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| COMPLETE SPECIFICATION.
Process for the oxidation of paraffinic hydrocarbons

We, RUHRUHEMIE AKTIENGLSELLSCHAFI,
of Oberhansen-Holten, Germany, a German
joint-stock corporaticn, do hereby declare the
nature of this invention and in what manner

3 the same is to be performed, 1o be. particu-
larly described and ascertained in and by
the following slatement:—

The invention relates to a process for tha
oxidation of paraffinic hydrocarbans,

10 The oxidation of paraffinic hydrocarbons
by means of nitrous gases in the presence of
* miro-suiphuric acidsis known. The oxidising
agent may, for example, be the gases pro-
duced in the combustion or oxidation of
I5 ammonia, which, in the presence of concen-
‘traled sulphuric acid (96%H,80) or of
concentrated nitro-sulphuric acid, act upon
the hydrovarbons. The advantage of this
method is that, together with monacar-
20 boxylic acids, only very small quantities of
nitrogen-containing compoundsare produced.

By ilic terms “nitrous gas” and “nitrous
gases”, as used thronghout the specification
and the appended cluims, are to be under-

25 stood gases which contain NO andfor NO..
The term “pitro-sulphuric acid™, as used
. throughout the specifidation and the
appended claims, is fo be understood to mean
sulphuric acid in which NO and NO, are
- 30 dissolved. o

When the diesel oil fraction, boiling be-
tween 250°C. snd 320°C. and containing
C,.-C,. hydrocarbons, which is obtained
from the products of the catalytic hydro.

35 genation of carbon monoxide. is oxidised
with a gas mixture containing about 10
-NO,, such as is obtained in the catalytic
oxidation of ammonia, reaction products are
produced having an acid value or acid non-

40 ber of about 50 and an ester value or ester
number of about 100, if the oxidation is
carried out for a period of twelve hours zt a
temperature of 120°C. with the use of 1,000
litres of nifrous gases per kilogram of diesel

45 oil per hour. Tf, under otherwise similar con-
ditions, for every kilogram of diesel oil, 560

" ecms. of a 96% sulphuric acid previously

[Price 2/84.)

loaded with gascs containing NO, are simol-
taneously used, then the reaclion produets
obiained, also have an acid number of 50,
but their ester aumber is only 5. The Limiled
extent of the resultant oxidation effect, ex-
pressed by the low acid munber, is a dis-
advantage of fthis method of paraffin
oxidation.

It has now been found that an appreciable
increase in the oxjdation clfect ocents, if,
instead of using a highly concentrated sul-
phuric acid of ihis kind, nitre-sulphuric acid

30

hi)

having an H,8Q, ‘content of less than 90%, 60 .

and preferably having a content of from, 70%
to 90% H.SO,. is used. Acids containing
B0% 10 80% H.SO, pmive particolarly good
resulls, ) : i

n the process according to the invention, 65
in spite of a sharp increase in the acid num-
ber, that is to say, in spite of an appreciably
more intense oxidation. the ester number
Temains considerably helow the value -
obtained when operating without sulphuric 70
acid. '

H the above mentioned diesel oil fraction
obtaired from the produets of the calalytic
hydrogenation of carbon monoxide, is con-
verted with a gas mixtore containing 109% 75
NO,, 1,000 litres of this gas per kilogram of
the dicsel oi! fraction betng passed through per
kour for a period of twelve hours at a lem-
perature of 120°C., then the {ollowing results

are obtained:— 80
Nitro-sulphuric acid used
Density .50, Acid Ester
{[,) % by wt. No. No.
1.9 96 50 5
1.8 85 100 20
.7 78 135 35
1.6 €9 150 a0
1.5 &0 14¢ 20
14 50 170 120

These figures show that even with an 90
H.80, concentration of 85% the formation
of fatfy acid is twice s high as with the 969 -
nitro~sulphuric acid hitherto ysed. Maximum
oxidation is attained with an acid concentra-.
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an agid number of 150 being obtained, When

the sulphuric acid concentration falls below

about B9%,, the ncid mumber of the product
3 diminishes.

The ester number alsp increases as the sul-
phuric acid concentration fails; at the maxi-
mum fatty ucid formation, that is {o say with
2 sulphuric acid concentration of 9%, the

10 ester number attains a value of 60, Although,
under these conditions, the oxidgtion effect
is some three times as gregt as whep the
oxidation is carried out without the additiog
of sulpliuric acid, the ester awmber is only

15 about half as high.  With a sulghuric acifd
conceniration below 699 H,80,, the cster
number shows fyrthey iggrease. Lt i§ there-
fore advantageoud to use o sulphuric acid
containing not lgss than 699 H.80, and npt

20 more than 90, t1,50,.

The esjer number obtained far the resulf-
ant reaction product is dependent npan ihe
presence of nitro-pazaffing in the reaction
product, since nittp-paraffins react with the

25 KOH solution uscd in the estimation of the
ester mumber. In the oxidation by means of
nitra-selphuric  acid of-. 3 cangcentration
accexding to the inventign, latger quantities
of nitra-paraffing wifl he pradiuced as a by

30 prodpet. " This js, Boweyer, not of importance,
since. by saponification of the reactap mix-
ture, which can be capred out by means of
alkali carbonates, for example, g solition of

sodium  carbongte, the njiro-parafiing, io-

35 gether with the unchanged hydrocarbons, can

be casily ssparated. A separation into layers
aconrs apon sapenificatign, the unreagted
fvdraearhons and the nifrp-parafiins separa-
ing amt s a layer abawe the sodinm parbonate
40 splntion. The mixture of fatty acids which is
ohtained from the aqmeans sodipm carbanate
layer Hpon teatment with mineral acids,
shews practically no ssicr number.
¢ unreagted hydracarhons and the

45 nifso-paraffing obtsined in the upper Juyer are

again avidised, then the resilt depends upen

the copgentration of the nitra-sulphyric acid
used, If dilute nitra-sulphuric acid is used, a
further increase in the eser number goneraily

S0 oceurs. When nitra-suiphuric acid contain-
ing 80%-90% H,SO, is used in the further
oxidation pof the separgied hérplroca_rbon;

* niteo-parafiin mixtyre, i Js found, somewhgt
surpeisingly, that no further rise i the egter

55 nupber oceurs. If such acj_d'conoentmtions
aig psed in a progess in which the hydpocar-
bans which haye escaped pxidation are re-
cycled, no loss ef yicld can qecur through the
further formation of nitro-cgmpounds,

60  The mixture of nitro-para;ﬁins and nnre-
acted Hydvacarhons which separates ypon
ireatmsnl with sadium eatbanate solytjon is
preferably reeyeled 1o the PIOCEss, nat alope,
bt in adhisture with an APRFARLIAtE ammynt

65 of fresh hydrocarbans, Fhe amount of added,

tion of gbout 69% H,S0,, a product. baving

hydrocarbons to

fresh hydrocarbons js Zoverned by the quan-
tity of fatty acids produced in the oxidation,
By the nse of mitro-sulphuric acids the con-
cenfration of which lies between BUS, 009,
H,80,, acid numbers may be ohtained which 70
are roughly twice gs high'us when hiighly con-
centratéd nitro-sulphusic acids are nsagd, with-
ont the formaticq of uitrg-paraffing as by-
produgts vpag vemrn of the npconverted
the process,

Since water occurs as a by-proguet uf the
oxidation of the hydrocarbons, steps must be
taken to maintain ihe concentration of the
sulphuric acid, For this purpose, the water
preduced can gontinuously be wholly or par- 80
tially separated outside the reaction zeme,

oM he Teactign sases psed in the process,

Y methods which are well knowi, Instead
of this, the mpistnre content of the gas or the
rate of fdow of the gas imay be alierad. 835
Finally, it is 250 possible 1w obtain a constant
acid concentration by varying the amannt of
acid addsd, in such a way that, as the amount
of water increases, so fhe quantity of acid
present in the rcaction zone is incroased. 90

If, duzing the oxidation, 2 comstant concen-
tration of nifro-sulghuric acid is mainiained,
then the acid may he censtantly rc-nsed, A
Previous fresfment of the msed acid with
RIHTAUS gases is nat then ngcussary, sinee the 93
NO, conteng of the Used acid is dependent
onty npnn the acig concentration, and, when
fresh sulphuric acid i used, regains its
former end valye a sharl Gme after the bepip-
ning of the reaclipn. Wilh the comparatively 104
large quaptiiies of sulphurie acid nesded for
the pxidation of paraffing, according to the
invention, it is nf parlicular advantage that
the nitro-sulphnzic 2eid can he continyously
recycled, .

The pracess hitherfy deseribed of canryimg
aur the axidation of paraffing according t6 the
invention has the disadvantage that the small
augniities of nitrons oxida (N and nitro-
gen (N,), which are produged in secondary 110
Teactions, remain in the Tecycle aas and ditnte
it. In arder to maintain the NQ, cuncentra.
tion at a level sufficient for the oxidation of
the paraffins, 3 cectaip Proportion of the re.
eydle gug i cong nopsly or intermittantiy 115
withdrawn from the gycle angd yeplaged by
fresh g9s. Fhis proccdure tesulis in an in-
Crense i the camsymption of N, since the
parl of the NE, intraduced is lost in the leyy
“aInable, nitragensrich sases which are weifh- 120
drawn. - The gases withdrawn are also con-
taminated by greanis, sompaunds and canagt
be nsed again unt) they have hepn thorgughly
DPurijed.

75

105

These disadvantggcs may be avoided if the 125

axidation of the paraffime hydrocarhons is
effscted by gitro-sulphuric aoid 2lone, with-
BHE fBe nse of the nitrous gases, the niiro-
sulphuric agid containing less than BAé,
80y, The paraffing can then be converted 130
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to fatty acids without prejudice 1o the extent
of the main conversion. Since large quantities
of the nitro-sulphuric acid are necessary for
the oxidation, the sulphyric acid is intro-
3 duced into the cycie bstween the paraffin oxi-
dation chamber and an apparatus by means
of which the NO, content of reeyeled spl-
phuric acid may again be increased.
Eyen when nitrg-sulphuoric acid is nsed
10 exclusively, the degree of oxidation and the
formation of nifro-parafing are alsa in-
fiyenced to a certain extent by the coucenira-
tion of the sulphuric acid introduced. The
best resulfs are obtained with a nitro-sul-
15 phuric’ acid which contains BO% to 85%
H Q..
2In carrying ot the oxidation of the paraf-
fins, such quantities of nitro-sulphuric acid
are continually passed into a reaction cham-
Dber filled with liguid or molten paraffin
hydrocarbons that a sufficient quantily of
nitrogen dioxide is available for ihe oxida-
tion. During the oxjdation, 4 part of the NO,
dissglved in the sulphyric acid is reduced and
25 escapes from the sulphuric acid in the form
of NO, The ucid passing cut of the reaction
chamber therefore conlains a smaller quan-
tity of nitrous gases than the acid flowing
into the chambor. To increase the concentra-
30 tion of nitrous gases in the acid, the acid
withdrawn from the reaction chamber is
passed downwaydly throngh 2 column in
coptercurrent to a stream of nitrous gases, In
this way the NO, concentration of the sul-
35 phuric acid is restored, whetenpon jt may be
recycled to the reaction chamber. Far load-
ing the sulphuric acid, nitrous gases of varied
origin are suyitable. Tt is possible to use
njtrops gases with so low a concertration of
40 NO, that they could net, hitherto, be used
for the oxidation of paraffins. The nitrous
gases escaping from the reaction chamber arc
also passed into the column vsed for loading
the snlphuric acid; porely mechanical losses
43 of nitrous componnds are therchy avaided.
‘The water produced in the reaction may be
rempved by heating the acid withdrawn from
fhe reaction chamber before it is passed to the
column to be reloaded with nitrous gases: K
30is, rowever, considerably simpler (o pass into
the paraffin oxidation chamber such a quan-
tity of dry gas that the water formed may be
remaoved, more or less complstely, by the gas.
For sych purposes, inert gases as well as gases
35 containing oxygen. for exampie air. are st
able. 'The gas, after passing through the
reaction chambor, is fregd by cooling from its
content of water vapour. The gases used to
remove the water may then be passed through
60 the suiphuric acid column. '
The gas serving to remove the water can
be bronght into the process cycle becanse,
during the reaction, the gas also extracts
small quantities of pitrous comppunds from
@5 the sulphuric agid. If it were hot reepcled,

it would be negessary tn pass all the gas
serving to carry off the waler through ‘the
column in which the sulphuric acid is loaded
with nifrous gases. If the gas carrying off the
water is recycled, there nedd pass thropgh the 70
sulphuric acid column only fhgt guantity of
the gas which corresponds to the amopnt of
nitrons gascs given off by the acid. In any
case, the gases passed into the sulphurje acid
column must conigin snficient "pxyeen 1o 75
enable the NO formed in the reactids ta be
axidised to NO,.

The advantages of CAITYIng out the process
of the invention in this way, working only
with nitre-sulphnric acid, consists in that the 80
oxidation of the paraffing may be pffected
with nitrons gases in which the conceniration
of NO, is relatively low. The N,O and
N, formed during the reaciion can be
remaved, without loss of NO,, along with the 85
gases passing from the reaction chamthar
which give up their mitrous conmpounds to the
sulphuric acid. The waste gas escaping over-
brad from the sulphuric acid column consists
aimost entirely of N, and N,O, which gas is 90
of nu value for the oxidation of naraffing,
Only such quantity of fresh nitrong 24s needs
To be continuously introduced into the pro-
cess as is lost by reduction tg nitrogen or
nitrops oxide. 95

The process aecording to the inventjon may
be used with particylar advanfage for ajl
parafiinic hydrocarbons having mofs than fen
carhon atoms in the melccnle: it is particu-
larly applicable in the treatment of hydro- 00

carbons abtained by the catalytic hydrogena-

tion of carbon menoxide becanse these are
preponderantly aliphatic hydrocarhons,
' Example T

The fact that, in the process for the oxida- 105
tion of paraffias according to the invention,
no excessive increase in the ester number
ocenrs, was demonsirated as follows:—

A hydrogenated diesel oil fraction boiling
within the range 250°C.-300°C, conigining 110
Cu-Ciy hydrocarbons and obtained from the
products of the catalytic hydrogenation of.
carbon monoxide, was oxidised at & tempora-
ture of 120°C. by meens of nitrous pases in
the presence of aitro-sulphyric acid contain- 115
ing 8§39% H,80, The oxidation product
obtained had an acid numbcr of 105 and an
ester pumhber of 24, Tt was saponified with
dilute sodinm carbonate solition upon which
4 separation into layers ogenrred. The layer 120
above the aqueous phase contained a mixture
of the unchapged hydracarbons and the
nitrogen-containing  compounds produced
during the cxidation.

This mixture gave ap acid aumper of 2 125
and an ester pumber of 37. 1,000 gms, of this
mixture were treated, in a glass fask, with
300 cems. of an 8§59 sulphuric acid which,
affer absorption of about 109 hy weight of
NO,, had 3 density of 1.8, The mixture was 130
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heated to 120°C, after which £,000 litres per
hour of a nitrons gasjair mixture were passed
through with constant stirring. The mixture
of nitrous gas and air wag safurated with
5 water vapour at 20°C., and contained 109
by volume of NO,., The water carried off
with the exit pases was condensed in a con-
nected cooler and drawn-off, whilc the
Orgamic constituents carried off, and also
0 condensed, were returned to the reaction
flask, After a reaction time of i2 hougs, the
reaction was interrupted, and the oxidation
product washed with hol water. 240 oms, of
a pale yellow liquid product were obtained,
15 the acid number of which was 103 and the
ester trmber 36. Compared with the hydro-
‘carbon mixiure introduced, the ester mumber
thus remained practicaily unchanged,
When 1,000 ams. of the hydrocarbon mix-
‘20 ture used above werc oxidised under the
same conditions, but using a sulphuric acid
charged with about 10% by weight of NG,
and containing 73 9% H.50,, then 830 gms. of
2 vellow-coloured, liquid dxidation product
25 with an acid number of 142 apd an ester
number of 73, were obtzined. Tn this case,
thereforc, an appreciable jucrease in the ester
number occurred.
Example 2

L. A process for the oxidation of paral-
finic hydrocarbons, which comprises treating
the parafiinic hydrocarbons witlh nitrons
£ascs and mitro-sulphuric acid containing less
than 90% H.50,. 70

2. A process according to claim 1, in
wihich ths nitm-sughuric acid contains 5ot
less than 709 ¥IS e
3. A process according to claim 1, aor
claim 2, in which the concentration of the 75
nitro-salphuric acid js maintzined substag-
tielly constant during the oxidation of ihe
paraffinic hydrocarbons,

" 4. A process according t¢ any -onme of
claims 1 to 3, in which the nitrovs gases St
cnfering the oxidation zome are sy bstantially
free from water VADOUL, : ' _

5. A process according to any one of
claims 1 to 4, in which the reaction gascs in- :
troduced into the process are wholly or partly 85
Treed of their water vapour content outside
the oxidation zone,

6. A process according to any one of
claims 1 to 3, in which the rgje of flow of the
fases andfor the amount of audded nitre-sul- 90
phwuric acid {s increased, if there ig an increasc
in the quaniity of water in. the oxidution
zone.

7. A procoss

according to any one of
claims 1 to &, in which nitro-paraffing and o5
unconveried hydrccarbons are separated
trom the oxidation prodyci by treatment with
alkali-metal carbonates and are subjectad o

30 In a glass Rask, the ‘base of which is pro-
vided with a dischargé cock, 1,000 gms. of a
hazrd pasaffin wax (average minlecular weight
496) obtained by the catalytic hydrogena-
tion of carbon monoxide, were Reated 16 a further oxidation treatment with a nitro-
© 35 120°C.-125°C. with conmstant stirring, By sulphuric acid which contains  §07%-90% [0k
means of a dropping funnel, 700 cems. of H,50,. :

nitro-sulphuric geid containing 839% H,S0, - A process according to claim 7, in
were added hourly, An equal quantity of which the aitro-paraffing and nuconverted

. acid was continually drawen-off from the base hydrocarbogs ate admixed with fresh hydro-
" 400of the flask, Air was passed through the carbons befora Inrther oxidation,

liquid reaction mixturc at the rate of 600 8 A process according to claim 1, jn
litres per hour. The exit gas from the glass  which a sulphuric acid containing less than
flask, whlich gas contained the NO freed from 209, H:3C, and dissolved gitrogen dioxide

. the sulphuric acid as well as the M, and N,O 10 an exient sufficient to avoid the usc of the
" 45 formed in the oxidation, was passed upwardly  nitrous pases, is used in the oxidation with- 11¢:

through a columy in countercurrent to the  out nitroug EHSES. ’
sulphuric acid withdrawn from the base of 10. A process according to sclaim 9, in
the flask, The gas eseaping from the hend which the nitro-sulphuric acid corlaing from

. of the columm was free from NO, and NO. 80% to 859 H,50,. o
" 50 A further 150 Jitres of g gas mixture con- Il. A process according to¢laim 9 or 115

taining 15% NO, were also introduced per  elaim 10, in whick thc ritro-sulphiirie aeid is
hour into the volimn to Teplace the NO, and continuously withdrawn frum the oxidation
reduced to N,O and N,. Thus 22.5 lifras of  zone, to-he recharged with nitrogsn dioxidc

. NO, were added per hour, and'is then recycied to the oxidation zone.
© 35 After a' reaction time of 10 hours, the - - A -process according 10 any ome of 120

oxidation was interrupted and the reaction claims & 0 10, in which the acld withdrawn
mixture washed with hot water to free it from: from the oxidation zone is heated to' remove
sulphuric acid. A product was obtained with  the reaction water absorbed doring the oxida-

: a neutralization number of 79 and a saponifi- tiom, before ii is rechurged with nitrogen
* 60 cation number of 9. The sulphuric acid can  dioxide, 125

be used for further conversions, . i3. A process according to any one of
Having now particularly describad and claims 9 to 12, in which a dry gas is passed
uscertaingd the nature of our sajid.invention through the reuction mass fo remove rencton

¢ .. 2nd In whai manner the same is to be per-  water formed during the oxidation,

" 85 formed, we declarc that what we claim is:— - 14, A process aceording {o claim 13, '3

105




670,521

which the gas used to remove reaclion water
is dried after passing through the oxidation
zone, such a proportion of the gas as corre-
sponds {o the quantily of nitrous gases given
S off by thie nitro-sulphuric acid in the oxida-
tion zone being then passed through the nitro-
sulphuric acid withdrawn from the oxidation
zone whilst (he remainder of the gas is re-
cycled. to the oxidation zone.
I5. A process according to any one of the
ﬁreceding claims, in which the parafinic
ydrocarbons contain more than ten carbon-
atorns in the molecule,
16. A process for the oxidation of puraf.-
15 finfe hydrocarbons, substantially as herzin-
before degeribed with reference to Example |
of the specification herein.
I7. A process for the oxidation of paraf.

10

finic hydrocarbons, substantially as herein-
before described with reference to Example 2 20
of the spceification herein.

18. A process for the oxidation of paraf-
finic hydrocarbons with nitrous gases and
nitro-sulphuric acid, substantially as herein-
befare described. -

19. A process for the oxidation of parai-
finic hydrocarbens, with niiro-sulphuric acid
alone, substantially as hereinbefore described.

20. Producis of the oxidation of parat-
finic hydrocarhons whenever produced by the 30
pracess of any preceding claim.

Dated this 27th day of June, 1949,

"EDWARD EVANS & CO.,
14-18, High Holborn,
Lopdon, W.C.1, -
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