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Chapter I 

I. Description of the AppearaEce of Acetic Anhydride and 
Statement of its Physical and Chemical Properties 

.'.\.cetic anhydride is a colourless, vol2ctile liquid having im 

odor like that. of but stronger. It is very 

corrosive and its vaporc are extremely irritatir:.g to the eyes a.nd 

1 

lun6s. Care shm..i.ld therefore be exercised in Yrorking vdth it., and 

any spilled upon the hands should be immediate !y vmshed off. It 

is a ccnde:nsat.ion of two molecules of acetic acid ·w:Lth elimina. tlon 

of ·w-ater. The reaction, however, is reversil;le, and there is 

al\1°ays ·~;resent some acetic acid due to action of ~;rater, thus: 

'-----•• 2CH3COOH 

The anhydride con ta ins two F. cetyl ( CH3 CO) groups in comb:tnati on 

PHYSICAL PROfl.RTIES .--11he pure compound boils at 139 .5°C, at 

760 m.m. pressure, has a specific gravity of 1.0876 at 15°C, and 

1.0820 at 20°c. The co:rnmercial anhydride contains a ].ittle acetic 
, 

acid and boils at abot1t 138°c • .1. 

CJ:ES:i:~ICAL PEOI<E1P~.TIES .--~':.cotic anhydride in presence of water is 

hydrolysed, :9roduci::-1g acetic acid.. IIovrever, the hydrolysis is 

very much slower at lovf tern.peratures than e.t hie_;h ter.~peratures. 2 

Anhydride will re:m.a.in in ·1.-rater at low ternperatures for a 

considerable tirn.e vd thout change.. .At 20°c and higher the hydroly-

1. Thorpe, Dictionary of Applied Chemistry, Vol. I, p. 30. 

2. Ibid. 
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sis proceeds very rapidly, and the ter:-.perature rises considerab2.y. 

This hydration is accelerated by a trace of sulphuric acid.I 

7foen mixed with concentrated sulphuric acid at o0 c, acetic 

anhydride f'orms an ad.di tional compound, acetylsulphuric a.cid, ·which 

is a viscous syrupy liquid; if the tem1)~?rature is allmYed to rise, 

t:1is changes to the isomeric sulphoacetic acid, ESOfH
2 

COOE, and 

brovr.c.1. condensation products are aJ.so formed. 2 

7Iith concentrated nitric acid at a lm'v te:mperature, acetic 

anhydride gives a com.pound, c4n9No7 , which is described as 

diacetylorthoni tric acid, and vd th nitric anhydride it g;ives 

These substances react generally 

v,ri th organic hydroxyl compounds as nitrating ar;ents, more rarely, 

as acetylating agents • 

.. tcetic anhydride dissolves boric anhydride slowly; boric 

acid ra:Jidly. Cn h ,ati:::ig, it .gives a mixed boric acetic £1.Ehydride, 

11 

B ( OOC C:T
3

) 
3

, mel tinr; point, 121 °c :::.: This su.bstH.:nce may be used 

for the prepe,,ration of neutr$.l boric esters by vrarming Yd th 

alochols and phenols. 

'Sith absolute forrn.ic acid at a temperRture not exceeding 

50°c, acetic a::J.hydride cor:i.bines to g;i ve formyl Pcetic anhydride, 

which distills vrith clec,mposition at l05°-120°c. 5 This compound 

generally yields formic esters vrith alcohols and formyl dcrivcd:;i·ves 

Yfith amines. 

1. Thorpe, E,, Dictionary of Applied Chemistry, Vol. I., p. 30. 

2 .. Ibid. 
3. ThTI':" 
4. Ibid. 
5. Ibid. 
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With aldehyde groups it reacts, fornd.n;:; the diaeetates of 

ortholdehydes, R.CHO-+ R.C(OH)r- -.R.C(OOC.CH
3
)", vrhich are not 

c:, • ~ 

very stable •1 Acetic anhydride is converted i.11.to an ester when 

treated with alcohol. It reacts vrith compounds 1Nl:ich contain the 

hydroxyl i;roup. If this is in combination with a positb;e radical, 

') 

the reHction takes place readily • ..., If this is in cmnbination 1vi th 

a compound Yrhich contains the hydroxyl group in cm,1bi:r:ation -.rrith 

a negative or acid radical, the renction ta1ctes place slovdy. 3 

.Arru,Lonia reacts vvith acetic anhydride to form. acetarn.ed. One 

hydrogen atom of the arnm.onia is re0laced by the acetyl g;roup. 4 

Iodine does :r::ot r·~:act Yd.th acetic anhydride at 200°c, b-u.t hir;her 

temperatures HI is given off. 5 Lcetic anhydride 1Ni th PC 15 yields 

acetyl chloride. 6 

A.cetic anhydride heated vdth R1umin-w:r1 chloride forms acetyl 

chloride and al 1..1.mirn:un acetate. 7 Zinc chloride vri th acetic 

an11ya.ride at 100°c yields acetic acid, acetic oxide, 2md a dark 

brmv:n residue hfavil-:s the corn.positicn C iI
2
0. On hec,ting this 

zinc dust it yields acetone. 8 

Copper sul:;1hate shaken ·with an e:x:cess of acetic anhydride 

forHs a w-:n.ite, very slightly bluish compound, v1hich decomooses in 

the air. 

CuS04 5H20 + (C2H3oho~cuso,, 1I,,O(C2H 0),.,0 t 4H')O 
G 1± c., 3 t:., '-' 

1. •rhorpe., E., Dictionary of .A.pp lied Chemistry, Vc)l. I, p. 30. 
2. Norris, J. F., Organic Chemistry, p. lt18. 
3. Ibid. 
4. IbicI:' 
5. Watts Dictionary~ Vol. I, p. 16. 
6. Ibid. 
7. Ibid. 
8. Ibid. 



Nickel and acetic anhydride react similarly.1 

'/[hen acetic anhydride is heated at about 3oo0 c for about 

three hours, carbon, carbon dioxide, and acetone are produced~ 

Yihen the heating is continued during six to seven hcurs s.nd the 

carbon dioxide removed at intervals, a little acetylacetone is 

3 also formed .. 

On treatment vrith a 6lowing electric wire, acetic anhydride 

undergoes decomposition, yieJ.dir:.g the second product of' dehy-

dJ:·ation of acetic acid, ketene. The reaction Ttlfty be regarded as 

parallel to the production of ethylene frorr .. ethyl ether. 

H H 
I ' H-C C - 0 H-C - C - 0 
I 

H 
0 

H 
I 

H-C C - 0 H·C - C - 0 
I I 

H H 

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

2 • Ibid • , Vo 1. V , p • 110 3 • 

3. Ibid. 

♦ HO 4 
2 

4 

4. Clarke., Ii. T., An Introduction to the Study of' Organic Che:rnistxy, 
p. 39. 



II. Uses of Acetic Anhydride; the Value of Cellulose 
Acetate Compared with Other Plastics and I ts 
Preparation 

Acetic anhydride is used in: the manufacturing of cellu­

lose acetate, preparing "dope 11 for dressing aeroplane wings, 

preparing other anhyd.rides, dehydrating salts, introducing the 

acetyl radical into compounds vv.i. th high boiling points, stimu­

lating the skin, preparing; synthetic remedies, perfu..mes, dyes, and 

as a reagent for detecting alcoholic hydroxyl. 

Cellulose acetate has many uses. Per~aps more is nmv being 

used in the maufacturing of silk acetate than for a 11 other 

purposes. Although a small per cent of the world's rayon is 

cellulose acetate, this particular variety has Tnany advantages 

over other rayons. 

Acetate silk does not take up moisture or water to the same 

extent as the other fibers, including the other rayons. When 

5 

wet, acetate silk retains only about e. third or a hclf as much ,Nater 

as the other rayons •1 The old rayons retain ab cut one third of 

their strength when vret, acetate silk is two-thirds as strong 

wet as dry. Rayon made from cellulose acetate has better dye-

ing qualities than the other rayons; 2 this superior quali-bJ is 

now stimula·dng the demand. 

Dr. Luft describes the lust of the various rayons as follows: 

Nitro is shiny end g1ossy, while acetate and viscose are silvery 

and more in the nature of true silk. 

1. Mullin, C. E., Acetate Silks and Its Dyes, p. 47. 
2. Avram, M. H., The Kayon Industry, p. 13. 



Acetate silk does not lose its shee:n or silky feel on vrash-

ing or ti.Jrn ye11avr ·with sunlight, washing, ~,Year or perspiration. 

Acetate silk drapes well and celanese is stated to be :mor.e 

regular in denier than any other variety of cox:::merc:ial rayon.. 

Acett0.te silk is less susceptible to ignition than cotton or 

the other rayons.I 

The electric resista:nce of a.cetate silk is greater than that 

of any other knm\'11 fiber, 2 especially in R dar;~p atraosphere, and, 

6 

for this reason, it is rapidly displacing real silk for electrical 

insulating purposes in rn.,'lny places. 

'rhe d:i.rect cause of the grav1'th of the viscose process rJ.8.y be 

fcn.md in the fact that the materials required are cheap, of vrnrld 

wide distri.butio:n., and, therefore, no expensive and troublesorae 

recovery proce[3 ses are required. 

The raw rrie,terials for the prod1:cticn of acetate silk, 

acetic anhydride, acetic acid and acetone Ere aJ.l relatively cxpen-

sive. These chenicals, except acetone, are additions to the 

product and nre not lost in the end product as are the chemicals 

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

of the acetate silk. 3 

There is no vraste in spinning acetate silk as it can be re-

dissolved and 1.,wed again .. 4 The Vit~ste of' all the other ra;:rons is 

great. 'The viscose process averages from two to .four and one-half 

per cent vrr. ste in vrell-run plants. 5 

L 1Eullin., C. lG .. , A.cetate Silk and Its Dyes..: p. 64. 
2. Ibid. 
3. Avr·am, . E., The Rayon Industry, p. 342. 
4 • Ibid • , p • 16 5 • 
5. Ibid. 
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There is no s-ci:-:.ge o·0 the viscose process where the ·waste can be re-

u:tilized J.r1 ni.a:cin6 up the spinning; sclution. 

cupra-amrn.onium process is com.parD.tively larce on account of the 

fact that the f'ibers do not receive their gree:.test strength until 

vrnll to7;2.rds the end of the process. Pair averages for ~ 

v:astes from cupra plants are i'rom three and one-hn1f to six per 

cent. };one of the cupra waste can be re-processed to rayon 

production. 

Another advantage of' the acetate process :i.s thect the necessity 

of grading is practically eli1r',.inated, only one quality is sold and 

any ,.'.'f'.Stes can be re-dissolved and re-spun. 1 

The rayon production has grown rr~ :::iidly to meet the demand. 

'rhe pu"bl.ic buys rayon goods becr.-use they look ver-:-l :rauch like real 

silk and ere che,aper. Cnly a very SL:.al1 percentage of cor:.sum.ers 

of rayons 1:.now that there are different grades and that rayon rr1ade 

by some processes is better t:irm that :made by others. [\.S there 

are no uses for used rayons, and vrnrn out rayon r;ar::7..ents ,as there 

are for ra,v silk and other vrnrn 01.rb goods, the public will be 
( 

more inclined to investigate as tc the [;rade or quality of the 

rayon. The life of rayon is not long, as the ~cods do not with-

stand the 1.Year and tear, nor 11tmospheric conditions as ~:rell as the 

•) 

other textiles • .., 

It is very nrobable that the viscose nrocess ·, . ..-ill not have such 

a groat lee.d on other processes ".Prhen the public learns more about; 

the dyeinr; and durability of different f;racie s. 

L Avram, LT .. H., The Rayon Industry, p .. 342. 
2. Ibid., p. 23. 

. ith the financial 
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strength behind the cellulose acetate process and tbe suuerior 

qualities over tne other rayons, it ·will. probably find a ~1igher 

rank on the :r:::roduction scale. 

In 1924 there Viere five acetate silk plants operated, tvio 

oi' vihich were in the United States. 

The tv.ro best 1movm. types of acetate silks are Lustron and 

Celanese. Both of.' t:rnse types have acetylat:Lon values higher 

than cellulose di acetate and J.ovwr than the triacetate. Both 

of these types are m.D.de f'rorn cellulose acetate. The methods are 

as f'ollov.rs: 

vrri tten in another manner: 

In the manufacture of Lustron the ce}lulose acetate is 

dissolved in a c or11tJ .i.r:.ation of ·tetrachJ.orethane and some cheaper 

solvent., or in chloroform. This solution is forced through the 

spirn.eret into a rtydrocarbon, such as kerosene., in vihich the 

solvent is dissolved and the cel1ulose triacetate (Lustron) fiber 

precipita.ted,. In the r:-:s.m.1.t·acturing of celanesc, the cellulose 

acetate is dissolved in acetone or a similar cheap, volatile 

solver_:_t, and the fiber subsequently: formed by the eva"Ooration of 

1. L'Iu1lin, C. ~cetate Silk and Its Dyes, 24. 



the solvent. 1 

The deriia:nd for celanese is somewhat greater than the demand 

for Lustron. Approximately 3,500,000 pounds of celanese are 

produced annually. 2 

Cellulose acetate rmy be prepa.red from cellulose in various 

forms, such as cotton, or purified 111rood pulp, acetic anhydride, 

glacial acetic acid, and a so-called 11 catalyst 11 or condensing 

agent, such as sulphuric acid (either alone or in some form 

of co:mbin:1.tion) phosphoric acid, anhydrous acetates of zinc 

or :r:n.anganese. It is lmderstood that in the present industrial 

proces~H,s, purified cotton li:nters or paper pulp is used as the 

basic material and that sulphuric acid is almost universally 

used as the ce.ta.lyst. 3 

1:..cetic anhydride is being used in :many cmmtries for the 

preparation of cellulose acetate. A few examples are as follows: 

U:nited States Patent No. 709,922 (September 30, 1902), British 

Patent No. 20,666 (September 22, 1902), and French Patent No. 

324,862 ( September 30., 1902), to 1·~ .• D. Li ttJ.e., IL S. :Eork and 

rr. H. 'Vfalker. Cne hundred !.,art;s of cellulose are treated Y-r:ith 

350 parts of' acetic anhydride, 5 parts of phenolsuJ.fanic acid, and 

5 parts of sodium salt of phenol-sulphuric acid.4 

Ger:rian Patent No. 252.,706, to the Bayer CmEpan:,r. One 

hundred parts of dry cellulose (preferab1y bleached cotton) is 

treated vfith a m:i.xti.1,re of 270 to 310 ~oarts of acetic anJ.1.ydride, 

1. JEullin, C. E., Acetate Silk and rt~ .. D~, p .. 24. 
2. Avra:11, lI. H., The Ravon Industry, TJ. 119. ---·· .... ..,,,~-------- - ~. 
3. Kullin, C. E., Acetate Sill'.: and Its Dyes, p. 25. 
4 • Ibid .. , p • 2 6 • ·---

9 

t 
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According to British })atent 1fo. 139,232 (HHS) to J. O. 

Zdan::.'vich, a good grade of cellulose acetate suita1)le for ·::he, 

:aa::n.;'.\,,ctnre o::' acetate silk may be prepared by t:ceating 150 t7;rans 

of nurif'ied cellulose vd th a m:Lxbure of 500 cubic ce:ntimEt ers of 

? I- , " • , 0 glacial e,cetic acid and 4 ..... 0 cubic ce:n\,imeters of acetic a.nn.yariae .,,;, 

British Pe.tent No. 258,020, ( June 17, 1925), to H. J,. 

TEallabar, states that cellulose acetate vvhich is soluble in 

acetone, free from sul:9huric acid residues, t-:n1.d does not char 

"Nhen heated, may be preIJttred by using 100 pan;s of cellulose, 1WO 

narts of acetic acid, 15 to 25 parts of zinc chloride and 250 to 

,. ., • ., rz 
,100 narts of v.cetic annydricte. v 

Barnett nre~·:m.rod cellulose acetate frm,: f'ilt;er paper by 

pouring 200 srams of ;;lacial acetic acid co:::rtai:::.ing enc-1.Jc;h c}1lorine 

to color it, on 50 srru:1s of the pa~er. After :::ta:::1ding for some 

It is understood thn.t at the present time, cellulose acetate 

is pre:)a.reci on a co:urn.erciaJ. scale in the :?.hone dist;rict of Fre.n.ce 

by treating the cellulose w:i.th acetic and sulphuric acids a!l.d 20 

to 25 per cent of the acetic anhydride in SL.fall que.nt.itie:::; at a 

time and t}·1.en e.rld.ing the rema,inder of the acetic anhydride neces­

sary to corrn:;lete the reaction. 5 

Pure cel1ulo,Se triacotate may be ob~~ained by treating 100 '{.. 

parts of cellulose, purified by treating ~ith dilute caustic soda 

3. 
4. 

1Iullin, C. :E~., 
Ibid • , p • 2 9 • 
Ibid. 
Ibid., P• 30. 

5. Ibid., P• 31. 
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and containing five or six per cent of moisture, with 400 to 

500 parts of acetic anhydride, 400 to 500 parts of glacial acetic 

acid, and 50 to 100 parts of•fused zinc chloride. 1 

Cellulose acetate f' or the rnar:11.fa.cture of rayon, films and 

ttdopes 11 may be prepared with acetic e.cid, acetic anhydride, and 

a cata1yst. The cata.lys-~ usually em-~:iloyod e.re sv_lphuric acid, 

zinc chloride, sulphuryl chloride. 

The best acetylization is brouj1t n.bcut under tho f'ollovring 

g:rm£rn of cellulm,e e..re :Lr.1,;c;eTsed in 40 cc. of 61.ach•.l acetic E'ccid 

a::.1d 40 cc,. of o.cetic a1ihydr:Lde, contairl:Lng O. 52 c;rar;-Ls s1-:.lph.ur 

dioxide are added. This produces a gelatin quickly and solution 

~I:heoretically, 100 ~~raL,;;:, of air-dry cellulose, such ~;,s 

cotton, containing 5 or 6 ner cent of ·~·n.r-cer, TdJ.l require 188 

gra:n~s of Ebsolute acetic anhydride. ~I01Yevcr, :u1 practice, an 

ez:ccss of the e.nhydr:Lde, or 2fi0 to 400 ;;rans per hundred :::;rans 

of celluJ.o::e, ,,se-d 3 
'~J\. • 

On the avsrege, with varicus processes, 100 parts of cotton, 

350 ~xJrts of glacieJ. acetic acid, and 400 r>e.rts of acetic a:n.11y<iride 

yi~ld 150 n~rts of cellulose acetate.4 

L :c:ullin, C. E., ~,,,eetate Silk and. I-ts Dyes, p. 30 .. 
2. j,vrmn., ·1 . .-- E .. , ·r"he :t{ayon Industry, p. 338 .. 
3. I,,::ullin, C. E .. , ..ii.cetate Silk ar1d Its Dyes, p. 25. 
4. Ibid., p. 31. 



III .. History and Statement of Previous 'Llethods 

of Preparing .Acetic Anhydride 

12 

1\. verification of' theories by laboratory work resulted i:a · the 

discovery of acetic anhydride. Alexander ~'Ti11iam 'VIi11iarnson 

began some very important research ·wor}:e about 1850 on the 

pr·eparation of new compounds. 1\.s Hofmann, by treating a:rnmonia 

with alkyl halides, had obt£d.ned substituted ammonias, ,'tillia:nson 

hoped to prepare other new compounds bJ substituting: different 

substances for t:unmonia., Ee trented, for example, potassium 

aJ.coholate ·with ethyl iodide, forming potassimn iodide and ether: 

This experiment furnished the key to many puzzling problems in 

chemistry at tr.at time. 

Gerhardt, inspired by ·•Ni11.ia:n.son' s discovery, soon followed 

his example. By treating salts with acetyl chlorides he 

obtained the an.hydrides of many basic acids. He prepared acetic 

anhydride i:n 1853 by treating potassiur11 acetate vrith acetyl 

chloride: 

CH c',A\ ,,.·c 1 1 
C~;3c O + L. n,

3 
, I ~o 

In 1862 Geuther treated sodhuu acetate with phosphorus 

o:x:ychloride and prepared acetic anhydride aecordi:.1.g to the 

\'J. H .. Perkin endeavored to obtain the hydride of aceto­

salicyl by treating salicyl with acetic anhydride in 1868. ;3 

1. Thorpe., E., ~of ApDlied C'r;emistrv, Vof:-·r, p. 27. 
2. Ibid. 
3. ChEnnical N01Ns, Vol. II, p .. 41. 



In 1869 acetic anhydride "INP.s used by Schutzenberger and 

Naudin in the preparation of triacetic oellulose. 1 

German Patent 29,669 was obtained April 9, 1884 for the 

production of e.cetie anhydride by treat 

? 
acetate vri th carbonyl chloride.'"" 

anhydrous sodim11 

J.cetic anhydride "',Vas used for the volumetric determination 

of aniline and methylaniline3 in 1892. 

Linalool a.cetate vn..>.s obtained in 1893 by tr,:1ating Lavandula 

spica ·with acetic anhydride. 4 

The a.nhydrides of several feJ:;ty acids ·we:te prepared in 18CJ0 

by heating ti"'.em in a sealcid tube vrith acetic anhydride. 5 

Acetic anhydride ·tm.s used in the IT etherhmds in 1901 in the 

nreparation of pharmaceutical compounds. 

excise and import duty in thr-d~ country. 6 

13 

H,. Kessler obtained French Patent 315,938, Novern.ber 1 .. 1, 1901 

for t1"1e mc..__nufacture of acetic anhydride by treating the salt of 

the corre::;1Jonding fatty acid ··.vi th sulphur chloride. The a.:~.hydride 

vrn.s distilled off in vaccuo. 7 

The United States Circuit Court, June 1, 1905, decided that 

acetic anhydride vrnuld be dutiable as a c11.emical compound at 25 

per cent ad ve,lorem. 8 

Uany Guruan patents vrnre obtained from 1902 to 1907 for the 

1. Che:mical News, Vol. II, p. 41. 
2. Journal of' the Society of Chemical Industry:i Vol. IV, p. 497. 
3 • Ibid • , Vo 1. XI , p • 7 78 • 
4. Ibid., Vol. XII, p. 907. 
5. Ibid7; Vol. XIX, p. 357. 
6. Ibid., Vol. XX, p. 759. 
7. Ibid., Vol. XXI, p. 561. 
8. YbTJ:; Vol. XXIV, p. 758. 



manufacturi:ag of a.nhydriclcs of monobasic organic acids by 

treating alkali salts D.nd a1kellne-ec.rth st1-l"bs vrith phosphorus 

oxyc11loride, sulphuryl chloride, carbonyl chloride, or a mixture 

of' chlorine and sulphur d.ioxide. 1 

R. Schenck prepared ·t;etrani tromethHne by adding 120 c;rams 

14 

of acetic a::ol1ydride to a :m.ixture of 155 i;rarn.s of nitric a11hydridc 

and 75 sra1us of nitrogen tet:roxide. Germe.n l>B.:tent 211,198, January 

2 28, 1908. 

C. A. Jensen obtained Eni;lish Patent 25,433, November 25, 1908 

for the mnnu.'.:'e.cturing of acetic an>,ytlride by treating sodiv.111 

acetate with sulphur and chlorine; the mixtu:r·e being cool,ed to 

20°, then heated to so0
•
3 

i, .. cetic anhydride ·rnrn obtained by treat:i.ng its acid salt ·with 

dry chlorine in th0 presence of sulphur, et temperatures below .. o0 .. 4 

French Patent 407,046, Septe:mber 16, 1909. 

Nercury salts were treated ·v1rith acetylene gas, :Jroducing acetic 

ar.J1.ydr:i.de in 1910. 5 French Patent 420,346, September 12, 1910 • 

.A. ,J .. Van Pe ski :;Jrepei.red acetic anhydride by usinr; a nevr 

1nethod about 1914. He treated acetic acid with so
3 

below o0
, 

He then added sodhun. acetate to the ;~cS0'70H and 
0 

kept the te1r:.perature below o0 • AcSO 
4
na and AcOH vrn::c~e formed. The 

anhydride vras distilled off by heating the AcS04:tla. The residue 

1. Journe.l of the Societ:r: of Chemical IndustrY:z. Vol. XX'VI, p. 279. 

2. Ibid., Vol. :X:XV"III, p. 815. 
3. Ib'icf:-; Vol. XXIX, p. 112. 
4. Ibid., Vol. XXIX, p. 592. 
5. Chemical Abstracts, Vol. VI, p. 1959. 
6. Ibid., Vol. VIII, p. 2346. 



In 1915 F. Kaufler heated ethylidene diacetate -vV'ith a 

catalyst from 250 to 300° and produced acetic anhydride. 1 

t.T. T. Hevri tt and C.. II. Lrnnsden, compared the various 

methods of r;i.flnu:~·actur:i.n6 acetic anhydride in 1916. They con-

eluded that the use of the chlorides of phosphorus and sulphur 

vdth sodiu:c1 acetcte "Nt:1.S th.e :most suitable method. 1\.tte1:1pts at 
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forming acetic anhydride by i:;he decomposition of iron and alumi-

rnxm. acett1tes by :rn.ez:1ns of 
? 

heat were unsuccessful.-

Acetic anhydride was prepared by Fm,hwvorm, LT .. L. and B. 

in 1917, by refluxing 20 parts AC 2o, 17 parts liquid N0
2

, and 

20 pE>:.rts of dry, finely powdered NaO}l.C at 30° to 35° until the 

evolution of the lT0
2 

ceased, and then the entire liquid vras 

distilled in vecuo. 3 Svviss Patent 75,048, Nove:mber 1, 1917. 

tJ. Koetschet and l{. Beudet, produced acetic anhydride by 

heating CH CH( 0.Ac) vd th a catalyzer and an inert liquid. Sodium 
3 2 

phosphate may be used for the catalyz:er and a heavy petroleum 

oil :ma.y be used as a diluent e ;-.,,. reaction tmnperature of 125-135° 

is suitable. 4 United States Patent 1,298,356, liarch 25. 

Abel Caille, found that the me-t;hod of prcpt:::.ring acetic 

anhydride by using s
2
c~ and NaOAc cculd be improved by increasing 

the chlorine content of' the s
2
c1

2
• Y;hen the chlorine v,-ns 

increased the amount of free sulphur -vras decreased. Ee inferred 

that the complete reaction can be represented by: 

8Ac0Ha + S + 601---+ 6NaCl + Na.,SOLl. + 4Ac 20. 
5 

~ ... 
1. Chemical .Abstracts, Vol. VIII, p. 2346. 
2. Ibid., Vol. X, p. 1428. 
3. Ibid., Vol. XII, p. 1051. 
4. Ibid., Vol. XIII, p. 1715. 
5. "fSicf:-7 Vol. XVII, p.. 2105. 



It. Ueingast and U. :':lur;dan, prepared acetic anhydride in 

1926 by heating the vapors of .AcOH to 400-800° in the absence 

of base 1:1etals and metal oxides •1 United States Patent 

1,570,514, January 19. 

The Keto id Company, prepared acetic anhydride without. 

secondary prcclucts by pa:~;sing ketene into ,S:.cetic acid. 2 

British Patent 237,575, July 22, 1924. 

M. ~r. Ear shell and G. S. Shaw prepared acetic anhydride 

:rn 1926 by using n3ro4 as a catalyst to facilitate the decom-

'7. 

position of ethylidene diacetate. 0 United States Pectent 

1,578,454, March 30. 

w·alter Bader shovrnd th(::tt when acetone is sub:jected to the 

action of CO2 in excess under pressure (suitably 750 lb. per 

square inch) at a te::1perature of' about 350° and in the presence 

of a catalyst such as 1112 .. nr;an0se carbonate precipitated on pumic 

acetic anhydride is formed. 4 United States Patent, 1,693,331., 

November 27, 1928. 

The I. G. Farbenind A.-G. prepared acetic anhydride by 

heating AcOH vvi th a catalyst at temperatures above 500°. The 

. .ti,cOH vapors were dissociated into vrater and Ac.,O, they are 
c., 
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separated by diffusion in a series of porous plates and cylinders. 5 

li'rench Patent 6L1:0, 721, September 9, 1927. 

1. Chemical Abstracts, Vol • .,f"".'r 

A.I .. , P• 768. 
2. Ibid., Vol. X.X., p. 1415. 
3. Ibid., Vol. xx, P• 1630. 
4. Ibid., Vol. XXIII, p. 608. 
5. Ibid., Vol. JGUII, P• 850. 
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The Followin6 are References to the Production of 
Acet:Lc Anhydride by Various T ..I..• .~ +·• J..llVeS t.J.f.:_,a vlOllS, But 

Do Not E':rn.brace Any Radically Ne1N Principles 

Volume Page Year 

Chemical Abstracts 5 1662 1911 

u II 5 2921 1911 

II ti 6 1819 1912 

It l1 6 1958 1912 

ii H 6 1959 1912 

u n 6 2291 1912 

it H 6 2294 1912 

u 11 7 2835 1913 

tt i1 8 2781 1914 

n It 8 38·'11 1914 

n n 9 1534 1915 

It 1t 9 2568 1915 

n 11 9 3113 1915 

n ll 10 666 1916 

it !t 10 1407 1916 

a 11 10 1578 15)16 

It ft 10 2615 1916 

\! It 10 2965 1916 

H ll 11 2390 1917 

It ll 11 2666 1917 

H 11 12 484 1918 

fl l! 12 1195 1918 

H ll 12 2083 1918 
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Voltune Year 

Chemical Abstracts 13 133 1919 

l! lt 13 1325 1919 

!! u 13 2219 1919 

!I tr 13 2882 1919 

l! u 14 72 1920 

H 1t 14 187 1920 

l1 14 284 1920 

n !I 14 548 1920 

lt u 14 1122 1920 

It It 14 1550 1920 

!I u 14 1835 1920 

!! tt 15 1139 1921 

It il 15 1513 1921 

H 11 15 3271 1921 

tf It 16 238 1922 

ti H 16 1099 1922 

ll H 16 1251 1922 

!I !! 16 1781 1922 

ti fl 16 2305 1922 

H ll 16 2868 1922 

H II 16 3314 1922 

l! ti 16 3905 1922 

ll !l 17 1247 

It ft 18 1836 1924 

!1 19 38 1925 

l1 11 19 1284 1925 



Year 

Chemical l· ... bstracts 19 1941 1925 

n n 19 3271 1925 

ll ti 20 1995 19.26 

lt 11 20 2333 1926 

II 1t 20 2979 1926 

ti H 20 30 15 1926 

l! !I 21 1927 

11 ti 21 3057 1927 

!! It 22 1596 1928 

H !t 22 1783 1928 

ti a 22 1980 1928 

ti ll 22 2739 1928 

tt !! 22 2755 

n 22 2951 

n !l 22 3417 1928 

u 22 4133 1928 

n n 22 4539 1928 

n H 23 394 1929 

n H 23 1419 1929 

lJ !I 23 2447 1929 

ti l? 23 3234 1929 



Chapter II 

I. :Purpose of Investigation 

The demand for acetic anhydride has increased greatl:t in the 

last five years. 

Lar~e quant::.ties Yrnre used in the production of aeroplane 

wing dressing during the {forld Y'iar by a huge factory located at 

Spondon, England. 

Acetic anhydride is one of the most important chemicals in 

the acetate silk industry. That ind.l:stry is growing ver;/ rapidly. 

In 1925, 1,500,000 pounds were produced in the United States. 

1rhe production vms more than doubled in 1926 Yrhe:n ecbout 3,500,000 

pounds 1Nere produced. There are good roas0ns to believe that this 

industry ·wil1 continue to gro•,v, due to superior dyeing quali.ti~s 

of this :material ovor other rayons. 

rrhcre are rm.·3..n? known processes for the, production of' eccetic 

anhydride but each nas its spccifi.c disadvantage. 

Due to the Liany difficulties in the k:.10-vm :::.ethods of pre-

paration the cost of s1.cetic anhydr~.:..de is great. It is novv 

sellin6 in drum lot;s from ~50 to 35 cents I)er pound. 

Some of the reasons for the high cost of acetic anhydride 

high cost oi" rtnhydrous chern.ica:l.s, catalysts., apparnt-us tlw.t 

v-rill stand high tec)ere.tures and great pressure, a:1pe.ratus that will 

cool mixtu:·es to lrnv te:i.:i.porat1...1.res, a:pparatus that vvill create low· 

pressure and sephration of the anhydride f'rma the imimri-ties .. 

·rhe che:ili.cals used in the pre-::::an~ti.on of acetic anh;,rdride 

must be anhydrous. If' any ·water is p:cesent, the yield of' the 
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anhydride will be decreased. 

Glacial acetic acid, sodium acetate, acetyl chloride, calcium 

chloride, phosphorus pentichloride, silicon tetrachloride, sulphur 

chloride, stannous chloride, zinc chloride, ethylidene diaceta.te, 

bisulphates and pyrosulphates are the chemicals used in most of the 

previous methods. It is expensive to manufac'ure tl:leqe chemicals 

in the anhydrous form and store them so they vdll not absorb 

moisture. 

'rhe apparatus used in many of the knovm methods must sbmd 

high temperatures. proposed method is to pass acetic acid through 

0 metal tubes heated to about 1200 C. other methods require 

high temperatures. Pressure up to 700 pounds per square inch is 

required in same of the processes. Lovv temperatures around o0 

and below are required in sane of the processes. 1 of the 

methods cal 1 for pressure less than at"111ospheric; some call for 

around 100 m.m. pressure. 

11here are generally impurities in all acetlc anhydride 

manufactured; 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 treat:ing 

the anhydride vYith anhydrous sodiQn acetate, manganese oxide, or 

other metal oxides; the a:nh:/dride is distil led off. Chlorine rmd 

chlorine compounds are treated with fuming HN03, Cr0
3

, or KI,:~no
4

, 

the anhydride being distilled off. Part of the cetic acid is 

removed by careful distillation. 

l. Chemical Abstracts, Vol. X, P• 2615. 
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II. The P'Urpose of the investit;at ion ,ms to discover if it 

vms possible ma.nu:Cacture acetic anhydride more cheaply than 

by the known methods .. 

The preparation o:E' acetic anhydride throt1gh the dehydration 

of acetic acid or the acetates has already been accomplished by other 

rn.ethods. It we.s hoped that c}:.ea:'Jer c>emicals could be substituted 

for those t11l?, t hHd been used ~1reviously as catalysts and diluents. 
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Chapter III 

General Principles Involved in Production 

It has been shovm that o.cetic !mhydride is the ~nhydride of 

acetic ,.cid.. If acetic acid is treated vdth il, strong dehydrn.ting 

o.gent, anhydride :i. s produced: 

CH3COOH P 0 2 5 
CH3COOH 

According to the view of the structure of ncetic s.nhydr::i.de 

which has been g5.ven, the compound consists of tvvo f;l.cetyl (CH3CO) 

groups in combimi.t:Lon with oxygen. :Evidence of the c orrect11ess of 

this conception is furnished by the reatction by TvtLich the trnhydride 

is re~.dily prepe.red. The :method consists in hei':i.ting a n:i.xture of 

sodium acetate and o.cetyl chloride: 

0 0 
II II 

CH
3 

C .... 0 - Ua. CH3 C 
+ "°' + 

m,. Cl 
CH C - Cl CH3 

c/ 
3 II II 

0 0 

Many precautions ·were t~.l::::en to elim..i..n&te 1-vater and moistened 

air from the chemicals and o.pparatus used in these experim.~nts .. 

The e.cetic a.cid vrn.s C .. P .. 99.5% pure.. It 1v-~::,s corked in a 

flask and crushed ice p~.cked around it.. At a.bout 17° the D.cid 

froze to the sides of fla.sk. Before the freezing vms complete the 

liquid in the center of the flask vms poured off, tii.nd the acid vrns 

melted and the freezing process repe~.ted. 

SodiuJn. acets.te ·w~.s fused and then heated 1J1.round 300° for several 

minutes. Cttlcirnn acett'.te 1,,vns heated between 200 and 300° for tt 
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few minutes and t:hen it was kept in an electric oven for severa.1 

hours a.t a temperature a.round l00°c. Eeta.-phosphoric acid vras 

heated for sever~.l :minutes from 200 to 300° before being used., 

When co
2 

gas vras used it l.'JV.s dried by p~ssing it through 

fbsks of sulphuric acid .. 

Solid,s such as bauxite, charcoal imcl sand were heated ~-t 

temperatures around 200° until they ·were thoroughly dried., F'lt'l.sks 

and s1>1nple bottles were freed from vra. ter by heo.t:Lng in :l. flame, 

they vrere connected to the a~•paratus v,.rhile their temperature v,n,.s 

above 100°. 

The electric furn:~.ce wo.s dried out by hen.ting it for a ·while at 

0 about 300 before it wa.s used., 

Reflux condensers v,rcre clee.ned with dry cot\~on and rinsed vri th 

pure t:wetic ::~.cid immediately before be'Lng used. Tubes .fil1ed with 

cci.lcium chloride were placed in the top of the reflux. condensers 

to remove the moisture from the air that entered. 

Condensers used for distilling liquids vvere cle~.:ned vrith dry 

cotton tmd a fe·,v cubic centimeters of pure acetic acid 1..--rere condensed 

in them before they were connected to the flasks conts.ining the 

products to be disti 1led.. Wnen sc.mples ·were re-distilled the 

fle,sk vm.s plo.ced on t:n '-Sbestos pa.d wi. th t)_ snall, round hole cut in 

it, heat wo.s applied to the part of the flask projecting through the 

hole. 
. 

A 360° thermometer wa.s used., the bulb V.'":J,S phced ,just belmv the 

exit for the product. 

The a.pp:u·o.tus used consisted of Erlenmeyer flasks of the follovr-
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ing sizes: 100 cc., 250 cc., 300 cc .. , Emd 500 cc .. ; bttlloon flasks, 

1000 cc; ordimtry h.boratory condensers; sep!:i.ro.tory funnels 3.nd 360° 

thermom.eters. 



26 

Chapter IV 

Specific New Methods Used to Prepare Acetic Anhydride 

1. Aluminum acetate that 1u-e.s prepared by treating alu.minum sulphate 

vr.i.. th ammonium hydroxide and dissolving the an1monium hydroxide 

in acetic acid. 

2. Aluminum chloride and acetic acid. 

3. Ammonium. bi sulphate heRted with calciwn acetate. 

4. Carbon dioxide passed over heated calcium acetate in a flask. 

5. Carbon dioxide passed through a silica tube over calcium acetate 

that vms heated in an electric furnace. 

o. Carbon dioxide passed through a silica tube over a mixture of 

calciuin. acetate and silica gel heated in an electric furnace. 

7. Acetic acid passed through a silica tube in vapor form over 

silica gel that WEts heated in an el cctric furnace. 

8. Acetic acid forced through a silica tube over crushed bauxite 

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

9. Acetic acid dropped through a separa-tory funnel on hot meta.­

phosphoric acid. 

10. Acetic acid dropped from a separatory furnel into a mixture of 

meta-phosphoric and sand. 

11. Acetic acid in vapor form forced through hot meta-phosphoric acid. 



12. Acetic v.cid he~.ted w:i th meta-phosphoric ~t ci d nd ch~rcoa.l.. 

13. Acetic acid vapor forced through a hot nixture of meta­

phosphoric B.cid., sulphuric 8.cid., :.:md castor oil.. 

14.. Acetic acid heated vritl-: meta-phosphoric e.nd sulphuric s.cid. 
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15. Acetic o.cid refluxed ,;ii th met~-phosphori c ~ .. cid tmd c~ stor oil.. 

16. Acetic n.cid refluxed eight hours with meta-phosphoric acid. 

17. Ethyl aceto.te refluxed with meta.-phosphoric !.Cid. 

18. Sodium ti.cett'.te he9.ted with meta.-phosphoric acid .. 

19. Carbon dioxide forced over herd;ed sodium a cetn te and metB.­

phosphori c acid. 

20.. Co.lei um :i.cefo.te hei,.ted 1.vi th meta-phosphoric ncid .. 

21.. Ortho-phosphoric acid treated with a.cetic acid. 

22.. Ethyl meta-phosph.'l. te refluxed with 3 cetic acid. 

23,. Acetic ticid ~.dded to boiling meta-phosphoric through a sepn.ra.tory 

funnel. 

About 50 gra.ms of alw:ninurn sulph~l te crystals were dissolved in 

distilled ·water at 65°, emd :mmonium hydroxide vre.s :~dded in excess, 

yielding n.rnrnonium sulphate n.nd ~.hun.inum hydroxide. The precipitate 

VJ~.s wm.shed with distilled 1N~:ter, dissolved in rrnetic o.cid tmd dried 

in an electric oven for sever8.l hours a.t 94°.. The 2.lmninum acetate 



vras heated 0.nd a i'ew cc. of' yellow liquid vms condensed between 

no0 and 120°. The product was re-distilled and tested by the 
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quantitative aniline method but no acetic anhydride vrr,s found. The 

experiment -vms repeated seiteral times but no acetic anhydride -~vas 

produced. 

Ab cut 40 cc. of acetic acid vms added very slowly to 30 grams 

of al runimun chloride. After the ·-Nhite fumes had ceased to come off 

the misture ·was heated. fov.r cc., of red 1iquid ·:;rere condensed 

betv-.reen 50° and 180°. The liquid was re-distilled and tested b~,r the 

quantitative aniline method but no acetic hnhydride ~Nas found. T?1e 

exDeriment ,.:ms repeated, but no anhydride vms produced • 

.ii.bout 70 gra:ms of amr:wnium bisulphate i::nd 60 grams of celciurn 

acetate were heated together for about an hour w5 .. th the hope that the 

fol1ovring reaction vrcmld take place: 

.A.bout 50 cc., of clear liquid with an odor similar to the odor of 

acetic acid -~vere conder1sed between 210° and 285°.. The liquid ·was 

re-distilled between 100° and 110° and tested with aniline but no 

anhydride ·Nas found. 

Dry carbon dioxide gas vras passed into a flasl<'. of calciu:m 

acetate.. About 20 cc., of yellmv liquid was condensed betv;een 150° and 

350°.. The liquid was re-dis-ti 11ed. belovr 100° and tested with aniline. 

No acetic anhydride was found. 

About 10 grams of calcium c.cetate vrns placed in a silica tube 
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and her,.ted in an electric furMce. Dry ci:,.rbon dioxide g!'-S vm.s 

pti.ssed over the crdciwn acefo.te. About 5 to 6 cc., of yellovr liquid 

1r,rith 1cm odor :like the odor of acetone were condensed bet·~reen 100° 

and 800°. Wo acetic anhydride w~.s found in the liquid vn th the 

aniline test. 

About 50 grn:ms of ccilciur.1 o.cet~.te rmd 50 grm:1s of silica gel 

-vrere placed in a. silica tube ::md heated in tm electric furn,.'lce. 

CRrbon di oxide ga.s vras po.s sed over tbe mixture. A fevr cc,. of clear 

liquid with ;:,n ~i.cetone odor were condensed betvreen 100° and 1000°., 

No n.cetic t'.nhydride was found ·when the liquid was tested with a.ni.line • 

.About 200 grti.ms of si lien gel -~·:ere pb.ced in a silica tube s.nd 

hee.ted in rm electric furnace, while 100 cc. of ~.cetic o.cid vrnre 

forced over it in the vv.por fonn. 'I'he product •,.vas conde:nsed and 

collected at the fol1ovn..ng temperatures: 

300° 400° 

400° 500° 

The snmples ·were re-di stilled between 110° and ll8°.. Ho acetic 

r:mhydride -'/m.s found ·when the product vr.il.s tested vri th ttniline. 

The experiment vm.s repeti.ted by su.bsti tuting ba.uxi t:e for the 

silica gel. The product w:1s condensed ~.nd collected nt different 

temperatures :".S fol lows: 
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V/hi.te fumes cttme off ~-~round 600°, that gn.ve cc test for CO2 vrith lime 

vro.ter. All the s::.r;:1ples re-distilled below 119° e.nd no o.nhydride wri.s 

produced. 

Eet1.-phosphoric acid W(l,S preptired by hen.ting runmonium :phosphate., 

., ... 
8..L.L driven off. The t:Lc!e required 

to change tl-1.e nhosphc:.te to ~ .. cid ·was froT:1 six to ten hours. Temperrlturas 

up to nround 350° vrnre used until most al 1 the bubbles had ceRsed to 

come off, then the flt.tme vrf-..s increased and the hentj_ng continued 

until neutral litmus p,iper could be held over the beaker vdthout its 

turning bJ.ue.. The r:1eb .. -phosphoric ,,. ci.d thus prepnred VIt,.s used in the 

follovd.ng experiments: 

About 300 cc. of metm.-phos phoric acid -;rnre herLted betvreen 250° 

0 
8..lld 350 , and 100 cc .. of acetic tlcid vrere ::..dded very slmvly tr.rough 

a sepo.ratory funnel., 

The droplets of r;_cid spun :•.round on the surfo.ce of the phos-

phoric acid and then vo.pod.zed.. The distillate wus o.ondensed at 

different te2:1per!'.tures,. All of the conde:ased product re-distilled at 

the boiling point of the acetic acid usede 

The experiment vras repeated by adding about 200 cc ... of sand to 

the neto.-phosphoric acid to produce a. porous m:i.xture,. Wo o.cetic 

a.nhyd:r·i de vr::.s produced .. 

Three hundred grmns of meta-phosphoric ~..1.c:i.d i.vere heated between 

300° and 400° and 100 cc,, of s.cetic acid were forced through it in 

vapor form.. By heating the cetic acid in one flo.sk and sending the 
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vapors through a tube to the botto:n of the fh.sk containi:ng the 

phosphoric ~.cid. The disti llv.te was condensed, re-distilled and 

tested with o.r'.iline., but no Rcetic anhydride w:::i.s found. 

About 100 gre.ms of wood. cr.arcoal and 200 grrons of meta-phos­

phori c acid vvere mixed. The mixture V\iliS heated a.round 350° and 

100 cc. of ~:.cetic actd were added a drop at s. t:i.me through a. separa­

tory funne}... The distill8.te 1v:;..s condensed and re-distilled between 

115° and 120°, only a. very smv.11 amount distilled above 118° .. When 

tree.ted with aniline evidence of the presence of anhydride W3.s fm.md .. 

About 60 cc" of meto.-phosphoric acid, 60 cc. of c:,.stor oil, o.nd 

150 cce of concentrated sulphuric ~,~cid ,Nere mixed r.md her1.ted to 

about 250° .. About 100 cc. of ;i,.cetic f.'.Cid ~.vere boi.led in :,.nother 

fl::..sk e.nd passed into the mixture throug;h a. gfo.ss tube. The 

cond.e:nsed product vff.s re-distilled, the greater p::i.rt distilling off 

between 110° r.i.nd 117°.. Abo..1.t 5 cc,, vrnre condensed between 120° 

and 121 ° ;;;.nd tested WJ.th aniline; some he~.t wv.s produced, indicating 

tho.t som.e acetic a.nhydride may htt.ve been in the product.. The residue 

1~1.s a blr.i.ck solid. 

About 80 cc. of concentrt\ted sulphuric o.cid., 40 cc., of meta­

phosphoric ~.cid., and 40 cc. of acetic t:-.cid were mixed,, After t;he 

mixture had stood at room. temperiiture for t-wenty-four hours ·.Lt v:-r-ts 

hettted o.nd the product conderi.sed between 115° a:c.1.d 220°. The 

condensed product wns re-distilled between 115° and 117°., No acetic 

=.nhydride -v,r:, s found. 

A mixture composed of 75 cc. of ~1..eta-phosphoric acid, 75 cc., of 

c11stor oil, r,nd 75 cc.. of glncie.1 .:'\,cetic rtcid, '\-Yt1.s refluxed for two 
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hours.. The f1i,.sk y~--;,.s conn.ected to a distilling condenser r>.nd e.bout 

70 cc., of clef:l.r liquid vrere condensed between 115° and 160°. The 

liquid vms re-dis ti 1led between uo0 and 1199 ., 1T o ~ .. nhydride ·w-9.s 

produced., 

A m:Lxture of 190 gr2...:ms of meta.-phosphori.c acid, tlnd 100 cc. of 

acetic c:.:,,cid, 'HD.s reflu.xed for :rrrore th:tn eight hours. 

The mixture ....-.ir.ts distilled and a c1ei1.r liquid condensed between 

112° :e1.nd 156°.. At 156° the product in the flu.sk f Ofu:1.ed and expe.nded 

very much; tt.1e temperature fell rapidly to 135°. The liquid vro.s re­

distilled between 108° and 121°; a. small amount vms condensed 

between 118° and 121
9 

~.nd tested ·with ,.niline; r.mch het~.t produced 

indicc'.l.ting that acetic tulhydride WD.s in the product. 

About 100 gr3.r.1s of meta-phosphoric o.cid vrnre heated to 1:\,bout 

300° and 75 cc,. of ethyl acetate w~.s added very slo-:rly throu[~h ._ 

reflux condenser. The nixture wn.s refluxed t'l.bout five hours a.nd 

then distilled. The distilled product condensed bet-vmen 80° and 

110°,. No acetic ~nhydride v-rt':..s produced., 

About 150 grams of sodium &ceta.te s.nd 300 t:r~1:1s of meta-phosphor-

ic acid vrere heated together for several hours, 1Ni th the hope th~, .. t the 

follovring ren.cti on would t~.ke p1ace: 

7i.. c1·,. C'0 
2NAC2It., o

2 
+ HP0

3 
---t C~~3 ' "- O .) . J.L3c~o / 

Vfr1i te furnes p~ssed through the condenser ·without condensing., About 

75 cc .. of clear liquid condensed between 135° a.nd 200°. The condensed 

product ,.va s re-distilled betw-een 95° and 110°.. No anh~rdride Yf8.S fou.n:1. 

About 400 grams of sodium acetate and 100 gra.ms of meta-phos-



33 

phoric r:3.cid were mixed in tl. 1000 cc. b9.lloon fl~tsk. A stre~m of 

dry co
2 

ga.s was forced into the f'b. sk D.nd the :-:ixture refluxed for 

a.bout four hours betvreen 85° and 105°., T}:e follovling re,"ction w-a.s 

expected to take place: 

W11ite furn.es v.r:i.th ~ vr-::ry disagree9 .. ble odor p~tssed through the 

reflux cnndenser without condensing .. 

The mixture wu.s distilled, about 75 cc .. of liquid condensed 

be·t".veen 85° t'c.nd 265°., The condensed product vrrts re-distilled e.nd 

collected. s .. s follows: 

About 60 cc,. between ao 0 t, .. nd 118° 

5 cc., 11 

5 cc. 

The smo.ple collected bet·:reen 118° and 140° gRve ~, positive test for 

~cetio anhydride e .. s some hent wns produced Trhen ~.rdline vr...1s :J..dded. 

The s~r:iple collected bebreen 140° a.nd 180° resembled a. light, 

transp:?i .. rerrt oi 1., but conta:Lned no v.cetic ~-nhydride. 

About 150 grams of calcium acetate and 100 grams of meta.-

phosphoric r-i.cid were heated together for seven hours with the hope 

that the following reaction would to .. ke place: 

+ 

The meta-phosphoric C\cid expanded. many t:i.mes its originaJ. volume., 

About 215 cc. of light, yellow· liquid \vere condensed. The liqu.id 

Y.ro.s re-distilled between 95° n.nd. 118° but no :rneti.c anhydride ·wt·i.s 
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found. 

About 200 cc .. of ortho-phosphoric s.cid were heti.ted forty hours 

r:,_t temperatures fl.round 200° with the fol1owi.ng re3.ction in view: 

About 25 cc. of 8.cetic acid Yrere added and the mixture distilled .. 

The conde::1sed product re-dist:i.lled be1ow- 119° Lb,.nd no acetic anhydride 

wt1.s produced. 

Ethyl meh.-phosphr;_te '.'ff1,s prepH.red by troating phosnhorous 

pentox:i.de with di-ethyl ether .. 

The phosphorous pentoxide vH1s pkced in 8. 1::~1..110011 flri.sk ,.nd converted 

wi tl1 ether. The fh.sk wns connected to ~ reflu.x condenser and heri.ted 

in a \nJ.ter bath around 80°,. The mixture was refl u:xed unti 1 ttll the 

p2o5 w•.).S converted into CH3 CH2P03 .. The excess ether 7rri.s dr::nvn off. 

The product produced "Nas a viscous ors.nge colored liquid .. 

Ethyl meta-phosph.e.te ~)repo.red by the r.rnthod described e,bove 

was used in the following experiments: 

Tw·o hlmdred and sixteen gr0.ms of ethyl-phosph0,te vrnre mixed 

with three hundred sixteen grams of ::1.cetic ~\Cid .. 

The fla.sk -.,.;-r:ts connected to a reflux condenser o.nd the mixture 

reflu..xed for ~.bout eight hours.. It wr.ts hoped tho.t the following 

reaction would take place: 

The temperature grD.dual ly fell f~,orn 126° to 114 °, the flame 

burning constantly the srune'" The color of the mixture changed from 
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a light orange color to very dark red., After the nixture h~.d stood 

for etbout twenty hours it v,rs.s distilled bet-vreen 114° and 130°. The 

condensed :product we.s frrtctionated tvr.ice, 3bout 20 cc .. of clea.r liquid 

with a very sharp odor vrere condensed betv.reen 118° ~.nd 129°. '11he 

product condensing betvreen 110° :,.nd 127° "'NUS tested with aniline, 

sodht-r.1 selenite and seleni ous oxide., All the tests g[tVe positive 

results for c.cetic t1..nhydride. 

The experiment vro.s repeated, using 150 grams of ethyl meta­

phosphc.te and 180 r;rams of ttcetic rwid.. About 8 or 10 cc., of cle!tr 

liquid v:ere obtained betvrnen 120° and 137° th:it grtve very good tests 

for ~.cetic emhydride. About 5 cc,. of the liquid vrns ~dded to 5 cc,. 

of aniline tmd wormed, crys ta,l s ~,,;,ere formed in the beaker. The 

experiment ·w1ls repeated, using 108 grs.ms of ethyl rneta-phosph3.te a.nd 

3ti0 gre.rn.s of n.cetic v .. cid or one p,.,.rt of ethyl :metll.-phosph~.te and 

six p::-1.rts of 8.cetic ~.cid by molecular weight. A St'tlll a:r:iount of 

s.nhydride vro.s produced .. 

One }X'.rt of ethyl meta-phospho. te and tvro parts of acetic acid 

by molecular 1Yei1z;ht produced no 8.cetic !l .. nhydrid.e .. 

About 108 gr~ms of ethyl meta-phospht .. te v11:1.s he,.ted in a 1000 

cc .. ba.lloon fh.sk thtit vro.s fitted vrith e. sep:"'trtitory funnel, ther­

mometer c.nd d:i.. stilling cond,.cns er .. 

The phosphv.te begsm boiling !1t 160°., rJ.nd 180 cc .. of acetic !I.Cid 

vrere ~.dded very slowly through the sep:1.rn.tory funnel. The products 

were condensed., re-distilled, ond tested, but no acetic anhydrite ~-s 

found .. 
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Tw"o different materia.ls w·ere used in testing acetic anhydride; 

A 2-4 di-chloroo.niline1 , and ~niline .. 2 

S!'JJTI.ple s of C .. P .. 3.cetic anhydride were tested vr.i th 2-4 di­

chloroaniline but the results ·:/rere unsuccessful due to oxidizing 

a.gents in re~.gent s used. 

The aniline test wo .. s found to be the more useful.. Two s~.mples 

of c .. p., !lcetic anhydride vrnre tested with the aniline test and 

checked within one per cent.. They 9.lso checked close to the per 

cent ls.beled on the bottle,. Two srunples of 50jo s.cetic anhydride 

and 50% glr. .. ch.l o ceti c t}. cj_ d vrere tested ·w:i. th the e.ni line method. 

They checked very close to each ot:ier rmd vd thin ?.bout 1;1o of ha.lf 

the per cent lRbeled on the bottle .. 

The 5.niline test is tis follows: 

Yveigh two 5 cc. 'Neighing bottles, lmd run into e~.ch of them 

2 cc,. of anhydride from a burette,. Innnedi,.tely stotJner the bottles 

and Yre:i.gh e.gaJ.n to obtain the weight of t>.nhydride.. Then drop very 

carefully ei,.ch vreighing bottle with its contents into a separnte 

300 cc .. Erlenmeyer ffo.sk containing 50 cc .. of NaOH imd 50 cc .. of 

vftlter.. Lossen the stopper of the v.reighing bottle slig..htly before 

drop9ing it into the fhsk, so thnt it c0.n be freed from the weighing 

bottle and the contents mixed with the li&OH solution.. Let the 

mixture sts.nd 30 to 45 minutes c.t room temperature w:i.th occasione..l 

1. 

2 .. 

Industrial and En , VoL 17., p .. 942 .. ------------------=------"'-'-Te c hn i c d 1.;ethods of P..nalysis, (1927), p. 106 .. 
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shaking.. Then titr1.te with N or 0115N acid o.nd phenolphthalein. Add 

2 or 3 cc. of ~.cid in excess and let the so1uti on stand about 15 

minutes longer with occ~sional sho.king. Fimilly, titrate bnck the 

excess of 1'.cid with O.lN NaOH to the first permanent pink color. 

From this titr~.tion c~.lculo.te the number of cc. of N 1fa.OH representing 

the totei .. l Rcetic acid from. 100 grr.; .. :ms of the snmple. Ci,.11 this A. 

·~veigh hvo 50 cc,. weighing bottles :ind run :~~-bout 20 cc,. of 

perfectly dry o.nd recently distilled aniline into each. Then add 

2 cc .. of rmhydride from the burette. Do not o.d.d the anhydride too 

rapidly, and distribute it thoroughly through the aniline by keeping 

the ~niline swinging slightly in the ·,veighing bottle during; the 

a.ddition. Vfr1en the anhydride has been :~.dded, stopper the bottle r.md 

set o.side to come to room temperature; then weigh to obta5.n the 

weight of anhydride added. 

At t:::rn end of about one hour from the time of ti.ddi tion of the 

anhydride to the ~.niline, tremsfer the mixture to a 500 cc., volumetric 

flo.sk and make up to the mask with ~ solution of eqw,.l pnrts of 

neutral D.1cohol ~md w~_ter,. Titrate 50 cc .. of this solution with 

O.lN Na.OH. From this titration calcub.te the nurrrber of cc .. of 

1T UaOH corresponding to the residual ~.cetic o.cid from 100 2_;rnms of 

the s~s.:mple" Co.11 this B. 

Subtract B from A to obtain the number of cc., of N Na.OH corres-

ponding to one-half the anhydride :Ln 100 gr}'.\ms of stJL1ple.. This value 

multiplied by 0.10205 gives gn-.. :::rn of e.cetic a.nhydride per 100 grr,_n1s 

of the sample. 

Tvro qu,.litative tests vrero used testing the products prepri.red 
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in the ttttempts to prepttre :'.l.cetic anhydride .. 

Aniline v-ras used in one of the tests ~nd seleniur.1 di-oxide or 

sodilun selenite v.ras used in the other .. 

If dry, recently distilled ~niline is m:1.xed vd.th o.n equal vohune 

of o cetic tmhydride, very much hec.t is produced by the rer.cti on- If 

the mixture is heated with YJ!i.ter, clear cryst~.ls Lre for.med.. If 

equal volumes of glacial o.cetic acid fi.nd tmiline are mixed some heat 

is -oroduced. If tl•e mixture is her:tted, no cryst~.ls o.re formed. 

A m:i.xture of 1 cc* of ::\cetic i~nhydride and 9 cc .. of gla.cial 

acetic r.cid is added to 10 cc .. of r~.niline; nuch more he~.t is produced 

them. ··,v-hen DU.re acetic ::A.cid ::i.nd tuJ.iline are r:1:i.xed. 

selei1:l.um di-o:x:ide or sodium sele11.ite he~1ted, 11Yitl1 t1ceti.c 

1 a .d "' d . ·+t ,.. 1 "' 1 · -· l an 1y . .ri e .i. orms e. re precipi va. ,e OJ. amorp11ous oe eruum.. If gl~.cis.l 

a.cetic ~?.Cid is her-.ted vdth the selenium compounds, no red color is 

produced. A r;-:ixture of 1 part of c..cetic anr.,ydrid.e ar.d 9 pn.rts 

of ~;.cetic rtcid heated vri th the selenium compou11ds forms c'I. pink: 

precipitate., 

1.. Dict:;or.1iry of Applied Chenistry, (1927), p~ 17 .. 
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Chapter VI 

General Conclusions and Sunmiary 

Frc,m the results of these experiments it wi 11 be seen that 

acetic anhydride cannot be prepared in a::.iy a1,::,rech-1-ble yields 

from the m.aterials used at lov; tomperatures and atmospheric 

pressure. It is quite possible that d:.fferent results might be 

obtained at higher teir~peratures and increased pressure. For 

i:c1sta.nce the calcium chloride t-\,1be in the ton of .the reflux 

condenser was stopned up at the bec;innin[; of one exporir.ient while 

one part of ethyl meta-p:1ospha te and three parts of acetic acid 

were being refluxed. 

Some pressure v1as created and the mixture ".ms blrn1m over the 

room.. Fumes having an odor like acetic anhydride vrnre so strong 

they drove every o:n.e from. the room. 

The reason acetic anhydride vre.s not produced in the experi-

m.ents wherein acetates 1vere used vras probably th.at the acetates 

-v-rnre not anhydrc1.1s. 

T:c1orpe states that ab .. .uuinum acete.te in the pure state is not 

lmown, but a solution of' it in t\ce-tic acid, called Hred liquor.,1' 

is 

iJ. T. I-:Ievri-tt and C. H. Lumsden a ttern.pted to prerXl re acetic 

anhydride by the decomposition of :::..lUi.·'11inmr1 acetate by means of heat 

but were unsuccessful. 2 

Calcium acetate decomposes before it becomes aEhydrous. There 

r.- -,fhorpe, E., Dictior,.ar--"o1'7~n;J1i0d_ 
2. Chen.ical Abs~cG;r o • X, p. 

ol. , P• 3. 
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~,:,ras probably enough ~::vater present in the calcimn acetate used to 

have changed all the anhydride to acid if an_y had been formed. 

The fused sodiu.:m acetate would absorb moisture v:rhile it was 

being ground. There was no ap-;Jaratus available for grinding 

solids while they were hot. 

The meta-phosrhoric acid used, melted around 250°. It could 

not be m Lxed with acetic acid very v\'ell as its melting point was 

far above the boiling point of acetic acid. 1\vo distinct layers 

were formed ~w-hen acetic acid was added to a flask containing meta ... 

phosphoric acid. Ethyl meta-phosphate was prepared to get the 

phos?)ha te in a liquid with which acetic acid would mix. 

Positive results were obtained when the products, condensed 

in the f'olJ.owinr; experiments, viere tested for acetic anhydride. 

1. Meta-phosphoric acid, acetic acid and wood charcoal. 

2. Meta-phosphoric acid, sulphuric acid and castor oil. 

3. Meta-phosphoric acid and acetic acid refluxed together for 

eight hours. 

4. :-=:thyl meta-phosphate., 150 grams; acetic acid, 180 grams; 

refluxod together for about eight hours. 

5. Ethyl meta-phosphate, 216 grams; acetic acid, 360 grams; 

refluxed together for about eight hours. 

6. Ethyl- meta-phosphate, 108 grams; acetic acid, 360 grams; 

refluxed together for about eight hours. 

Experiments 4 and 5 produced the greatest yields, hovrnver, 

these yields wBre very poor. 

:Many patents have been obtained for the :manufacturing of 
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acetic anhydride by heating the vapors of acetic acid and passing 

them. over meta-phosphoric acid. However, temperatures very m.uch 

higher than ordinary laborator~t apparatus can stand are used in 

most of these methods. 

Meta-phosphoric acid is now being used ecs a catalyst with 

good results in the prod~ction of anhydride in Germauy, by passing 

acetic acid vapors over it at ten~eratures around 600°. 

There are good reasons to believe that research -iNork will 

continue on acetic anhydride since it is one of the main substances 

used .in the manufacturing of acetate silk • 

. Acetate silk, the infant prodigy of the industry, by reason 

of its new, valuable, and extremely interesting chemical, physical, 

textile, and dyeing properties, has practically forced itself 

unon the attention of every branch of textile manufacturing.. 'J'tith­

out doubt the unique dyeing properties of this fiber are foremost 

in its favor at the present ti:rne, for ·while it offers many other 

a.nd very interesting points for its support, no other fiber can 

even acproach it for most white or two-colored effects when in 

combination vdth the older and better knovm fibers. 

At the present time all of the rayons are in g;:reat dem.e.nd, 

but acetate silk by reason of its dyeing properties alone, holds 

a certain definite field of usefulness u-pon which none of the older 

rayons (nitro, viscose and cuprarnrnonium) can even encroach.1 

1rhe vrriter vmuld suggest to an;:,rone who ·wishes to continue 

the research on acetic anhydride that the method using one part 

1. Mullin, C. E., Acetate Silk and Its Dyes, p. 13. 
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pressure ~vwuld be a very good method. 
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Calcium acetate also furnishes a good field for research in 

the preparation of acetic arJ}1ydride. Bamberger considers that the 

for:m.ation of acetone consists first in the formation of aline and 

acetic anhydride, and tl1a t the latter is decorn:posed into acetone 

and cP.rbon dioxide •1 If this is true it seems that a diluent might 

be found Vfherein the temperature could be controlled in such a 

,·my that the last reaction vrnuld not take place, acetic anhydride 

would condense without being broken up. 

1. Berichte Der Deutschen Chemischen Gesellsc}:-1 ... aft, Vol. 43, p. 3517. 
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