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~ Abstract '

A convenient and rapid procedure is described for determining the haze-
formmg tendency of woodpulp after acetylat1on and the amount: of insoluble
resniue in the acetate solut1on

- The method prescribes (1) a pretreatment that involves steepmg the sample in
water if it is air-dry, followed by steeping it in 85 percent acetic acid at
room temperature, {2) d1_sp1acement of the dilute acetic acid with glaclal
acetic acid, (3) acetylation with a mixture of glacial acetic acid, acetic '
anhydride, and sulfuric acid catalyst, and (4) measurement of haze and
insoluble residue in the acetate solution before and after centr1fug1ng
Appr0x1mate1y 5 hours are requlred for acetylatlon and measurement of ha.ze

For a commercial softwood sulflte pulp of acetylatmg grade, the 1n1t1al haze

‘was 1.6 to 3.0 percent -and the insoluble residue was 0. 13 to 0.32 percent
after centr1fug1ng,the haze was 1.6 to 2.0 percent. o

Introduction

‘In work at the U.S. Forest Products Laboratory on the. pur1f1cat1on of woodpulp
for chemical conversion, the need arose for a rapid method of measunng the

1Th:Ls work was done in association with the late Ralph M. ngsbury, Forest.
Products Laboratory chemlst ’

EMalntamed at Madison, Wis., in cooperatlon w1th the Unxversxty of Wlsconsm.
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haze -forming tendency of pulps and the amount of insoluble residue that forms |
after acetylation. . A low haze content is an important requirement of cellulose
acetate to be used in the production of high-luster yarns, plastics, and lacquers
The insoluble residue should be low to facilitate filtration of cellulose acetate
solutions. Residues can also cause breaks in the Yarns during the spinning
operation.

: Acetylation procedures found in the literature and 'by direct inquiry involve
rather lengthy treatments that include pretreating the pulp, acetylating it to
the primary or triacetate stage, hydrolyzing the triacetate to acetone-soluble
secondary acetates and, in some instances, purifying the product.i' 4,5 ‘

In the pr‘e'sent study, various pretreatments, acetylation conditions, and
catalysts that are described in the literature were investigated. Conditions

for effective activation and acetylation are described in the proposed method

. .and the amounts of haze and insoluble residue are measured directly on the .
triacetate in glacial acetic acid solution to avoid the time~consuming hydrolysis
and purlflcatmn treatments. The results of this work provide a measure of '
the quality of an acetate pulp, from the standpoint of haze and insoluble

residue, by comparison with the results of the same tests on a standard pulp

of acceptable quahty '

Exploratory Expe riments

The exploratory experiments on the effect of variations in activating treat-
rnehts and in acetylation conditions were conducted on a viscose grade of
cotton linters. Later: experiments and tests of the final method were made
“on asample of a softwood sulfite pulp of acetylating grade. The results of
these experiments (table 1) show that the woodpulp acetylated somewhat more
readlly than the cotton llnters

For convénience’ in handling, a sample of 10 grams of pulp, moisture-free
basis, was selected for acetylation in all of the experiments. Seventy-five
‘grams of acetic anhydride and 250 grams of glacial acetic acid were used.
These amounts gave solutions that were not too viscous for the determination
‘of haze and insoluble residue.

3—Héuse'r’, Emil, Shockley, William, and Van den Akker, J. A. Determination
~of the Suitability of Wood Pulp for Acetylation. Tappi 32 (6):251-253, 1949.

iSeymo‘x,ir-, G. W. The Chemistry of.Cellulose Acetate -Colloid Chemistry,
6:887, 1946. .

:C)-Unpublished communication with Merle Heath, Institute of Paper Chemistry,
April 21, 1950.
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© In the first acetylation experiment (table 1) a sai'nple of cotton linters was
- pretreated by steepin% for 10 minutes in glacial acetic acid as recommended
by Jayme ‘and Schenk.” It was then drained and acetylated at 25° C. usmg o
2 grams of sulfuric acid for the catalyst. The reaction was very slow and .
“had not reached completwn in 24 hours, as is shown by the high haze value
of 6.5 percent. In the second experiment, the saijf_ﬁe proportion of caté,ly}st
was used, but the temperature was raised from 27° to 43° C. during the " ,
raddition of the acetic anhydride and held at 43° C. for approximately 2 hours )
(table 1), The reaction rate was still too slow, however. The rate. of -
: acetylatmn 1mproved somewhat when the amount of catalyst was increased
~to 8 grams and the starting temperature increased to 30° and 35° C; in
the third and fourth experiments. . The haze values in these tests: were stlll
considerably higher than published values for acetylating pulps even though
the amount of catalyst was several times the amount usually recommended
Perchloric acid’ and a mixture of chlorine and sulfur d1ox1de were found to be
_unsatlsfactory catalysts:’ ' '

‘In- experlments 5 through 12 (table 1), pretreatments similar_to one
described in an acetylation process patented by Goff and others— were tr1ed ,
to obtain more effective activation and acetylation of the pulp. In these pref
treatments, the pulp was soaked in distilled water, drained, and steeped
30 minutes in 85 percent acetic acid at 25° C., drained again, and steeped

15 minutes in glacial acetic acid at 60° C. The results of experiments . L
5and 6 showed that a short soak in hot water or a longer soak in cold water '
in conjunctlon with the acid steeps were equally effective activating treatments..'"
‘The subsequent acetylation of cotton linters using 2 grams of catalyst was
complete in 2 hours as was shown by a constant haze value. Under the same
conditions the acetylation of a sample of the woodpulp was complete in -

30 minutes (experiments 7 and 8). In experiments 9 to 12, it was found that
‘the glacial acetic steep at 60° C. could be ‘omitted from the pretreatment

and that the amount of sulfuric acid catalyst could be d'ecreas'ed to 0.3 gram
without seriously decreasing either the rate or extent of the acetylatlon ,
Viscosity data given in table 2 show that the smaller amount of catalyst caused
considerably less degradation of the cellulose than did the larger amount.

Later, tests were made to determine: (1) the effect of soaking dried pulp in
- glacial acetic acid in place of the pretreatment with hot water and 85 percent
acetic acid, and (2) the possibility of using the time of acetylation required

3 .
—Jayme, G. a.nd Schenk U. Test for Showing the. Sultablhty of Pulps for
Acetylatl_on ‘Paper Industry and Paper World 31(3) :376-377. 1949 .

7
“Goff, Lionel E., Sheldon, Lyle M. Herzog, Mﬂton L., and Olsen, F Wood

Cellulose and Method of Making. U S. Patent 2,187,710 (Jan. 16, 1940)
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to reach minimum haze as a measure of pulp reactivity. The time of -
acetylatlon and the minimum haze content of the acetate’ solutlon from the
woodpulp were approxirnately tripled by this pretreatment. The change in
‘haze content was too gradual to provide an accurate measure of time to
‘minimum haze when applied on high-grade commercial acetate pulp and
experlmental pulps of varled reactivity.

Procedure for Acetylation and Determination
- of Haze and Insoluble Residue

The conditions for the act1vat10n and acetylation of pulps and the determ1nat10n
, of haze and insoluble re81due in the acetate solutions are descrlbed in the
followmg paragraphs ‘

Activating Pretreatment

A weight of sample equivalent to 10 grams of pulp on the moisture-free basis
is used for acetylation. If the pulp is in the air-dry condition, it is dispersed
from either bulk or sheet form, by means of a suitable agitator, in about
500 milliliters of water at a temperature near the boiling point, and steeped
1 hour without additional heating. The steeped pulp is drained with suction
and weighed. The steeped and drained pulp containing about 75 to 80 percent
- water, or pulp without steeping if not previously dried, is mixed at room
temperature with an amount of glacial acetic acid that will produce an acid

. concentration of 85 percent by weight. After 30 minutes, the sample is
filtered with suction and washed twice with 50-milliliter portions of glacial -
“acetic acid, also with Suction, after which the wet pad is weighed‘.

Removal of water from dilute suspensions of pulp and also acetic acid from
acid-treated samples is done with 2 Blchner funnel fitted with a 100-mesh
stainless steel screen. The filtrate in all instances is refiltered through
the pulp mat to recover any fibers that pass through the screen in the mxtlal
filtration. '

Ac etylation_.

The weighed sample is transferred to a reactlon vessel in a constant

" temperature bath at 30* C. A pint, wide -mouth fruit jar, with the metal d1sk :
in the lid replaced with rubber gasket material about 1/8 inch thick,. is
satisfactory for this purpose.. This rubber disk should have one hole in the
center for entry of a stainless steel agitator shaft and a second hole, off
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center, for the mtroductlon of chemicals and a thermometer. 1It.appears to be'
unnecessary to seal these holes during the reaction: A varlable -speed
agitator is desnable '

Glacial acetic acid at room temperature, contamlng 0.3 gram (0,17 m111111ter)
of 1.84 specific gravity sulfuric acid, is added to the acid-wet pulp sample

in the reaction vessel. The weight of acetic acid to be added is the amount
required to bring the total weight of pulp and acids to 260 grams. (The
.composition of this acetylatlng mixture and those used by the industry and
others é 5, 6 7 are compared in table 3. )

The vessel is closed, the agitator started, and 75 grams of acetic anhydride
are added over a period of 15 minutes. Within this time, the temperature is
raised to 43°+ 1° C. and maintained until two successive values for haze of -
solution are essentlally the same. This time will occur within 1 hour frorn
the start of the addition of the acetic anhydride for a pulp suitable for-
~acetylation.

When the minimum haze value is reached, approximately 90 grams of the
solution are withdrawn, weighed, divided into two portions of equal we1ght
and centrlfuged A centrifuge that is equivalent to a 'size 2, International
Equipment Company centrifuge with head No. 234 and two 50 -milliliter tubes
rotated at 2,000 revolutions per minute for 30 minutes is satisfactory for

this operation. ' Haze value for the supefnatant liquid is then deterrninedfand B
the insoluble residue from both tubes is collected by filtration. Part of the
original solution can be retained at 25°+ 1° C. for 24 hours to determlne a.ny
change in the amount of haze or residue durmg this interval. ’

Measurement of Haze

Haze in the tr1acetate solutlon is measured by the 11ght scatterlng effect of

the solution by usmg a Model 402-E Lumetron instrument or equwalent a v
cell of 10 millimeters llght path and a narrow band filter with a. transmlssmn’
peak at 595 millimicrons.

The sample cell containing the test solution is placed ad_]acent to. the photocell,
Position 1 of the Lumetron, and the balance photocell is adjusted to give a _
zero reading on the galvanometer scale when the slide wire dial is set at 100.
The sarmple cell is then moved as close to the light source as possible,
Position 2, and the slide wire dial adjusted to bring the galvanometer reading
to zero. The haze value, in perceént, is the difference between 100 and the
slide wire dial reading when the sample cell is in Position 2. These values
are essentially independent of the color of the acetate solution.
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8
This procedure corresponds in principle to ASTM Designation D672 45T, —
However, the distance between Positions 1 and 2 for the Lumetron instrument
is 15 centimeters as compared to 18 inches in the ASTM method.

Determination of Inscluble Residue

The insoluble residues are washed out of the two sample tubes with glacial
acetic acid into an RA98 alundum crucible on a suction filter. The residue

is washed first with four 20-milliliter portions of glacial acetic acid and
then with four ~30-milliliter portions of chloroform, after which the crucible |
and contents are dried to constant weight at about 105° C. The amount of
re31due is reported in percent based on weight of original pulp.

,Instances 'occtzr with pulps of low quality for acetylation in which the residue
plugs the crucible to an extent that washing is practically impossible.

When this happens, another weighed portion of the original solution must be
centrifuged, the supefnatant liguid decante'd, glacial acetic acid added to the
tube and mixed with the residue, followed by centrifuging and decanting the
clear liquid. This treatment is repeated twice and is followed by the usual
filtration and washing. .

' Comparisons on Experimental and
Commercial Pulps

The amount of haze and insoluble residue of several experimental pulps and a
commercial acetate-grade pulp are compared in table 4. These results show
that the amount of haze in the triacetate solutions from dried pulps depends
on the type of activation treatment before acetylating. Soaking the dried
pulps in water (2 hours at near 100° C. or 24 hours at room temperature)
lowered haze values to about the same level as those of triacetate solutions
from undried pulps. Soaking in gla,c1a1 acetic acid was much less effective
than the water soak and resulted in different relative haze values for the
various pulps. .

The haze contents of acetate solutions from the experimental pulps were
considerably higher than those of the acetate solution from the commercial
acetate -grade pulp. In most instances, however, there was very little
difference in the amount of insoluble residue in these solutions.

—American Society for Testing and Materials. Tentative Method of Test for.
Haze in Transparent Plastics by Photoelectric Cell. ASTM Designation:
D672-45T..
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In the laboratory of a commercial acetate manufac.turerl,"tésts showed that
some of the aspen pulps, despite their relatively high haze, were superior
to the commercial acetate-grade pulp in filterability and viscosity of the.
acetate solutions. These pulps had bleach numbers 2182, 2195, 2224, and
2232. The higher haze values of the experimental pulps do not appear to
be due to differences in the alpha cellulose, pentosan, or ether-soluble.
material in the pulps since the composition of bleach 2182 was a.lmost the
same as that of the commercial pulp, yet its haze value was 5 to 7 times ,
that of commercial pulp. However, the higher haze values correspond with
higher pentosan content of the birch pulps, bleaches 1904, 1969, a"nd 2053,

No attémpt was made to correlate the amount of haze or the in’soluble residﬁe
in triacetate solutions with those of acetone solutions of secondary acetates
from the same pulps.

Conclusions

After a suitable pretreatment, pulps ranging in quality from experimental
textile -grade viscose pulps to commercial acetate - -grade pulps can be
acetylated in 1 to 3 hours with a mixture composed of 25 parts glamal acet1c
acid, 7.5 parts of acetic anhydride, and 0.03 parts. of sulfurlc acid '

(97 percent) to | part pulp

Drled pulps can be activated bY’soaking 1 hour in }viobt water or 24 hours in
cold water, followed by a 30-minute steep in 85 percent acetic acid,

The reproducibility of the method is satisfactory, and the difference in haze
content of triacetate solutions is sufficient to differentiate the haze -forming
tendency of different pulps. However, the amounts of haze did not correlate '
with other 1mportant characteristics of cellulose acetate solutlons, such as
filterability and v1scos1ty

Variations in the amount of insoluble residue in the triacetate solutions of
different pulps were small, 0.13 to 1. 41 percent. Although this residue did
not correlate with the amount of haze, it may provide an indication of the
filterability of cellulose acetates made from the various pulps. o

The time required to reach minimum haze valué is not a rellable measure
of the reactivity of the pulps toward acetylation. ’ B

Report No. 2261 o -7- v . 2. -12
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Table 2, --Viscosity of cellulose triacetate solu~
tion made from commercial softwood
sulfite acetate-grade pulp

Acetylation=. = : Viscosity

CCatalyst i Time ¢ 1 hewr2 : 2 hours?
e e e+ Gopese
2.0 30 125 112
o3 45 415 405

- ~Ten grams pulp, 250 grams glac1a1 acetic acid
and 75 grams acetic anhydride.

»gAfter start of the acetylation.

Tablex3;~-Composition of typical acetylating mixtures

Materials - : Composition, in parts, of acetylation mixtures
T proposed or used by
~: FPL : Industry as ¢ Goff : Jayme and : . Heath
: : reported by ': patent : Schenck R

Seymour : T o
Ceilulose' : 1 1 : 1 1 : 1
Acetic acid 1 25.0 : .5,6-16.5 : 7.0 &  24.8 1 5.7
Acetic anhydride 1 7.5 1,8-3.1 : 2.2 s 1.5 2 2.6
Sulfuric acid ~ : .03 : .006-.15 + .026 . .2 028
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Table 4.o-Chewlcal compositlon and the properties of the briacctate sofution
of coomevelal aud experimental acetylating pulps

Pulp : Trlacetate solutionl
Bleach: Wood : Type :v :  Alpha :Pentosan: Condition and : "7 Haze :Rusidue
No. : C ccellulose: . itreatment before j--—--somemesmoms—wsones B e
: : : acetylation IniLiaI Centri~: After :Inmitial
: foged @ 24
. hours
Percent : Percent: . L Percent Percent Percent Percent
1368 :Coigue :Sulfiteg -t 92,5 c 4.5 :Dried. Resoaked - 19.0 : 17.7 : 17.8 : 0.28
: : - . : in water . : H :
1368 tervsedOueiiineivannnenes doZ, ..., D925 ¢ 6.5 c....... JOuanrrenns 19.0 5.9 : 20.0 .27
1504 :Southern plne: Prehydrolysis—krafté: 91.7 3.9 Y I 14.4 7.8 26.2 1.4}
0.5 S - SR S doduccieanis 9204 2.5 LWt © 9.3 14,0 1 18.0 :t.vuivse
2070 2.t .eed0uiianeninsaneonas dO=aasssrontuorarennsionsnsaneiosanans dovoecuraost 9.5 13.6 ¢ 21.2 40
1904 :Paper birch :Sulfate . : 95,5 ;11,1 :Dried., Resoaked : 58.5 54.1 : 48.2 :.......
St ) B ‘ 3t L : in water : : g [
1969 . .... do..... .:Prehydrolys%s-kra t=: 91.8 :. 8.8 fvivieesdOeva.-..t 2006 - 18,8 17204 o ,23
1969 :veesedOuuspasionins o= ieees s 9.8 : 8.8 feieenraG0n.aese.a: 27.6 @ 18,2 : 28,0 : .57
2053 :.....do....;.:PrehydrolysZs ~kraft®: 91.8 t 5.6 Wet ’ : 12,3 11.0 13.0 13
2053 ... eedOvu el O—aescnanat 91,87 5.6 cerrann do.vaaens: 1204 11.0 11.0 38
2143 <Aspen - . :sugm:l . D96.6  i.... R TR 25 JE ST S .13
2160 tern.. d0unaensiaenianendOBiiiiar 96,9 2 S PP 2V« B S SPORPNER
2182 iveird0ienanstanaienened0Ziuniranat 96,3 1 .3 i.iiieeedoeciie...i 16,00 0 120501305 ¢ 30
2182 :.....do......:.........doz........: 96.3 : .3 :Dried. Resoaked 9.7 iieaaen tieveesslovenans
: S H . : - in water : i : :
2182“:.....do..;;..:.........do%........: 96.3 : .3 :Dried, Resoaked : 11.0 :.iieoveiccenis .1 W24
T » c : : in watexr® - : : :

2195 tverradOrarunntearnneeradofaeieaen: 944 @ L5 iWet £ 10,0 :.... .13
2195 trereedOuyevanivaansennodo®, innas .t 94.4 : 1.5 :Dried. Soaked in: 14,9 i.i.. cereens
: = : . : : acetic acidé H t St
2224 :Aspen . - :Prehydrolysis-kraftl: 97.3 2.0 :Wet . : 10,0 @ 9.5 t.iies.er .30

eeeaanaar 97.3 2.0

2226t it aaB0uae it aeeaan dol :Dried. Resoaked : 11.5 :...... vt 9.7 teeen--
H H 7 H Lot in water : B : H
2226 1y ereedOurieneiarsnreresB0=i. uaenar 97.3 @ 2.0 :Dried. Soaked in: 21.0 :..ecee.: 160 i.oiene.
H - M 7 B : H H
o=

acetic acidb

dotveassaas 95.6 2.5 ‘Wet . 13,3 ¢ 12.5 t.eee...: W43
weendoloil... ..o 95.6 2.5  :Dried. Resoaked : 1l.5 :....... N
: H : in water : : r :
dol.,vsive.t 95.6  : 2.5 :Dried. Soaked in: 23.5 t...... vt 21.5 taaiiens
: : acetice acid® : : : :
96.5 H .8 :Dried., Resocaked : 1.6 ': L.e : 2.2 - .19
) : in water : : o :
.dog.. et 96,5 B ... sodou.... ceer L8 1.5 ¢ 2.0 13
doz. vee 96.5 8 PIPIRPRY . {o JUp e 2.1 1.8 fvivaass 18
A0S .. vrrset 96.5 8  teiian. dOunnnns ces 3.0 2.0 taiiiens .22
. do§. ........ 96.5 .8 :Dried. 8Soaked in: 8.2 [ celaneuren
S : : . . . : . acetic acid2’ B : :
fheeandoa.n. teeeieaddBl wei. 96.5 I TSP [-1- JPE S I ¢ B R - Pic S SN

lAcetylation conditions: wet pulp soaked 30 winutes in 85 percent acetic acid, washed with glacial acetlc
acid and acetylated at 30° to 45° G. with 25 perts glacial acetic acid, 7.5 parts acetic anhydride and
0.03 to 0.2 parts sulfuric acid.

g'Ammonta base.

: gPrehydrolysis in water, heating period 90 minutes to 170°% C., zero minutes at 170" C.
éPrehydrolysiﬂ in water, héating period 90 minutes to 170° C., 15 minutes at L70° C
éD‘ried pulp extracted with ether before the water soak.

éGlacial, 3 to & hours at 38° to 40° (. The soak in 85 percent acetic acid before acetylatfon was omitted.
lPreEydrolysis’in water, heating perlod 90 minutes to 170° C., 30 minutes at 170° C.

§Commerci,al acetate grade.
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