow range of temperature,
when the other conditions of the reaction
guch as contact iime, total pressure,
hydrogen to earbon monoxide ratios and

20 cobalt econecentrations have been appropri-
ately selected. Within fhe =ldehyde
reactor, under the conditions of the reac-
tion, the dissolved catalyst is decomposed
and converted fo cobalt carbonyls, which

95 probably are the active carbonylation
agents, The carbonyls are soluble in the
liquid within the reactor and are removed
from the reaction zome mainly dissolved
in the eifluent product. A smaller propor-

30 tion of the vsbalt carbonyl is also removed
from the reaction zone by the exit gas
stream.

Serious difficulties have beem encoun-
fered in the hydrogenation stage ag a

86 vesult of sulfir poisoming of the hydro-
genation catalyst, when the catalysts used
are those such as nickel and othars which
are sulfur sensitive. The mosf readily
available olefinjc feed stocks for the

4fy oxygenation reaction are selected hydro-
carbon streams derived from petroleum
refinery sources and these frequenfly have
sulfur contents as high as 0.1% or even
higher. Furthermore, there are a variety

45 'of other ways In which sulfur may be
introduced into " the aleohol product
during both the oxygenation and hydre-
gonation stages. For instance, the fatty
acids used to form the metal sxonation

50 catalyst for the purpose of introducing
the metal into the reactor as the metallic
naphthenafe, stearate, or- oleate,” will
ususally be found to contain small amonts
of sulfur-containifg ~eompounds as con-

66 taminants, - particularly when the fatty
acids themgelves are of petroleum origin
as they frequemily are. The synthesis gas
uged in the oxohation zone whick is prim-
arily & mixture of carbon monoxide and

60 hydrogen also may contain sulfur impuri-
ties and, in fact, the gaseous reactants
employed in botfh stages of the Oxo reac-
tion ustally contain at least traces of
sulfur imparities, - - - -

86  Any sulfur which is present in the

crude reaction mizture containing the
carbonyl compounds, is carried through
the oxonation stage into the hydrogena-
tion stage where it combines with the
hydrogenation catalyst to reduce and even 70
sompletely  destroy catalyst activity
unless sulfur insemsitive catalysts are
used. The sulfur sensitive catalysts are
generally of fthe metallic type and the
deactivating effect of the sulfur on their 75
actlvity requires freguent reactivation,
cafalyst veplacement, and increased
amounts of a catalyst whose cost is defi-
ritely a commercial factor and may be
prohibitively high. Thus, it is considered 80.
nesessaty for oplimmm operation in the
hydrogenation step to employ 2 sulfur-
insensitive catalysl. These sulfur insensi-
tive catalysts include particularly certain
metellic sulfide hydrogenating catalysts, 85
examples of such eatalysts being nickel
sulfide, molybdennm sulfide and tungsten
sulfide. While these catalysts have the
decided advantage of avoiding the in-
activation due to sulfur content of the 90
feed gtock, they alsp possess the disadvan-
tage that they permit the sulfur to pass
unchanged throngh. the hydrogenation
zohe and, indeed, in many cases; tend to
introduce additional sulfur contamination 96
into the alecohel. Thus, the final crude
aleohol may have 2 total solfur comtent
from 80 to 100 p.p.m. or in some cases,
an even higher value if no sulfur clean-up
operations are done.

. One of the largest and most important
uses developaed for the synthetic alechol
products is that of producing esters suit-
able for plasticizers, by reaction with-both
aliphatic and aromatic acids or anhydrides
ineluding such examples as plithalic acid,
maleic acid, adipic acid, and also phthalic
and maleic 2eid anhydrides. Certain of
the synthetic alcohols prepared by the
oxonation and hydrogenation reaction are 110
known to be especially suitable for the
mannfacture of ester plasticizers and -
particularly for use in cleap plastics.
These include alcohels of from C, to C,,
range such as the hutyl alechels, the 115
cctanols and the nohancls.

These esters are prepared in standard
type esterification equipment employing
reactors made of stainless steel or aiher
metal or, in some - cages,  in  plagss 190
lined reaction vessels. - )

In'a number of instances, particularly
when the esters were produces! in reactors
having metallic surfaces exposed to the
reacting " mixfures, the products werei2s
found to be deficient as to the standards
required for plasticizers, in such charae-
feristies as ador, eolor, and plasiicizing
qualities such as the poor weathering
tendency of the resins amd plastics in 130
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which such plasticizers are used. These
undesirable characteristies are believed to
be caused by impurities present i the
aleohol product and certain of them are
caused particularly by the sulfur pro-
duets present in the aleohol, although
other materials which can affeet ester
color and odor include polymerized and
condensed higher molecular weight
impurities as well as unreduced carbonyl
compounds and other non-alecholic com-
pounds. It has further been dizcovered
that when sulfur compounds, especially
those of the acidic type, ure allowed to
remain in impure alcohol or aldehyde,
they act as catalysts for causing increased
condensation reactions which produce
ncetals and other high molecular weight
impurities of the undesirable type. In
fact, it has been found that, in order to
obtain & high grade aleohol which
adequately meats all specifications, the
active, color producing sulfur content
should best be reduced to a valus some-
where near  parts per miilion, although
somewhat higher tofal sulfur comcenira-
tions can be folerated, the exact limit of
tolerance depending partially upon the
form in which the sulfur oceurs. Only
certain types of the sulfur-containing
impurities seem fo be among the most
active color formers.

In general, the sulfur in the synthetic
Oxo aleobols is in the form of organically
combined sulfur. Although the type of
organic impurities in which the sulfur
vccurs has not been fully determined, it
is believed that the sulfur is present in a
variety of forms and that it iz generally
deletericus in all forms when occurring

_in the final alechol. Sulfur containing

45

50

60

85

contaminants caunse both odor and color
problems as well as act as accelerators to
give unwanted properties. The maore
highly alkylated and less acidic sulfur
materials appear to be less active in pro-
ducing colered impurities in stainless
steel and other kinds of metallic equip-
ment. The finished aleohol should ecntain
a minimum of sulfur-containing com-
pounds. It is also the bhest practice to
remove most of the carbonyl compounds in
order to obtain aleohels which give accept-
able ester plasticizers. These purifications
are espeeially necessary if the ester is
manufactured in stainless steel equipment
and unreacted or exeess alechol is re-
cycled to the esterification zome. A
number of types of sulfur containing
impurities are believed to be present and
among those probable in an issoetyl pro-
duct prepared from a C, olefin, are isc-
octyl mercaptan, isooctyl sulfide, diethyl
sulfide, disthyl disulfide, dipropyl sulfide,
dipropyl disulfide, buty]l sulfide, as well

as the correspouding sulfinie acids, sul-
fonie acids, sulfoxides and sulfones. The
mercaptans and less highly reduced forms
of sulfur are more to be found in newly
manufactured alechols while the aleohal
produets which have been stored or other-
wise allowed to stand will tend 4o darken
and accumulate the more highly oxidized
forms of sulfur.

In typical alechol reeyele esterification 75
operations, a 1 to 209 molal excess of
aleohol is used based on the quantity of
phihalic anhydride used. The esterifica-
tion reaction is carried to substantial com-
pletion by esterification for a sufficient
time. The . unreacted alcchol is then
stripped off from the ester product under
reduced pressure and blended with fresh
aleohol for returning to the esterifieation
zone. Thus, undesirable color and odor
forming materials ineluding sulfar com-
taining impurities have the opportunity
te build up during the recycle stages to a
point at which they mus} be purged from
the system before continuing the re
eyceling operation. This presents impurity
problems which occur even though the
actual reaction is carried out in corrosion
resistant or glass-lined eguipment. The
high temperature esterification is a2 muchk 95
more severe test as to the purity and
stability of the reactants and is more truly
representative  of typical plant scale
esterification conditions,

There are regularly used a number of 100
modifled esterification procedures. Two of
the main ones which are widely uged for
preparation of the dioctyl phthalate ester
include the high temperature method in
which the one mole of phthalic anhydride
is heated with approximately 2 o 2.4
moles of octyl alecohol. The ester may be
prepared in a number of ways. In omne
such method, the ester iz recovered by
distilling, first, the unreacted aleohol and
anhydride, then finally, if it is 50 desired,
by distilling the ester under reduced pres-
gure. It is preferred to uge the ester with-
out distilling it, and this ean he done 1f
the aleohol used in the esterification is of 116
sufficient purity. Although a number of
£hishing technigues are used, in all cases
unreacted aleohol i3 distilled off for re-
cyele. The cafalytic method in which
benzene sulfonic acid or a similar -type 120
material is used as a catalyst may be
employed to give catalytic esterification
at a lower temperature. The color degrada-
Hon of isooctyl alcohol during esterifica-
tion has also been found to be a function 125
of time and completeness of esterification.

The highly purified isoctyl alcohel pro-
duets, such as those made from aleohol
purified through the horate ester or pre-
pared over a. sulfur-sengitive metallic 130
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hydrogenation catalyst, show practically
no coler degradation in any method of
eaterification. Such refined methods of
production are, however, prohibitively
expensive for large scale commercial pro-
duction. The ester color can be expressed
in terms of a Hazen ester color number,
a high number indicating a darkened,
low quality ester product. An aleohol
having s Hazen ester color of 75 to 100
is considered acceptable for commercial
use. This standaxd test for ester color is
described in the literature and is reported
in A.8.T.M. D-—268--46. _

In order to fest the effechivencss of a
treatment for removing sulfur and
sulfur-coniaining impurities from Oxo
alechol produets, it has been found that
accelerated esterification tesits can be

“parried out which simulate the condifions

present during large scale commereial
esterifications, particularly in reactors in
which the esterification mixture is
exposed to metallic surfaces. Ome such
test consists in. carrying out the esterifica-
tion for a suitable time and at the
required temperatures in the presemce of
suitable metallic strips, the standard
esterifications being done in glass type
reactors. The strips preferably used and
those which give the most reproducible
results are of the K.A2S stainles steel type.
This test iz congidered to be the most
rigorous and gives the most complete test
of alechol quality when the impurities
being tested for are of the sulfur type.
The odor problem in both finighed
aleohol and ester produets has also proved

diffieult, smne distilled products have a

kerosene type of petroleum odor, an odor
peculiar to products having a relatively
high percentage of sulfur, while others

‘have a distinet aldehydic odor.

Tt has now been discovered that the
uhdesirable characteristics of impure
water  immiscible alcohols containing
not more than 20 carbon atoms per mole-
cule, parficularly such alcohols prepared
by the Oxo synthesis process and contain-

50 ing sulfur impurities, can be essentially

56

80

85

elitiinated and a good grade of alechel
congequently produced. The quality of
alechol so obtained is considered to be
satisfactory for preparing plasticizers of
high quality. Tke novel treatment process
of the invention comprises the steps of
distiling the alcohol or mixture of
aleohols to remove lower boiling impuri-
ties, treating the resultant topped alcohol
product in the lguid phase with an

_agueous solution of a caustic alkali und a

gas containing free oxygen, separating
the aleohol product from the allrali solu-
tion and subjecting it to a distillation
treatment to yield the desired aleohol or

mixtnte of aleghols, -

Tt s highly important that the one-step
treatment with caustic and the gas con-
taining free oxygen (usually =air) be
applied only to topped alecobol, that is
alcohol from which components boiling
below the boiling point of the aleohol
being treated have been removed. For
this method of freating, when applied to
the crude aleohol prior to a topping
operation, gives a very poer quality pro-
duet sinee Jow molecular weight sulfur-
containing impurities are formed which
distil with and degrade the finished

product alechol. The combined -treatment

with caustic and the oxygen-containing
gas iz most effective when wsed on® the
topped alechols in conjunction with a
vacuum, distillation finishing step. The
lowered alcohol column hotfoms tempera-
ture obtained under vacnum minimizes
thermal decomposition of the sulfur com-
pounds being rejected in the bottoms
stream, ’

s indicated above, it Is necessury in
the process of the invention to Follow the
aqueoys caustic and alr freatment by re-
distiltation in which the alcohol product
is taken as an overhead stream. If 2
distillation operation is not uwsed to treat
the .. alcohol, following the agueous
caustic and air treatment, the alcohol is
found to contain undesirable impurities,
some of which were originally present and

70

ki
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8b

80
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gome. of which are formed or donverted1Qp

into other compounds during the caustic-
air treatment. _ s

While it is not known with complete
certainty just what beneficial effects this
treating method exerte in order to produce
the high grade alcohol which is relatively
free” of undesirable impurities causing
ester cclor and odor, it is helieved that
certain of the sulfur-containing impuri-

105

ties undergoe reaction in the presence of 110

the oxidizing ageni to give other products
which have Increased caustic solubility or
higher boiling points and which are thus
removed more efficiently from the aleohoi

by “the separation of the caustic solution,115

by simultaneous or separate washing, and
by the subsequent distillation operation.
The, marked “improvement in aleohol
purity is indicated by the improvement

in.Hazen ester color of the phthalate 120

ester, as noted when the esters are pre-
pared from phthalic anhydride and fhe
treated iscoctyl aleohol with stainless
gteel strips present in the esterification
mixture during the reaction. ;

In carrying out the invention, it is
preferred to employ air as the gas con~
talning free oxygen, although cxygen or
synthetic mixtures of oxygen. and inert
gaseous diluents may alse be used.:

125
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It is especially unusual and un-
expected that a treatment with air and
an aqueous ecaustic solution would show
such outstandingly desirable purification

6 effects with a water immiscible alechol
product such as those of the C; and C,
class, Since there are more or less two
phases present during the treatment
stages, it would be expeeted that bene-
ficial purifications would not be obtained.
The actual results show a surprising and
untexpected improvement in the Hazen
ester colors when a caunstic treatment is
accompanied by aeration, and there is
15 essentially complete recovery of alcohol
being treated. This indicates that during
the freatment the aleohol product suffers
little or no degradative attack which
wauld result in a loss in aleohel recovery,
As indicated the treatment process of
the inveniion is Limited to watér-immis-
eible aleohols and is mot considersd
to be applicable to water-miseible
alcobols. Thus in the ease of the
lower molecular weight aleohols showing
an  appreciable water-miseibility poor
results wonld be obtained since the puri-
fication would not be so selective and at
least a portion of the aleochol would be
attacked by the oxygen used in the treat-
ment operation. Im contrast the water-
immiscible oetyl and nonyl alechols are
shown %o be surprisingly stable toward the
oxidation step while the impurities eaus-
30 ing color and odor problems are quite
unstable and reactive toward the oxidiz-
ing agents and are particularly responsive
to an air {reatment.

In following the preferred embodiment
of this invention, the treatment is used
for purification of an alechol which is
produced by the Oxo synthesis, that is,
oxonation of an olefin followed by hydro-
venation. Prior to treatment, it is
required that the crude aleohel as taken
from the hydropenator must undergo at
least one topping operation, that is, an
operation in which materials more volatile
than the aleohel itself are removed by
volatilization. The resulting topped
aleohol is subsequently contacted with an
aqueons caustie solution with simul-
taneous exposure to an oxygen-containing
gus, preferably air. This treatment opera-
tion should be permitted sufficient time so
that the action of the air and caustic can
ronvert the impurities into appropriate
derivatives such that they ean be removed
from ‘the finighed, distilled aleohol.
Following this soaking operation, the
alechol 1 subjected fo a fractionationm,
preferably under reduced pressure. The
aleohol product is removed as an overhead
_ vapor stream and the hottoms are with-
U3 drawn from the lower portion of the

1o

20

3¢

60

ib]

column.

The caustic solution most suitable for
the treatment is an agqueous sodimm
bhydroxide solution of from 10 to 50 wt.
% caustic strength. Very low concentra-
tions of alkali may result in incomplefe
gquality improvement as well az in
troublesome emulsion formation and the
use of such alkali treatment will do so
particnlarly if air is being passed
viclently through the alcohol. Potassium
hydroxide gives distinetly inferior results
to (tlho_sie obtained when ocaustic soda is
used.

The treatment with caustic solution
and air or other gas containing free
exyget. should be carried out in such a
manner as to assure very fast and
thorough mixing of the two phases, but at
the same time avoiding emulsion forma-
tion as much as possible. It may he neces-
sary to add an emulsion inhibitor to the
system fo prevent subsequent difficulties
in separation of the two phases. For con-
tinuoug operations a treating process can
be employed with arrangement for inject-
ing air at a single location or at a
plurality of locstions during the ganstic
treatment. For best results, an orifice or
bafile type mixer giving very intimate con-
tact may be used.

The time of contact necessary to pro-
dure a good quality alcohol and one which
can be converted to an ester meeting
requirements of -color, varies, depending 100
both on the concentration and kind of
impurities in the alechol as well as their
susceptibility. 4o oxidative treatment.
(tther variables. present in the operation
are the concentration of caustic solution,
the temperature conditions, volume of air
or oxygen containing gas per wnit volume
of alechol heing treated, holding time
prior to distillation and the exact opera-
tion of the re-run distillation column used 110
lolloewing the air-caustic treatment. For
instance, the longer the time of exposure
fo the caustie solution and the air, the
better the quality of alechol generally,
Thus it has been found that sulfur-con-115
taining Oxo alcohols are mot satisfactory
for ester preparation unless the treatment
with air and caustic is carried ouwt for a
period not much. less than one hour (at
steam bath temperatures). Ip. general 120
contact times of from ome hour up to
twenty-four hours may be employed for
best results, always keeping in mind the
economies of a process such that the soak-
ing time will not be excessive. This time
feature can be suitably adjusted by vary-
ing the caustic concentration, the input
of treafing air, and the treating tempera-
ture. The temperature at which the
treating operation is carried out iz an 130
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important factor in that a satisfactory
temperature must be employed in order
te provide the treating operation which
will produce maximum | results in product
5 guality ifmprovement. Markedly better
results are manifest when the caustic
washing operation is carried out at tem-
peratures above room temperature and in
the range of 100° C. Generally, prolonged
10 heating at femperatures above 100° C. are
to be avolderl gince degradation takes
place upen lonc- heqhng of the Oxo
alcohols
It ig of prime importance to use
i6 sufficient caustic to effect removal of sub-
stantially all the alkali-sensitive impuri-
Hes. A large excess will be unsconomical
and can eause loss of aleohol product.
Generally for & crude Oxo aleohol, an
20 amount of agueons caustic of from (.5 to
50 vol. 9% based on the aleohol being
treated is satisfactory. Typical ratios
employed are about five parts of alcohol
to one part of alkali. The amount of air
a5 required should be preferably 1 {o 100
times thée theoretical amount necessary to
convert the sulfur present as the
meregptan to disulfide suifur. Generally,
it is cIesn'able to have an excess of air
30 since it is npt always possible to deter-
mine with a great degree of aceuracy the
exact amount of mercaptan sulfur present
as alcohol impurity.
Referring particularly to diisooetyl
‘85 phthalate, “the presence of only 2 few
parts per million of sulfur ag mezcaptan
sulfur results in severe corrosion of stain-
less steel equipment during esterification.
Tn addition, ofher unspecified types of
40 sulfur compoiunds may also contribute to
this corrpston. Thus, use of the exact
amount of -air corresponding to the
mereaptan-disulfide conversipn may not
he desirable to give the best gquality
4p ‘mprovement, at least a small excess of
air being preferable.
Since in general the air-caustic treat-
meiit is carried out at femperatures in the
__ range of room temperature to 100°. C., it
50~can be carried out conveniently at or near
atinospherié pressure, and it is frequently
most convenient t¢ do so. It has been
found, however, that the subsequent
distillationn opération gives best .overall
5b results when 1f is carried out under
- rethiced pressure,
The agueous  phasé i3 separated and
reused az wadh' liquid, if desired, pro-
_ vided it is not completely spent by
60 absorption of reactive impurities in the
aléohol. According to the preferred mode
of operation, the alcchol is.subjected to
at least one water washing to remove last
. traces of caustic and solubilized impuri-
63" ties. The washing operation is called for

since during the subsequent distillation,
the alkali content of Athe. Oxo aleohol
should be held to a minimum fo aveid
undesirable side reactions and decomposi-
tion in the column. 70

As has been emphasised hitherto, the
process of the invention find its muost
advantageous application to the purifica-
tion:0f Oxo alcohols. More specifically, it
is helieved that the process will have the 75
widest and most useful application fo
putifieation of Oxo alcohols of the C; and
(!, range which are exactly those alecohols
of maost useful and desirable properties
for making. ester plasticizers. For 80
instance, a typical C; feed stock which
can be purified by the method herein dis-
closed to give u product yielding ester
plastlclzers of high purity and improved
gualities in both odor and calor may be 85
characterized as one produced from the
Oxo synthesis using a C; olefin feed, the .
resulting crude aleohol having a boiling
range of 150" ¥, to 800° F., and consist-
ing essentially of 259% hydrocarbons, 94
60% alcohel boiling at 350°—372° F.,
and. 15% high boiling bottoms. The
aleohols are brane]led chain 1somers of
octyl  alechol and are of the primary
class. 95

While it is not considered necessary,
in certain cases oxidation inhibitors such
as those of the general phenolic or amine
type: may be added to the air-caustic
iredter in order to prevent any andesir- 100
able oxidation of the Oxo alechol itself.

It ‘has been found by actmal experi-
mental operation that the sulfur content
of topped alcaliol can be reduced markedly
and - apparently changed in type to ayps
sulfur impurity hn,vmu no color degrading
qualities during eﬂ;terlﬁeatlans by a treat-
ment with aqueous eaustic and air
followed by redistillation. For example,
a finished alcohol containing 83 parts per 110
million of total sulfur showed a stainiess
steel - phthalate ester color in excess of
5,000. When this material wag subjected
to air-caustic treatment followed by
water wash and redistillation in & fwo- 115
plate. distillation fower to discard 5% of
the total of the more volatile ma.’terlal and
159%: of the hottoms, the remaining 809%
heart cut gave a two-hour stainless steel
f]élghala’{e aster colar of values of 135 and 120

. Examer I

In one modification of the process, the
topped Cs Oxo alcohol was treated with
the. treatmw agents shown in Table I for 126
the indicated times and . temperatures.
Following the freatment, an- 8094 hesrt
cut was removed from the treated alechol
by. distillation, After this air-caustic
treating and rerun operation, the guality 130
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improvement of the Oxo alcohol was of a
distinet and outstanding nature, particu-
larly as to the improvement in ester volor
developed in the presemce of stainless

gteel strips, The Improvement is further &
indicated in. the reduced sulfur content of
the treated aleohol.

TasiE I

ATR-CATETIC THEATMENT OF FINISHED Cy TROOCTYL ALCOHOL

Hazen Ester Color

Time, Approx. 2 Hr. Hsberificabion
Treating Agent Hrs. Temp. °C. Rerun 8, ppmr <+ Stainless Steel
None — —_ — 83 . 5000
209 NaOH -+ Air 2 reflux yes 500
269, NaOH -+ A 1 reflux yes e 160
209, NaOH -+ Alr 24 gteam yes 25 500
: bath -
209, NaOH -+ Air 24 o0 Yes 34 225
temp, .
209 NaOH + Air 2 reflux Yes L 136
20% NaOH - Air 1 ;t%aﬁzl yes . approx. 600
a
209, NaOH 1 reflux yed 5000
Air 1 reflux yes 2000

The effectiveness of this invention is
hetter understood and appreciated when it
it realized that a caustic treating alone or
a tireating with air alome of izooetyl
aleohol is substantially ineffective in
either reducing the sulfur content or in
improving the Hazen ester color values of
the ester prepared in the presence of
stainless steel strips.

Exawrrn IT.

This example can best be understood
by reading it with reference ta the
diagrammatic sketch of the propased
proeess as shown in the single figure of
the aceompanying drawing. In this
sketch, auxiliary eguipment such as
pumps, overflow weirs, dnd vapor traps,
which would be obvious to one skilled in
the art have been omitted for the sake of
clarity. A C, aleohol fraction which was
prepared by the polymerization of a mixed
C,—C, olefin stream of petroleum origin
followed by subjecting this olefin stream
in suceessive stages to carbonylation and
catalytic hydrogenation 13 econtinuously
passed by inlet line I into an intermediate
point of fractionation column 2. Frae-
tionation column 2 is a conventionzl type
distillation ecolumn suitably equipped
with bubble eaps or fractiomating plates
and arranged for maintaining reflux con-
ditions and heat eontrol conditions by
means of a reboiler. Fractionation column
2 iz preferably operaied at or mnear
atmospherie pressure. There is removed

overhead by line 3 a light or iow-boiling 60
overhead stream of volatile material
having a beiling range above that of the
(Cp alcohol. This overhead stream is
passed from line § into condenser 4
wherein it is liquefied. From condenser 4 65
at least a part of the liguid is refluxed
back to column 2 by means of line 6 in
order to maintzin the appropriate reflux
ratio. At least a part of the lquefied
material iz removed from the system by 70
means of Hue 7, thus separating the
volatile heads cut from the aleohol by a
preliminary topping operation. From the
lower portion of the column through line
8, there is removed the materials boiling 75
in the range of the C; alcohol as well as
materialg boiling above the alechel, this
fraction including the desired alechol
materials as ‘well as impurities produced
during the carbonylation and hydrogena- 80
tion stages. This topped fraction contains
the sulfur-containing impurities which
cause color diffienlties during esterifica-
tion with the aleohol and which this
process is particularly designed fo render 85
innocuous. At least a part of the alecohol
fraction is returned to the fractionation
column 2 by means of lines 9 and 11 after
passing through reboiler 10 which main-
tains distillation within the colamn. The 80
remaining fraction of alcohol together
with the impurities which it is desired fo
treat, ig passed via line 8 to the treater
14 which ‘is  suitably equipped with
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stirrifig apparatus capable of maintaining
vigorous agitation. Into treater 14 there
is passed an amount of agueous sodium
hydroxide of concentration abeut 20 wt.
5 9 and in an amount of about 25 vol. %
based on the quantity of alechol being
treated. Treater 14 is also suitably
equipped with a number of gas jets con-
nected with inlet line 13 through which
10 air is pasded at a rate of about 80 times
the {heoretical amount necessary to
convert all the sulfur present in the
impurities to disulfides, caleulating that
all the sulfur present is in the mercaptan

15 form. The treating operation is conducted

at a temperature of room temperature to
approximately 100° . Following this
treating operation, the aleohol i3 passed
by line 15 to a soaker 30 in which it is
20 agitated and allowed fo remain in con-
fact with the agueous caustic solution
and with any entrapped air which has
been carried from freater 14. This soaking
operation may advaniageously oceupy a
25 period of approximately 24 hours, during
which time the impurities jn the aleohol
undergo changes effected by the fact that
the aleohol is in contaet with the caustic
solution and is simmnltaneounsly saturated
80 with air. Following the soaking opera-
tion, the alechel is passed by line 81 to
2 Dphase geparator 16 wherein the aleochel
iz separated from the agueous phase. The
aqueons alcohol mixture is allowed {o
30 settle and the alcohol is removed by line
17. The water is discaxded through line
32, The aleohol is passed via line 17 into
an intermediate portion of a second
fractionating tower 18 which is preferably
40 operated under vacwum. The alechol may
be washed with water to remove traces of
causfic prior to distillation. Vaconm is
maintained in this fower by means of
vacuum. line 18~—a. Preferably this tower

is operated under such conditions of sub- 4
atmospheric pressure that temperatures
substantially below 240—260° C. are con-
tinuously maintazined thronghout the
column., From the overhead portion of
eolumn 18, there iz removed by line 19 a 50
substantially pure alcohol product in
which the sulfur confent has  been
markedly decreased and, in addition, the
remaining sulfur present in the aleohol
has been rendered incapable of creating
extensive color diffienlties when carrying
out esterifications with fthe finished
aleohol. The sleohol vapor stream in line
19 is passed to condenser 20 wherein it is
liguefied. From condenser 20 the liguid 60
alcohol is passed through line 21 and
thereafter a part is refluxed by line 22
back to colvmn 18 while at least o portion

is removed ag substantially pure (O, Oxo
aleohol product. From the lower portion €5
of vacuum column 18 by line 24 there is -
removed the high-boiling materials, A
part of these high-hoiling bottoms is
passed through lines 28 and 26 and
through reboiler 25 back to column 18, 79
while at least a portion of the hottoms are
removed from the system by means of
outlet: line 27,

The product aleohol may be dried by
conventional methods such as distilla- 75
tion, treatment with silica gel, ste.

Besults obtained by the - process
deseribed ahove in connection with the
drawing are shown in Table. I below in
which the conditiong and results. of the 80
indicated treatments are tabulated: In
thi§ Table, ecolumns 2 and 3 refer to the
topping treatment, eolumns 4-—8 fo the
air caustic treatment in vessel 14 shown
in, the drawing and the last column to the B5
soaking trentment in vessel 30 shown in
the drawing. .

b5
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I} can be seen from Funs 2, 3 and 5
that quite satisfactory improvement in
aloohol quality is obtained when the pro-
duct from the uir-caustic treatment is

b distilled under reduced pressure after
air-caustic {reating. Ester colors of the

order of 325 to 520 are obfained. This iz

in econtrast with colors of 1200 to 2650 for
the material distilled ut wtmespheric
10 pressure. When this trestment is applied
to crude aleohels, volors of 3200 to T0QO
are obtained for

in crude form. -

The quality of the product uleohol was .

15 evaluated in the experiments shown in
Table IT (and in Table I) by determining-
the color of the erude ester when esterify-
ing phthalic anbydride with 209 to 309
molar excess of uleohal in the presence of

20 o freshly sandblasted strip of stainless’

steel of type 804 The color is expressed

on the Hazel-platinum-cobalt scale. When

no treatment is used, an alcohol contain~

ing 41 ppm 8 has o Hazen color of 12,000,
at we claim is:—

J1. A process for the purification of

water-immmiscible aleohols containing not

more than 20 carbon atoms per molesule

which comprises the steps of distilling
30 the aleohol or mixture of uleohols to

remove lower boiling impurities, treating

the vesultant topped alcohol product in

the liquid phase with an agueous solution

of caustic alkali and = gas containing
36 free oxygen, sepurating the ulochol
product from the alkali solution und
subjecting it to a distillation treutment to
yield the desived uleohal or mizture of
aleohols. '

2. A process avcording to Claim I,
wherein the fesd waterial to the inifial
distillation step is the hydrogenated pro-
duct of the Oxqg syuthesis provess, -

3. A process accarding to Claim 1 or
46 2, wherein the final distillation step is

curried out under reduced pressuve.
£+ A process according fo uny one of
Claimg 18, wherein the causfie alkali

40

the diisooctyl phthalate’

solution has a concentration hetween 10
and 50% by weight. _ 60 -

8. A process according to any one of
Claimy 1—4, wherein the quantity of
alkali solution employed iz from (.5—
50%: by volume of the alcohol.

6. A process according to any on.” ~f 56
the preceding claims, wherein gas con’
taining free oxygen is bubbled thiough
the mixture of aleohol und agueous eaustic
alkali solubtiom. %

7. A process according to any one of 80
the preceding claims, wherein the treat-
ment with cavstie alkali and the gas con-
taining free gxygen iz earried out af a
femperature between rToom femperafure
and 100° C. T ot

8. A process according to auy ome of
the preceding claims, wherein the treat-
ment with the caustic alkali solution and
the gus comtaining free oxygen is con-
tinued for » period, of from 1 fo 24 hours, 20

8. A process according to any of the
preceding claims, - wherein. the sz con-
taining free oxyoen is air. -

10. A process according to any one of
the preceding claims, wharein the caunstic 76
alkali is sodium hydroxider
S 115 A proeess sccording fo any of the
preceding claims, wherein the feed
muterial to the initial distillation step is

-an. aleohol containing between 8 and 9 80

carbon afoms per.meleenle. =

12 A process aceording to Olaim 11,
whezrein the slechol is isoociyl aleohol,

13. A process according to aiy one of
Claims 1—10, wherein the.feed material 86
to the initial distillation step is o mixter
of aleohols obtained by reacting o mix-
ture of hydrogen and cerbon monoxide
with au olefin of petroleum origin con- .
taliing 7 carbon atoms in the presence of
u_carbonylation catalyst and subsequently
hydregenating-the product thus obiained.
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| SHEET' . This drawing is a reproduction of
the Original on o reduced scale.
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