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INTRODUCTION

Cellulose acetate has attained a substantial importance in the production

of synthetic fibers, films, and molded products. Until about 15 years ago the

cellulosic raw material for this product was exclusively cotton linters. Then

in Europe, and later in the United States, the advance of technology and the

shortages of war times brought on the use of specially purified wood pulps.

Although these pulps are now used extensively, cotton linters must still be

used if a high quality product is to be obtained.

In this country the wood pulps which are used for acetylation purposes

are chiefly sulfite pulps from spruce or hemlock, whereas in Europe the pulps

are also produced from hardwoods by the nitric acid process or by kraft pulping

following an acid hydrolysis. Even after extensive purification wood pulps

yield acetates whose solutions are turbid; these solutions are said to be hazy

or to contain haze. It is desirable for the pulp manufacturer to produce pulps

cheaply and in high yield which will not yield excessive amounts of haze and

which will acetylate readily. From the standpoint of the finished product the

haze is troublesome mainly where clarity is of importance, as in the manufacture

of films. During the manufacture the haze causes trouble in the filtration of

acetone solutions of the acetate, thus increasing the operating costs through

time losses and filter expenses. It can be seen that an understanding of the

haze constitution and its formation in acetylation is of primary importance for

the commercial utilization of wood pulps for acetylation purposes.

HISTORICAL REVIEW

Experience has shown that the tests which are ordinarily used to charac-

terize celluloses, such as alpha-cellulose, copper number, uronic acids, and

cuprammonium solution viscosity, correlate poorly with the suitability of the
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celluloses for acetylation purposes. Two qualities are generally said to

determine the suitability of celluloses for acetylation, namely, the reactivity

and the purity. Reactivity, or activity, denotes the speed and thoroughness

of the acetylation reaction. The cellulose must be purified either because the

impurities form insoluble acetates, or because they shield the cellulose so as

to make it inaccessible to the reagents. The pulp manufacturer faces the

dilemma that treatments which are necessary to purify pulps often cause them

to become unreactive (1).

In recent years laboratory methods of determining the suitability of

celluloses for acetylation have been developed which are based on a sample

acetylation and subsequent evaluation of the product. Jayme and Schenk (2)

have described a laboratory procedure for acetylating a pulp using a high

ratio of reactants to cellulose and a long acetylation time. According to this

procedure the triacetate in a solution of the acetylating medium was evaluated

by its original turbidity, by the amount of coarse insoluble material removed

by centrifuging, and by the turbidity after centrifuging. The effect of the

reactivity of the pulp was separated from other effects by acetylating with

and without an activation pretreatment with acetic acid (2). A similar pro-

cedure was reported by Heuser, Shockley, and Van den Akker (4) who used a

modification of the transparency meter for determination of the turbidity,

thus eliminating the effect of color in the determination. Frey and

Schwalenstocker (5) have criticized these methods because of the extreme

reaction conditions, and because the criteria for suitability of the acetates

are not significant for the acetate manufacturer's purposes. They recommended

a test acetylation under conditions designed to simulate commercial conditions.
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The reaction was carried out until the reaction mixture became clear, The

pulp was evaluated by the acetylation time, and by the filterability, vis-

cosity, and clarity of the triacetate solution. A determination of the ac-

tivity of the pulp was made by a comparative acetylation after activation

with water at room temperature.

The Du Pont Company (6) evaluates experimental acetates by measuring

viscosity at two concentrations, the amount of undispersed material which

settles out of acetone solution, the clarity and filterability of an acetone

solution, and the color stability.

Jayme and Schenk (7) believed that the highly dispersed fraction of the

haze, as evidenced by the turbidity of the acetic acid solution of the tri-

acetate after centrifuging, was caused by hemicelluloses. On the other hand,

the undispersed portion, that which was removed by centrifuging the acetic

acid solution of the triacetate, was ascribed to the generally unreactive

nature of the pulp. This view was supported by a positive correlation between

the pentosan and mannan contents of various pulps and the turbidities of their

acetates, and by the fact that the amounts of undispersed residue were de-

creased by activation pretreatments of the pulps. An analysis of their data

shows that the mannan in the pulps also correlated with the amount of undis-

persed material.

It seems certain that hemicelluloses form haze because their acetylated

derivatives are not acetone-soluble but are highly swollen, although Jayme (8)

maintains that xylan, mannan, and even holocellulose can be acetylated to form

soluble derivatives under the proper conditions. Millet and Stamm (9) acety-

lated the water-soluble hemicellulose fraction from aspenwood and obtained a

chloroform-soluble product. The 1 and 5% sodium hydroxide extracts formed
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poorly soluble products when acetylated. Wethern (10) acetylated two hemi-

cellulose fractionsfrom black spruce chlorite holocellulose. Neither product

was soluble in organic solvents.

Jayme (11) found that xylan, extracted by hot alkali from straw formed

an acetylated product which gave clear solutions in acetic acid. A xylan

removed by cold alkaline extraction from straw gave an acetylated product

which was turbid in acetic acid solution. Neither of these products was

acetone-soluble. Whistler (12), from studies on various xylans, reports that

a high grade (high molecular weight) xylan diacetate is insoluble in most

solvents. When the diacetate is degraded it becomes soluble first in pyridine,

then chloroform, and finally acetic acid. This may explain the findings of

Jayme mentioned above. Yundt (13) acetylated a purified barley straw xylan;

the diacetate was insoluble in the solvents tried. He attempted a partial

de-esterification to improve the solubility without success. Sobue and

Fujimura (14) acetylated beech xylan; it acetylated more rapidly than

cellulose, but the acetate was only slightly soluble in acetic acid, pyridine,

halogen compounds, and acetone. Partial saponification did not increase the

acetone-solubility.

Patterson (15) acetylated ivory nut mannan with acetic acid, acetic

anhydride, and sulfuryl chloride catalyst. After twenty-four hours at 70°C.,

about a third of the total starting material had been acetylated and could

be dissolved in chloroform. The acetate showed a tendency to gel in chloro-

form. The mannan from orchid tubers has been isolated and acetylated with

pyridine and acetic acid by Pringsheim and Liss (16) to the triacetate; the

product was soluble in chloroform, acetic acid, and nitrobenzene. The mannan

which was extracted from ivory nut with 10% sodium hydroxide was acetylated by

Klages and Niemann (17) to form a chloroform-soluble acetate.
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The work on isolated hemicelluloses shows generally that they form ace-

tates which are insoluble in acetone, but which may be soluble in acetic acid.

This indicates that the haze in the acetic acid solution of the triacetate may

be different than the haze in the acetone solution of the diacetate. The non-

cellulosic polysaccharides which are present in purified pulps are resistant to

extraction and may differ physically or chemically from the isolated hemicellu-

loses which have been acetylated.

Other causes of insolubility or poor solubility are found in certain minor

functional groups. Roos (18) maintains that oxycellulose interferes with the

acetylation. Malm, Smith, and Tanghe (19) found that the salt effect--i.e,,

the increase in acetone-solution viscosity caused by washing an acetate with

aqueous solutions of calcium salts, was correlated with the content of carboxyl

groups and sulfuric acid ester groups. This effect was believed to be caused

by cross-links through the divalent calcium atom. Magnification of these

effects may cause complete insolubility. The effects of very small amounts of

cross linkages can be very great as Mark (20) has pointed out. Howlett and

Urquhart (21) state that haze can be caused by sulfate groups linked with cal-

cium. However, Caille (22) found that the smallest molecular weight fractions,

isolated by ultrafiltration, contained the greatest percentage of sulfate

groups. Deripasko (23) was able to solubilize primary cellulose acetates by

reprecipitation from acetic acid solution, by means of which the sulfate groups

were removed.

The effects of certain inorganic cations, particularly calcium, magnesium,

or sodium, are thought to be harmful. A number of patents have as their goal

the removal of calcium, magnesium, or sodium salts. EngelmanN (24) claims that

uronic acids are bound to calcium which is not readily split off; consequently














































































































































