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This invention relates to a pracess of making
vanillin from lignin, derivatives of lignin or other
materials containing lignin.

The production of vanillin from materials can-
taining lgnin as used in practice can theoreti-
cally be explalined from the formula for the con-
stitution of lignin, as far as such formula is
known. The commercial production of vanillin
from lenin raw matertals, however, had io be
kept within narrow llmits which In the flyst place
Is probably due to the fact that with a1 inethods
50 far known for carrying out this pracess the
attainable yields are relatively small and amount
to only a very small fracticn of the theoretical
yield.

It is further known, that vanillin may be pro-
duced from lignin sulpho-acids, the main con-
stituents af sulphate cellulose waste-lye. In this
case the process may for instance; be carried out
In such a way that.the sulphite waste lye which
had been made strongly alkaline by ample addi-
tion of lime or caustic alkall is heated for some
longer time to a temperature from 160G to 180°
and that the vanillin formed is lsolated by ex-
traetion with a sultable organic. solvent (for in-
staneca benzol). However, the yleld attained by
means of this process is relatively very small and
a3 g rule will only be 2 to 3 percent and In most-
favorable cases about 6 percent of the lignin
used. (In accordance with thls is also the state-
ment “between 1 and 2.4 g per liter” which Is
found in Higglund’s book. “Holzchemie”, second

editlon, 1838, page- 155, last line, the sulphite

waste lye containing approximately 40 g of lig-
nin per liter. See also the periodical “Holz als
Roh- und Werkstoff” 1931, No, 1, page 2¢, right-
hand column, stating that “there may be figureq
with a vanillin yleld of about 5 to 6 percent of
the weight of the lgnin™.) Other alledgedly
much higher ylelds occasionglly given in the older
literature were later found to be based on grave
errors mainly dug to improper methods of de-
termining the vanillin.

It {s further remarkable that as lignin raw
materigl for the productlon of vanillin hitherto
solely sylptidie cellulose waste-lye, that is lgnin
sulpho-acifis, ad. been used and that it has not

been: podstble ta produce ylelds of vaniliin or of
vagdliin dertvatlves. sufficient for commercial pur-

pasen fromr other lignin substances (for instance
frem woaod: saccharification residues or from lig-
nin isntated from wood: by means of eopper oxide
ammeoania: or tirectly from wood or lignified vege-
table matter or Anally. from derivatives of lignin.)
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There has been no doubt that the process lead-
ing from lignin to vanillin is a process of oxida-
tion. Accordingly it had been trled to expedite
the process by introducing air or oxygen or by
applying oxygen discharging or oxygen trans-
mitting substances. However, no better ylelds
could be obtained when carrying out the process
in such a way. In the contrary, the cited book
of Higglund at the ahove cited place, for in-
stance, states that ‘“introduction of air had an
unfavorable effect on the yield of vanillin”

The reason for these uhsuceessful attempts,
as careful tests have proven, was found.to reside
in the fact that the hitherto used proocesses of
oxidation with the selected oxldizing agent or
improper working conditions (temperature, and
tlme of reaction) are either insufficlent to at-
tack the structure of the lignin or that too-strong
an action is exerted, with the result that the
waste products first formed (phenols, oxy-aclds,
oxy-aldehydes etc.) are subject to further de-
struction. It has also been found that by carry-
ing on the process under proper working condi-
tlons there may be attained considerably higher
yvlelds, eventually even a yield twige as large as
hitherto obtainable, or also the same yields in
a more convenjent way and at smaller costs; fur-
thermore, it has been found that Hke ylelids of
vanlllin may be produced, besldes from cellulose
waste lye, from the other ahove mentioned lignin
raw materials.

The working conditions which are suitable for
the present purpose from the basls of our new
process. This process consists therein that the
lignin raw material is heated In the presence of
alkall (lime, caustite alkall) to a moderate tem-
perature of 100 to 110° In no case more then
about 140°, under simultaneous action of flnely
distributed oxygen and/or oxygen discharging or
oxygen transmitting compounds. Accordingly,
alr or & current of oxygen gas In fine distribu-
tion may be used at the stated temperatures
elther alone or in the presence of oxygen dis-
charging or oxygen transmitting compounds,
Such compounds may also be used alone (that is
without introduction of air) in order to react
onto the lignin rew material. In many cases the
favorable action of the metal oxides may depend
upon the surprising and hitherto unknown fact
that several insoluble lignin raw materials read-
{ly enter into golution under the action of the
metal oxides in the presence of alkall and thus
are subject to a very uniform action of oxygen.

Heating of the reaction mass may be effected
In accordance with prevailing conditions in an
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open container or under reflux or also in a closed
contalner under pressure. Especlally good re-
sults have been attained by additlon of salts
ralsing the bolling temperature. As may be seen
from Example 7 and the subsequent Table, the
vield will increase with increasing temperature,
As oxygen discharging or oxygen transmitting
substances, above all the several inorganic oxy-
gen compounds or salts that are more or less
known for such reactlons have been found to
be suitable for the present purpose, especially the
compounds that may relatively easily be reduced
in alkallne agents (for instance nickel oxlde.
cobalt oxide, cerlum oxlde, lead oxide, MnoOa,
mangano-manganite, potassium ferri-cyanide
ete.) Alsp gas-condensing adsorption sub-
stances, such as for instance active carbon, may
well be used as oxygen transmittlng substances
(see Example 10).

The selection of the working conditions to he
used in Individual cases as well as of the oxygen
transmitting substance etc. depend in the first
place upon the kind and exterlor condition of
the raw material. Accordingly, the proper work-
ing conditlons and oxygen transmitting sub-
stances may easlly be ascertained In every case
by a few trlals. Thus, for Instance, {t has been
found as being of advantage in certain cases to
subject the lignin raw material first to a prelim-
inary boiling with alkali (lime, caustic potash or
caustic soda) and thereupon to heating with oxy-
gen metal oxides or the like In the presence of
alkall (see Examples 8 and 9},

The working-up of the reactlon mixture and
the isolatlon of the vanillin is carrled out in
known manner, particularly as indlcated in the
examples given herelnafter.

A great advantage of our new process conslsts
thereln that the oxygen discharging or oxygen
transmitting substances may easily be recovered
and again be used with the materlals to be sub-
sequently treated.

As above stated, as oxygen transmitting sub-
stances there may also be used adsorption sub-
stances which owing to their large surfaces act
condensing upon gases. As such ‘“activators”
there may be used, for instance, actlve carbon,
platinum-sponge, finely distributed palladium
and the like.

It has surprisingly been found that with a
sufficiently flne distributlon of the ligenin mate-
rial offering a greater surface of action to the
oxygen high yields of vanilliln may be attalned
under deflnite conditions alse without addition of
a speclal activator. For this purpose the lignin
raw material 15 heated In a distribution as fine
as possible, for instance In the form of finely
powdered lignin or finely ground wood-fiour in
the presence of alkali under simultaneous action
of oxygen (oxygen of the air) and under pres-
sure to a moderately high temperature (not over
140°), while the isolation of the formed vanillin
is preferably carrled out in the above described
manner.

It has furthermore been found that the ylelds
may be essentially Increased (for instance as far
as to a double or quintuple value or more of the
hitherto attainable yields), If the l1ignih raw ma-
terial 1s heated under proper conditions in the
presence of free alkall with aromatic nitro-
compounds, The most sultable conditions (alkali
cohcentratlon, temperature and time of heating,
as well as the used quantity of the nitro-com-
pound} depend mainly upon the kind of the lig-
nin raw material and may easlly be ascertained
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in every case by means of a few trials with the
respective raw material.

Thus, for instance, for a definite raw material
(cuproxemlignin) it has been found that the
yield increases with the applied temperature and
that upon surpassing a definlte temperature
(160°) the yleld does not further increase or
finaily agaln decreases. A further comparative
test has shown that with a bolling time of 72
hours (at 103°) more than the double yield was
obtained, as compared with the yleld obtained
under otherwise like conditlons with g bolling
time of only 24 hours. Further information may
be found in the examples given hereinafter.

Example 1

5 kg of lignin (conslsting of finely comminuted
plne-wood, isolated in known menner by means
of highly concentrated muriatic acid or by treat-
ment with copper oxide ammonia) were mixed
with 50 lters of a 10% potash lye and cobalt
hydroxide precipltated from 5 kg of cobalt sul-
phate In the presence of hydrogen peroxide with
hot soda lye, heated under reflux and intensive
agitation for 24 hours, and finely distributed
oxygen passed through the mixture. Upon com-
pletion of the bolling the cobalt hydroxide 1s sep-
arated by a centrifuge, the substance still ab-
sorbed by the hydroxide removed by stirring sev-
eral timeg with dilute lye, and carbonic acid in-
troduced into the united liquids, until the caus-
tic potash is converted into blcarbonate. The
vanillin 12 thereupon withdrawn by extraction
with ether, methylene chloride, benzol or the
like and purifled upon volatilization of the sol-
vent, eventually by re-crystallisation. There are
cobtalned 400 g of pure vanillin, that is 8 per-
cent of the used Iignin. From the bicarbonate-
alkaline solutlon 100 g of vanillin acid, that
1s a yleld of 2 percent may be obtained after
acldulation and renewed extraction.

Ezample 2

b kg of Hegnin (the same as In Example 1) are
boiled with 50 liters of a 10% potash lye with
addition of 10 kg of Iead dioxide. The working-
up 1s the same as stated In Example 1; the yleld
is Ukewise about the same as stated In this ex-
ample.

Example 3

2 kg of de-resinized pine-wood flour (corre-
sponding to abotit 500 g of Hignin) are mixed with
20 liters of a 10% potash lye and cobalt hydrox-
1de preclpltated from 2 kg cobalt sulphate in the
presence of hydrogen peroxide with hot soda lye
and heated under reflux for 24 hours and agl-
tation, at the same tlme passing oxyeen there-
through. The reaction mixture is further treat-
ed the same a3 in Examples 1 and 2. This will
furnish 45 g of vanillin, that 1s ® percent with
relation to the quantity of lgnin contained In
the used plne-wood. Besldes, there may be ob-
tained 10 g, that 13 2 percent, of vanillin aecid.

Exzample 4

2 kg of wood-fiour are stirred-up in 20 liters
of a 10% potash lye and mixed with freshly pre-
clpitated mangano-manganite obtained from the
solutlon of 3 kg of MnSO4..TH20 by precipltation
with soda Iye and subsequent oxidation with hy-
drogen peroxide or alr or oxygen. The mixture
is bolled for about 15 hours under refiux and
agltation and at the same time air or oxygen Is
introduced in fine distribution. Thereupon sepa-
ration from undissolved cellulose and the man-
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gaho-manganite 1s effected and the treatmient
continued with carbonic acid, until the caustic
alkall is converted into bicarbonate, whereupon
vanillin is withdrawn from the reaction mixture
by extraction (with benzol or ether). This va-
nillin upon volatilization of the solvent will he
obtained in beautiful crystalline form. The yield
amounts to 40 g, that is 8 percent of the lignin
contalned in the wood material,

Example 5

1 kg of lignin bromide (obtained for instance
in accordance with Ber, 1929, 62, page 1554) is
stirred-up in 10 liters of a 10% potash lye and
mixed with cobalt hydroxide obtained from 1 kg
of CoS(Q.TH20Q in the presence of hydrogen per-
oxlde by preclpitation with hot soda lye. The
mixture is heated under reflux to hoiling tempera-
ture for about 24 hours and oxygen simultaneously
passed therethrough, The lignin bromide will be
fully dissolved and converted into vanillin 6-bro-
mide.

The reaction mixture is thereupon further
treated as stated in Example 1. By extraction of
the bicarhbonate-alkaline solution with ether or
benzol the vanillin bromide will be isolated and
discharged upon volatilization of the solvent in
the form of beautiful erystals. The yield is 70 g,
that is 7 percent of the used lignin bromide.

Example 6

1 liter of comrnercial sulphite cellulose iye tcor-
responding to 40 g of lignin) is mixed with 300 g
of caustic potash, the solution (boiling at 108° C)
heated for 12 hours under reflux and at the same
time oxygen passed therethrough. The reaction
mixture is thereupon treated with carbonic acid
and further worked-up as stated in Example 1,
The yield amounts to 5 g of vantilin, that is 12,5
percent of the lighin contained in the waste-lye.

Example 7

1 liter of commercial sulphite cellulose waste-
lye is brought to double alkalinity and mixed with
common salt until saturation takes place. The
solution having now its boiling point at 108° C is
heated for 12 hours under reflux and at the same
time oxygen is introduced in fine distribution;
upon cooling this solution is further worked-up
in the usuzl manner as stated in Example 1. The
vield of vanillin is 4 to 5 g, that is 11 to 12 percent
of the lignin contained in the sulphite cellulose
lye.

The dependence of the yield from the action of
the oxyegen and from the boiling temperature is
shown very instructively in the below Table giv-
ing the yields of vanillin for each liter of sulphite
cellulose waste-lye obtained by treatment with
and without oxyegen as well as at several bolling
temperatures (by adding different amounts of
salt) but under otherwise exactly like conditions.
These tests have been conducted without addition
of an oxygen transmitting substance.

TABLE

Yield from 11t

e waste-lye
(a8 ‘nn']f'"" . o _

telperature ey
Vuuillin | Liwiin
g, Qrume | Per cent
Nitroegen - . . 10k 0.2 0.5
Oxyeen . 101 3 7.0
Do - . - 104 3.6 0.0
Do - . 107-108 4.5 125
- e -
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Example 8

A comparison of the processes hitherto in use
(for Instance according to U. S, Patent 2,069,185)
with our new process (which is conducted in two
steps, that is by preliminarily boiling with alkail)
may be obtained in the following manner:

4 liters of sulphite cellulose waste-lye (which
corresponds to 160 g of llgnin) are mixed with
480 g NaOH and heated for two hours and one
half to 180°. The solution is thereupon divided
into two halves.

The one half corresponding to 2 liters of sul-
phite waste-lye, or 110 g of lighin, is worked-up in
the usngl manner which yields 4 g of pure vanillin,
that 1s 4 percent of the lignin contained in the
sulphite waste-lye.

The other half is boiled for 12 hours under
agitation and with introducticn of oxygen at the
reflux cooler with the cobalt hydroxide freshly
prepared from 300 g CoS04.7TH20 by precipitation
with NaOH and hydrogen peroxide. The work-
ing is carried out in the same manner as accord-
ing to the above given Examples. There will be
obtalned from 8 to 9 g of pure vanillin which cor-
responds to a yield of 8 to 9 percent (flgured with
respect to the contents of lignin in the waste-lye).
The yield obtained when working according to
our Invention, therefore, amounts to more than
twice the yleld obtainable with former processes.

Erample 9

1 kg of lignin (produced from wood-flour in
known manner by means of copper oxide ammonia
(cuproxam) or muriatic acid is heated with 20
liters of 2n-alkaline lye for one hour in a closed
container to 166°, Upon cooling the solution is
mixed with 3 kg of polassium ferri-cyanide and
the mixture heated 3 hours to 110°, Working-up
the reaction product in the above indicated man-
ner yields 50 g of vanillin, that is 5 percent of the
original material.

Exrample 10

2 kg of wood-flour are stirred-up in an auto-
clave with agitator in 20 liters of a 109% potash
lye and thoroughly mixed wlth 100 g of active
carbon (Merck). Thereupon oxygen is pressed-
in and the mixture is heated for about two hours
under agitation to 120°. Upon cooling the solu-
tlon s separated from undissolved matter and the
vanillln Isolated therefrom by extraction subse-
quent to treatment with mineral acid or carbonic
acid according to the above given statements (see
for instance Example 4). There are obtained
50 g of pure vanillin, that is a yield of 10 percent
of the weight of the wood.

Example 11

1 kg of finely ground wood-flour is thoroughly
mixed with 10 llters of alkaline lye of double nor-
mal value in an autoclave with agitator, there-
upon oxygen is pressed In (at about 10 atmos-
pheres over-pressure) and the mixture heated for
two hours under thorough agitation to 120°. Now
separation from the undissolved restdue s effect-
ed and carbonle acid introduced Into the solu-
tlon until the whole of the caustic potash is con-
verted into bicarbonate, whereupon the vanillln
is withdrawn from the reaction mixture by ex-
traction (with benzol or ether). Upon evapora-
tion of the solvent there will be obtalned 28.5 g of
raw vanlllin containing approximately 85 percent
of pure vanillln yielding by re-erystallisation 24
g of pure vanillin, that 1s 8.6 percent figured with
respect to the amount of lignin (250 g) present’
in the orlginal wood-flour.
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Example 12

50 g of “cuproxam lignin” produced from
wood-flour or the like by extraction and treat-
ment with copper oxide and ammonia are stirred-
up in 2 liters of 2n-lye, mixed with 100 cem ni-
tro-benzol and bolled under entensive agltation
and reflux for 72 hours. Upon removal of the ni-
tro-benzol and its reduction products (at last
with ether) the alkaline solution is acidulated,
neutralized with bicarbonate and de-etherized.
Upon evaporation of the ether there remains a
vield of 6.20 g of a 90% raw vanilllin correspoend-
ing to 12.5 percent of the used lignin., The de-
gree of purity may suitably be ascertained with
m-nitrobenz-hydracide. From the acidulated bi-
carbonate solution further oxidation products,
such as vanillin acld, may be produced in small
quantities.

Ezample 13

The same mixture of lignin, lye and nitro-
benzol as given In Example 1 i1s heated In an
autoclave with agitator. The working-up of the
materials 1s llkewlse the same as according to
Example 1. After heating for twenty hours to
160° the yield of raw vanillin amounted to 22
percent of the original material. Ralsing the
temperature to 180° does not result In an In-
creased yield. However, if heating Is carried on
to only 140° (same time) the yleld will be smaller
(18 percent).

Example 14

The same mixture of lignin and alkall as given
in Examples 1 and 2 1s heated with 100 ccm of
nitrotuluol for 10 hours to 160° in an autoclave
with agltator and further treated in the manner
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aliBve stated, The yleld was 12 percent raw va-
nillin.
Ezample 15

40 g of dry pine-wood flour {(corresponding ap-
proximately to 12 g of lignin) are treated for 20
hours in an auftoclave with agitator with 400
ccem of 2n-lye and 50 ccm nitrobenzol at 160°
which ylelds 1.5 g of raw vanillin corresponding
to 12.5 percent of the used lignin.

Example 16

400 ccm of commercial sulphite cellulose waste-
lye corresponding to 22 g of llgnin are brought
to alkalinity of double mormal value by addition
of solid alkali, thereupon mixed with 50 cem of
nitro-benzel and treated in an autoclave with
agitator for 6 hours at 150°. Upon working-up
In the above Indicated manner there will be ob-
tained approximately 4 g of raw vanillin corre-
sponding to 18 percent of the used lignin.

Example 17

100 g of lienin residues (11 percent methoxyl
content) originating from a wood saccharifica-
tion process are treated as above indicated in an
autoclave with agitator for 3 hours together with
alkall and nitro-benzol at 160° and worked-up as
above stated. ‘There are obtained 8 to 9 g of raw
vaniilin corresponding to about 12 percent of the
lignin contained in the raw material.

The amount of the used aromatic nitro-com-
pound may he considerably reduced especially in
case of greater treated quantities,
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