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Chapter I

I. Description of the Appearance of lLcetic Anhydride end
be)

(522
Statement of its Physical and Chemical rrOperties

Aeebi

o

anhydride is a colourless, velatile liquid having en

odor like that of glacial acetic acid, but stronger. It is very

jan
l..J .

corrosive and its vapors are extremely irritating to the eyes and
lungs. Care should bherefore be exercised in working with it, and
any spilled wpon the hands should be immediately washed off, It
is & condensation of two molecules of acetic acid with elimination

of water. The reaction, however, is reversible, and there is

e acebic acid due to action of water, thu

always present som =R
(CHZC0),0 + 1,0 &==—5 2cH,C00H

The anhydride contains two acetyl (Cich} groups in combination

with oxygen,

PHYSICAL PROPERTIES.--The pure compound boils et 139.5°C, at
760 m.m. pressure, has & specific gravity of 1.0876 at 15°C, and
1.0820 at 20°C., The commercial anhydride contains a little acebic

ecid and boils st about 138°C.%

PROFEETIES sm-lcetic anhydride in presence of water is

hydrolysed, producing acetic acid. Howsver, the hydrolysis 1is
very much slower at low Temperabures than at high temperatur@s.z

Anhydride will remain in walter at low Temperatures for a

considerable time without change. At 20°C end higher the hydroly-

1. Thorpe, Dictiomary of Applied Chemistry, Vol. I, p. 30.
Thid.,

oo
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sis proceeds very rapidly, and the ftemperature rises considerably.

This hydration is accelerated by a Trace of sulphuric acid,
When mixed with concentrated sulphuric acid at 0%C, acetic

anhydride forms an additlonal compound, acetylsulphuric acid, which

is a viscous syrupy liguid; if the temperature 1s allowed to rise,

this changes to the isomeric sulphoacetic acid, HSOBCHE COCH, and

-

brown condensation products are also Pormed.?

TWith concenbrated nitric acid at a low temperature, acetic

I,

anhydride gives a compound, CQEQNG7,‘whica is described as

diacebylorthonitric acld, and with nitric anhydride it gives

acetyl nitrate, C,H,0,N0,.” These substances react generall
with organic hydroxyl compounds as nitrating agents, more rarely,
as acebylating agenbs,.

Acetic anhydride dissolves boric arnhydride slowly; boric
L

acid rapidly. On heating, 1t gives & mixed boric acetic anhydride,

4

B{COC CMY)S, melting point, 121°C.* This substa: may be used
for the preparetion of neutral boric esfers by warming with

alochols and phenols.

“

With absolubte formic acid at a Gemperature not exceeding

0 . s n . . . s
507°C, acetic anhydride combines So give formyl esceltilc anhydride,

i ot . . s o 0 R
which distills with decomposition at 1057-120 C.5 This compound

generally VleWQS formic esters with alcohols and formyl derivatives

with amines.

Dictionary of Applied Chemistry, Vol, I, p. 30,
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With aldehyde groups it reacts, Torming the diacebaltes of
ortholdehydes, R.CHO-* E.C(OH)Z-*IR.C(OOC.CHB)Z, which are not
very stable.t icetic anhydride is converted into an esbter when
treated with alcohol. It reacts with compounds which contein the
hydroxyl group. If this is in combination with a positive radica
the reaction talkes nlace readily.z If This is in combination with
a compound which contains the hydroxyl group in combination with

g1

Ry R . - . 7
a negative or acid radical, the reaction takes place slowly.”

with acetic anhydride to form acetamed., One
hydrogen stom of the ammonia is renlaced by the acetyl gromp.4

Todine does rot reset with acetic anhydride at 200°C, but higher

=
n

temperatures HI given off.% lfcetic anhydride with PCIS yields

[ep)

acebyl chloride,

Acetle anhydride heated with aluminum chloride forms acetyl

chloride and aluminum acetaﬁe.7 Zine enloride with acetic

anhydride ab 100°¢ yvields acetic acid, acebtic oxide, and & dark
brown residue having the composition C,H, 0. On hesting this
zinc dust it yilelds scetone.t

Copper sulvhate shaken with an excess of écetic anhydride
forms a white, very slightly bluish compound, which decomvoses in

the air.

10, BH.( ; ) 0. H.C(C.H ) £
Cus0, BHE,O + (cga:gc HO—msCuSO A ﬂzC(C 2“30) go + 41.,20

.

Thorpe, %., Dictionary of Applied Chemistry, Vol. I, p. 30.
Horris, J. ¥.,, Organic Chemistry, p., 148.

1

2.

3. Ibid,

4, Ibid.

5. Watfs Dictionary, Vol. I, p. 16s
6. lbid, ‘
7. Ibid,

8., 1Ibid.
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Nickel and scetic anhydride react simil&rly.l
When acetic anhydride is heated at sbout 300°C for aboub
three hours, carbon, carbon dioxide, and acetone are produced.
by 7 O
CH_ =C7 \
3 ¥

SVa T 2
CH,-Ce G + CO, + CH,COCH,

& (fu 2
”ﬁfﬂ

nen the heating is conbinued during six to seven hours and the
carbon dioxide remcved at intervals, a 1little acetylecetone is
also formed.d

On treatment with a glowing electric wire, acebic anhydride

undergoes decomposit

=il

O

%

=
-

yvielding The second product of dehy-
dration of acebic acid, ketene. The reaction may be regarded as

narallel to the production of ethylene from ethyl ether.

‘: Et{

H-C - 6z 0 BCzCIo0

L0 e + 1,0 "
H-C - C 20 H-C2CZ0

1. Chemical Abstrascts, Vol. XVIII, p. 3563.

2, Ibid,, Vol. V, p. 1103,

3. Ibild,

4, Clarke, M. T., An Introduction to the Study of Crganic Chemistry,
D. 59,




IT. Uses of Acetic Anhydride; the Value of Cellulose
Acetate Compared with Other Plastics and Its
Preparation

Acetic anhydride is used in: the manufacturing of cellu-
lose acebate, preparing "dope" for dressing seroplane wings,
preparing other anhydrides, dehydrating salts, introducing the
acetyl radical into compounds with high boiling’points, stimu=-
lating the skin, preparing synthetic remedies, perfumes, dyes, and
as & reagent for detecting alcoholic hydroxyl.

Cellulose acetate has many uses. (Perhaps more is now being
used in the maufacturing of silk acetate thén for all other
purposes. Although a small per cent of the world's rayon is
cellulose acetate, this particular variety has meny advaniages
over other rayons.

Acetate silk does not take up moisture or water to the same
extent és the other fibers, including the other rayons. When
wet, acebate silk rebains only about a third or & helf as much water
as the other rayons.l The old rayons retain about one third of
their strength when wet, acetate silk is two-thirds as strong
wet as dry. Rayon made from cellulose acetate has better dye=-
ing qualities then the other rayons;z this superior quality is
now stimulating the demend. | |

Dr. Luft describes the lust of the various rayons as follows:
Witro is shiny and glossy, while acetate and viscose are silvery

and more in the nature of true silk.

le Mullin, C. E., Acebtate Silks and Its Dyes, p. 47.
2. Avram, M. H., The Reyon Industry, p. 13.
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Acetate silk does not lose 1ts sheen or silky feel on washe
ing or turn yellow with sunlight, washing, wear or perspiration.
scetate silk drapes well and celanese is stated to be more

regular in denier than any other variety of commercial rayon.

oy

toetate silk is less suscepbible to ignition than cotbton or

the other rayons.l

. i

The electric resistance of acetate silk is greater than that

av]

of any other kmown fiber, especially in a damp abmosphere, and,
for this reason, it is rapidly displacing real silk for electrical
insulating purposes in many places,

The direct cause of the growbth of the viscose process may be
found in the fact that the materials required are cheap, of world
wide distribution, and, therefore, no expensive and troublesome
Tecovery processes are required,

The raw materials for the producticn of acetats silk,
acefic anhydride, acetic acid and acetone are all relatively expen=-
sive. These chenmicals, except acebone, are additions to the
product and are not lost in the end product as are the chemicals

used in other processes. They add about 60 per cent to the weight

wl

of the acetate silk,
There is no wasbe in spluning acebate silk as it can be re-
. \ R R . s
dissolved and used again, The waste all the cther rayons is
great, The viscose process averages from two to four and one-half

per cent waste in well-run plaﬁts.5

1. Mullin, C. ®,, Acetate Silk and Its Dves, p. 64,
2. 7Ibid.

3. Avram, . H., The Rayon Industry, p. 342,

4, Ibid., p. 165.

5, Ibid.
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There is no stage of the viscose process where the wasbe can be re-

utilized in making up the spinning solution. The waste in the

cupra-ammonium process is comparatively large on account of the

X

fact that the fibers do not receive their greatest strength until

21

!

vell towards the end of the process. Fair averages for saleble
westes from cupra plants ere from three and one-half to six per
cent. Nome of the cupra waste can be re-processed %o rayon
production,

Another advantage of The acetate process is thet the necessity
of grading is practically eliminated, only one quality is sold and
any wastes can be re-dissolved and re-spuﬁ.l

The rayon production hes grown ravpidly to meet the demand,

The public buys rayon goods because bthey look very much like real
5ilk and are cheaper. Only a very small percentage of consumers

of rayons lnow that there are different grades and that rayon made
by some processes 1s better tnan that made by others., As there

are no uses for used rayons, and worn oub rayon garments,as there
are for raw silk and obther worn out goods, the public will De

more incliﬁed to investigate as tc the grade or guality of
rayon. The life of rayon is not long, &s the goods do nob with=

z

stand the wear and tear, nor atmospheric conditions as well as the
It is very vprobable that the viscose process will not have such
g great lead on obher processes when the public learns more aboud

financial

the dyeing and durability of different grades.

1. Avram, M. H., Toe Rayon Industry, p. 54z,
2. Ibid., p. 23,
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strengbh behind the cellulose acetate process and
qualities over the cther rayons, it will probably find a higher
rank on the production scale,

In 1924 there were five acetate silk plants operated, two
of which were in the United States.

The two best kmown Types of acetate silks are Lustron and
Celanese., Both of these Types have acetylation values higher
than cellulose diacetate and lower than the triacetate. Bobth
of these Types are made from cellulose acetate., The mebhods are
as follows:

Cglyg05 # 3(CHZC0),0 = CgH ?os(oqvco)" + 3CI,CO0H, or

written in another manner:

A
/
CH3CO0
OH 1.uo:: 0=COCH,
/"{YT‘ CO\ 1
CgHo0, —OI 4 S0 I CglipQp—OCOCH, 4 SCH,COCH
CH,CO
\\ cuso
°3

In the manulacture of Lustron the cellulose acetate is

disgolved in a combination of tebrachlorethene and some cheaper

solvent, or in chloroform. This solution is forced through the
splmeret into a nydrocarbon, such as kerosene, in which the

.

solvent is dissolved and the cellulese triacetate (Lustron) fiber
nrecipitated. In The manufacturing of celanese, the cellulose
acetate is dissolved in acebtone or a similar cheap, volabtile

1

solvent, and the fiber subseguently formed by the evaporation of

Enl
T

1. H¥ullin, C. E., Acetate Silk and Its DVm

by
o3
>
L

e




the solvent.t

The demand for celanese 1s somewhal greatbter than the demand
for Lustron. Approximately 3,500,000 pounds of celanese are
preduced annually.g

Cellulose acetate may be prepared from cellulose in wvarious t
forms, such as cobbon, or purified wood pulp, aceblec anhydride,
glacial acetic acld, and a so-called "catalyst" or condensing
agent, such as sulphuric acid (either alone or in some Torm
of combimation) phosphoric acid, anhydrous acetates of zinc

s understood that in the nresent industrial

(=N

or mangenese, 1t
processes, purified cobton linters or paper pulp is used as the
basic maﬁerial and that sulphuric acid is almost universally
used as the catalyst.g

Acetic amhydride is being used in many countries for the
preparation of cellulose acetate, A few examples are as follows:
United States Patent No. 709,922 (September 30, 1902), British
Patent ¥o. 20,866 (September 22, 1202), and French Patent No.
324,862 (September 30, 1902), to A, D. Little, H, 8. lork and
e He Walker. One hundred parts of cellulose are btreated with
350 parts of acebic anhydride, 5 parts of phenolsulfanic acid, and
5 parts of sodium salt of phenol-sulphuric acid,®

German Patent No. 252,708, to the Baver Company. One
hondred parts of dry cellulose (preferably bleached cobton) is

N

treated with a mixture of 270 to 310 parts of acetic anhydride,

5
o

1. 1wllin, C. B., heetate 5ilk and L1os Dyes, p. oh.
2. Avranm, 1. H., The Rayon Industry, p. 119,
3. Mullin, C. £., Acetate Silk and Its Dyes, p. 25,

4, Tbid., p. 26. )
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390 to 410 grams of glacial acebic aoid.l

According to British Patent Wo. 139,232 (1918) to J. O.

Zdanwich, a good grade of cellulose acetate sul

of acebate silk may be prepared by treating 150 grams
of purified cellulose with a mixture of 500 cuble cenbime ers of

glacial acetic acid and 420 cubic centimeters of acelbic anhydride.®

British Petent Wo. 258,020, (June 17, 1925), to H. J.

¥allabar, states that cellulose acetate which is soluble in
acebone, Tree Irom sulvhuric acld residues, and does not char
when heated, may be prepared by using 100 parts of cellulose, 400
parts of acetic acid, 156 to 25 parts of zine chloride and 250 to
400 parts of acetic aﬂhydride.s

k<)

Barnebt prepared cellulose acetate from Liltsr paper by

pouring 200 grams of glacial scetic acld conbalining enc

s

R
3 e

4

- o Ea o]
, on DO grams of the paner.

b

standing for some

ams of ncebtlic acid wes added.

e 3

It is understood that at the present time, cellulose acetate
is vnrevared on & commercial scale in the Rhone disbtriet of France
by treating the cellulose with aceblc and sulphuric acids and 20
to 25 per cent of the acetic anhydride in small quantities at a
time and then edding the remainder of The acetic anhydride neces-
5

sary to complete the reaction.

Pure cellulose btriacetate may be obbained by btreabing 100

g with dilute caustic soda

-

varts of cellulese, purified by tTreati

1. Imllin, C. B., Aeetate $ilr and Itg Dves, v, 27.
2. Ihid., p. 29. B

5. Tbid.

4, Ibld., v. 30

5. TIbid., p. 31,
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and containing five or six per cent of moisture, with 400 %o

500 parts of acebic anhydride, 400 to 500 parts of glacial acstic

-t

acid, and 50 Yo 100 parts of fused zinc chloride.

Cellulose acebate for the marulacture of rayon, films an

©

"dopes™ may be prepared with acetic acid, acelic anhydride, and
a catalyst. The catalysts usually employed are sulphuric acid,
zine chloride, sulphuryl chloride,

The best acetylization is brought about under the following

-

conditions and relative masses ol ©the reacting subst:

grams of cellulose are immwersed in 40 cc, of glecisl acetic acid
and 40 cc, of escebic anhydride, containing 0,52 grams sulphur

dioxide are added, This produces a'gelﬁt?A gquickly and solution
is complete in from four to six minubes,
Theoretically, 100 grams of alr-dry cellulose, such as

£ .

cobton, conbaining 5 or 6 per cent of water, will require 188
grams of ebsolute acetic anhydride. However, in practice, an

dride, or 250 to 400 grams per hundred gram

On the aversge, with various processes, 100 parts of cobtton,

350 parts of glacial aceblic acid, and 400 parts o

. LA
allulose acebate,™

2. Avram, 1i. H., Th@ Rayon In
3, Iullin, C, H., Acebate Silk
4, Ibid., p. 31.
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III. History and Statement of Previous U

of Preparing Acetic Anhydride

& verification of theories by laborabtory work resulted in the
discovery of acebic anhydride. Alexander William Willismson
began some very imporbtant research work about 1850 on the
preparation of mnew compounds. As Hofmann, by treating smmonia
with alkyl halides, had cbbained substituted ammonias, Williamson

hoped to prepare obther new compounds by subsbitubting different

substances for smmonia, He treated, for example, pobassium

This experiment furnished the key to meny puzzling problems in

chemistry at that time,

Gerhardt, inspired by Williamson's discovery, soon followed

his example., By treabing salts with acetyl chlorides he

obtained the anhydrides of meny basic aclds. He prepared acetic

!

anhydride in 1853 by treating potessium acetate rwtb gcetyl
chloride:

/() .
PR ~ CH=C e 1
CoHz0oK + CpHg0C1 —» ghgg D+ K01

In 1862 Geubher treated sodium acetate with phosphorus

3

oxychloride and prepared acebic anhydride according to the

equation, 4CHZC,0nMa - POCLs  2(CHzC0),0 - 3WaCl - NaPOz 2

¥

o

Wa H. Perkin endeavored to obtaln the hydride of aceto-

salicyl by treating salicyl with acetic anhydride in 1888, E

1. Thorpe, E., Dictionary of Applied Chemistry, Vol., I, n. 27.
2. Ibid,
2. Chemical Wews, Vol., IT, p. 41.
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In 1869 scetic anhydride wes used by Schutzenberger and
Naudin in the preparation of triacetic cellulose.t

German Patent 29,6869 was obbained April 9, 1884 for the
production of acetlc anhydride by trsating anhydrous sodium
acetate with carbonyl chlsride.z

Acetic anhydride was used for the volumetric determination
of aniline and methylaniline® in 1892.

Linalool acetate wos obbtained in 1893 by tresting Lavendula
gpica with acetic anhydriée.é

The anhydrides of several fatty acids were prepared in 1890

by heating them in a sealed tube with acetic anhydride.s

)
o
'!.J-
s
C’-
jny
[¢]

Acetic anhydride was use Uherlands in 1901 in the

nreparation of pharmaceutical compounds. IT was ex¢empbed from
excise and import dubty in that couﬁﬁry.G

.

H. Kessler obtained French Patent 315,938, November 14, 1901
for the menufacture of acebic anhydride by treating the salt of

the corresponding faltty acid with sulphur chloride, The anhydride

was disbilled off in vacouo.!

The United States Circult Court, June 1, 1805, decided that

acetlc anhydride would be dutiable as a chemical compound at 25

per cenbt ad velorem.®

N

Vany German patents were obbained from 1802 to 1807 for the

1. Chemical Hews, Vol. II, p. 41,

2. dJournal of the Sociebty of Chemical Industry, Vol. IV, p. 497,
3. Ibid., Vol., XI, p. 778.

4, Tbid., Vol. XII, p. 907.

5, Ibid., Vol. XIX, p. 357. -

6. Ibid., Vol. XX, p. 759.

7. TIbid., Vol. XXI, p. 561.

8. Tbid., Vol., XXIV, p. 758.
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manufacturing of enhydrides of monobasic orgenic acids by
treating slkeli salfs end alkeline-esrth salbs with phosphorus

oxycehloride, sulphuryl chloride, carbonyl chloride, or a mixbure

of chlorine and sulphur dioxide.t

R. Schenck prepared tetranitromethene by adding 120 grams

of acetic anhydride to a mixture of 1565 grams of nitric anhydride

and 75 grems of nitrogen tetroxide. Gorman Patent 211,198, January
2
28, 1908,

C. A, Jensen obbained English Patent 25,433, lovember 25, 1908
for the manulacbturing of acetic anhydride by treating sodium
acetate with sulphur and chlorine; the mixture being cooled to

>

. - [S Ry}
209, then heated to 80°.

seebic anhydride was obbained by tresting ibs acid salt with

3

S

dry chlorine in the presence of'sulphur, 2% temperatures below 0°.%
French Patent 407,046, September 16, 1909,

Mercury salts were treated with acetylene gas, nroducing acebic
arhydride in 1910.5 French Patent 420,346, September 12, 1910,

Lo J. Van Pesgki nrepared scebtlc anhydride by using a new

method about 1914, He breated acebic acid with SGS below 09,

}

Forming &GSOSQH. He then added sodium acetate to Tthe AGSOBOH and

kept the temperature below 0°. AcS0Q,Nae and AcOH were formed. The

&
anhydride was distilled off by heating the AcSﬂéﬂa. The residue

wes Wep8p07.0

1. Journal of the Society of Chemical Industry, Vol. ZXVI, p. 272,
2. 7Ibid,, Vol, XXVIII, p. 815,

3. Ibid., Vol. XXIX, p. 112,

4, Ibid., Vol. XXIX, p. 592,

5. Chemical Abstracts, Vol, VI, p. 1959.

6. Ibid., Vol, VIII, p. 2346.
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In 1918 P, Zaufler heated ethylidene diacetate with a

catalyst from 250 to 300° and produced acetic anhydrida.l

J. T. Hewitt and C. H. Lumsden, compared the various

-

methods of manulfacburing acetic anhydride in 1916; They cone-
cluded that the use of the chlorides of phosphorus and sulphur
with sodium scebtote was the most sultable method. Atbempbs ab
Forming scetic anhydride by the décom@@sition of irom and alumi-
num acebates by means of heal were unsuccessful.2

Acetic anhydride was prepared by Farbwvorm, M. L. and B,
in 1817, by refluxing 20‘p&rts AOZO, 17 parﬁs liguid NOB, and
20 parts of dry, finely powdered Halic at 309 to 35° until the
evolution of the NOZ ceaé@&, and then the entire ligquid was
distilled in vecuo.® Swiss Patent 75,048, November 1, 1917,

J. Xoebtschet and I, Beudet, produced acebtic anhydride by
hgatiﬂg CHSCH(Oﬁc)Z with a catalyzer and an inert liquid, Sodium
phosphate may be used for the catalyzer and a heavy petroleum
oil may be used as a diluenb. A reaction Lemperature of 126-135°
is suitable.é United States Fatent 1,298,356, larch 25,

Abel Caille, found that the method of preparing acebic

>

anhydride by using SZC% and NaQOAc could be improved by increasing

the chlorine content of the SQCIZ. Then the chlorine
14

increased the amount of free sulphur was decreased, IHe inferred

that the compnlete reaction can be represented by:

8AcOle + S # 601 —4  6UACL + e ,50, + 4ic,0.”

Chemical Absbracts, Vol. VIII, p. 2346,
Ibid., Vol. X, p. 1428. g
Ibid., Vol., XII, p. 1051,

. Ibid., Vol. XIII, p. 1715.

oo

5. Tbid.. Vol. XVII, p. 2105.

.

-

RN

Al
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R, leingast and I, llugdan, prepared acetic anhydride in
1926 by heating the vapors of AcOH bo 400-800° in the absence
of bese metals and motal oxides.t United States Patent
1,570,514, Januvary 18,

The Ketoid Company, prepared acebic anhydride without
secondary products by passing ketene into zcebic acid.?
British Patent 237,575, July 22, 1924,

M. J. Marshell and G, 5. Shaw prepared acetic anhydride

in 1926 by using H.Z)POé as & catalyst to faclilitate the decom-

=
.

nosition of ethylidene diacetate, United States Patent
1,878,454, k¥areh 30,

Tlalter Bader showed that when acetone 1s subjected to the
action of CU; in excess under pressure (suitably 750 1b. per
square inch) at a temperature of aboutb 350° and in the presence
of 2 catalyst such as menganese carbonate precipitated on pumick
acetic anhydride is form@d.4 Unibed States Patent, 1,695,331,
Hovember 27, 1928.

The I, G, Parbenind A.-G. prepared acetic anhydride by
heabting AcCH with a catalyst at temperatures abbv& 500°. The
AcOH vapors were dissociated into water and AGEO, they are
5

separated by diffusion in a series of porous plates and cylinders,

Trench Patent 640,721, Sepbember 9, 1927,

1. Chemical Abstracts, Vol, XX, p. 768.
2. 1Ibid., Vol. XX, p. 1415,

3. Ibid., Vol. XX, p. 1630,

4, Thid., Vol. XXIII, p. 608,

5, Tbid., Vol. XXIII, p. 850. -
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Cheapter I1I

I. Purpose of Investigation

The demsnd for acetic anhydride has increasedkgreaﬁly in the
last five yoars.

large guantities were used in the production of aeroplane
wing dressing during the World VWar by a huge factory loceted at
Spondon, Englan

Aceblc anhydride is one of the most important chemicals in
the acebate silk industry. That industry is growing very rapidly.
In 1925, 1,500,000 pounds were produced in the United States,

The produchion wes more than doubled in 1928 when sboub 3,500,000
pounds were produced, There are pood reasons toe believe that this
industry will conbinue to grow, due to superlor dyeing qualities
of this waterial over obher rayons,.

There are many known processes for the production of acetic

nhydride but sach has 1ts specific disadventage.

Due to the many difficulties in the known methods of pre-
paration the cost of acetic enhydride is great, It is now
selling in drwn lofs from 30 Lo 35 cents per nound.

- B

Some of the reasons for the high cost of scebtic anhydride
[} o

are:s high cost of amhydrous chemicals, catalysts, apparatus thet

]

w111l stand high be:

create low

p.
r.J

cool mixtures te low temperabures, apparatus that w
pressure and separabtion of the anhydride from the ilmpurities,

The chemicals used in the preparation of zcetic anhydride

ust be anhydrous. If any water 1s present, the yield of the

g

eratures and great pressure, anperabus bthat will
o N 3 b
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anhydride will be decreased.

Glecial acetic acid, sodium acetate, fcetyl chloridé, calcium
chloride, phosphorus pentichloride, silicon tetrachloride, sulphur
chloride, sbtannous chloride, zinc chloride, ethylidene diacetate,
bisulphates and pyrosulphates are the chemicals used in mdst of the
previous methods. It is ax@ensive to manulaciure éEeQe chemicals
in the auhydrous form and store them so they will not abéorb
ﬁcisture.

The apparatus used in many of the known methods must sbtand
high btemperatures. A proposed method is to pass acetic acid through
metal tubes heated to about 1200°¢. Many other methods require
high temperatures. Pressure up to 700 pounds per square inch is
required in same of the processes. Low temperatures around 0°
and below are reguired in same of the processes.l Many of the
methods call for pressure less ‘than atmospheric; some call for
around 100 m.m. pressure.

There are generally impurities in all acetic anhydride
menufactured; such as chlorine compounds, sulphur, sulphur com=
pounds, and acetic acid. It is expensive to remove these com=
pounds. Sulphur and sulphur compounds are removed by treating
the anhydride with anhydrous sodium acetate, manganese oxide, or
other metal oxides; the anhydride is distilled off. Chlorine =nd
chlorine compounds are treated with fuming HNO., CrOg, or Kﬁnoé,
the anhydride being distilled off. Part of the scetic acid is

removed by careful distillation. .
1. Chemical Abstracts, Vol. X, p. 2615,
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IT. The purpose of the investig
was possible to manufacture acetic anhydride more cheaply than
by the known methods.

The preparation of acetic anhydride through the dehydration
of acetlc acid or the acetates has already been accomplished by other

methods, It was hoped that cheaner chemicals could be substitubted

for those that had been used vreviously as catalysts and diluents,
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Chapter III

General Principles Involved in Production

It has been shown that acetic anhydride is the anhydride of
scetic acid. If acebic acid is treated with a strong dehydrating
agent, anhydride is produced:

CHLCOCH  P,0; ‘Gh500>0

—_— ,
co

+ HgO
CH;COCH CcH

3

Aecording to the view of the structure of acetic anhydride
which has been given, the compound consists of two acebyl (CHSCO)
groups in combination with oxygen. Evidence of the correctness of
this concepbion is furnished by the reaction by which the anhydride

is readily prepared. The method consists in heating a2 mixture of

o
sodium acetate and scetyl chloride:
0 O
H i
CH, C - 0 = lia CH, C
. 3 ‘
o+ —_— >0~ + s C1
CH, ¢ - Cl CH, C
30 3
0 0

~

~

Many precautlions were taken to eliminste water and moistened
air from the chemicals and apparabtus used in these experim@nts.

The acetic acid was C. P. 99,5% pure. It wes corked in a
flask and crushed ice packed arcund it. At about 17° the scid
froze to the sides of flask. Before the freezing wes complete the
liguid in the center of the flask was poured off, and the zcid was
melted and the freezing process repeatbed,

sodium acetate wes fused and then heated around 300° for several

minutes. Caleium acetate was heated bebtween 200 and 300° for a
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faW'mimutes‘and.ﬁhsm,it was kept in an electric oven for several
hours at s temperature sround 100°C. leta-phosphoric acid was
heated for several minutes from 200 to 300° before being used.

Yhen COZ gas was used it wes dried by passing it through
flasks of sulphuric acid.

S0lids such as bauxite, charcoal and sand were he&t%d al
temperatures around 200° bl they were thoroﬁghly~dried. Flasks
and ssmple bottles were freed from water by heating in a flanme,
they were connected to the apparatus while their temperature was
above 100°,

The electric furnsce was dried out by heating it for a while at
about 300° before it was used.

Reflux condensers were cleaned with dry cobtton and rinsed with
pure scebic acid immediately before being used, Tubes filled with
caleium chloride were placed in the top of the reflux condensers
to remove the moisture from the air that entered,

Condensers used for distilling liquids were cleaned with dry
cotton snd a few cublc centimeters of pure acetic scid were condensed
in them before they were connected to the flasks containing the
products to be distilled. TVhen samples were re~distilled the
Plesk was placed on an asbestos pad with =2 sﬁall, round hole cut in
it; heat was applied to the part of the flask projecting through the
hels.

A 360° thermometer was used, tﬁé bulb was placed just below the

xit for the product. -

The apparatus used consisted of Erlemmeyer flasks of the follow-
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ing sizes: 100 cec., 250 cc., 300 ce., and 500 cc.; balloon flasks,
1000 ceo; ordinary laboratory condensers; separatory funnels and 3600

thermoneters.
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Chapter IV

Specific New llethods Used to Prepare Acetic Anhydride

Ge

10.

11,

Aluminum acetate that was prepared by treating aluminum sulphate
with ammonium hydroxide and dissolving the armonium hydroxide

in acetic acid.
Aluminum chloride and scetic acid.
Ammoniwm bisulphate hested with ealcium acetate.

Carbon dioxide passed over heated calcium acetate in a flask.

Carbon dioxide passed through a silica tube over calcium scetate

that was heated in an electric furnace.

Carbon dioxide passed through a silica tube over a mixture of

calciunm acetate and silica gel heated in an electric furnace,

Acetic acid passed through a silica tube in vapor form over

silica gel that was heated in an electric furnace.

Leetic acid forced through & silica tube over crushed bauxite

thet was heated in an electric furnace between 100° and 1000°.

Acetic acid dropped through a separatory funnel on hot meta-

phosphoric acid.

Acetic acid dropped from a separatory furnel into a mixture of

meta~-phosphoric and send,

Acetic acid in vapor form forced through hot metae-phosphoric seid.

24750

(P AN




27

12, Acetic scid hested with meba-phosphoric acid snd charcoal,

13, Acebic aeid wvapor forced through a hot mizture of meta=-

phosphorie acid, sulphuric acid, and éastmr éil.
14. Acetic acid heated with meba-phosphoric and sulphuric acid.
15. Acetic acid refluxed with mete-phosphoric acid and cestor oil.
16. Acetic seid refluxed eight hours with meta-phosphoric acid.
17. Ethyl acetate refluxed with meta=-phosphoric acid.

18, Sodium scetate heated with meta=-phosphoric acid.

19. Carbon dioxide forced over hested sodium scetate and meta-

phosphoric acid,
20. Calcium acebote heated with meba-phosphoric acid.
21. Ortho-phosphoric acid treated with acetic acid,
22. Ethyl meta=phosphate refluxed with acebtic ascid.

23. Acetic acid added to boiling meta-phosphoric through a separatory

funnel.

About 50 grams of aluminum sulphste crystals were dissolved in
distilled water at 65°, and smmonium hydroxide was added in excess,
vielding ammonium sulphate and aluminum hydroxide. The precipitate
was washed with distilled water, dissolved in acetic acid and dried

in an electric oven for several hours st 94°, The eluminum acetate
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was heated and a few co. of yellow liguid was condensed between
110° and 120°, The product was re-distilled and tested by the
quantitative aniline mebthod but no acetic anhydride was found. The
sxperiment was repeated several times but no acebic anhydride was
produced.

About 40 ce. of acetic acid was added very slowly to 30 grams
of aluminum.c?loride. After the white fumes had ceased to come off
the misture was heated, A few cc, of red liquid were condensed
between 50° and 180°, The liguid was re-distilled and tested by the
gquantitative aniline method but no acetic anhydride was found. The
experiment was revpeatsd, bubt no anhydride was produced,

About 70 grams of ammonium bisulphate and 60 grams of caleium
acetate were heated btogether for about an hour with the hope that the
following resction would bake place:

H.C I O

TT € w0 2 ~ T
WH,HSC, + Ca (quﬁ.g{/q )2 — VHO“" ,O + Cad0 A + NH g{)ﬁ

474

About B0 cc., of clear liguid with an odor similar to the odor of
acebic acid were condensed between 210° and 285°. The liguid was
re-distilled bebween 100° and 110° and tested with aniline bub no
anhydride was Tound.

Dry carbon diloxide gas was passed inbo a flask of calecium
acetate. Aboub 20 cc. of yellow liquid was condensed bebween 150° and
350°, The ligquid was re-distilled below 1009 and tested with aniline.
Wo acetic anhydride was found,

About 10 grams of calcium acetate wes placed in a silica tube




and heated in an electric furmace. Dry carbém dioxide ggs WS
passed over the C&icium.&catatg. About 5 to 6 cc. of yellow liquid
wﬁth an odor like the odor of acetone were condensed between 1000
and 800°. 1o acetic anhydride was found in the liquid with the
aniline test. |

About 50 grams of caleium acetate and 50 grams of silica gel
were placed in 2 silica tube and heated in an electric furnasce.,
Carbon dioxide gas was passed over the mixture. A few cc. of clear
liquid with an scetone odor were condensed bebween 100° and 1000°.
No scetic snhydride was found when the liquid wes tested with aniline.

About 200 grams of silica gel were placed in a silics tube and
heated in an electric furnsce, while 100 ce, of acetic scld were
foreed over 1t in the wvapor form. The product was condensed and
collected at the following temperatures:

300° -~ 400°
400° -= 500°
500° -~ 600°
6007 == 750°

The samples were re-distilled between 110° and 118°. No acetic
anhydride was found when the product was tested with aniline.

The experiment was repeated by substituting bauxite for the
silica gel. The product was condensed and collected at different
temperatures os follows:

2009 -~ 300°
300° == 400°

400° -~ 500°
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500° -- 600°

600° == 700°
White fumes ceme of f arocund 6000, that gave o tesgt fTor 002 with lime
waber. All the samples re-distilled below 119° and no anhydride was
produced.

Meta-phosphoric acid was prepared by hesting smmonium phosphate,
EH%HB?QQ, until the armonis was all driven off. Thé time required
to change the phosphete to acid was from six to ten hours. Temperatbures
up to around 350° were used until most all the bubbles had ceased to
come off, then the flame was incressed and the heating continued
until neutral litmus paper could be held over the beaker without its
turning blue. The meta=phosphoric acid thus prepsred wes used in the
following experiments:

About 300 cc. of meta=-phosphoric aecid were heated between 250°
and 5500, sand 100 cc. of scetic acid were added very slowly through
e geparatory funnel.

The droplets of acid spun around on the surface of the phog-
phoric acid and then vaporized. The distillate was condensed at
different temperatures. 4ll of the condensed product re-distilled at
the boiling polnt of the acetic acid used.

The experiment was repeated By adding sbout 200 cc. of sand to
the meba~phogphoric acld to produce a porous mixbure, Mo acetic
anhydride was produced.

Three hundred grams of meta=-phosphoric acid were heated bebween
300° and 400° and 100 ce. of acetic acid were forced through it in

vapor form. By heating the zcetic acid in one flask and sending the
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vepors through & tube to the bottom of the flagk containing the
phosphoric acid., The distillate was condensed, re»@istilled and
tesbed with arniline, but no scetic &ﬁhydride wes found.
About 100 grams of woed charcoal and 200 grams of mneta=phog=
phoric acid were mixed. The mixture was heated around 350 and
100 cc. of zcetic acid were added a drop at a time through a separas-
tory funnel. The distillate was condensed and re-distilled between
115° and 120°, only a very amall amount distilled above 118°, When
treated with aniline evidence of the presence of anhydride was found.
About 60 cc. of meta=phosphoric acid, 60 cc. of casbor oil, and

o

[ s

150 ecc. of concentrated sulphuric scid were mixed and heated
o . . . . .
about 2807, About 100 cc. of acetic acid were boliled in another

»lass tube., The

o
[

flask end passed into the mixture through =
condensed produch wes re-distilled, the grester part distilling off
between 110° and 117°. fboat 5 ce. were condensed between lQQOk

and 121° znd tested with aniline; some heat wog produced, indicating

7

thet some acetlc anhydride may have been in the product. The residus
was & black solid,

About 80 cec, of concentr@ted sulphuric aci&g 40 cc, of meta~
phosphéric zeid, and 40 ce, of acetic scid were mixed, After the
mixture had stood at room temperature for twenty-four hours it was
hested snd the product condensed between 1159 and 220°, ° The
condensed product was re-distilled between 115° and 117°. To acetic
anhydride was found,

o

A mixture composed of 75 ce., of meta=phosphoric acid, 75 co. of

casbor oll, and 75 cc. of glaclsl acetic acid, was refluxed for two
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hours. The Tlask was connected Lo a dis%iiling'condaﬁsar and ﬁbaut’
70 cc. of clear liquid were condensed between 115° and 160°. The
liguid was re-distilled between 110° &ndv1199. To anhydride was
produced.

A mizture of 190 grams of meta=phosphorie acid,»and 100 ce. of
acetic scid, wes refluxed for more than eight hours.

The mizture wes distillied and a clear liguid condeﬂsed between
112° and 156°. 4t 156° the product in the flask fosred and e expanded
very much; the temperature fell rapidly t0135°., The liquid was re-
distilled between 108° and 121%; a small amount wes condensed

0 g . .
between 118~ and 1217 ond tested with aniline;much hesat was produced
indiceting that acetle anhydride was in the product,

sbout 100 grams of meba=-phosphoric acid were heated Lo sbout
300° and 75 cc. of ethyl acetate was added very slowly through a
reflux condenser. The wmixture was refluxed about five hours and
then distilled. The distilled product condensed between 80° and
110°, Wo acetic anhydride was produced.

About 150 grams of sodium acetate and 300 grams of meta=-phosphor-

e
@
“5'

ie

@

sold wer ted together for several hours, with the hope that the

following reaction would take place;

% c::‘igcse\ .
amczg o, + HPQ 55]55{3'*0 0 +  NayHpPO,

White fumes passed through the condenser without condensiﬂg. About
75 cc. of clear liguid condensed between 135° aﬁd 200°,  The condensed
product was re~distilled between 95° and 110° No anhydride was found,

About 400 grams of sodium acetate and 100 grams of meba-phosg~-
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phoric acid were mixed in a 1000 cc. balloon flask. A stresm of

dry CO, gas was forced into the flask and the mixture refluxed for

2
, ‘ o o . >
about four hours between 85° snd 105°., The following resction was

expected to take place:

0,079y o ,
BHaC M 0g+ HPO; + 682-———’gY3@Qb// + TapC0z - HFOg

Wnite fumes with & wvery disagreesble odor péssed through the
reflux condenser without condensing.

The mixture @as distilled, about 756 cc. of liquid condensed
between 85° and 265°. The condensed product was re-distilled and
collected as follows:

ibout 60 co. between 800 and 118°
" 5.ce. " 118° " 140°
5 cc. " 140° " 180°
The sample collected betwsen 118° ana 140° zave & positive test for
acebic anhydride as some heat was produced when aniline was added,
The semple collected between 140° and 180° resembled a light,
transperent oil, but contained no acetic anhydride.

About 160 grams of calcium scebtate and 100 grams of meta-

phosphoric acid weré heated together for seven hours with the hope

that the following resction would take place:

Ca {CoHz02) HPO: cq”u O\\s
a + 3 + Ca0 + FPO,

The meta=-phosphoric a expanded meny times its original volume,
About 25 ce. of light, yellow liguid were condensed., The liguid

. . 0 . .
was re-distilled betwesen 95° and 118 bub no acetic anhydride was



found.

About 200 ce. of ortho-phosphoric acld were heated forty hours
at temperatures sround 200° with the following reasction in view:
HzPOy—y HFOz+ Hy0
sbout 25 cc. of acetic acid were added and the mixture distilled.

The condensed product re-distilled below 119% and no scetic anhydride
was produced.

Bthyl meta~phosphate was prepared by btreating phosphorous
pentoxide with di-ethyl ether.

2Pp0; + CHgCHoOCHgCH, ey 2CH3CH,PO,

The phosphorous pentoxide was placed in & balloon flask and converted
with ether. The flask wes connected to a reflux condenser and hested
in & water bath around 80°, The mixture was refluxed until all the
Polg wes converted into CHzCH,POz. The excess ether was drawn off.
The product produced wss & viscous orange colored liguid.

Ethyl meta=phosphate prepared by the method deseribed above
wes used in the following experiments:

Two hundred and sixteen grams of ethyl-phosphate were mixed
with three hundred sixteen grams of scetic scid,

The flask wes connected to & reflux condenser and the mixture
refluxed for about eight hours. It was hoped thet the following
reaction would take place:
cm5002°\_

O + HgPﬂé

CHzCHoPQg + 3CHzCOOH—y CH3CHoCoHz0p +

The temperature gradually fell from 126° to 114°, the flame

burning constantly the same., The color of the mixture changed from



) 1igh£ orange color to very dark red, Aft@f the mixture had stood
for about twenty hours it was disﬁilled between 114° and 130°. The
condensed product was fractionated twice, about 20 co., of élear liguid
with a very sharp odor were condensed betwean 118° and 129°, The
product condensing between 110° and 127° was tested with aniline,

>
sodium selenite and selenious oxide. All the tests gave positive
results for acebtic anhydride.

The experiment was repeated, using 180 grams of ethyl meta-
phosphate and 180 grams of acetic acides About & or 10 cc. of clear
liquid were obtained between 120° and 137° that gave very good tests
for acetic anhydride, About 5 cc. of the liquid was added to § ce.
of aniline snd wormed, crystals were formed in the beaker. The
experiment wes repeated, using 108 grams of ethyl meta~phosphate and
360 grems of ascetic acid or one part of ethyl meta-phosphate and
gix parts of scetic acid by molecular weight. A snall amount of
anhydride was produced.

One part of ethyl meta-phosvhate and two parts of acetic acid
by molecular weight produced no acetic anhydride.

About 108 grams of ethyl meba=-phosphete W&é heated in a 1000
ce. balloon flask that was fitted with a separatory funnel, ther-
mometer and distllling condenser.

The phosphate began boiling at 160°, and 180 ce. of acetic acid
were added very slowly through the separatory funnel. The products
were éomdensed, re-distilled, and Tested, bubt no scetic anhydrite wss

found. -
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Chapber V

“
Tests

Two different materials were used in ltesbing acebic anhydfide;
A 2-4 di-chloroanilinel, end aniline.?

Samples of C., P, acetic enhydride were tested with 2-4 di=-
chloroaniline but the results were unsuccessful due bo oxidizing
agents in reagents used,

The aniline test was found to be the more useful. Two samples
of C. P. zeetic anhydride were tested with the aniline test and
checked within one per cent. Thsy also checked clogse to the per
cent labeled on the bottle. Two samples of 50% acetic anhydride
and 507 glacial scetic acid were tested with the aniline method,
They checked very close to each other and within about 1% of half
the per cent lsbeled on the bottle.

The aniline test is as follows:

Weigh two 5 ce. welghing bottles, snd run into each of thenm
2 cc. of anhydride from a burette. Immediztely stopper the botltles
and weigh again to obtain the weight of anhydride. Then drop very
carefully each weighing bottle with its contents into & separate
300 cc. EBrlenmsyer flask conbaining 5O ce. Qf ¥alOH and 50 ce. of
water. Lossen the stopver of the weighing bottle slightly before
dropping it into the flask, so thet it can be freed from the weighing
bottle and the contents mixed with the HalH solution. Let the

mixture stand 30 to 45 minutes ot room Lemperature with occasional

1. Industrial and Engineering Chemistry, Vol. 17, p. 942.
2. Technical lethods of Analysis, (1927), p. 1086.

i
4
\
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shaking. Then titrate with N or 0.5l &c%d“@n@ phenolphthalein, Add
2 or 3 ce. of scid in excess and let the solution stand about 15
minutes longer with occasional shaking. PFinally, titrate back the
excess of scid with O.1N NaOH to the first permsnent pink color,

Prom this titrefion calculste the number of ec. of I NalH representing
the total acetic acid from 100 grams of the ssmple. Call this A.

Weigh two 50 cc. weighiﬁg bottles and run about 20 ce., of
perfectly dry and recently distilled amniline inbo each. Then add
2 ce. of anhydride from the buretbte. Do not sdd the anhydride too
rapidly, snd distribute it thoroughly through the aniline by keeping
the aniline swinging slightly in the welighing bottle during the
addition. When the anhydride has been added, stopper the bottle and
set aside bo come to room temperature; then weigh to obtain the
weight of anhydride added.

At the end of about one hour from the time of addition of the
anhydride to the eniline, transfer the mixtufe to & 500 ce. volumetric
flask snd make up to the mask with a solubtion of egual parts of
neuvtral slcohol and water. Titrate 50 ce. of This solution with
0,18 NaQ0H. From this titration ecaleulate the nuber of cc. of
N HalH corresponding to the residual scebic acid from 100 grams of
the sample. Call this B.

Subtract B from 4 to obtain the number of cc. of N WalOH corres-
ponding to one-half the anhydride in 100 grams of sample, This value
multiplied by 0.10205 gives grams of acetic anhydride per 100 grams
of the sample. .

Two gualitative tests were used testing the products prepared
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in the attempts to prepare ascetic anhydrids,

Aniline was used in one of the tests and selenium di-oxide or
sodiuwm selenite was used in the other,

If dry, recently distilled eaniline is mixed with an equal volume
of zeebic anhydride, very much heat is produced by the resction. If
the mixture is heated with water, clear crystels sre formed., If

1@ aniline are mixed some heat

o

3

equal volumes of glacial acetlc acid &
ig produced. If the mixbture is heated, no crystals are formed,

A mizture of 1 ce, of acebtic snhydride and 9 ce. of glacial
soetic scld is added to 10 cc, of aniline;rmuch more heat is produced

than when pure acetic

©

cid and aniline are mixed.

gelenium di-oxide or sodium selenite heated with scebic

fod
fd
[N
$1=]
fod
.
[}
E-J

o
}u.d

anhydride forms & red precipitate of amorphous selenium.
acebie acid 1s heated with the selenium compounds, no red color is
produced. A mixzbture of 1 part of scebic anhydride and 9 parts

of weetie acid heated with the selenium compounds forms a pink

e

recipitate.

Dictiongry of Applied Chemistry, (1927), p. 17.

o
®
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Chavpter VI

General Conclusions and Summary

From.the results of these experiments 1t will be seen th&é
acetic enhydride cennot be prepared in any aprreciable yields
from the materials used at low temperatures and atmospheric
pressure., It is guite possible that different results might be
obtained at higher tewoveratures and increased pressure, For
instance the calcium chloride Ttube in The top of the reflux
condenser was stopped up at the beginning of one experiment while

one peart of ethyl meta-phosphate and three parts of acebic acid

ng refluxed,

ﬂ
@
=
@
o’
@
tuta

Some pressure was created and the mixbure was blown over the
room, Fumes having an odor like acebic anhydride were so sirong
they drove every one from the room.

The reason acetic anhydride wes not produced in the experi-
A

4

ments wherelin acebabes were used was probably that the acetates
were not anhydrous.

Thorpe sbabes that aluminum acetate in the pure state is not
known, bub 2 solublon of it in acetic acid, called "red liguor,"
1

is knowmn.

J. T. Hewitt and C. H. Lumsden attempted to vprepare scetic

anhvdride by the decomposition of sluminum acetate by means of heatb
v ¥ p

L
£y

o
but were unsuccessiul,”

Calcium acebate decomposes before it becomes anhydrous. There

1. Thorve, &., Dictionary of Appnlied Chemistry, Vol, I, p. 23.

2. Chemical Abstracts, Vol., X, p. 1420,
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was probably encugh water present in the calcium acetate used to
have changed all the anhydride to acid if any had been formed.

The fused sodium scetate would absorb moisbure while it was
being ground. There was no apvaratus available for grinding
solids while they were hot,

The meba-phosphoric aecid used, melted around 250°. It could
not be mixed with acetic acid very well as its melting point was
far above the beiling point of acetic aecid., Two distinet layers
were formed when acebic acid was added %o a flask containing meba-
phosphoric acid. Ethyl meba-phosphate was prepared teo get the
phosvhete in a liquid with which acetic acid would mix,

Positive results were obltained when the products, condensed

the following experiments, were Tested for acetic anhydride.

e
]

1. Meba-phosphoric acid, acebtlc acid and wood charcoal.

2. Meta~phosphoric acid, sulphuric acid and casbor oil,

3. Meba-phosphoric acid and acetic aci@ refluxed together for
elght hours.,

4, Tthyl meta-~-phosphate, 150 grams; acetic acid, 180 grams;
refluxed together for about eight hours.

5, Bthyl meta~phosphate, 216 grams; acebic acid, 360 grams;
refluxed together for about eight hours,

8., EBthyl- meta-phosphate, 108 grams; acetic acid, 360 grams;
refluxed together for about eight hours.
Bxperiments 4 and 5 produced the greatest yields, however,

these yields were very poor,

leny patents have been obtained for Tthe manufacturing of
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acetic anhydride by heating the vapors of acetic acid and passing
them over mebta-phosphoric acid. However, ﬁemperatures very much
higher than ordinary laboratory apparatus can stend are uséd in
most of These methods,

ﬁeta—phos@horic acid is now being used s a catalyst with
good results in the production of anhydride in Germany, by passing
acebic acid vapors over it at Temperatures arcund 6000.

There are good reasons Lo believe that research work will
continue on acetic anhydride since it is one of the main substances
used in the manufacturing of acebate silk,

Acetate silk, the infant prodigy of the indusbry, by reason
of its new, valuable, and extremely interesting chemical, physical,
textile, and dyeing properties, has practically forced itself
upon the attention of every branch of textile manufeacturing. With-
oulb doublt the unigue dyeing voroperbties of this fiber are foremost
in i%s favor at the present time, for while it offers meny othef
and very interesting peoints for its support, no other fiber can
even approach it for most white or two-colored effects when in
combination with the older and better known [ibers.

At the present time all of the rayons are in great demend,
but acetabte silk by reason of its dyeing properties alone, holds
g certain definite field of usefulness upon which none of the older
rayons (nitro, viscose and cuprammonium) cen even encroach,l

The writer would suggest to anyone who wishes to conbtinue

the resesrch on acebic anhydride that the method using one part

1. ¥ullin, C. B., Acetete 8ilk and Its Dyes, p. 13.
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ethyl meba-phosphate and three parts glacial scetic acid with
pressure would be a very good mebthod,

Calcium acetate also furnishes a good field for research>in
the preparation of acetic anhydride., Bamberger considers that the
formaticn of acetone consists first in the formetion of aline and
acetic anhydride, and thet the latter is decomposed into acebone
and csrrbon dioxide.t If thiS\is‘true it seems that a diluvent might
be found wherein the temperature could be controlled in such a
way that the last reaction would not take place, acetic anhydride

would condense without being broken up.

1. Berichte Der Deutschen Chemischen Gesellschaft, Vol. 43, p. 3517,
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