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COMPLETE SPECIFICATION

Method of and Apparatus for Mixing Gases and Liguids in the
Oxidation of High Molecular Hydrocarbons into Faity Acids,

Alcohols or the like

{A commuaisation to me from abrond by
WILHkLy AD., FARENHOLTZ, OUSTAV
Hvese, and Hugseny Heser, all Ger-
man (itizems, trading @y the IMrm
YERBNIGTE OPrraPRIEEX Hudip &
Farexsprrz, of 66, Reichsprisidenten-
strasse, Madgeburg - Friedrichstadi,
Grermany).

I, Wrnran Haxs Anxonp THIEMANS,
(hartered Patent Agent, of the ¥irm
Albert L. Mond & Thiemann, of 18,
Southsmpton Buildings, Chancery Lane,
London, W.C.2, a British Subject, do
herchy declare the nature of this inven-
lion end in what manner the same iz 0
be performed, to be particularly described
and ascertained in aud by the following
statement : —

This invention relates to 2 prucess of
oxidising high molecular hgdrqeaﬂmns
into fatty aeids, aleohols or the like.

In the oxidetion of hydrocarbons into
fatty acids, aleohols or the like, it is fre-
guently necessary o mix together gases
and liguids in a special manner, Thus, M
arder to bring ahout the reaction of the
hydroearbons with n gaseous oxidising
agent, use has alresdy heen mude o
irrigating towers, through which the
liquid or molten hydrocarbons are passed
in eonnterflow to the nscending oxidising
gases, Hydrocarbons to be oxidised have
also ulready heen mixed by means of o
turbo-mixer with air serving as oxidising
agent, the hydrocarbons being pnsse?l
several times (hrough the iixer, if
desired., Tt ix alse known tn atomiss
liguid or melten hydroearbons into
paseons oxidising agents. This method.
however, has the disadvantuge that it is
Jiffieult to control the temperature of the
renvtion. Since the renction is exothermic,
it is practically impossible fo avoid over-
heoting of the atomised material, since
both the measurement of the temperature
and the withdrasal of heat from atomised
liguid suspended in gases involve difli-
eulties, Bearing in mind that it is par-
ticulavly important, in the oxidation of
hydrocarbons, to keep as closely as pos-
sihle to the reaelion temperature most
favonrnble for the reaction in gquestion,

[Prise 1]-]
Frice 3s. &4,

since the oxidation will not otherwise

‘proceed in the desived direction and value-

less or detrimentul by-producis will be
obtained, it can be seen that even by
spraying the liquid hydroearbons inte
the repetion gases, a useble mixture can-
uvt be obluined,

The preseéut invenilon aims at vbyiat
ing the foregning drawhacks and at pro-
viding « wethod of reliahly mainiaining
the teroperulures’of’ the interacling gases
and  liquids . substantially  uniform
throughout the reaction wesrel,

To this end, sccording to the invention
the wixing of the interacting gases and
liguids is effected by means of one or more
stirrers having aperfured or grid-like
stivring blades which eut altermately
through the gas and liquid phase in rapid
suecession.

Tn ecarrving out the Iinvention the
oxidation temperaturss may lie hetween
80 nnd 180° (. and these temperatures
cun be very aceurately adjusted and kept
relatively Iow by viriue of the Invention.
Thus, for example, 11 the oxidation of
erude peraffin produced by ecatalytic con-
verzion of hydrogen and carbon monoxide
by the : Tischer Tropsch process, if is
possible (o wdrk with a good reaction
velority even of temperatures of from 100
{o 110° . In the rase of other paraffins,
which ure wore dilficuli to oxidise, it s
fn many cases not neeessary to exceed
temperatures of from 120 fo 125° . This
accurate temperature confral and mixing,
in arcordance with the invention, ensure
a surprisingly - high yield of wvery light
Fatty acids. oo '

T order to enable the invention to be
more readily understood. reference is
mads to the accompanying drawings
which illusirate diagrammaltically and by
way of example varionz embodiments of
apparatus for earrying the sanme inte prae-
tirm] effect, and in which:—

Fin. 1 is a vertival section vicwed from
the frant of ome embodiment:

Pig. 2 is a similar view of a second
embodiment having Bades dispnzed at an
angle to the stirving spindle;

Tig. 3-8 a vertical section through
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another mixer huving w horizontully dis- .
posed vertically reciprocating stirring
memben; _

Fii. 4 is g section of an embodiment in
which {he reciproesiing etirring surface
is shaped like o bell;

Fig. 6 is a vertical section through =
forther embodiment; equipped with two
gtirring iechanisms, a froth separator
and dephlegmator; and
" Figs. 6 to 9 show varivus embodiments
of stirxing mechanism,

In Rigs. 1, 2 and 7 to 9, 1 denotes the
shaft of the stirring mechanism, which is
15 Totatably mounted in known manner in

- il mixing vessel 2 angd driven by a drive

28. The stirring blades are geoured on
the shaft in such a way that they twm
with the latter, The number of stirring
blades wuy vory within swide limits, for
example from fwoe io four or even meole
blades may be secured on one shafi. Iz
the cmhodiment shown in Tig, 1, per-
furaled plates 3 are used as stirring hlades
and sre digpesed radially with respect fo
the stirrer shaft, The stirver blades 38,
in the embodiment shown in Fig. 2, are
rectangnlor perforated ov slotted plabes,
which are furned (twisted) rather iu
helical fashion relatively to their longi-
tudinal axis, so.that.they appear in the
Figure to he trapssiform. Different types
of gtizrer blades may naturally be secured
on the sams shaft, for &;amp{e in a eross
or star-shaped arrangement, The vessels
2 are kept filled with liquid abont up to
the height of the level 4, mo that the
stirrer gbladjea work parlly in the liquid
gnd portly in the gas-chambey,
46" The stirrer blades 34 and 85 shown in
Figs. 8 and 4 ave adapted to be moved up
and down by meaus of the rods 36 in such
‘n way that they are raised oui of the
liquid and dipped back thereinto in rapid
puccession. 'Lhey are operatsd by meuns
of the crank 38, which can be turned by
the ghaft 87 and drive 68. Af the same
fime the stirrer hlades may alse be given
a rotary motion, for exaruple by means
of the two bevel wheels 89 and 40, the rod
86 being passed through the hevel wheel
39 in such a way that it can move up and
down tut must participate In the rotery
movement of the bevel wheel, The bevel
wheels are motated iIn known msnner by
3 drive 41. -

Tn the-embodiment. shown in Fig, &, 2
cylindricsl drom 9 in whigh the fwo stir-
ring mechanisms 12 and 13 are disposed
acts ag mixing vessel. The shafts 42 and
48 of the gtirrers furn in oppesite diree-
tiong. - They are disposed at such a height
that they are just still coversd by the
fayer of Hguid, -The grid-like stirrer
66 blades ave }orm-ed. by bars 14 arranged in -
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the mixing vessals.

———

comb fashion (Fig. 6), fastened and
-mutually stagpered on the shafts 42 and
43 in such a way that, when the two
stirrers yre turning, the bars of one aiirrer
move through Ghe corresponding gaps
betweer the bars of the other stirrer, %f
it be desired to prevent motary movement
of the contents of the drum under the.
uction of the sliveing deviee, and to
further improve the mixing of the eon-
tents of the drum effacted by the stirring
device and, if desired, by gasey intraduced
inte the liguid, baffle surfaces 17 or ihe
liks may be provided at suitable poinis in
i If such baffle sur-
faces lie in the region of the stirrers, they
may be slotted, so thal the Lars or other
wings of the stirrers will pass through
the ylots in the plates. Tha stirrer blades -
formed by the bars preferably extend
over, approximately the whole Jength of
the mixing vessels in the direction of the
nxey 42 and 43, This affords the advan-
tage that the whole contents of the druwm
ure unifurmly stirred.
- QOther construelions may alsa be
employed iustead of the sbirrer blades
iNlustrated in Figs, 1 te 6. TInstead of
the stirrer blades 3 ynd 83 furnished with
Lioles o» mutuelly staggered slits, nets 54
(Fig. 7) may, for exwmple, be employed,
or the stirrer blades may comsist of =a
grid-like lattice framework of rods (Fig.
D), or these rods (as shown in Fig, 8) may
be jolned together in different manmer. 100
Rings 52 or perforated plules 63 may also
be ssoured to the Tods (Fig. 9) in order
to effect o further subdivision' of the
li%uid, in the mos} favourable manner,
when the stizring apparetus is eperated. 105

The material vsed for making the mix-
ing vessels and stirning apparatus should
be of such 2 nature as to resist attack by
the substances ta be treated in the mixing
vessel, For exaumple, ulloy sleels, stone- 110
ware or like cetamic materials, and also
aluminiom may be smpleyed.  Tor
example, the use of perforated plates of
agid-proof sieel, possessing nwincTOUs per-
forations about 3 to 4 mm, in diameler, 115
Lias been found convenient. In orden to
increase the mizing aciion, these aper-
tures may be conically sheped (Fig. 3).
The mixing apparatus may he equipped
in known manner with filling and empiy- 120
ing devices, For example, a charging
hopper 6 and an outlet & are cmployed, or
the flling and empiying devices 10 und
11 respectively arve so designed that they
can be connected o the inlet and outlet 125
: _ii?es, through interposed velves or the
ike.

In addition, the mixing vessels are -
penerally equipped wifh heating and
pooling devices, For example, they may 13¢
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liuve a jacket b or eoils 15, which are pre-
ferably so designed that they can be used
altarnately for heating aund cooling, The
stirreys may also act simultancously as
heating and cooling devices, the shafi I
being furnished with pussages 44 and 45

o

for passing ibrough & heating or
cooling medinm, Jor exsmple, and

the stixring blades being made hollow
10 and their hollow passages 46 connected in
suitable manmer to the passages
and 4. i
The gases ave supplied to_the mising
vessel, ihrough the gua admission Hines 7.
from ahove into the gus chamber of the
mixing vessels, which are equipped with
w corresponding gaus outlet 47. Cut-oft
vatves 48 and 49 are provided In the gas
pipelines, The gas inleis may also he
20 provided ot different places in ihe heai-
tnp vessels, Thus, it mny be copvenient
in mauy cases to introduce the gas, for
example, air, at about the height of the
Tevel of the liguid in the oxidation of
Liydiwcarbons, so that it fows through the
vassel parallel to the level of the liguid.
The mixing of gas and liguid can in maky
eases be still further promoted by intro-
ducing the gas intg the liquid itself, for
sxample with the aid of a nozzle or spray
1, The gas may also be prehested, for
gvample the gas pipe may extend o cer-
lain distance in the liquid and only then
discharge the mas inte the Bquid through
45 ifs mouih. The gas inlreduced into the
liquid, for esample by means of nozzles
or ypraye, causes an intense turbulent How
in the liquid, the particular effect of
which is o keep the femperature very
mniform i the whole vessel. The pos. or
o part thereof, may also be_passed ingo
the mizing vessel by the stirring appu-
ratus or by the buallle plates 17, to which
end these members arc furnished with
45 suitable gus passages 30 und ottlet aper-
tures 81. The bafle plutes may at the
sume time be employed as covling or heat-
ing means, for which pmrpose they are
made hollow on ave furaished with suit-
50 able heating or cocling possages 52,
which may also be so arranged that o
heaticg medium and a cooling meilium
can be alternately passed therethrougl.
Tt the mizing is accompanied by intense
85 frothing, frofh separsfors, on which the
gas-liguid suspension is broken and from
whioh the liquid separated is passed back
into the mixing vessel, are disposed in the
top port of the mixing vessel ot ut its gas
outlet, Tor example, per se knowsa froth
hasing with reflws line can he provided 2t
the uppermost part of the reaction vessel,
o other known deviees can be employed.
which enahla the particles of liquid
65 entrained by the geses in froth or ppray
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form tu be separated as completely os
possivle, For exumple, a froth sepamtor
19 is mounted above the gas outlet pipe
connection 18. This separator consisty of
o vessel in which suitable ingerts or guides
51 form a sudden many time repsated
widening and nerrowing of the path of
fow., (olamn bells, balls, net or sieve
bascs or the like may be used as_inserls
or guides. A reflux line 20 enables the 75
liquid deposited in the dephlegmator 1o
he returned to the mixing vessel.

Tn order to bold back tha last puriicle
uf liquid entrained in spray form by the
gas current, or in order to separate rer-
fain readily condensable vapours from
the gas current, depllegmator 71 wmay
also be provided above the froth separator.
Said depblegmatoy is filled with packing
members 21a, for example Rosrhigy rings. 85
and is provided with a rocling ceil 22 at
its top part, Jn addition, a econnecting
pipe 23 1s provided for the pessage of the

ases from the frotl sepurater into the
ﬁephiegmator, und & return pipe 24 for
the liguid separated in the dephlegmator.
The outlet pipe 25 can lead into a further
mixzing vessel or into a washer or the
like, in which, if desired, valuable sub-
stances which may be contained in the 85
gases van be recovered, o the purified
Faces may pass throngh the outlet pipe 25
into the wimosphers.

The cooperation of the stirrers and the
leating and cooling: devices enables ¥he 100
tempernture of the wases and also of the
lignid in the mixing vesscl io be kept
constant within the most narrow limits,
and overheating 4o be carefully avoided.

Ii the hereindescribed method 13105
applied to the production of synthetic
fatty ucils, aleohols, or the like, high
maolecular il}'l]i.‘b{?a-r}'}n‘l‘!s can be used as
ariginating substances, such as illuminai-
ing oil or gas eil or hydrocarbons having 110
g higher boiling point, partieularly
the mest diverse parafins.  Lignife
parafin and pelrolenm paraffin. or crude
parafin produced in the synthetic con-
versinn of carbon monoxide und hydrogeu 115
into hydroearhons by the Fiseher Tropseh
process, are parbienlarly employed.
Naphthenic hydrocarbons or the like can
aleo be used. Thiz oxidation ecan le
earried oot in known manner af tempera- 120
tures above the melting point of the
eriginating - substunces.  The liydro-
carbon poxture, - pre-purificd in known
manner if desired,-is flrst broughi by
heating fo the neressary initial tempera- 125
ture, Air or other pxygen-confaining
i;as is then passed fhrough the apparatus.

‘1 consequence of the gxothermic nature
of the reaction, the swpply of further heat
after commencement af the latter is not 130
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wevessary. The suifable reaclion temper-
ature iz wainfeined, if - necessary, by
poaling. As a xele temperafures between
about 80 and 180° C, are used, However,
5 even lower itemperatures lying slightly
above the melting peint of the griginating
substances can also be used—i.¢. for

example, temperatures slighily above

50° C. in the case of haod parafiin’

10  The oxidation may also be carried out’

under super-atmospheric pressure. ‘It

then proceads rather more quickly, How-
over, the application of very high pres- lowes
~ gtirring apparatus was 240 revalutions per

sures is by no means necessary,

15 For example, it is possible fo oxidisa

Lydroearbons into fatty acids with the’

hereindeseribed apparatus of the invea-
tion, by using {he process described in the

specification of our co-pending application

20 No. 17086/1938 (Serial No. 506,104).
The osxidation then takes place in @
plurality of serially connecied oxidation

apparatus, through which the reaction
pag 1s pussed and at least one of whicl 19
constricted in accordance with the inven-
tion. Ior exumple, a cuiTent of gas,
whick lias been passed through a plurality
of osidation vessels of desired type, 18
- pessed into a mixing vessel constructed in
peeurdanee with the Invention and
charged with fresh material 1o be
oxidised.
vessel is preferably kept rather lower
than those in ihe preceding osidation
35 vessels. JIa this menner it is possible to

collect tv o very high extent the veluable
substances taken up by the gas current In.

the preceding vessels and to wtilise thor

calalytic activity for
T.osses of valuahle substances are practic-
ally completely avoided in this manner.
The further performance of the oxidation
of material ireated in this manper then

40

proceeds very favourably, and, in addi-

3

tion, z lightening of the colour also fre-
quently occurs at the same fime.
The power sequired by the mxing
apparetue of fhe present Invention 18
relatively low, ]
TWhen the hereindescribed wmethod 1s
applied to the produetion of fably acids
the avoidames of overheating and the
rapid progress of the rcaction enable
high grade products to be obtained,
which contain predominantly higher
molecular fatty acids well uflisable for
the suap industry. _
The oxidation can then be allowed to
proceed to very wide lirdils, so that ahout
0% nnd more of the originating material
is oxidised. The swajl proportion of
non-converted originating material can be
further oxidised by ihe same methad,
after separaiion from the oxidoiion pro-
gl duets, without the ocecurremve of detri-

50
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The temperature in the lasb:

the oxidation. -

- for four hnurs.

mental résinification and polymerisation.

Exsurnag.

1}, In a reaction vessel equippad with 2
horizontally mounted stirring apparatus,
ageording to the invention, compriging
tour perforated stirring blades extending

-}

-wlmost to the eylinden wall, 2000 grams of

paraffin (sclidification point 42 to 44° (1)
were oxidised with air for four hours in
known manuce, The jemperature was 7.
initially 160° O. and was gradually
lowered to 120°«C. 'The speed of the

wiinate,

After that space of time the acid 8
cumher was 108,

A parallel test, made in a reaction
tower filled with Raauhig rings attained
an acid number of only 27 in the same

" bime. &

The superierity of the hereindeseribed
method over the perfermeance of the
oxidation hy hlowing air into the molten
hydrocarhons in reaction towers and the
like con be seen from the following epm- Qi
parative tesis.

2. 1600 ms of parafiin, (melling
point 46 o 18° G.g together with § grams
of catalyst, were treated with air fon six -
hours at (30 fo 140° €. In an iron vessel §,

“eqquipped with stirring blades aceording to

the invention, After that fime an seid
wumber of 140.0 ‘and & saponification
osumber of 276.7 were attained.

2). 1500 grums of soft peraffin (melt- 100
ing point 42 to 44° (1.} logether with 5

_grams of eatalyst were treated in the same
 wanner with air ot 140 $o 145° C.  After

five hours an acid number of 98.3 and a
saponification number of 199.0 -were 10
obteined. The yield by weight amounted

“to D925

=]

4). 16&] grams of crude parafiin were
trented with air at 126 4o 132" C. for four
hours, together with 10 grams of 11
catalysl, in accordance with the invels
tion. Resulé: Acid numhber 154.73,
spponification number 306.0 and non-
saponifiable matter 22.9%,

5a). Air was blown witha spray aozsle 11
into tweo iron reaction vessels equipped in
soeordence with the Invention. The
filling in esch vessel comprised 2000
grams of paraifin (meltingl point 46 fo 48°
(0.) and 20 grams of catalyst, while the 12
temperature was 110 to 180° O.  After
twelve houms the acid number in one
reaction vessel was 57 and in “the other
vessel 77, = -

5h). A reaction lower of iron was lined 19
with Raschig rings and alr waa blown in
The filling cowmprised
1500 gmems of paraffin and 16 grams of

eatalyst, and the temperature was 146° C,
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After four hours an acid nuinber of only
%7 was reached, and after efight hours an
acid number of 46,
8). 144 kes, of crude paraffin wore
b treated with air, together with 0.6% of
catalyst, ot 123° C. in an apparatus in
aceordance with the invenilon. After
twelve hours 50% was oxidised, and after
9 howrs wore Yhan §1% was oxidised. The
gaponification number was 304.5. Two
perts of manganess stearate with one
part of sbearic acid were wused as
eatalyst. The ozidation yield amounted
to 105%.

7). The same apparatns was fliled with
50 liires vf wabter and ecomnected behind
three oxidation aﬁpamtus traversed Ly a
eurrent of air. he temperature in this
apparatus during the passage of the
uxidising gaseg was batween 40 and 507
0. On completion of the oxidation 70
litres were drawn off, so that the touial
oxidation loss amounted to only 8% of the
{heoretical yield,

8). The samo apparatug was filled wifh
the same quantity of raw maierial as in
the oxidation {170 lifres) and comnecled,
as 10 Example 7, as the last of a series of
oxidation apparatus. The femperabure
was again about 50° C. Cooling was
effected from time to time, in onder to
prevent the temperature frow rising
above 60° C. n completion of the
nxidation a totel yield of 106% of oxida-
tion prodnets could be atfained, the aeid
pumber hawving risen by in the
apparatus in question,

aving now particnlarly described and
azcertained the nature of my said inven-
tion and in what manner the sama is to be
perfurmed, I declare thut whet I elaim
18—

1). A process of oxidising high miole-
cular hydrocarbous into fatty acids.
45 alcohiols or the like, which is characterised

in that the temperatures of the Infer-

acting gases and liguids are maintained

wniform in ull parts of the reaction vessel

by effecting the mixing hy means of one or
§i0 more siitrers having apertured or grid-
\ike stirring blades which eul alternately
through (he gas and liguid phase in rapid
sucesssivi. . .

2), Process as claimed in claim 1, 10
which, when a plurality of strrers 3a
employed in the same mixing vessel, the
atirrers work in opposite dicestions to one
another. _ .

3). Process as elalmed in ¢laim 1 or 2,
in which the gases are passed through the
mixing vessel and thereupon ireated fou
the purpuse of separating small drops of
liguid, froth, or the like, preferably by
passing them repestedly through alter-
65 nately narrow and wide spaces.

1}
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4). Process as claimed in any of elaims
| tu 3, in which the mizing of gases and
hydrocarbons takes nlace in a plurality of
oxidation vessels through which the
Eases are pussed In guercession,

#). Process as ¢laimed in any of claims
1 to 8, in which the gases from an oxida-
fion vessel or from the lust of u serics of
vridation vessals, which they truverse
in successicn, nre mixed in a further
vessal with the hydrocarbons %o e
vxidised, or with other liguids, and are
therehy freed from valuable substunces
entrainad from the cxidation vessel or
vessels,

). Process as elaimed in amy of the
prccedi.ng claims, in which hydrocarbons,
gases and cafulysts pe mixed 'tnget'her.
pa,rtir:ularlﬁr such- cutelysty us consist of a
mixfure of higher molecular organic avids
of the character of the fatty acids, resin
acids or naphthenie acids, and compounda
of the metals of the 8th o 8th gronps of
the periodic fable, to which mixtures
eompounds of the aikali or alkaline earth
metals &iuc]uding maghesium) may also
be added. S

7). The process of oxidising high mole-
cular hydrocarhons inte fatty aeids,
alcohols or the like, substantially as
described.

8). Apparutus when nsed for carrying
ot the process claimed in any of the pre-
ceding olaims, ecomprising a mixing
vessel, for exemple sm oxidising vessel, 100
within which is disposed a  stirring
apparatus, the stirzing blades of which
are 8} right-angles to ﬁxe direction of the
axis of robation op are inclined relatively
thereto wud which possess apertures, (for 105
exarmpls consist of perlorated or slotied
plates, networks, bars disposed in comb
Tashion or the like) said stirring apparstus
heing v disposed $hat its stirrer members
alternateli and in rapid svceession cub 110
through the layer of liquid and the luyer
of gas, and heat cxchangers (heating
and jor cooling devices) provided on the
wulls or inside the mixing vessel.

9. Apparatus as claimed in claim 8, In 115
which the stirring apparatus or appa-
ratnses have passuges such thei they can
he used for the supply of gases and/or for
the regulation of the femperaiure.

10). Apparatus as claimed in claim 8 or 120
9, comprising [roth separators conmected
to the gas outlet of the mixing vessel.

11). Apparatus as clalmed in claim 10,
in which wvessels in which inserts or
fllings. for example column bells, balls, 125
net bases, produce u repeated and sndden
widening and narrowing of the path of the
gas, are cmployed as froth separators.

12). Apparatus as claimed in claim 10
or 11, comprising a dephlegmator or 130
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" covler eonnected with the froth separator, veference to the gccompanying drawings.
for example in rear thersof. Dated this 10th day of June, 1838,
13). Apparatus when used for carrying  ALBERT L, MOND & THIEMANK,
out the process claimed in apy of claims 1 19, Southampton Buildings,
5 ko 7, eonstructed, arranged and adapied Chancery Lans, London, W.C.2,
tg operate substantiolly ay described with Agenis for the Applicant.

Teamingbon Spa: Printed for His Mejesty's Stationery Office, by the Couricr Pross.—1940,
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