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Improvements in or relating to the Production of Oxzidation Products
of Hydrocarbons of High Molecular Weight

{A communication to me from abroad by
WinEetm ADp. FarenHorzz, GUsTav
Hvusee, and Hesesws Huson, sll Ger-
man Oitizens trading as the Firm

b  Vpoersigrs OrnpFaneizen Hopps &
Fappwmonts, of 66, Beichsprisidenten-
strasse, Masdsburg - Friedrichstads,
Germany),

I, Wortasr Hans Asxoip THIsmMANN,

10 Chartered Palent Agent, of the Firm
Albert L. Mond & Thiemann, of 19,
Sowthampton Buildings, Chancery Lane,
London, W.0.2, a British Bubieet, du
hereby ‘declare the nature of this inven-

15 tivn and in what manner the same is o
he performed, +to bes particularly
deseribed and ascertained in and by the
following staiement ;—

This invention relates lo a process of

a0 and apparatus for the preduciion of

oxidation products, such as fatty acids or

aleohols from hydrocarbons of high
melseular weight by oxidation.

In the productivn of fatty acids or

25 aleohols from hydrocarbons with the aid
of gases coutaining oxygen—such as air,
it iz known tov effect the oxidation &t
elevated temperatuves between the melf-
ing point and boiling point of the

30 material, and, in order to accelerale &he
veaction, to spray the hydrocarbons inte
the oxygen-bearing gas, Tor the exida-
tion of solid parafiing it is also known to
pass the hydrocarbons, in liguid condi-

85 tion, in counterflow to the oxidising gas,
that is to say, to bring the air inte con-
tact, in the first place, with the most
extensively oxidised moterinl. TE has
alsp been cstablished that, in  oxidising

40 hydrocarbons with compressed air, the
yield of aleohols can bhe improved by
adding from 2 to 10% of anbydrous,
organic acids of low molecular wolghi
to the air.

45 The known processes have the defeet
that congiderable quantiiies of, mosily
wndesirable, dark-soloured and malo-
dorous by-products for exzample, oxy-
avids, are formed. Moreaver, 2 com-

B0 parutively long time is required Ifor
earrying vut the oxidation. A large por-
{ivn—ahout 40 to 5% —of the originat-
ing hydracarbons is left unrhanged 1n

{he oxidation products, the oxidation
being therefore very incomplete. b5

The present invention emables the
uxidation of hydrocarbons ni high mole-
cular weight to fatly acids, aleohols or
the like, to be substantially improved.

T is known that the oxidation of 60
hydrocarbons by means of gases confain-
ing oxygen, or of solid or liguid oxidis-
ing agents in association with 1nert gases,
which flow through the reaction mixture,
is favourably influenced, to an extra- 60
ordinary degree, by certain readily vola-
tile products which are primurily Lormed
during the oxidation, Which of thess
products eome individually into actlon
has nob yet besn definitely ascertained, 70
apparently the case is one of a mixiure
of alcohols, aldekydes, combinations of
peroxides with the rcaction water or
steam and with volatile fatty meids and
other oxidation products formed ab the i)
reaction temperature.

T4, for example, o eurreal of air be
passed through a vesssl in which the
oxidation of hydrocarbons of high mole-
pular weight takes place in known 80
manner, axd this current of air, laden
with oxidafion products which nre vola-
tile at the seaction temperature, be
passed into a serond vessel n which the
oxidation of +the sume originating 85
material . procceds under _ otherwise
identieal conditions, the oxidafion in
this sccond vessel van proceed substan-
tially guicker than—or at least almost
4 quic(ily as-—it: does in the first vessel. 90
although owing to the oxidation in the
firsh vessel, the oxygen content of the air
hag diminished by the time the air
enters the second vessel, The rate of
oxifation in the smcceeding wessel, ox 95
vessels, is thus—owing to the fact that
the current of air hrings reaciion
acoelerators with it from the preceding
vossol—no lunger solely dependent—
assuming tha operation to he conducted 100
under otherwise -identieal conditions—
on the oxygen-conceniration in the cur-
rent of air, A Jower oxygen concentra-
tion of the air cen he enfirely, or par-
tially, eounter-bulanced by substances 105
prought by the air; from s reaction vessel
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in whick the air has already served for
oxidation. If {he opcration he per-

formed with liguid or sclid oxidising

_agenis, and & gas sueh as nilrogen,
5 rarbon dioxide or guses of combustion—
or an amount of alr insuflicient for the
oxidalion, be passed in suecession
through the vess¢ls, then provided said
vassels are operated under ofherwise
identical conditions, the reaction pro-
ceedys more rapidly in the succeeding
vassela than in the preceding omes,

In the oxidation of hydroearbons of
high moleenlar weight, 11 has already
15 been proposed to make the working con-

ditions graduelly milder while the
oxidation proceeds, this being cfected
for exomple hy allowing the oxidising
agent to flow through several oxidation
20 vessels arranged one behind the other,
the first of which vessels is charged wilh
the mogt diffieultly oxidisable initial
material, while in the subsequent

10

vessels, the already oxidised wuore sensi--

24 tive produet is exposed to the action of
the oxidising gases flowing off from tha
previous oxzidation vesscls, the oxidising
action of which gases is much milder. -

In contradistinetion fo the foregoing

80 proposel, the present imvention provides
u-process for the production of oxidation
products, such as fatly acids or elcchols
from hydrocarhoms of high molecular
weight, by oxidation with gaseous oxidis-

34 ing agents, in which the hydrocarbons are
treated, in a plurality of reaclion vesscls;
by passing & ourrent of air or other
oxidizing gus through the several
reaction. vessels in succession, and in

40 which additional amounts of air or other
oxidising gos are introduced into one or
mare of the vessels disposed im snecession
in relation to the flow of the gas.

__In the process of the present invention,

45 the rate of regefion increagses to the
masimum in the vessels supplied with
said sdditional quazntities of air or other
axidising g@as, and is substantially
higher than in those into which the eur:

80 rent-af air or cther cxidising gas is fixst
admitted. The amount of alr or oxidis:
ing gas adimitted into these latter cisl e
redneed by the amennt that “is suhse-
guently admitted to the oflter -reaction

55 vessels, Al thé game time, the course of
nperation in ewch vessel can be exten-
sively controlled and_ ndjusted by “the
-admission of the additional exidising

gas to' the sucoessively dispogsed Yessels..

80 The terperatures can be supervised snd
adjusted. Emnown means suffice fo-pre-
veat frothing-dver in any of the vessels,

~and 3f nepesdary, pressura. differences
between the several yvessels ‘can be pre-

66 vented, for example by employing the

-oxidising gas, freshly introdueed info .

‘vach vessel, to exhaust the current of gas
from the preceding vessel, hy such means
as an injector. The process aceording o
the invention has the further advautage
that oxidution products of a high degree
of purity are obiained. This last fact is
evidently due to the circumstances lhat
2 pertuin hydrogension eoneendratios—
within the slightly ecid range-—of the
interacting substances is bencficvial for
the production of faity aeids. This
acidity of the rcaction mixture and the
automatically resulling concentration of
the accompanying dissociated substonces,
is fovournbly meintained by the introdue-
tion, primary formadion and removal—
facilifated by iheir volatility—of the
more readily velatile exidation preducts.
A probable explanation is that there is
ostablished heiween {he reaction pra-
duets introduced and carried away by the

70
95
80

85

“Aow of gas and those formed during the
~oxidation, a state-of equilibrinm which

iz ~precisely mosi favourable for the 90
oxidation when additional amounts of -
ga‘s are introduced inte the successively
isposed vessels, or some of them, More-
over, in conirast fo. the said koown pro-
veés, the addition of special acids of low
inolecular weight, acting as catalysis, 1s
dispensed with, and it ig therefore super-
fiuous to introduce these continuonsly, in

95

the anhydrous state, inte the provess,

#nd, in turn, to separate thema in the 3100°
aphydrous slute, Irom the vapours. -
Above all, however, by employing a cw-
rent of air, the present process enables
the operstiva to be performed in such a
ratirnal manner that a minimum econ- 105
gumption of alr, combined with the most
effective wulilisation of ifs contained
oxygen, is suflicient. - I
Hince the curremt of oxidising gas
passed through the hydrocarbens ta be 110~
oxidised is alse aecompenied by negative
catalysts, such zs steam, whici prevent
the eourse of the reaction frem becom- -
ing tov violent, the present process also
offers the advantage of reliably prevent- 115
ing over-oxidation which might, in sune
cironmstances, léad to explosions. The
ozidation can also be effected with
dmpunis of oxygen represeniing a very
slizht sxcess—for example 1.2 to 2 Hmes 120
“#the  amount theoretically required.
furiher advaniage of the process eon-
wigts in that the loss of malerial in the

‘pes issuing from the upparatus Temaing

very small. Though it is alse pussible 125
t6 keép the lnsses of sprayed material
down 1o a low level by suitable foam
separators. condemsers snd  dephlep-
mators, they cannot be reduced below a
certain amount in eack separafely 180
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operated apparatus. The scrial arrange-
ment of the apparatus enables the fotal
josses in the whole plant to be reduced
to the osmount invurred in a single

5 apparatus. The effcct obtained with- the
resent process will be evident from the

following experimments: —

Tz 1.
In ihree cqual reaction vessels, com-

10 nected in series, each charged with 150
litres uf the same raw material {parafllin
mass produced from hydrogen and carbon
monoxide by the Fischer-Tropsch pro-
cess) and the same small amount of

15 catalyst, viz. 0.8% of manganese stearale
with additions of mognesium stearate
and synthetic fuity ueid, the oxidation
was carried ont hy passing in alr, al a
temperature of 120 to 125° . for 36

20 hours. Additional air was introduced
into the second and third vessels, the
amount in each case being one-tenth of
that admitted into the first vessel, At
the end of {he said time, the produets

25 gave the followihg avid values:—

In the first vessel - - 83
Ic the second vessel - 111
In the fhird vessel - 125
The initial hoiling point of the three

80 oxidation products—under a pressure ol
14 to 16 mm.—was 151 to 1567° C, and
therefore the higher acid values of the
products from the sccond and third
vessels, as comnared wiih those from the

85 first vessel, cannot be aseribed to & eon-
tent of earried over readily volatilisable
acids. ‘Therefore, despite the consider-
ably lower oxygen conteni of the air
carried over info the second or bhird

40 vessel, the oxidation in the second and
third stages has progressed substantially
further, under the influencs of the vola-
tile prodmets earried over from the pre-
geding vessel than in the first vessel.

45 The sdmizsion pressure of the air had io
be increased to only a slight degree—in
this example frem 2 to 2.1 almvspheres
{posilive pressure) iz comparison wilh
apparatus conveeted in parallel.

50 Of vourse, any eonvenient number of
vassels may be employed. In praches,
the number can range from about two to
twelve. The oxidation itself can be per-
formed, in knowsn manner, under

45 ordinary, slightly reduced or posilive
pressure.  Pressores up to 20 atmos-
pheres (positive} tan be employed in
practice,

The oxidation can he condueted ai

B0 temperatures between 60° and 180° C.
The =actual oxidetion iemperalure
gelected in each case depends chiefly on
the end produet desired and on the Teind
of oxidising agent and satalysis used, the

other operitive -‘conditions being also g5
suitably adapted. When, for example,
aliphatic alcohols are to be produced, it

is desirable to keep the reaction medium
strongly aeid.

Tt is also importapi thai care should 70
be taken to ensure fine distribution of
the %&ses in the liquid tu be oxidised, for
which purpose, stirring or mixing devices
of various types may be employed, Their
cffect may also be assisted by the addi- 75
tion of fuaming agents, such as Turkey-
red oil, and ntier- wettlng agenis, to the
hydroearbons to bhe oxidised.  In such
case, it is advisable to ensure, by the pro-
vision of impact surfaces, or other types 80
af baffles, that no foam can be curned
over, by the flowing gas, into the
succeeding veasel,

In carrying out the invention use will
be made of - gaséous: oxidising agents, 8b
such as oxides of witrogen, more or less
pure oxygen, nzene, or praferably air,
these being infroduced into the liguid,
or melted . hydrocarbons by means of
stuitable distributing devices, such as 90
nozgzles. .

The substanees tn be chielly considered
ag the material to be oxidizsed ecomprise:
high molecular, saturated or unsaturated,
aliphatic hydrocarbons, such as from 90
lamp oil, or * gasol ** upwards, Refinad
far oils, especially brown-coul tar vils,
are also suitable for the process, "and
brown-coal paraffn forms o highiy suit-
shle originating material.  Synthetie 100
Lydrocarbons such 8s are formed in the
Tischer - Tropsch  process, can be
cmployed “.with partienlar advantaga.
Waxy substances; such as montan wax,
vzvkerite and the like con also be nused, 105
and, of course, Higher aliphatic hydro-
varbons, originating from petroleum, or
petroleum produeis, dre alse applicable
as raw materials for the process.

In arder to enshle the invention to be 110
more readily understood reference is
made to the sccompanying drawings,
which illustrate” dingrammoticelly ond
by way of example, two embodiments of
apparatus suifuble for carrving the ssme 115
into practiral effect, and In which ;ww

Fig. 1 is a gseetion of an apparatus
eonzisting of three oxidation vessels; and

Fig. 2 is a plan of an apporatus com--
pused of fivy oxidativn vessels, 120

The reaction vessels 1, 2, & shown in
Fig. 1 are equipped with gas pipes 4, §
whick, in each case, branch off from the
preceding vessel and open into {he
lower end of the suceeeding one. Said 125
mipes may ha insulated, to prevenl Toss
of heat, it desired, or provided with
pdditiona] heating or” with cooling
tmesns, Tho vessels are closed and ars




equipped, for example, with stirrers 6, T
and 8, fogether with the reguisite heat
ing and cooling devices 9, 10 and 11
he oxidising gas—oir for example—is
admitbed inte the vessel 1 through - the
pipe 12, and issues from the vossel 3.
through u pipe 13, which is atiached to-

o condsnser i4. Additional oxidising gus

is introduced into the vessel b through a

10 conduit 5. The pips 18 discharges into

& Teceiver 18, in which the condensable

volatile oxidation produets are deposited,’
whilst the permanent gas passes off
through the pipe 16. The stirrers ore
not indispensable. Moreover—and fhis
is not essential to the inveniion—the
reaction vessels may of ecourse, be of
antirely differsnt desige, for example
horizontal. The admission of tha air
may alse take place, for example through
a pipe located in the middle of the
apparatus, instead of from below. _

In Tig. 2, five reaction vessels 17, 18,
19, 20, 1, are connected in a ring, erd -
interconnected by means of gas pipes 22,
23, 24, 25 and 26, in the same monner ad
in Fig. 1. In addition, each vesselris
equipped with a gas-s2pply pipe 27, 28,
90 80 and 31 respectively, and a gus
80 outlet pipe 82, 33, 34, 35 and 36 respec-

. tively.” These latter can be selectively
connacted with the condenser 37 and the
recciver 38. . The vessels and gos pIpes
may also be eguipped with hesting,
cooling and insulating means, a3 in the.
case of Fig. 1.

15

20

25

35

Apparatug of this kind functibns im. - %

the following msaoner: The oir 18
admitied into the vessel 17 through the
supply pipe 27 and fows, in successiob,
throumh all five reaction vessels charged
with ]%ydroaarhuua wntil it i led lhrough
the pipe 96 into the condenser 37 and
receiver 88. Uommunication between ile
vessels is established by the wvipes 22,
23, 24 und 25, the pipe 26, gas sup b1y
pipes 28, 29, 40, 381 and the gas dis-
charge pipes 82, 33, 84 azd 35 heing
closed.  Additional amounia of air-are
50 introduced, as required, into the vessels
18, 19, 20, 21, through one or morg ot
the pipes 28, ég'_. 30, 91, which are cor-
respondingly throttled or, in patt, shirt
off completely, When, after a predeter-
55 Tnined Teaction period, the oxidation in
_the vesgel 21 18 terminated, said vessel it
emptied, and re.charged with ~ fregh
meterial to be oxidised. The dischazge
pipe 86 is then throttled down or closed,
gQ 56 is also the conmeciing pipe 256 and
supply pipe 27 to the vessel 17, Instesl
of Lhess latter, the supply pipe 81 to the
vessdl 21, and the dischargs pipe 5 on
the vessel 20, together with the cunnect-

L

65 ing pipe 20, aré opeued, pnd the process

40

45

“vessel 20 is completely oxidised.

“here and passes to the vessel 19, and so

506,104

is coutinued until the material in the
The
vossel 201 is then emptied wnd re-charged
and the ndmisgion of gas beging from
1 70
on. The process can thus be carried on
continuously in a simple manner.

0Of vourge, the reaction vessels can also

-be superimposed, or otherwise srranged.

FExawrrrm IT.
suecesgively

In three connesied

“apparatus each of which wos charged

with 150 litres of paraflin mess, pro-.
duced from hydrogen and varbon
monoxide by the Wischer-Tropsch pro-
cess, 0.3% of calalyst (manganese
stearate, with additlons of magnesinm
stearate and svothebiv fatty acids) wus
added, and the oxidation was eonducted
with air between 119 and 125° C. All
the apparatns were of identical desigm,
viz. vertical, with & simple air wnozzle
fitted in the conical huitom portion. The
air ‘was admitted into the first upparatus,
fowing thenre through the secord and
third. - Foam separators were provided
in"the gus outlets of each of the reaction
vessels: Fresh air was admifted into
aﬁ:rpar itus 8, to the extent of one-third
the amount flowing  through the
apparatus 1 end 2. Tha total smount
ofiaiz was 1.8 limes that neaded o
supply the oxygen consumed for the
oxidation, A% the end of 41 hours the
aeid values were:—

a0

a0

355]

100

In apparatuy 1 1275
In apparvatus 2 147.7
In apparvatus 3 160.8 -

From this it is cvident that, in the
second apparatus, in which the air con- 105
tained ome-ihird less oxygen than in ihe
first apparstus, the velocity -of the
reuction was, nevertheless the same as—
and even slightly higher than—the latter,
and that, in the third apparatus, the 110
moximum  velocity Was - alfwined,
although' in that ease, the oxygen con-
tenit of the air was lower than in the fivet
apparatus, aod only o little higher than
in the second. The accelerative effect of 115
the fow of gas vpassing through the
apparatus in suecession, is therefore very
gongiderabls in fhe gucceeding vessels, if
gas be wulso introduced into ome or
more of the succeeding vessels.

e Bxaurns TIT,

i Three oxidation vessels were ecach
¢htirged with 170 litres of soft parafiin
and 460 grms. of a catalyst mixture oL~
sisting of fat-soluble, manganese- and 145
andinm compounds. The total amount

of compressed air employed was 2.1
times- the theoretical air consbmiphion;

120
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the vessel 1 receiving 55% and each of
the other two vessels 22.5% of fresh air.
Consequently, 66% of the smount of air
flowed from the vessel 1 into the vessel
B 2, and thence mixed with the additional
22.5% into the vesse! 3-less the amount
of oxygen congumed for the oxidation.
After 22 hours, the acid values weret—

In the vessel 1 43
10 Tn the vessel 2 76
In the vessel 8 136

The experiment was repeated with the
same raw wmaterial and catalysers, each
vessel heing supplied witk the same

14 amount of fresh air that was received in
the previous case, by the vessel 1. The
toial amount of air was therefors L.B
times that in the seid case, No air was
peased from one veasel to anvther. The

2p acid values ab the end of 22 hours
WETE 1r

In vessel 1 68

In vessel 2 6B

In vessel 3 T2
o In the eriment conducted in
sceprdance with fhe invention, the mean
acid wvalue was 91.8, whereas, with

separgde introduction of air, the mean
attained was vuly 68.3, although the air
" 80 congumplion was greater by one-third.

Having now particularly described and
ascertained the nature of my said inven-
tion and in what manner the same is lo
be performed, I declare that whai I

35 rlaim is;—

1). A procese for the production of
oxidaiion produets, such as fatty acids or
aleohols, from bhydroemrbonms eof high
malecular weight, by oxidation with

40 Faseous oxidising agents, in which the
\ydrocarbons are treated, in a plurality
of reactiom vessels, by passing a current
of air or other oxidiming was through the
several Teschion veseels in wucceasion,

4p and in which additions! amounis of air
or other oxidising ges are introduced
into one or more of the vessels disposed
in succession i relstion to the flow of

the gasa.

2). Process as. claimed in claim 1, in &0
which, when the several vessels are
charged at successive intervals, the cur-
rent of aii or other vxidising gos is first
introduced inte the veasel which was tho
last to be charged with the raw material.

8). Process as claimed in elaim 1 or 2,
in which the passing of the air or cther
oxidising gas through a plurality of
vesgels in which differcnt stages of oxida-
tion prevail, iz affected in such a manner
that sadd gas passes, in continuous swe-
cession, from a vessel the confenis of
which are in a lower state of oxidation
intu a vessel with mare extensively
oxidised vontents, :

4). Process as claimed in any of claims
1 to 3, in which the malerial is passed
through the successive reaction vessels in
the same direction as the current of air
or other oxidising ges, but at a slower 7)
rofe than the latter. -

53. Phe procesa for the preduction of
axidation preduets from hydrocarbons of
high molecular weight, substantially as
deaeritied. > = "

6). Apparatus when used for carrying
out the process ‘clnimed in the preteding
olnims, in whicha plurality of reaction
vewsels are  detachably  connecled
together, in any convenient serinl order
by means of gas supply and discharge
pipes, & commop condenser, Or recelvey,
being preferably provided for collecting
the condensable substances from the
spent gas. :

7). The apparaius when used for the
production of exidation products from
Bydrocarbonis of high molecular weight,
consiructed, arranged and adapted o
operate sibstaniielly es described with
referende fo the accompanying drawings.

Dated this Sth day of June, 1938.

ALBERT L. MOND & THIEMANN,
19, Sguthampion Buildings,
Chancery Lave, London, W.0.2,
-Agents for the Applicant.
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