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COMPLETE SPECIFICATION
Wax Processing

We, Soutsr AFRICAN C0AT, (ML AND Gas
CoreoRrATIiON LIMITED, a South African
Limited Lizbflity Company, of PO, Box 1,
Sacotburg, Orange Free State, Union of Seuth
Africa, do hereby declare the invention, for
which we pray that a patent may be granted
to 1s, and the merthad by which ir is to be
performed, to be particularly desczibed in and
by the following statement:—

The present fnvention relates to a process
for the produgtion of improved wax acids.

It has already been proposed to cafalytically
oxidize paraffin waxes, and especially rhose
obtainad by synthesis from gasez coutaining
carbon monoxide and hydrozen (hereinafter
referred to for the sake of brevity as * Pischer-
Tropsch * pataffin wazes) by means of air or
other gas comprising free oxygen to praducts
comprising wax carboxylic acids and esters.
The higher the degree of oxidation, the softer
do these products become and the mare docs
their colonr change from white to yellow and
cven brown. These waxes comprise, according
to their degrec of oxidation, besides the wax
carboxylic acids and esters aforesaid, aldehydes
ragether with more or less or lirde or no origi-
pal hydrocarbon materizl. Due 1o their com-
plicated composition, they are useful only in
a Jimited ficld of application and thereforc can-
not compete with the much purer and more
uniform natutal wazes such as carnauba wax,
bees wax and rhe like,

It i3 an object of the present invention to
produce well defined wax acids which arc
adapted to serve as infermediates for the pro-
duction of improved wax products.

Tn accordance with the pressn: invention,
such wax acids are produced by the catalytic
oxidation in a molten stare of a paraffin wax
having 2 melting point exceeding 73° C. and
a mean maleilar weight of at least 65¢ with
a2 gas comprising free oxygen at a temporature
below 145° C. and for so short a time as to
produce an intermediate oxidized waz product

comprising carboxylic wax acids and wax

esters and having an acid mumber between 5
and 25 and a saponification number between
10 and 60, and bydrolyzing the spid wax
esters to carboxylic wax acids and alcobols and
oxidizing the said alcohols in the mixmore by
means of o solid or liguid oxidising agent to
carboxylic wax acids.

The melsing points referred o herein are
based on detetminations by the rotating
thermometer method, but any other method
of melting point deternnation may be
employed provided the values obtained are
corrected to the basis herein specified,

Tt is advantagecus to conduct the said oxi-
dation so as o preduce intermediate products
having acid mumbers between 3 and 20 and
saponification numbers between about 10 and
45. As will be explained in greater detail
below, the degree to whick the oxidation is
carried ot for optimal conditions depends on
the nature and: molecnlar weight of the paraffin
wazcs oxidized. It will be noted thar in the
intermediate products, in accordance wirh the
invention, even with low degrees of oxidation,
the saponification munber is usually twice as
great as theit acid number, This indicates that
an umount of carboxylic acid approximately
equal 1o that present as free acid is converted
to esters with alcohols of higher molecular
woight.  The formation of oxy-ucids which
ocents on over-oxidation should be suppressed
as far as possible.

The melting point of the intermediate pro-
duer is usually between abour 95° and 73° C.

The initial paraffin wax preferably has 2
melting puint of about 86° to 103° C,, advant-
ageously of at least 100° C., and excellent
intermediate products of higher molecnlar
weight are also obtained by the oxidation of

araffin waxes having meliing points of 105—

17° C. The initial matcrials are preferably
hard parafin waxes having a mean molecular
weight above abont 700, say between about
700 and 830 or between 830 and 1100 for
prodncts of higher molecular weight, They
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are preferably substantially free from con-
stitucnts baving a molecular weight below 500.

Pardcularly  advantageous  resnlts  are
obtained when wusing as initial materials
Fischer-Tropsch hard paraffin waxes of the

_ aforesaid type.

Depending, more especially, on the catalysts
employed, paraffin wazes of various Igeneral.
types arc produced by the Fischee-Tropsch
type synthesis.

Thus hard paraffin wazes are produced by
a Hischer-Tropsch synthesis with cobalt or iron
Fischer-Tropsch type catalysts.

Paraffin wazes of this ongin, having melt-
ing points above 80° C. and preferably above
85°"C. ususlly consist substantially of strajght
chain normal paraffins with a molecular
weight of over 500 and thoge with a memn
molecalar weight above 650 may be cmployed
as initial materials in accordance with the
invention. The percentage of branched chain
hydrocarbons present varies between 10 and
20 per cent, alphe-methyl branching being
predominant. The olefin, aromatics, alcohol
and aldehyde content of yuch waxes is nsually
very low, usnally below 1—2 per cent, at any
rate in so far as the paraffin waxes produced
with cobelt catalysts are conmcerncd. With
paraffin wazes containing clefins and possibly
some oxygen-containing compounds, which
may be the case when they have been pro-
duced with iron catalysts, it is ususily desic-
sble to eliminate the olefins and the like b
hydrogenation, sulphonation or the like. Su
hydrogenated hard wazes even when derived
from ivon catalyst operation have a content

of olefins, aldehydes, and alcohols well below

1 per cent. Imtial paraffin warzes containing
sonie olefing, however, also give inferesting
intermediate products which, however, may
lead to processed. products with a higher oxida-
tion mumber.

The molecnlar weight distribution of such
waxes varies considerably, All the hard wax
collected from a Fischer-Tropsch synthesis
reactor Ton over several months or from a
plurality of synthesis reactors operated with
caralyst of different ages, which Is herein
termed “tota]l hard wax preduct”, has the
widest range. The average molecular weight
of such wax is vsually the higher, the higher
the total wax yield from a given quantity of
synthesis gas. Hard waxes from camalysts giv-
ing & yield below 25 per cent hard wax with
respect to tofal yield in C,+products in the
Tischer-Tropsch syntliesis usually do not con-~
tmin wex constituents having more than 60
carbor atoms per molecule or wax constituents
melting ahove 180° C. in the roral hard wax.
“Their average of carbon atoms in the molecnle

is between 40 and 50. On the other hand, total
hard waz from z catalyst giving a yield higher
than 25 per cent of hard wax with respect to
C,+products increases in average motecular
weight considerably. Cotalysts giving ep. 2
hard 'wax yield near 40 per cent with respect
to all C,+products contaln wax constituents
with more than 100 carbon atoms in the mole-
cule to the extent of 10—30 per cent. If the
reactor wax is taken from the very first period
of the Fischer-Tropsch synthesis at medium
pressure, this percentage of high molecular
weight paraffin ‘wazes is even Jarger and the
molecular weights go even higher, so that con-
stitvents with more thin I50 carbom atoms
per molecule may be present in a substantial
percentage.

From this it is obvious thar the initial
paraffin wax material and also the intermediate
products obtzined vary comsiderably within
tlie limits herein speci

Examples of suitable initial materials are the
following : —

Ia) It may be 4 total mix from a plant
where, usizally in a plurality of reactors,
catalysts of diffcrent ages and prodac-
tlon characteristics are employed. This
total mix may have a melting point of
about 20" C, an average molecolar
weight of about 650 and have on the
average abour 46 carbon atems in the
molecule. Solvent fractionation shows
thar the rotal mix bzs c.g. 10 to 15 per
cent of C30—34 wax, 10 to 13 per cent
in the C35—39 range, 70-—55 per
cent wax, content in the range C40—
C50, and only T in 15 per cent of
wazes of a molecular weight higher than
800 (C50-1-).

ib) Tt may be a selected paraffin wax from
inital periods of single reactors. This
selected product containg much higher
melecylar  paraffin wax  than that
referred to in 1a, e, with a magimum
proportion at CE0, or C80 or even
higher, ep. at (100,

t¢) It may be fractionated pasaffin wax as
is obtained by fractional crystallisation
or extiaction. Such narrower range
fractions may predominantdy contain
C40, C60, C80, C100 o C150 wazes.

As will be shown in the following table, the
degree ta which the oxidativn is carried out
nammely the acid numbers and saponification
nnmbers desited for the Intermediare product
is dependent infar qlia on the molceular weight
of the hard paraffiin wax selecred as an initial
material, as will be shown in the table below.
The. intermediate product usually contains
over S0 per cent of non-oxidized paraffin wax.
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Intermediate product

; Crude improved wax acid

! \  Saponifica- Saponifica-
Initial hard wax Acid number| tion mamber | Acid number | tion aumber
A, gbout Cye—Cs; 1525 | 25—60 45100 45100
1. Max. about Ce 1015 i 17—35 3050 30350
B.
2. Max, gbout C,, 6—12 il 1028 13—40 18—40
C. Product rich in over | l | |
C,, bydrocarbons | o T 11 1—25 | 1540 1540

The catalytic oxidation of the paraffin wax
with air or the like is usually catried out at
temperatures of about 120°—140° C,, say o
about 130° C,

A thorough distribudon of the oxidizing gas
in - the marterial being oxidized is a factor in
favour of obtaining good results.

Fatty acid salts of manganese, cobalt, copper
and the like, or ozides and salts, such as
potassium permanganate, mungapese dioxide,
iron oxide or silver oxide are examples of the
catalysts that may be cmployed for the oxida-
tion to vield oxidized wazes. The catalysts ace
preferably dissolved or suspended in a finely
divided condition in the molien pareffin wax
undergoing oxidation, depending on their
solubility.

"The said oxidation is nsually carried out at
substantially atmospheric pressure, but may
he carried out at any olber suitable pressvre,
e.g. elevated pressurc, if desired or required.

Bramreie 1

Hydrogenated molten hard wax having an
average mwlectiar weight of about 840, an acid
number 0, saponification number 0, iodine
number 2, and a melring cggim (rotzdng
thermometer) 103* C. is ged into a
thermostatically heated cylindrical glass vessel
and 0.29, manganese stearate is added as
catalyst. The air for oxidation of the wax is
introduced into the molten wax with the aid
of a fritted disc at the Jower end of the vessel.
The vessel shonld be approximately half filled
with the paraffin wax. 'The temperature is
regulated to about 130° C. and air flow is
adjusted to abour 170 pormal litres of air per
fitre of waz. The oxidation is stopped alter
6 10 8 hours when an jotermediate product
having an acid number of 15 and a saponifica-
ton nwmber of 32 has been produced.

In accordance with the present inveniion,
the intermediatc products are subjected to
an oxidative treatment in which the esters ¢on-
tained in the intermediste prodocr are
hydrolyzed to wax acids and wax alcohols and

e alcohols split off are oxidized mainly to
the corresponding carboxylic wax acids, etther
at the time whem they are produced by
hydrolysis or in a subsequent operation.

The hydrolysis of the esters may be carried
out in various ways, ¢.g. by treatment with
hot water under pressore, by ireatment with
hot sulphuric acid, by a Twitchell type of reac-
ton or the like, ]

The oxidatfon of the slcohols splir off from
the esters to carboxylic acids is carried onr
with any suitable oxidizing agent, e.g. alkali
metat bichromare jin sulphuric acid, chromic
acid or hydrogen peroxide, If desired the
spent oxidising agent may be regenerated, e.g.
electralytically o in the case of chrominm
salts, by means of hydrggen peroxide,

The following example illustratcs a de-
esterifying l]illydmlysis and the alraost simul-
tancous oxidation of the wax gleohols thus
split off predominantdy ro the corrcsponding
carboxylic wax acids,

ExampLE 2

The intermediate product Is praduced from
6 Fischer-Tropsch hard paraffin wax baving an
average molecular weight of about 870, 2
softening point (ring and bhall) of 102° C, and
containing 2—-3 per cent of olefing by catalytic
oxidation under conditions similer to those

en?.};}ey\ed according to Example 1,
initial paraffin wax is net previously
hydrogenated, which constitotes the main
difference from Example 1. The intermediatc
product thus produced bas an acid number of
1)) and a saponification valuc of 22. 100 parts
of this inrermediate product are placed in a
round bottem flask and wmelred. 200 parts of
hot 50 per cont sulphwric acid are slowly
added during about 15 minutes, and during
g further 15 minuies 100 paxts of hot 40 per
~ent sodiom bichromate solution are slowly
added, keeping the Hauid under constant stir-
ring at near boiling temperature (about 105°
C.), the entirc reaction being completed in
abour 2 howrs. Afrer washing the crunde wax
acid thus produced with beiling water, sample
analysis shows thar the acid number 15 about
46 and the sapenification pumber approxi-
mately 48 and the softening point 100.2° C,
Tha increase in acid number is somcwhat
higher than in the case of hydrogenated wax
which may be atteibuted to the presence of
small amounts of olefins. It ¢an be seen from
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. this that the wax esters have been practically

entirely converted to carboxylic wax acids,

If desired or required, the carboxylic acids
produced in accordance with the invention
may he subjceted to a refining treatment by
any suitable method, ag. for the removal of
low molecular weighr acids. For example, they
may be subjected to solvent extraction, pre-
ferably with mixed solvents. Mixtures of an
aromatic hydrocarbon, snch as  benzene,
toloene and xylene, with an aleohol such as
tnethanol, ecthanol, propanol, isopropancl,
butanol znd the like in various rarios are suit-
able. Alternatively the carboxylic acids may
be refined by vacuvm distillaion,

Fxamples 3 and 4 illusirate the porification
of the crude wax acids to remove low mole-
cutar weight acids by solvent extraction and
vacuum distillation respectively.

ExaMPIE 3

A sample of the crude wax acid produced
in aceordance with Example 2 #s powdered
and exztracted in a Soxleth apparatus with an
ethanol-toluene miztare {68 per cent+32 per
cent) for about 2 hours. A residue of abour
50 per cent is recovered from the thimble
which on analysis gives an acid aomber of 32
It has a penciration of 30 units at 58° C. (the
original has 55 units), henee it is considerably
harder, The softening point (ring and ball) is
102° C. (2° higher then the original). The

‘extracted wax has an 2cid pamber of 55 and

a sofrening point of 78" C. Peoetration at
58° C. cannot be carried out as the wax is too

Bxamrrr 4

A crude wax acid, obtained as hereinbefore
described, is washed with hot water and dried
in o farry acid still and sobjected to vocuum
digtitfation in order to remove the lower boil-
ing acids and lower boiling hydrocarbons.
This treztment yields similar results to the
solvent extracton, bur the preduct is not as
white but is more yellow in colour.

Depending on the raw material used and
the further treatment and how much material
is taken off, or removed by solvent extraction,
a large variety of raw wax acids can be
obtained, so that in this way the varieties of
further derivatives obtainable therefrom are
manifold. To meny cases, the hard wax acids
thus obtained can be used directly for com-
mercial purposes (rextile ausiliaries) end as
raw malerials for further chemical reactons
a5 mentoned below,

However, for obtaining still purer wax acids,
unsaponifiable matter may be removed partly
or substantially completely from the crude
wax acids.

The removal of ansaponifiable meatter can be
achieved in several ways; .5, by neutralise-
tion of the acid with alkali and solvenr extrac-
tion of wax from the crude soap.

It is a particular feature of the invention

that this purification of raw wax acids is mouch
casier than that of paraffin wax oxidation pro-
ducts.

The amount of lower molecular weight acid
which has to be removed by extraction or
the like in order to obtain the higher mole-
cular weight fatty acids and uareacted waz
is the preater, the higher the degree of oxida-
tion of the intermediate product, When the
crode acids listed in the table are refined by
solvent exracrion, the refined acids remaining
as residue are from:—

Crude acid from wax A C30—CA40
2 -] » »n B M
EH] ] ] = C C604-

With the wax acids obtained in accordance
with the invention, it is now possible te pre-
pare veluable way derivatives by the esteri-
fication of crude or refined wax acids e.g. with
crinde or refined wax alcohols. These ester
waxes, as las been explained previonsly, can
be prepared with 2 large variety of properties,
ranging from soft wax types to hard and brittle
waxes, similar to namral wazes. Considerably
improved products are thus obtained of great
valre for all industries where similar narural
waxes have fornd application. -

ExaAMYLE 5

From the hard wax acids of Example 3,
which containe about 30 per cent of pure
(C30—C51) farty acids, a cetyl ester is prepared
in the following way: 100 parts of herd wax
acid are melted in a round bottom vessel, about
1 part of zinc dust is added as a catalyst and
then 10 parts of cetyl alcohol are added. The
mixture is heated to about 200° C. for 3 hours,
a CO, stream being bubbled threugh 1o
remove water, The wax is then decanred from
the remsining zinc dust and fltered over an
activated clay while stifl molten. Analysis of
the cetyl ester wax thus obeained gives an acid
mumber of 6, which is satisfactory for a com-
mercial wax type. It is very hard, of white
cotour and has a softening point (ring and ball)
of 103° C.

The surface of the mmple gives excellent
gloss when rubbed with 2 cloth. The product
can be used as a hard, gloss-riving wax con-
stituent in polish compositions.

A similar product is obreincd using choles-
terol as {he alcolol constitment.

When using lower molecular weight alcohols
such as nbutencl for esterification with the
hard wax acids, wazes are obtained with pro-
purties approaching those of hees wax.

The esterification of the crude and refined
wux acids, with glycols and similar bi-func-
tioral or poly-fupcdons! compounds, eg.
glycerol or pentagrythritol yields valuable pro-
ducts. These esrerifications are carried ont in
accordance with known practice.  Valnable
wages are obtained, e.g. with glycols, of more
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thun double the molecnlar weight of the
acids. Monoesters of this type ate valuable as
emulsifiers.

Salts of the crude wax acids or refined wax
acids may be formed with alkali, alkeline
earths or amines and the like, e.g. with calcium
hydroxide, harder products being thus
obtained. These salts prove of particufa: value
in wax preparsiions, €.g. where emulsions have
ta be prepared and the like.

Total or partial neutralisation of the afore-
gaid hard wax acids with alkeli or alkaline
earth and other oxides, such as of earth metals
or of the fifth, sheth, seventh or sight column
of the periodical system gives a series of
interesting soaps and salrs which prove useful
as addilives to soaps, Iubricating ofls and
greases, .and for cosmetic and pharmzceurical
preparations.

What we claim is:—

1. A process far the production of wax
acids, which comprises the catalytic oxidation
in a mulicn state of a paraffin wax having a
melting point exceeding 75° C. and a2 mean
moleculsr weight of at least 650 with a gas
comprising free oxygen at a temperature below
145° C, and for so short a time as to produce
en intermediate ozidized wax product com-
prising carbozylic wax acids and waz esters
and having an acid number between 5 and 25
and a saponification number between 10 and
6l), and hydrolyzing the said wax esters to
carboxylic wax acids and alcohols and oxidie-
ing the snid alcohols in the mixture by means
of a solid or Hguid oxidizing agent to car-
boxylic waz acids.

2. A process zs dainped in Claim 1, in which
the catalytic oxidation is carried out for so
short a time as to prodnce an intermedizte
cefidized wax product comprising carboxylic
wax acids and wax esters, which product has
an acid oumber berween 5 and 20 and a
saponification number between 10 and 45.

3. A process as clamed in Claim 1 or
Claim 2, in which the iniiol paraffin wax is a
hard paraffin wax with a mclling point above
80> C. substantially consisting of straighs
chain normal paraffins produced by a Fischer-
Tropsch type synthesis with iron group
Fischer-Tropsch type catalysts.

4. A process as claimed in Claim 3, in which
a Fischer-Tropsch paraffin wax having a meli-
ing point above 85° C. is catalytically oxidised
with air at a temperature of 120°—140° C. to
an. ititermediate oxidized wax product having
an acid number hetween 3 and 20 and &
saponificarion number between 10 and 43,

5. A process as climed in any of Claims
1 10 4, in which the wax alcohols split off from
the wax esters of the intermediare product are
oxidized o wax acids with a bichromare in
sulphuric acid, chromic acid or hydregen
peroxide,

6. A process as claimed in any of Claims 1
to 5, in ‘which the hydrolysls is cartied our by

treatment with hot water under pressure, by
treatment with hot sulphuric acid er by a
Twitchell type of reaction.

7. A process as claimed in any of Claims
1 to &, in which the carbozylic wax acids pro-
duced sre subjected to a refining reatment for
the removal of low molecular weight acids.

8, A process as claimed in Claim 7, in which
the refining treztment is carried out by solvent
extraction with mixtures of an aromatic kydro-
carbon with un alcohol or with other mized
solvents,

9. A process as claimed in Claim 7, in which
the refining treatment is carried oot by vacuum

10, A progess as claimed in any of Claims
7 to 9, in which the refined higher moleculer
weight wag acid is esterified with cetyl alcohol,
butanol, glycol, glycerol or pentaerythritol,

11. A process as claimed in any of Claims 1
to 10, in which the inigal hard paraffin wax
has 35 to 55 cexbon atomis in the molecule, is
catalytically oxzidized with a gas containing

free ‘oxypen to an ifitermediate product con-

taiming wax esters and acids and having an
acid number of 15 to 25 and a saponification
mmabsr of 25 to 60, which produc: is
hydrolyzed and oxidized ro yield an improved
wax acid having an acid number of 45—100.

12, A process as claimed in any of Claims 1
to 10, in which the inidal hard ffin wax
has up to zbout 60 carbon, atoms in the mole-
cule, is catalytically oxidized with a gas con-
{aining free oxygen to an intermediate product
comtaining wax csters and acids and having an
acid number of 10 to 15 and a saponification
number of 17 to 35, which product is
hydrolyzed and ozidized to yicld an improved
wax auid having an acid number of 30 io 50.

13, A process as claimed in any of Claims
1 to 10, in which the inidal hard pataflin
wax has up to sbout 80 carbon atoms in the
mpolecule, is catalyiicaily oxidized with a gas
contuining free oxygen to an intermediatc
product conteiming wax esters and acids and
having an acid number of 6 to 12 and a saponi-
fication number of 10 to 28, which product is
hydrolyzed and oxidized to yield an improved
wax acid heving an acid number of I8 m 40,

14. A process as claimed in any of Claims
1 to 10, in which the initial hard paraffin wax
has over 80 carbon atoms in the molecule, s
catalytically oxidized with a gas containing free
oxygen to an intermediate product containing
wax esters and acids and having an acid mum-
berof 5 to 10 and a saponification number of
10 to 25, whick product is hydrolyzed and
oxidized to vicld ap improved wax acid having
an acid number of 13 to 40,

15. A process as claimed in Claim I, in
which the initial paraffin wax has a molecniar
welght between 700 and 1100.

16, A process as claimed in Claim 1, in
which the ozidation with the solid or liquid
oxidising agent follows on the hydrolysis as 2
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separate reaction in sequence with the acid products, substantially as hereinbefore
hydrolysis. described.

17. A process as claimed in Claim 1, in 19, Wax acids whenever obtained by the
which the oxidation with the soiid or liguid process claimed in any of Claims 1 to 18.

oxidising agent is carzied our subsmandally EDWARD EVANS & CO.,
simraltaneously with and in the same reagent 53—64d, Chancery Lone,
mizture as the hydrolysis, London, W.C.2,

18. A process for the production of wax Agents for the Applicants,

Leamington Spa: Printed for Her Majesty's Statlonery Ofice, by the Courier Press,—I1857.
Published al ihe Patent Office, 25, Scutharepton Bulldings, London, W.C.2, from which
conies may be obisined.
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