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PROVISIONAT, SPECIFICATION.
No. 19,597, A.D. 1927.

impzcovements in or relating {o the Manufacture of Aliﬁhaﬁc Acid
Anhydrides,

We, BriTisH CELANESE LiMiTED, of 8,
Waterloo Place, London, S.W. 1, a com-
pany incorporated in accordance with the
laws of Great Britain, Henry DREYFUS,

.of 8, Waterloo Place, London, S.W. 1,

a_citizen of the Swiss Republic, and
WarLTER BADER, of the Works of British
Celanese Limited, Spondon, near Derby,
a citizen of the Swiss Republic, do hereby
declare the mature of this invention to be
as follows :—

This invention relates to the manufac-
ture of anhydrides of aliphatic acids and
especially to the manufacture of acetic
anhydride.

According to the invention we have now
found that aliphatic anhydrides (and
especially acetic anhydride) can be satis-
factorily produced by treating liquid
aliphatic acids andjor metal salts of
aliphatic acids with salts of phosphoric
acids of lower degree of hydration than
orthophosphoric acid, as for instance with
one or more alkali or alkali earth salts
of a metaphosphoric acid or pyrophos-

_ phoric acid.

According to one form of execution of

the invention we ‘may mix acetic acid,
preferably glacial acetic acid (in presence
or absence of acetic anhydride), with a
sodium salt of a metaphosphoric acid, the
reaction being agccelerated by heating or
preferably by boiling the mixture. By
this means a high  yield of acetic
anhydride may be readily produced, the
anhydride being separated from the reac-
tion mixture, for instance by distillation
or by filtration with or without subse-
quent distillation.

According to the relative proportions of
metaphosphate and acetic acid employed
acid sodium pyrophosphate or acid sodium
orthophosphate are produced with the
acetic anhydride. For instance when sub-
stantially equimolecular proportions of
acetic acid and of the mataphosphate
(reckoned as NaPO;) are employed the
residue consists largely or mainly of acid
sodium pyrophosphate, whereas if about

two molecular equivalents of acetic acid -
are employed the residue consists largely

or mainly of acid sodium orthophosphate ;
in these cases the reactions probably pro-
ceed according to the equations :—

@) 2NaPO; +2CH,COOH =Na,H,P,0, -+ (CH,C0),0
acid sodium pyrophosphate

b) 2NaPO,=4CH,COOH =2NaH,P0, -+ 2(CH,C0),0
acid sodium orthophosphate.

In order to utilise the dehydrating capa-
city of the metaphosphate to the full we
preferably use sufficient acetic acid to
transform the metaphosphate to acid
sodium orthophosphate, e.g. about 2 mole-
cules of acetic acid for each molecule of
metaphosphate (reckoned as NaPO;). By
using excess of acetic acid (i.e. an excess
over the 2 molecules) mixtures of acetic
acic  and acetic anhydride may be
obtained which are highly wuseful for
industrial acetylation processes such for
instance as the manufacture of cellulose
acetate. .

When "the residue contains acid sodium

pyrophosphate it may, with or without
[Price 1 /-]

S

separation of the acetic anhydride, be
employed for reaction with further
acetic acid to produce further acetic
anhydride. For instance a further mole-
cular proportion of acetic acid (or if
desired an excess of acetic acid) may be
added to the residue and the mixture
again heated or boiled and the anhydride

s0 . produced recovered as  above
described.
The residues from the reactions

(whether such residues consist substan-
tially of acid orthophosphate or acid pyro-
phosphate or of mixtures of such phos-
phates) may readily be transformed into
metaphosphate which may be made to
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2 299,342
serve for treating fresh quantities of reaction in presence of a non-aqueous 30
acetic acid, and thus the process may be diluent, such for example as acetic
conducted as a continuous cycle of opera- anhydride. For instance, we may heat,

-- tions. For instance the residues may be or preferably boil, a mixture of a sodium

:5 heated, in a manner known for the pro- metaphosphate and sodium acetate with
duction of metaphosphates from acid acetic anhydride and recover the acetic 35
orthophosphates or acid pyrophosphates, anhydride so produced by distillation or
and the metaphosphate so produced by filtration with or without subsequent
treated with fresh acetic acid in the distillation. By these means highly satis-

10 manner above described; or when the factory yields of acetic anhydride may be
residues consist substantially of acid obtained. 40
orthophosphate they may if desired be According to relative proportions of
heated to form acid pyrophosphate metaphosphate and acetate employed
instead of metaphosphate, which acid mneutral pyrophosphate or mneutral (tri-

15 pyrophosphate may similarly be treated sodium) orthophosphate are produced
with fresh acetic acid. together with the anhydride. Thus for 45

According to another form of execu- instance, when substantially equimole-
tion of the invention we may employ a cular proportions of the metaphosphate
metal acetate, for instance an alkali or (reckoned as NaPQO;) and sodium acetate

20 alkali earth acetate, instead of acetic are employed the residue consists largely
acid. The  acetates are  preferably or mainly of neutral sodium pyrophos- 50
employed in their anhydrous form. - phate, whereas, if about two molecular

In such form of execution we may for equivalents of sodium acetate are
example melt sodium acetate with a employed the residue consists largely

25 - sodium salt of a metaphosphoric acid and - or mainly of neutral (trisodium) ortho-

" separate the anhydride by distillation or phosphate, in these cases the reactions &5
_ by filtration with or without subsequent probably proceed according to the equa-

- distillation. - tions —

Preferably however we perform the .
¢) 2NaPO; +2CH;COONa =Na,P,0, + (CH;CO),0
neutral sodium pyrophosphate
- 60 d) 2NaPO,+4CH,COONa =2NazPO, +2(CH;CO),0
neutral (trisodium) orthophosphate.
 In order to wutilise the dehydrating duced. This mixture may be evaporated -
- capacity of the metaphosphate to the full to dryness, and by further heating (pre-
. we preferably - use sufficient sodium ferably wunder reduced pressure) trans- 95
- 65 acetate to transform the metaphosphate to - formed into a mixture of sodium pyro-
the neutral (trisodium) orthophosphate. phosphate and sodium acetate. This |
When the residue - from the reaction resulting mixture may be heated, or pre- -
contains neutral sodium pyrophosphate it - ferably boiled with a suitable non-
.. may, with or without separation of the - aqueous solvent, such for instance as 100
-0 acetic anhydride, be employed to react acetic anhydride, to produce further
with further quantities of sodium acetate acetic anhydride. -
" or with acetic acid. For instance a -~ Or for instance when the residue con- "~
- -further molecular equivalent of sodium sists largely or mainly of mnautral (tri-
acetate may be added to the residue and sodium) orthophosphate or of mneutral 105

75 the mixture heated, or preferably boiled . sodium pyrophosphate, the residue may
after dilution with acetic anhydride, and - be treated with acids in known manner to _.
the acetic anhydride so produced re- _produce disodium hydrogen phosphate
covered as above described. = . (Nap,HPO,). This may then be treated with

) Where the residues consist largely or aqueous acetic acid and ammonia to pro- 110

%80 mainly of neutral pyrophosphate or of - "duce a mixture of acid sodium ammonivm
neutral orthophosphate they may be phosphate (microcosmic salt) and sodium

- recovered as metaphosphate or as neutral acetate which may be separated by frac-

- pyrophosphate by suitable treatment after tional crystallisation, for instance by
. acidification (preferably with acetic acid) cooling the solution at suitable concen- 115
--85 and the process thus made a continuous tration whereby the acid sodium ammon-

cycle: of operations. ” For instance,- when. ium phosphate is largely or eatirely pre- -
the residues consist largely or mainly of cipitated and the sodium acetate remains
neutral (trisodium) orthophosphate,. it in  solution. The separated sodium

A may be mixed with about one molecular - ammonium phosphate may then be heated 120

3290 equivalent of aqueous acetic acid where- to produce sodium metaphosphate which

- by a mixture of disodium hydrogen phos-

- phate and sodium acetate may be pro-

may then be treated with fresh acetic acid -

or sodium acetate to produce further
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acetic anhydride. The sodium acetate
separated from the acid sodium ammon-
ium phosphate may be recovered from the
solution and utilised for the production of
acetic anhydride by the process of the
invention. The ammonia liberated on
heating the acid sodium ammonium phos-
phate may be used for treating disodium
hydrogen  phosphate (and  especially
disodium hydrogen phosphate prepared as
described above) to produce further
quantities of sodium ammonium phos-
hate for use in the process.

It will thus be seen that the utilisation
of the residues and the execution of the
process as a continuous cycle of operations
though somewhat more complicated when
salts of acetic acid are employed instead
of acetic acid, still enables very efficient
recovery and utilisation of the reagents.

It will be understood that the above
forms of execution of the invention are
given. only by way of illustration and are
in no way limitative.

Instead of sodium acetate we ma
employ potassium acetate or other alkali
or earth alkali or other metal acetate.

Further we may employ mixtures of
sodium acetate or other alkali or earth
alkali or other metal acetate with acetic
acid.

When employing mixtures of acetates
and acetic acid we preferably employ
excess acetic acid to act as diluent for the
reaction. For instance we may heat, or
preferably boil, a mixture of sodium
acetate and a sodium metaphosphate (or
pyrophosphate) after dilution with glacial
acetic acid or after dilution with a mix-
ture of acetic acid and acetic anhydride,
and recover the acetic anhydride so pro-
duced by distillation or by filiration with
or without subsequent distillation.

In performing the invention with
acetates or mixtures thereof and acetic
acid, the acetates should preferably be
employed in their anhydrous form.

Instead of acetic acid or acetates we
may employ any other aliphatic acids or
sodium or other alkali or alkali earth or
other metal salts of such acids. ’

Instead of sodium salts of phosphoric
acids of lower degree of hydration than
orthophosphoric acid we may employ
potassium or any other salts (including
acid salts) of such acids.

Dated this 23rd day of July, 1927.
T. L. WHITEHEAD,
Chartered Patent Agent,
Patent Department,
British Celanese Limited,
8, Waterloo Place, London, S.W. 1.

PROVISIONAL SPECIFICATION.
No. 19,598, A.D. 1927.

Improvements in or relating to the Manufacture of Aliphatic Acid
: Anhydrides.

We, BritisE CeraNEsE Livitep, of 8,
Waterloo Place, London, S'W. 1, a com-
pany incorporated in accordance with the
laws of Great Britain, HEnry DrEYFUS,
‘of 8, Waterloo Place, London, SW. 1,
and WarLTeErR BADER, of the Works of
British Celanese Limited, Spondon, near
Derby, both citizens of the Swiss
Republic, do hereby declare the nature of
this invention to be as follows :—

This invention relates to the manufac-

_ ture of anhydrides of aliphatic acids and
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especially to the manufacture of acetic
anhydride.

According to the invention we have now
found that aliphatic anhydrides (and
“especially acetic anhydride) can be satis-
factorily produced by treating liquid
aliphatic acids and/or metal salts of
“aliphatic acids with ome or more phos-
-phoric acids of lower degree of hydration
-than orthophosphoric acid. :

In performing the invention we may
for instance mix acetic acid, preferably

glacial acetic acid (in presence or absence
of acetic anhydride) with a metaphos-
phoric acid and heat, or preferably boil,
the mixture to accelerate the reaction.
By this means acetic anhydride may
readily be produced, the anhydride being
separated from the reaction mixture, for

‘instance by distillation.

According to the relative proportions of
the metaphosphoric acid and the acetic
acid employed pyrophosphoric acid or
orthophosphoric acid are produced with
the anhydride. For instance -when sub-
stantially equimolecular proportions of
acetic acid and metaphosphoric acid
(reckoned as HPO;) are employed the
metaphosphoric  acid is  transformed
largely or ‘entirely to pyrophosphoric
acid, whereas if about 2 molecular
equivalents . of acetic acid are employed
metaphosphoric  acid is  transformed
largely or entirely to orthophosphoric
acid ; in these cases the reactions probably
proceed according to the equations :

35
40
45
50

55

8
%
9

100

e e e b A gt e o e



299,342

5

10

15

20

25

30

35

a) 2HPO; +2CH,CO0H =(CH;C0),0 +H,P,0,
pyrophosphorie acid
b) 2HPO,+4CH;COOH =(CH,CO),0 +2H,PO,
orthophosphoric acid.
In order to utilise the dehydrating phosphoric acid they may if desired be

capacity of the metaphosphoric acid to the
full we preferably use sufficient acetic
acid to transform metaphosphoric acid to
orthophosphoric acid e.g. about two mole-
cules of acetic acid for each molecule of
metaphosphoric acid (reckoned as HPOy).
By using excess acetic acid (i.e. excess
over the 2 molecules) mixtures of acetic
acid and acetic anhydride may be
obtained which are highly useful for
industrial acetylation processes such for
instance as the manufacture of cellulose
acetate.

When the residue from the reaction
contains pyrophosphoric acid it may, with
or without separation of the acetic
anhydride, be employed for reaction with
further acetic acid to produce further
acetic anhydride. For instance a further
molecular proportion of acetic acid (or if
desired an excess of acetic acid) may be
added to the residue and the mixture
again heated or boiled and the anhydride
so produced recovered as above deseribed.

The residues from the reactions
(whether such residues consist substan-
tially of orthophosphoric acid or of pyro-
phosphoric acid or of mixtures of such
acids) may readily be transformed into a
metaphosphoric acid, which may be made
to serve for treating fresh quantities of
acetic acid, and thus the process may be
econducted as a continuous cycle of opera-
tions. For instance the residues may be
heated, in the manner known for the pro-
duction of metaphosphoric acids from
orthophosphoric acid or pvrophosphonc
acid, and the metaphosphoric acid so pro-
duced treated with fresh - acetic acid in
the manner above described : or when the
residues consist substantially of ortho-

~¢) 2HPO;+2CH,COONa
d)

heated to form pyrophosphoric acid
instead of metaphosphoric acid, which
pyrophosphoric acid may similarly be
treated with fresh acetic acid.

According to another and more prefer-
able form of execution of the invention we
may employ a metal acetate, for instance
an alkali or earth alkali acetate, instead
of acetic acid.

In such form of execution we may for
example heat a mixture of sodium acetate
and a metaphosphoric acid and separate
the anhydride by distillation. Preferably
however we perform the reaction in pre-
sence of a non-aqueous diluent, such for
instance as  acetic  anhydride. For
instance we may heat, or preferably boil,
a mixture of a metaphosphoric acid and
sodium acetate with acetic anhydride and
recover the acetic anhydride so produced
by distillation or by filtration witk or
without subsequent distillation. By these
means highly satisfactory yields of acetic
anhydride may be obtained.

According to the relative proportions of
the metaphosphoric acid and the acetate
employed acid sodivm pyrophosphate or
disodium hydrogen phosphate are pro-
duced together with the anhydride. Thus,
for instance, when substantially equimole-
cular proportions of the metaphosphoric
acid (reckoned as HPOQO;) and sodium

‘acetate are employed the residue consists

largely or mainly of acid sodium pyro-
phosphate, whereas if about 2 molecular
equivalents of sodium acetate are
employed the residue consists largely or
mainly of disodium hydrogen phesphate,
in these cases the reactions probably pro-
ceed according to the equations :

(CHSCO)20 +Na,H,P,0,
acid sodium
2HPO; +4CH;COONa =2(CH,;C0),0 +2Na,HPO,

yrophosphate

dlsodlum hydro«ren phosphate

In order to utilise the dehydrating capa-
city of the metaphosphoric aecid to the full
we preferably use -sufficient acetate to
4ransform the metaphosphoric acid to
disodium hydrogen phosphate.

- When the residue from the reaction

'contams acid sodium pyrophosphate it

s . may, with or without separation of the

100

acetic’ anhydride, be employed to react
with further quantities of sodium acetate
or with acetic acid. For instance a
further molecular - equivalent of sodium
acetate may be added and the mixture

heated, or preferably hoiled, after dilu-
tion with acetic anhydride, and the acetic
anhydride so produced recovered as above
described.

Where the residues consist largely or
mainly of acid sodium pyrophosphate or
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disodium hydrogen phosphate they may .

be recovered as metaphosphoric acid or
pyrophosphoric acid by a suitable treat-
ment, and thus. the process may be con-
ducted as a continuous cycle of operations.
For instance when the residue -consists
largely or mainly of disodium hydrogen

115
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phosphate it may be acidified in known
manner to produce orthophosphoric acid
which may be heated to produce a meta-
phosphoric acid or pyrophosphoric acid
which may then be treated with fresh
acetic acid or sodium acetate to produce
further acetic  anhydride. Or, for
instance, when the residue consists
largely or mainly of acid sodium pyro-
phosphate it may be treated with acids in
known manner to produce an orthophos-
phate. This may then be treated with
acids in known manner to produce ortho-
phosphoric acid which may be heated to
produce a metaphosphoric acid or a pyro-
phosphoric acid which may then be
treafed with fresh acetic acid or sodium
acetate to  produce further  acetic
anhydride.

Or, if desired the residue from the reac-
tion may be heated in known manmer to
produce a sodium metaphosphate or pyro-
phosphate which may be employed for the
execution of the process of our co-pending
Application No. 19,597 /27 of even date
herewith. It will be understood that the
above forms of execution of the invention
are given only by way of illustration and
are in no way limitative.

Tnstead of sodium acetate we may
employ potassium acetate or other alkali

or earth alkali or other metal acetate.

Further we may employ mixtures of
sodium acetate or other alkali or other
metal acetate with acetic acid.

When employing mixtures of acetates
and acetic acid we preferably employ
excess acetic acid to act as diluent for
the reaction. For instance we may heat,
or preferably boil, a mixture of soditm
acetate with a metaphosphoric acid after
dilution with glacial acetic acid or after
dilution with  a mixture of acetic
anhydride and acetic acid, and recover
the anhydride so produced, by distillation
or by filtration with or without subsequent
distillation.

In performing the invention with
acetates or mixtures thereof with acetic
acid, the acetates should preferably be
employed in their anhydrous form.

Instead of acetic acid or acetates we
may employ any other aliphatic acids or
sodium or other alkali or alkali earth or
other metal salts of such acids.

Dated this 23rd day of July, 1927.
T. L. WHITEHEAD.
Chartered Patent Agent,
Patent Department,
British Celanese Limited,

8, Waterloo Place, London, S.W. 1.

COMPLETE SPECIFICATION.

Improvements in or relating to the Manufacture of Aliphatic Aeid
Anhydrides.

We, BriTisg CELANESE LIMITED, of 8,
‘Waterloo Place, London, SW. 1, a com.-'
pany incorporated in accordance with the
faws of Great Britain, HeNry DREYFUS,
of 8, Waterloo Place, London, S.W. 1,
a citizen of the Swiss Republic, and
WaLTER BADER, of the Works of British
Celanese Limited, Spondon, near Derby,
a citizen of the Swiss Republic, do hereby
declare the nature of this invention and
in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment —

This invention relates to the manufac-
ture of anhydrides of aliphatic acids and
especially to the manufacture of acetic
anhydride.

In previous Specification No. 280,972
Henry Dreyfus has described how phos-
phoric acids may be employed as
catalysts in the formation of acetic
anhydride by the thermal decomposition
of acetic acid.

According to the present invention we
have now found that aliphatic anhydrides

(and especially acetic anhydride) can be
satisfactorily produced by treating liquid
aliphatic acids andjor metal salts of
aliphatic acids with phosphoric acids of
lower degree of hydration than ortho-
phosphoric acid and Jor salts of such phos-
phoric acids (as for instance with meta-
phosphoric acid or pyrophosphoric acid or
with alkali or earth alkali salts of meta-
phosphoric or pyrophosphoric acid).

According to one form of execution of
the invention we may mix acetic acid,
preferably glacial acetic acid (in presence
or absence of acetic anhydride), with a
sodium salt of a metaphosphoric acid, the
reaction being accelerated by heating.or
preferably beiling the mixture. By this
means a high yield of acetic anhydride
may be readily produced, the anhydride
being separated from the reaction mix-
ture, for instance, by distillation or by
filtration with or without subsequent dis-
tillation.

According to the relative proportions of
metaphosphate and acetic acid employed
acid sodium pyrophosphate or acid sodium
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6 209,342
orthophosphate are produced with the sodium pyrophosphate, whereas if about
acetic anhydride. For instance when sub- two molecular equivalents of acetic acid
;. stantially equimolecular proportions of are employed the residue consists largely -
©° acetic acid and of the metaphosphate or mainly of acid sodium orthophosphate; 10
5 (reckoned as NaPO;) are employed the in these cases the reactions probably pro-
residue consists largely or mainly of acid ceed according to the equations :
@) 2NaPO, +2CH;CO0H =Na,H,P,0, +(CH;C0),0
i acid sodium pyrophosphate
15 - b) 2NaPO,+4CH,COOH =2NaH,P0, +2(CH,C0),0
acid sodium orthophosphate.
In order to utilise the dehydrating capa- instead of metaphosphate, which acid -
v~ city of the metaphosphate to the full we pyrophosphate may similarly be treated
"~ preferably use sufficient acetic acid to with fresh acetic acid. )
20 transform the metaphosphate to acid According to another form of execu-
sodium orthophosphate, e.g. about 2 mole- tion of the invention we may employ a 65
cules of acetic acid for each molecule of metal acetate, for instance an alkali or
metaphosphate (reckoned as NaPO,). By alkali earth acetate, instead of acetic
using excess of acetic acid (i.e. an excess acid. The acetates are preferably
25 over the 2 molecules) mixtures of acetic employed in their anhydrous form. -
acid and acetic anhydride may be In such form of execution we may for 70
obtained which are highly wuseful for example melt sodium acetate with a
> industrial acetylation processes such for sodium salt of a metaphosphoric acid and
instance as the manufacture of cellulose separate the anhydride by distillation or
30 acetate. by filtration with or without subsequent .
When the residue contains acid sodium distillation. 75
pyrophosphate it may, with or withous Preferably ‘however we perform the
separation of the acetic anhydride, be reaction in presence of a non-aqueous
employed for reaction with further diluent, such for example as acetic
36 acetic acid to produce further acetic anhydride. For instance, we may heat,
anhydride. For instance a further mole- or preferably boil, a mixture of a sodium 80
cular proportion of acetic acid (or if metaphosphate and sodium acetate with
desired an excess of acetic acid) may be acetic anhydride and recover the acetic
added to the residue and the mixture anhydride so produced by distillation or
40 . again heated or boiled and the anhydride by filtration with or without subsequent -
so produced recovered as above described. distillation. By these means highly satis- 85
The residues from the reactions factory yields of acetic anhydride may be
(whether such residues consist substan- obtained.
tially of acid orthophosphate or acid pyro- According to relative proportions of
45 phosphate or of mixtures of such phos- -metaphosphate and acetate  employed
phates) may readily be ‘transformed into meutral pyrophosphate or neutral (tri- 90
N metaphosphate which may be made to sodium orthophosphate are produced
- serve for treating fresh quantities of together with the anhydride. Thus, for
" acetic acid, and thus the process may be instance, when substantially equimole-
50 conducted as a continuous cycle of opera- cular proportions of the metaphosphate
~tions. For instance the residues may be (reckoned as NaPQ,;) and sodium acetate 95
heated, in a manner known for the pro- ‘are employed the residue consists largely
duction of metaphosphates from acid or mainly of neutral sodium pyrophos-
orthophosphates or acid pyrophosphates, phate, whereas, if about two molécular -
55 and ‘the metaphosphate so produced - equivalents of sodium acetate are
- treated with fresh acetic acid in the employed the residue consists largely 100
- ‘manner above. described; or when the - or mainly of neutral (trisodium) ortho-
© . residues consist substantially of acid phosphate, in these cases the reactions
orthophosphate they may if desired be - probably proceed according to the equa-
60 heated -to form acid pyrophosphate ‘tions:—
105 ¢) 2NaPO,+2CH;COONa =Na,P,0, + (CH,;C0),0
- ) neutral sodium pyrophosphate
d) 2NaPO;+4CH;COONa =2Na,PO, + 2(CH,C0),0
] R neutral (trisodium) orthophosphate.
In order to utilise the dehydrating When the residue from the reaction
=110 capacity of the metaphosphate to the full -contains neutral sodium pyrophosphate it 115

we preferably wuse sufficient - sodium

acetate-to transform the metaphosphate to -

the neutral (trisodium) ‘orthophosphate.-

may, with or without separation of the
acetic anhydride, be employed to react
with further quantities of sodium acetate
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"phosphate

" prepared as
... ~forther quantities of sodiom -ammonium
G

or with acetic acid. For instance a
further molecular equivalent of sodium
acetate may be added to the residue and
the mixture heated, or preferably boiled
after dilution with acetic anhydride, and
the acetic anhydride so produced Te-
covered as above described.

Where the residues consist largely or
mainly of neutral pyrophosphate or of
neutral orthophosphate they may be
recovered. as meaphosphate or as neutral
pyrophosphate by suitable treatment after
acidification (preferably with acetic acid)
and the process thus made a continuous

‘eycle of operations. For instance, when
“the residues consist largely or mainly of

neutral (trisodium) orthophosphate, it
may be mixed with about one molecular
equivalent of aqueous acetic acid where-
by a mixture of disodium hydrogen phos-
phate and sodium acetate may be pro-
duced. This mixture may be evaporated
to dryness, and by further heating (pre-
ferably under reduced pressure) trans-
formed into a mixture of sodium pyro-
and sodium acetate. This
resulting mixture may be heated, or pre-
ferably boiled with a suitable xnon-
aqueous solvent, such for instance as
acetic anhydride, to produce further
acetic anhydride.

Or for instance when the residue con-
sists largely or mainly of neutral (tri-
sodium) orthophosphate or of neutral

‘sodium pyrophosphate, the residue may
“be treated with acids in known

manner to
produce
This may then be treated with
agueous acetic” acid and ammonia to pro-
duce a mixture of sodium ammonium
phosphate (microcosmic salt) and sodium
acetate which may be separated by frac-
tional crystallisation, for instance, by
cooling the solution at suitable concen-
tration whereby the sodium ammonium
‘phosphate is largely or entirely pre-
‘cipitated ~ and the .sodium  acetate
remains _in  solution. The separated
sodium ammonium phosphate may then
be heated to produce sodium meta-
phosphate which may then be treated -with
fresh acetic acid or sodium acetate to pro-
duce further -acetic anhydride. The
sodium acetate separated from the sodium

- ammonium phosphate may be recovered
“from the solution and utilised for the pro-
duction of acetic anhydride by the pro-

cess of the invention. The ammonia
liberated on heating the sodium ammon-
jum phosphate may be used for treating
disodium ~ hydrogen  phosphate (and
especially disodium hydrogen phosphate
described above) to produce

phosphate for use in the process.

disodium hydrogen phosphate
(Na HPO,).

Tt will thus be seen that the utilisation
of the residues and the execution of the
process as a continuous cycle of operations
though somewhat more complicated when
salts of acetic acid are employed instead
of acetic acid, still enables very efficient
recovery and utilisation of the re-
agents.

Tt will be understood that the above
forms of execution of the invention are
given only by way of illustration and are
in no way limitative.

Instead of sodium acetate we may
employ potassium -acetate or other alkali
or earth alkali or other metal acetate.

PFurther we may employ mixtures of
sodium acetate or other alkali or earth
all;gli or other metal acetate with acetic
acid.

When employing mixtures of acetates
and acetic acid we preferably employ
excess acetic acid to act as diluent for the
reaction. For instance we may heat, or
preferably boil, a mixture of sodium
acetate and a sodium metaphosphate (or
pyrophosphate) after dilution with glacial
acetic acid
ture of acetic acid and acetic anhydride,
and recover the acetic anhydride so pro-
duced by distillation or by filtration with
or without subsequent distillation.

70
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or after dilution with a mix- -

95

Instead of acetic acid or acetates we -~

may employ any other aliphatic acids or
sodium or other alkali or alkali earth or
other metals salts of such acids.

100

Tnstead of sodium salts of phosphoric .

acids of lower degree of hydration than
orthophosphoric acid we may employ
potassium or any - other salts (including
acid salts) of such acids. :

105

According to another form of execution

of the invention we may for instance mix
acetic acid, preferably glacial acetic acid
(in presence oOr absence of acetic
anhydride) with a metaphosphoric -acid
and heat, or preferably boil, the mixture
to accelerate the reaction. By -this means
acetic anhydride may readily be pro-
‘duced, the anhydride being separated
from the reaction mixture, for instance,
by distillation.

According to the relative proportions of
the metaphosphoric acid and the acetic
acid employed pyrophosphoric acid or
orthophosphoric acid are produced with
the anhydride.
stantially equimolecular ~proportions of
acetic acid and metaphosphoric
(reckoned as HPO;) are employed ‘the
metaphosphoric  acid I8 ‘transformed
largely or entirely to pyrophiosphoric.
acid, whereas if about 2 molecular equiva-
lents of acetic acid are employed meta-
phosphoric acid is transformed largely or
entirely to orthophosphoric acid ; in these

For instance when sub-

110

115

120

acid

125

130



299,342

10

15

20

25

30

* such

35

40

45

cases the reactions probably proceed according to the equations :—
e) 2HPO;+2CHCOOH = (CH,C0),0 +H,P,0,
pyrophosphoric acid
f) 2HPO, +4CH,COOH = (CH,;C0),0 +2H,PO,
orthophosphoric acid.

In order to utilise the dehydrating
capacity of the metaphosphoric acid to
the full we preferably use sufficient acetic
acid to transform metaphosphoric acid to
orthophosphoric acid e.g. about two mole-
cules of acetic acid for each molecule of
metaphosphoric acid (reckoned as HPO,).
By using excess acefic acid (i.e. excess
over the 2 molecules) mixtures of acetic
acid and acetic anhydride may be
obtained which are highly useful for
industrial acetylation processes such for
instance as the manufacture of cellulose
acetate.

When the residue from the reaction
contains pyrophosphoric acid it may, with
or without separation of the acetic
anhydride be employed for reaction with
further acetic acid to produce further
acetic anhydride. For instance, a further
molecular proportion of acetic acid (or, if
desired, an excess of acetic acid) may be
added to the residue and the mixture
again heated or boiled and the anhydride
so produced recovered as above described.

"The residues from the reactions (whether
residues consist substantially of
orthophosphoric acid or of pyrophosphoric
acid or of mixtures of such acids) may
readily be transformed inti a metaphos-

phoric acid, which may be made to serve

for treating fresh quantities of asstic acid,
and thus the process may be conducted as
a continuous cycle of operations. For
instance the residues may be heated, in
the manner known for the production of
metaphosphoric acids from orthophos-
phoric acid or pyrophosphoric acid, and
the- metaphosphoric™ acid so produced
treated with fresh acetic acid in the

. manner above described; or when the

90

95

100

105 further molecular equivalent

residues consist substantially of ortho-

phosphoric acid they may if desived be
heated to form pyrophcspheiic acid
instead of metaphosphoric acid, which
pyrophosphoric acid may similarly be
treated with fresh acetic acid.

According to another amd mcre prefer-
able form of exzecution of the invention
we may employ a metal acetats, for
instance, an alkali or earth alkali acetate,
instead of acetic acid.

In such form of execution we may, for
example, heat a mixture of sodium
acetate and a metaphosphoric acid aund
separate the anhydride by distillation.
Preferably, however, we pezform  the
reaction in presence of a ncm-agueous
diluent, such for instance as acetic
anhydride. For instance, we may hest,
or preferably boil, a mixture of a meta-
phosphoric acid and sodium acetate with
acetic anhydride and recover the acetic
anhydride so produced by distillation or
by filtration with or without subseguent
distillation. By these means highly satis-
factory yields of acetic anhydride may be
obtained.

According to the relative proportions of
the metaphosphoric acid and the acetate
employed acid sodium pyrophosphate or
disodium hydrogen phosphate are pro-
duced together with the anhydride. Thus
for instance, when substantially equimole-
cular proportions of the metaphosphorie
acid (reckoned as HPO,) and sodium
acetate are employed the residue consists
largely or mainly of acid sodium pyro-
phosphate, whereas if about 2 molecular
equivalents of sodium  acetate are
employed the residue consists largely or
mainly of disodium hydrogen pkosphate,
in these cases the reactions probably pro-
ceed according to the equations :—

g9) 2HPO;+2CH,COONa = (CH,C0),0 + Na,H,P,0,
acid sodium pyrophosphate
k) 2HPO, +4CH,COONa = 2(CH;C0),0 +2Na,HPO,
disodium hydrogen phosphate.

In order to utilise the dehydrating capa-
city of the metaphosphoric acid o the full
we preferably use sufficient acetate to
transform the metaphosphoric acid to
disodium hydrogen phosphate.

When the residue from the reaction
contains acid sodium pyrophosphate it
may, with or without separation of the
acetic anhydride, be employed to react
with further quantities of sodium acetate
or with acetic acid. For instance, a
of sodium

agetate may be added and the mixture
heated, or preferably boiled, after dilu-
tion with acetic anhydride, and the acetic
anhydride so produced recovered as above
described.

Where the residues consist largely or
mainly of acid sodium pyrophosphate or
disodium hydrogen phosphate they may be
recovered as metaphosphoric acid or pyro-
phosphoric acid by a suitable treatment.
and thus the process may be conducted as
a continuous cycle of operations. For
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-~ instance, when the residue consists largely

or mainly of disodium hydrogen phos-
phateé it may be acidified in known
manirer to produce orthophosphorie acid
whichk may be heated to produce a meta-
phosphoric acid or pyrophosphoric acid
which may then be tfreated with fresh
acetic- acid or sodium acetate to produce
furtler  acetic  anhydride. Or, for
instdhee, when the residue consists largely
or mainly of acid sodium pyrophosphate
it miay be treated with acids in known
manfer to produce an -orthophosphate.
This may then be treated with acids in
known manner to produce orthophosphoric
acid “which may be heated to produce a
metaphosphoric acid or a pyrophosphoric
-acid swhich may then be treated with fresh
acetic acid or sodium acetate to produce
turther acetic anhydride.

Or; if desired, the residue from the
‘reaction may be heated in known manmer
40 produce a sodium metaphosphate or
pyrophosphate which may be employed
for the production of further quantities
-of anhydride in the manner hereinbefore
“indicated. It will be understood that the
-above forms of execution of the invention
are given only by way of illustration and
‘are in no way limitative.

- Instead of sodium acetate we may
-employ potassium acetate or other alkali
-or earth alkali or other metal acetate.

Further we may employ mixtures of

sodium acetate or other alkali or other
metal acetate with acetic acid.

When employing mixtures of acetates
and acetic acid we preferably emplo
excess acetic acid to act as diluent for the
reaction. For instance, we may heat or
preferably boil, a mixture of sodium
acetate with a metaphosphoric acid after
dilution with glacial acetic acid or after
dilution with a mixture of acetic

~anhydride and agcetic acid, and recover

" the anhydride so produced, by distillation
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or by filtration with or without subsequent
distillation.

In performing the invention with
acetates or mixtures thereof with acetic
acid, the acetates should preferably be
employed in their anhydrous form.

Instead of acetic acid or acetates we
may employ any other aliphatic acids or
sodium or other alkali or alkali earth or
other metal salts of such acids.

In performing the invention we may,
as hereinbefore indicated, heat-or boil the
various reaction mixtures to -accelerate
the formation of the anhydride. Whilst
such reaction mixtures may be heated or
boiled in any suitable manner, the best
results appear to be obtained when the
heating or boiling is performed at tem-
peratures of between about 100° and

250° C, and especially at temperatures of
from about 120° and 180° C. In cases
where acetic or other aliphatic acid is
caused to react with the said phosphoric
acid (and /or phosphate) and where the
boiling point of the said aliphatic acid is
not sufficiently raised by admixture with
the phosphoric acid (and /or phosphate) to
enable the reaction mixture to be boiled
at the desired temperature, the boiling
may of course be performed under in-
creased pressure, pressures of up to 3
atmospheres usually sufficing for this
purpose.

" In cases where salts (i.e. either salts of
aliphatic acids or salts of said phosphoric
acids or salts of both of such acids) are
employed for producing the anhydride it
is often advantageous to mix indifferent
powders, such for instance as kieselguhr
or infusorial earth with the reaction mix-
tures, such admixing serving in many
cases to prevent caking.

It will of course be understood that in
cases where the anhydride is distilled
from the reaction mixtures, such distilla-
tion may be effected under any desired
pressure, e.g. under mnormal atmospheric
pressure or wunder reduced pressure.
Further, if desired, such distillation may
be aided by blowing air, carbon dioxide
or other indifferent gas through the reac-
tion vessel.

The following examples serve to illus-
trate one form of execution of the inven-
tion, it being understood that these are
given only by way of illustration and in
no way as limitative.

Exavrre 1.

100 lbs, of sodium metaphosphate in
the form of a fine dry powder is mixed
with 150 Ibs, of anhydrous powdered
sodium acetate and 20 Ibs. of dry
infusorial earth. The resulting mixbture
is stirred in a pan and heated to about
150° C. The pan is closed and connected
with a condenser and receiver. Glacial
acetic acid is slowly and continuously
added to the mixture at such speed that
the mixture appears just moist. The
heating and addition of acetic acid are
maintained so long as acetic anhydride
appears in the distillate, then the acetic
acid supply is cut off and the residue dis-
tilled dry The residue remaining after
distillation is composed substantially of
trisodium orthophosphate whilst the dis-
tillate is composed substantially of 85 to
90 1Ibs, of acetic anhydride and about
350 lbs, glacial acetic acid.

ExamreLr 2.

A mixture of 100 parts of sodium meta-
phosphate (in the form of a fine dry
powder), 150 parts of anhydrous powdered
sodium acetate and 20 parts of dry
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infusorial earth is caused to pass in any
suitable and continuous manner into and
through a reaction vessel heated to about
150° to 180° C., the vessel being provided
with a condenser and receiver. In its
passage through the reaction vessel glacial
acetic acid in liquid form is added to the
powder at one or more places along the
path of the powder, the addition of acetic
acid being such as to keep the powder just
moist. The acetic anhydride so formed
passes, with acetic acid, to the receiver
and condenser; whilst the powder is
caused to pass continuously from the
reaction vessel. By such means acetic
anhydride may readily be produced and
by regulating the passage of the reaction
powder the sodium metaphosphate may be
decomposed substantially entirely to tri-
sodium orthophosphate.

Having now particularly deseribed and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is :—

1. Process for the manufacture of
aliphatic anhydrides (and expecially
acetic anhydride) characterised in that
liquid aliphatic acids and/or metal salts
of such acids are caused to react with
phosphoric acids of lower degree of hydra-
tion than orthophosphoric acid and /or
with salts of such phosphoric acids.

2. Process according to Claim 1 and
wherein the reaction is performed by heat-
ing an alkali, earth alkali or other metal
salt of acetic or other aliphatic acid with
an alkali or earth alkali salt of metaphos-

phoric acid or of pyrophosphoric acid in

presence or absence of a non—aqueous
diluent. -

3. Process according to Claim 1 or 2
and wherein sufficient aliphatic acid (or
salt thereof) is employed in the reaction
mass to hydrate the phosphoric acid (or
phosphate) substantially to orthophos-
phoric acid (or orthophosphate). :

4. Process according to Claim 3, and
wherein the reaction is performed by
heating one molecular equivalent of meta-
phosphoric acid or of sodium or other
metaphosphate with about two mole-
cular equivalents of acetic acid or of
sodium or other alkali acetate.

5. Process according to Claim 1, 2, 3 or
4 and wherein the reaction is performed
at temperatures of from about 100° to
250° C. and preferably at temperatures of
from about 150° to 180° C.

6. Process according to Claim 1, 2, 3,
4 or 5, and wherein the process is per-
formed as a continuous cycle of opera-
tions, the residues from the reaction,
after treatment by any of the methods
hereinbefore described for regenerating
the said phosphoric acids or salts thereof.

being caused to react with further quanti-

ties of the aliphatic acids or salts thereof.
7. Process for the manufacture of acetic
anhydride substantially as described in
Example 1 or Example 2. ]
o

8. Process for the manufacture

‘acetic or other aliphatic anhydrides sub-
_stantially as hereinbefore described.

Dated this 23rd day of May, 1928.

T. L. WHITEHEAD,
Chartered Patent Agent,
Patent Department,

British Celanese Limited,

8, Waterloo Place, London, S.W. 1.

Abingdon :
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