‘Zero ‘to ten percent of moisture.
‘may beused in nonaqieous conversion processes for mak-
“ing cellilose esters without first applying -costly mon-
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This invention relates to improvements in the manu-
facture of cellulose derivatives, and especially to the
manufacture of fatty acid esters of cellulose wherein wood
pulp in dried consolidated form, such as bone dry wood
pulps in sheet form js used asthe source of cellulose; and
wherein a polyalkylene oxide polymerization product is
applied to the pulp before it is dried.

This application is a continuation-in-part of our applica-
tion Serial No. 225,928, filed May 11, 1951, Patent No.
2,692,877.

In the preparation of refined wood pulp suitable for
use in the manufacture of cellulose fatty acid esters, the
purified fibers are- first obtained in the form of a slurry
in water. . In this undried state the refined wocd pulp
fibers are potentially very reactive, for example, where
the water of the undried fibers is suitably displaced by
organic solvents. Dried fibers obtained by such water
displacement methods react readily in the nonagueocus
processes used for the manufacture of cellulose fatty acid
esters: However, as a practicable matter in the com-
mercial production of refined wood pulp for such pur-
‘poses it is necessary to form the pulp fibers into a con-
solidated form, such as sheets and to remove the last
portions of water by the application of heat, whereby the
pulp ‘may be readily transferred to other processing plants

or shipped to distant points for conversion into the de-
sired derivatives. In such form ‘the pulp is-said to ‘be
substantially dry. As used herein, “substantially dry”
reéfers to pulp either dried boné-dry -or -containing that
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small water content Which hygroscopic pulptakes'up from -

‘Roughly this will refer to pulp containing from
Substantially ‘dry pulp

the air.

‘aqueous solvent -exchange pr’ocesses for removing water,
buit it has been found where hedt is ‘used to remove the
residual ‘water from the consolidated pulp fibers’ that a
certain inactivation of the fibers takes place- which ‘s
niot present when the pulp from a water slurry is de-
watered and the last of the water is-displaced by treat-
ment with- orgamc solvents.

1t “has now been discovered that such inactivation ‘is
diminished or minimized by apgplying to'the refined wood
pulp minute amounts of a‘polyalkylene oxide polymeriza-
tion product while ‘the ‘dry consolidated form of pulp,
such as dry sheets of wood pulp are being formed from
the wet fiber $lutry. AccordmOIy, ‘the processes of the
present ‘invention comprise -the acylatlon of formed sub-
stantially dry wood pulp which carries a small amount of

‘a straight chain polymenzatlon product in which residues

of ethylene cxide dre joined and the terminal members-of
the -chains are hydrogen, RO—, and RS— which will be
hereinafter described, the polymerlzatlon product being
-applied to'the wet pulp before it is dried.

In a convenient form of the invention the refined wood

product-is incorporated into the pulp sheet prior to the
final drying of the pulp at an‘elevated temperature on a
sheet formmg machine. The pulp sheets are cut into-con-

“vénient sizes for acylation. Tt is sufficierit where the poly-
-alkylene ‘oxide “polymetization product is-applied at:least.. .
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" fibers are formed into a sheet and the polyalkylene oxide .
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to the surface of the formed pulp but greater distribution
in the formed dried pulp or throughout the same is suit-
able. Only a small amount of any of a large variety of
such agents apphed to a pulp sheet during its formation
and drying is effective in preventing loss of reactivity.
The use of such prepared and formed pulp is especially
advantageous in the manufacture of cellulose acetate in
nonaquecus medinm.

The agents used for treating the pulp 'sheets to be acyl-
ated are thus polymerization products of alkylene oxides,
especially of the 1,2-alkylene oxides. They are nonionic
surface-active agents when dissolved in water and contain
a- multiplicity of alkenoxy groups. Whether or not these
agents exert a- surface-active effect in the substantially
nonaqueous acylation reaction mixture is not known.

Surface-active- compounds are- compounds containing
one -or more lipophilic (oil or fat attracting, water re-
pulsing) groups together with a hydrophilic group or a
plurality of hydrophitic groups. Further, the lipophilic
group or groups must be of sufficient magnitude to im-
part to-a portion of the molecule a substantial repulsive
action towards water. The hydrophilic group or plurality
of hydrophilic groups must possess a sufficient hydro-
philic character so that the molecule is water-soluble or
at least soluble to the extent that it is readily dispersible
in‘a finely divided form in water.

The surface-active property of molecules thus arises

.as the result of their containing at least one hydrophilic

(water:attracting) group and at least one lipophilic (fat or
il attracting and hence water repulsing) group. By virtue
of the compounds-containing a hydrophilic group, they are
-at-least to a certain extent soluble in water. However,

‘by virtue of their containing a lipophilic group, they tend

to be repulsed by the water. Thus, they tend to concen-
trate largely on-the surface of the water or interface layer

‘where they can take up a compromise with the hydrophilic

group -or groups Testing in the water and the lipophilic
group or groups sticking out of the water.

The preferred compounds for use in our invention fall
generally into two main sub-classes. The compounds in
the first sub-class consist of alkylene oxides polymerized

in ‘the’ presence of small quantities of NaOH, water or

other materials which provide terminal groups of negligible
size in comparison with the chain itself. Where the alkyl-
ene oxide is polymerized thus substantially alone to a suffi-

‘ciently high degree, the molecule will have definite surface-

active properties in water (and be effective in our acyla-

‘tion process) even though the compounds do not have at
Jeast one long chain hydrocarbon radical, as is character-
istic of conventional surface-active materials.

‘The most suitable starting materials for preparing the

‘compounds used in our invention are the first two mem-

bers-of the 1-2 alkylene oxides. The members are ethyl-
ene oxide and propylene oxide, or, in other words, the
1-2 alkylene oxides having up to 3 carbon atoms.

When the alkylene oxides .are polymerized alone, a
considerable degree of molecular complexity is required
in order for the products to be appreciably surface-active.
This required degree of molecular complexity in the case
of the polyethylene oxides may be characterized by the

specification of a minimum melting point and in the case

of the polypropylene oxides may be characterized by the

specification of a minimum specific viscosity measured

under stated conditions. In the case of the polypropylene
oxides there is also an upper limit for the degree of
polymerization in that the compounds must be soluble or
at-least readily dispersible in -water. - This upper limit for
the degree of polymerization may -also be characterized

‘by the specification of a specific viscosity—in this case
-a maximum value.

In general all the compounds of the second subclass

-are-mixed-ethers or mixed thio -ethers: containinga poly-
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alkylene oxide radical which is coupled through an oxygen
or sulfur atom to.a lipophilic group, R, said group R
having substantially a hydrocarbon character and thus
substantially the lipophilic effect of a hydrocarbon radical
but not being limited to hydrocarbon radicals:

In one preferred form, the group R is either a high
aliphatic hydrocarbon radical, a substituted aryl hydro-
carbon radical or a cycloaliphatic hydrocarbon radical
selected from the group consisting of the dihydroabietyl,
dehydroabietyl, tetrahydroabietyl and abietyl radicals.
Other lipophilic groups such as aralkyl groups or chain
or cyclic aliphatic groups containing other elements than
carbon and hydrogen are, however, not excluded. In
this regard very satisfactory results have been obtained
using as lipophilic groups the radicals of long chain,
water-insoluble polypropylene oxides. Where R contains
atoms other than carbon and hydrogen, it is obvious that
the groups must be such that the radical is not decomposed
when the compound comes in contact with the acidic
acylation mixture. We have found that polypropenoxy
radicals are satisfactorily stable in this regard..

There is practical upper limits for the number of car-
bon atoms in any lipophilic- surface-activity  inducing
radical in that the compounds must be soluble or at least
dispersible in water. :

In all these compounds there is no single strongly

" water’ attracting group, but there is nevertheless a sub-
stantial hydrophilic attraction through thé sum of the
effects of a multiplicity of weakly hydrophilic ether link-
ages in the polyalkylene oxide radical.

While. the agents used in our invention are only sub-
ject to the limitation that they are surface-active ma-
terials which are at least dispersible in water and which
contain a multiplicity of alkenoxy groups, examples are
given in Table I below of seven types of these agents
that may be readily prepared or obtained and which are
especially effective. . :
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TABLE L—TYPES OF POLYALKYLENE OXIDE 4

POLYMERIZATION PRODUCTS

Type Desceription

Polyethylene oxides. ¥

Polypropylene oxide having a specific viscosity of
around 0.065-0.138 measured-in & 4% benzene
solution by weight at 18° C. :

Mixed ethers containing a polyethylene oxide radi-
cal and an aliphatic hydroearbon radical contain-
ing more: than 7 carbon atoms. (For brevity
herein referred to as “mixed ethers of aliphatic
alcohols.”) -

Mixed ethers containing a polyethylene oxide radi-
caland an aryl radical substituted by at least one

alkyl radical with more than two carbon atoms,
an aeyl radical with more than two carbon atoms
and a cyclo alkyl radical. (For brevity herein
reflerre)d to as “‘mixed ethers of substituted phe-
noils.””

Mixed thio ethers having attached to the sulfur
atom a.polyethylene oxidé radical and an ali-
phatic hydrecarbon radical containing more than
7 carbon atoms,

Mixed ethers containing a polyethylene oxide radi-
cal and & cycloaliphatic hydrocarbon radical de-
rived- from abietic acid and selected from the
groups consisting of the dihydroabietyl, dehydro-
abietyl, tetrahydroabietyl, and abietyl radicals.

Water-soluble polypropylene. oxide-polyethylene
oxide polymerization products. (These mixed
polyalkylene oxides for brevity are hereinafter
terme'c’l) “polypropenoxy-polyethenoxy  poly-
mers.

Buitable  polypropenoxy-polyethenoxy polymers
glr%hhde the following sub-types later described in

etail; | -

a. Bispolyethenoxy Polypropylene Oxides.

b. Halopolypropenoxy Polyethylene Oxides.

¢. Alkoxy (or phenoxy) Polypropenoxy Poly-
ethylene Oxides.

d. Bispolypropenoxy Polyethylene Oxides.

More detailed descriptions of examples of types of
suitablq polyalkylene oxide polymerization products (for
convenience classified as’in Table I) follows:

“Type I—In the case of polyethylene oxides,: poly-

radical selected from the class consisting of an -
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merized products having the formula (CaH4O)nH20 (or
its expanded form HO(C:H¢O)n-1(CH2CH20H) are
preferred, and the term “polyethylene oxide” is intended
to include any product which consists substantially of
C2H4O groups, irrespective of any small terminal- group
or groups it may contain other than hydroxyl. With a
long polyethylene oxide chain, substitution of any other
small groups for the hydroxyl groups has a relatively
small effect, and the resulting substitution product
will still yield at least in part the advantages of the in-
vention. Thus, the term “polyethylene oxide” is in-
tended to include products having a relatively long poly-
ethylene oxide chain making up the greater part of the
molecule and either one or two terminal groups consist-
ing of halogen or any hydrocarbon group containing not
more than seven carbon atoms and linked to the poly-
ethylene oxide through either oxygen or sulfur. We
have found that relatively simple polyethylene oxides
such as tetraethylene glycol may be used with some
effect in the invention. In practice however, we find that
the best results are obtained when wusing polyethylene
oxide having a relatively high degree of polymerization
and having an average molecular weight of at least 1000.
Especially good results have been obtained with poly-
ethylene oxides having freezing points from 24° C. to
51° C. Good results have also been obtained. using
paste-like products prepared by blending a solid poly-
ethylene oxide of high average molecular weight with
liquid polyethylene oxides of low average molecular
weight. A suitable product of this type is the paste-like
blend formed from equal parts of a liquid polyethylene
oxide with average molecular weight of 300 and a solid
polyethylene oxide of average molecular weight of 1540.
All of these products are soluble in water and may be
applied to the pulp in water solution.

The term “polyethylene oxide” as used herein includes
not only straight, single chain polymers, but also poly-
ethenoxy polymers having more than a single poly-
ethenoxy chain and including highly branched structures.
Suitable polyethylene oxides containing a multiplicity of
polyethenoxy chains may be formed by polymerizing
ethylene oxide in the presence of a small proportion of a
polyhydric alcohol of relatively small molecular weight
to provide terminal groups.  The resulting polyethylene
oxide compounds on a weight basis will consist largely
of ethenoxy groups but will contain the number of
ethenoxy chains equivalent to the number of hydroxyl
groups in the polyhydric alcohol used in effecting poly-
merization. The alkali required to effect polymeriza-
tion with the alcohols may be sodium combined with at
least a part of the hydroxyl groups in the polyhydric
alcohol in the form of sodium alcoholate groups (con-
veniently by addition of sodium to a liquid ammonia
solution of the polyhydric alcohol and evaporation). By
using respectively the polyhydric alcohols, ethylene gly-
col, glycerol, pentraerythritol and sorbitol, the resulting
multi-chain, water-soluble polyethylene oxides will have
respectively 2, 3, 4 and 6 polyethenoxy chains, each at-
tached to the nucleus at one end and having a hydroxyl
group at the free end.

Compounds of ‘this- type found especialy suitable in-
clude the three chain, polyethenoxy polymers formed
from one mol of glycerol and 120 moles ethylene oxide
and the six chain, polyethenoxy polymer from one mol
of sorbitol and. 100 moles of ethylene oxide.

" - Type 2—We have found that those polypropylene

oxides are operative which have a specific. viscosity of
around 0.065-0.138 measured in a 4% benzene solution
by weight at 18° C. Best results, however, are obtained
when the polypropylene oxides fall within a more re-
stricted specific viscosity range of 0.083-0.138. Prod-
ucts prepared in the presence of sodium hydroxzide and
water, which are the preferred polypropylene oxides for
use in our invention, are believed to have the -empirical
formula (CHaC2H30)nHz0. Polypropylene oxides fall-



‘2,790,795

"5
4ng -within the designated specific viscosity range -of
-0.065--0.138 are -substantially soluble :or .dispersible :in
water and may be applied in water solution.

Type 3.—The mixed ethers of aliphatic alcohols. will
contain a polyethylene oxide radical .and -an . aliphatic
hydrocarbon radical having more than 7 carbon atoms.
For use in our invention the mixed -ethers of-aliphatic
alcohols are preferably substantially soluble .in water.
Such compounds will generally contain a -polyethylene
oxide radical, having at least half as many ethenoxy
groups as there are carbon atoms :in the hydrocarbon
radical. Practically, it is believed there-is.no upper limit
for the number of ethenoxy groups in the polyethylene
oxide radical and we may use, for example, materials
with a polyethylene oxide group containing up to 157
ethenoxy groups. ‘While the mixed ethers used in our
invention are preferably substantially water-soluble, it
is possible 'to obtain the advantages of the invention in
part ‘using compounds of only slight ‘solubility. Even
‘though such products do not have a great solubility, they
still possess a sufficient tendency to emulsify so that ‘they
may be dispersed in a finely divided state in water. If,
however, a high degree of “solubility” in water is desired
with such agents, as, for example, in the preparation of
concentrated stock solutions for application to the pulp
prior to drying, it may be advantageous to combine them
with dispersing agents.- Such additional dispersing agents
should preferably be of a nonionic nature, for example,
a mixed ether of an aliphatic alcohol containing a higher
proportion of ethenoxy groups. In a preferable form
‘of our invention, however, sufficient ethenoxy .groups
will be present in the polyethylene oxide radical so that
the products will ‘be substantially -water-soluble or dis-
persible without the aid of any additional dispersing
agents.,

Further, from the standpoint .of improving ‘the com-
pleteness of acylation, a particularly preferred class of
mixed ethers of aliphatic alcohols -is one consisting - of
-compounds containing a polyethylene oxide radical ‘with
from 8 to 50 ethenoxy groups and an aliphatic hydro-
carbon radical (especially a normal primary aliphatic
hydrocarbon radical) with from 8-20 carbon atoms.

Type 4.—Another class of mixed ethers-which is espe-
cially effective for use in the invention is one consisting
of mixed ethers of substituted  phenols. Structurally
these mixed ethers have the formula:

R—O((lJHCHe_O)IH

Ri
where R is an aryl radical substituted by at least one
aliphatic alkyl or acyl radical having more than two
carbon atoms or by at least one cycloalkyl radical, where
R is hydrogen or methyl, and where x is a whole number
greater than 1.

"The mixed ethers of substituted phenols -are at least

-dispersible in water and preferably substantially soluble
in water. For reasons of -dispersibility the polyalkylene
oxide radicals in the mixed ethers are derived from the
first two members -of the 1-2 alkylene -oxides. ~These
members are ethylene oxide and propylene oxide, or-in
other words, the 1-2 -alkylene oxides having up to 3
carbon atoms.
. In view of its higher solubilizing effect, a polyethylene
oxide chain is the preferred form for the polyalkylene
oxide radical. Preferably the polyethylene oxide chain
will have from 8-50 ethenoxy residues. Practically it
is believed there is no upper limit for the number of
ethenoxy groups in the polyethylene oxide radical.
‘Materials with a polyethylene oxide group containing
even about 160 ethenoxy groups may be satisfactorily
used.

While the mixed ethers of substituted .phenols are
_preferably substantially water-soluble, it is possible to
obtain the advantages of the invention in part using
compounds of only slight solubility. As previously sug-
gested for the mixed ethers of aliphatic alcohols, com-
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radical with more than two carbon atoms.
ferred class-of materials is one consisting of mixed ethers

pounds may -be used -which are only sufficiently soluble

to form emulsions, and the formation of such emulsions
may be assisted with dispersing agents. :

The preferred mixed -ethers -of substituted phenols:for
use in-the invention .are mixed ethers containing a poly-

-ethylene oxide radical sufficiently long to impart water

solubility to the compound, and an alkaryl radical in
which the aryl group is substituted by at least one alkyl
The pre-

containing a polyethylene oxide radical and an alkyl

pheny!l hydrocarbon radical having at least one substi-
tuted alkyl radical with 3-30 and especially from 7-20

carbon atoms.  For best results the polyethylene oxide
radical will have from 8-50 ethenoxy residues.
As previously stated, the preferred mixed ethers are

those econtaining predominately a mono-alkyl phenyl

radical. Examples of such mixed ethers which are par-
ticularly effective in improving the acylation of ‘wood
pulp ‘are those represented by the following formula:

(lJH; ?HB
CH;~?—0H2—?O—0(02340) H
CH;  OH

where x is an integer between 8 and 50. In practice the
product will usually be a mixture having varying chain
lengths for the polyethylene -oxide radical but with the
average or predominating chain length within the pre-
ferred range of :8~50 ethenoxy units.

Type 5.—Still another group of mixed ethers which
may -be effectively used in the invention is one consisting
of compounds ‘formed by reacting ethylene oxide with
a rosin alcohol which, as used herein, means-an alcohol

.derived by reduction of rosin or abietic acid and-consist-

ing of dihydroabietyl, -dshydroabietyl, tetrahydroabietyl,
or abietyl alcohol. More particularly, the compounds
are mixed ethers containing a polyethylene oxide radical
and "a cycloatiphatic hydrocarbon radical derived ‘from
abietic acid and selected from the group consisting of the
dihydroabietyl, - dehydroabietyl, tetrahydroabietyl, and
abietyl radicals.

Suitable compounds at least water-dispersible will be
mixed ethers containing a polyethylene oxide radical
with at ‘least three ethenoxy residues and a cycloali-
phatic hydrocarbon radical selected from the -group con-
sisting of dihydroabietyl, dehydroabietyl, tetrahydro-
abietyl, and abietyl radicals.

it is not necessary to use pure Tosin alcohols. Very
effective materials may be prepared by condensing-ethyl-
ene oxide with the mixture of rosin alcohols, commonly
sold under the name “Hydroabietyl Alcohol,” and which
consists chiefly of a mixture of dihydroabietyl, dehy-
droabietyl, tetrahydroabietyl and abietyl alcohols.

‘Examples of specific products are products obtained by

condensing approximately 3, 4,-6, 12, 20 and 160 mols of
ethylene oxide respectively per average molecular weight
of the rosin alcohol mixture known as hydroabietyl alco-
hol. The condensation is brought about by any of the
normal methods for reacting ethylene oxide with an
alcohol, preferably incorporating an alkali as catalyst
with the alcohol. Suitable methods . include either add-
ing a small proportion of 48% NaOH or dissolving me-
tallic sodium in the heated rosin alcohol.

Type 6.—The mixed thio ethers used in the inven-
tion contain a polyethylene oxide radical and an ali-
phatic hydrocarbon radical containing more than 7 car-
bon atoms. While we prefer to use those that are sub-
stantially soluble in water, it is possible to obtain the
advantages of the invention -in part using compounds of
only slight solubility. In a preferred form of mixed thio
ethers, however, sufficient ethenoxy groups will be
present in the polyethylene oxide radical so that the
products will be substantially water-soluble -without the

.aid of any additional dispersing agents.

Furthermore, the preferred class of mixed thio ethers
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‘is- oné consisting 6f compounds containing a polyethyl-
ene oxide radical with from 8 to 50 ethenoxy groups,
and a normal primary aliphatic hydrocarbon radical
with from 12 to 18 carbon atoms.

A mixed thio ether which is particularly effective is pre-
dominantly a compound represented by the probable for-
mula Ci2H2sS(C2H40)12H. - In the preparation of this
product, mixtures .of mercaptans prepared from techni-

cal lauryl alcohol, which is a mixture in which Cia pre-

dominates, may be used, and in basing the amount of
ethylene oxide, it suffices to consider the whole material
“as having the molecular weight of lauryl mercaptan.
Furthermore, the exact twelve ethenoxy units shown are
not essential and could range according to the descrip-
tion given above for the most preferred compounds,
from 8 to 50 residues. Also, other mercaptan mixtures
prepared from fats and oils or from petroleum products
“are suitable and practical for conversion to thio ethers
for use in the invention.

Type 7~—Very suitable in the practice of the inven-
tion are mixed polyalkylene oxides comprising polypro-
pylene oxide-polyethylene oxide polymers containing at
least one relatively lipophilic polypropylene oxide radi-
cal and at least one hydrophilic polyethylene oxide radi-
cal,

These polypropenoxy-polyethenoxy polymers differ
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from conventional surface active materials in that they

-do not have a long chain hydrocarbon radical, but rather

the lipophilic effect is derived from a multiplicity of short
hydrocarbon chains of three carbon atoms connected to
each other through ether oxygens. Also in comparison
with * conventional nonionic = surfactants - derived . from
ethylene oxide, these compounds have relatively long
polyethylene oxide chains. There is thus in each a sub-
stantial hydrophilic attraction due to the combined effects
of a great many weakly hydrophilic éther oxygen atoms
in the polyethylene oxide radicals.

The polypropenoxy-polyethenoxy polymers used are
only subject to the limitations that they are water-soluble
polypropylene oxide-polyethylene oxide -polymerization
products containing at least one lipophilic polypropylene
oxide radical and at least one hydrophilic polysthylene
oxide radical and that generally the length of the polypro-
pylene oxide chain (or where there are several chains the
sum of the lengths of the several polypropylene oxide
chains) is such that it would represent substantially water-
insoluble polypropylene oxide if they were not substituted
by the one or more polyethylene oxide chains, which
render them water soluble. The following are four sub-
types of these compounds (sub-types (a), (b), (c) and
(d) of type 7 of the classification of Table I) which may

"be readily prepared or obtained and which are especially
effective in the invention:

Sub-type (a).—Bispolyethenoxy polypropylene ox-
des—These compounds may be represented by the gen-
eral formula

HO(CH:CH;0) w(?HCH!O):(CH?CHﬁO)II‘I
CH;

Suitable compounds are derived from polypropylene oxide
having a specific viscosity of at least 0.129 in 4% benzene
solution at 25° C., so that they are at least substantially
water insoluble (or as calculated have an average chain
Iength of at least 13 prepenoxy groups), and which have
two terminal hydroxyl groups, by substitution of the hy-
"drogens in both terminal hydroxyl groups by polyethylene
“oxide chains. These compositions consist of mixtures of
compounds in which the end polyethenoxy chains, w and v
may be of equal or unequal length, but which tend to be
approximately equal in length. With a polypropenoxy
chain of the minimum length to correspond to a substanti-
ally water-insoluble pclypropylene oxide as represented by
a specific viscosity of 0.129 or a calculated average length
of 13 propenoxy groups, it will in general require a content
of atleast 20% ethylene oxide to render the final compound
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“water soluble but a range of 40-70% ethylene oxide is

preferred. Where, however, much longer polypropylene
oxide chains are used as representaed by polypropylene
oxide with specific viscosities in a range of 0.257 to 0.584,
much larger contents of ethylene oxide may be desirable,
in some cases of the order of 80-90%.

Sub-type (b).—Halopolypropenoxy polyethylene ox-
ides—These compounds may be represented by the gen-
eral formula

A—(?HCHaO(,(GHnCH:O),,H

CH
where A is a halogen atom, such as chlorine or bromine.

_Suitable compounds are derived from a long chain poly-

propylene oxide having a specific viscosity of at least
0.129 at 25° C. and having one terminal halogen group
and one terminal hydroxyl group, by substitution of the
hydrogen in the terminal hydroxyl group by a polyethylene
oxide chain. In general, for water solubility, the length of
the polyethylene oxide chain will be of the same order
as the sum of the lengths of the two polyethylene oxide
chains in polymers of sub-type (a). An example of a
suitable - halopolypropenoxy polyethylene oxide for the
preparation of these compounds is a long chain water-
insoluble polypropylene oxide having one chlorine atom
as a terminal group and one hydroxyl group as a terminal
group which may be prepared by polymerizing polypro-
pylene oxide in the presence of a small amount of stannic
chloride.

Sub-type (c)—Alkoxy (or phenoxy) polypropenoxy
polyethylene oxides.~These compounds-may be repre-
sented by the general formula

. RO—(({JHCH:O):(CH1CH:O),,H

CH;

where R is an alkyl group with 1-7 carbon atoms or a
phenyl group. Suitable compounds are derived from a
polypropylene oxide of sufficient length to be substantially
water insoluble as characterized by having a specific vis-
cosity of at least 0.129 in 4% benzene solution and having
as one terminal group a small hydrocarbon group at-
tached through an ether oxygen, the small hydrocarbon
group being in itself of insufficient magnitude to influence
surface activity, and one terminal hydroxyl group. From
these water-insoluble - polypropylene oxides the water-
soluble polymers are derived by substitutions of the hy-
drogen in. the terminal hydroxyl group by a polyethylene
oxide chain. In general, to impart water solubility, the
polyethylene oxide chain will be of the same order of
magnitude as in the polymers of sub-type (b). As ex-
amples of especially suitable water-insoluble alkoxy poly-
propylene oxides are polypropylene oxides prepared by
polymerizing propylene oxide in the presence of a small
amount of the monomethyl ether of propylene glycol
(containing combined sodium up to the theoretical for
the formation of a sodium alcoholate group) or in the
presence of small amounts of sodium methylate.

Sub-type (d).—Bispolypropenoxy polyethylene ox-
ides.—These compounds may be represented by the gen-
eral formula

HO ((EHCHzO)n(CHzCHzO)y((lJHCHzO) H

CH; CH:
Suitable compounds are derived from a polyethylene oxide
of chain length of the order of those in' Examples 2 and-3
(or of the order of the sum of the two polyethylene oxide
chains of the compounds of sub-type (a) where there are
two polyethylene oxide chains) and having two terminal
hydroxyl groups, the hydrogen of which are substituted by
polypropylene oxide radicals. These compositions con-
sist of mixtures of compounds in which the end polypro-
penoxy chains, n and z may be of equal or unequal length,
but which tend to be of equal length. The polypropylene
oxide chains are of sufficient length so that if they did not
have a polyethylene oxide chain between them their com-
bined length would represent a water-insoluble polypro-
pylene oxide. That is, the two polypropylene oxide chains

Pt
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#f not separated ‘by :a polyethylene oxide:chain would rep-
resent a polypropylene oxide having a specific Viscosity
‘of at least 0.129 in 4% benzene solution or a calcilated
average chain length of at least 13 propenoxy units. The
-compounds in ‘general ‘will contain at least 20% -ethylene
.oxide to render them water soluble but a range of 40%
to 70% ethylene oxide is preferred.

The following examples are illustrative of methods of
preparing types of polypropenoxy-polyethenoxy polymers
(for convenience as classified in Table I) for use in
-practicing the invention:

‘Preparation of type 7a compounds (bispolyethenoxy

polypropylene oxides)

A long -chain, water-insoluble polypropylene oxide
‘having two terminal hydroxyl .groups is prepared .by poly-
merizing propylene -oxide in the presence of a small
amount of propylene glycol.in which up to 1 mol of com-
‘bined sodium has been introduced. The combined
sodium may be readily introduced by dissolving the
propylene -glycol .in liquid ammonia and mixing with a
further amount -of liquid ammonia in which is dissolved
‘the required amount of sodium.and. then evaporating off
the ammonia under substantially anhydrous conditions.
While this method serves for giving a readily character-
-izable product, for practical purposes it will .frequently
be preferable to polymerize propylene oxide in the pres-
.ence of a small amount.of aqueous caustic soda (suitably
50% caustic soda). In this case the water and sodium
hydroxide serve to produce the terminal groups and regu-
late the length of the chain inversely to the amount in
which they are -present. In any event, following the
polymerization, a small portion of the product is treated
for removal .of :sodium by washing, extracting with ben-

zene and drying, and is then characterized by determin- .

ing the specific viscosity in 4% benzene solution. The
main portion of the product, still containing combined
scdium, is. now reacted by heating with required amount
of ethylene oxide, most generally at a temperature in the
range of 60-100° C., until the pressure falls to zero. For
use -in the treatment of pulp, extensive purification is
not necessary but the alkali in the product should be
neutralized with any of the common acids and most
suitably by mixing a small amount . of .glacial acetic acid
with the molten product.

‘Preparation of type 7b-compounds (halopropenoxy poly-
ethylene oxides)

Very ‘suitable members of this sub-type:areithe chloro-
-polypropenoxy polyethylene oxides. For the preparation
of these compounds, a long chain water-insoluble ~poly-
propylene oxide having a chlorine atom ‘as-one terminal
group and a hydroxyl group as:the other terminal group
is prepared by polymerizing propylene oxide:in the pres-
‘ence of a small amount of stannic chloride. "The amount
of stannic chloride regulates the length:of the chain - in-
versely proportional.to the amount in'which it is present.
The polymerization may conveniently :be.carried out in
“the general manner described in U. S. Patent 2,362,217
of Paul Henry Schlosser and Kenneth Russell Gray and
suitable proportions ‘of stannic .chloride are:from about
2.5 cc. down to about 1% cc. per ‘50 grams propylene
oxide. ~Both for use in the further preparation of the
nonionic surfactants and for characterization, the product
should be de-tinned. This may readily be accomplished
by boiling the tin-containing material wiith water, where-
upon the tin separates.out.as a white precipitate, presum-
ably stannic hydroxide. “The tin-free product may then
be extracted in benzene, dried with sodium sulfate, fil-
tered, and the benzene evaporated off.

A small portion of the tin-free chloropolypropylene
oxide is removed and characterized by determining the
specific viscosity in 4% benzene solution at 25° C. In
the .main. portion of the product, sodium is incorporated
"in amounts up to the theoretical amount to convert the
terminal hydroxyl group to a sodium alcoholate "group.
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-solved sodium, and evaporating off the ammonia.
higher proportion of sodium will in general permit -a

This:may be conveniently :accomplished by -dissolving the
ipolypropylene oxide in ether and mixing with liquid :am-
-monia ccontaining the required amount of sodium, and

-after .allowing the .ammonia to ‘boil .cff, distilling :off the
-ether. The sodium-containing chloropolypropylene oxide

is then reacted in an autoclave with the required amount

-of ‘ethylene -oxide, conveniently at a temperature up ‘to

60~100° C., until the pressure falls to zero. The alkali
in the water-soluble polymer is neutralized 'in a manner

-similar to that described for ‘type 7a.

reparation of type 7¢ compounds (alkoxy (or phenoxy)

polypropylene oxides)

“Very suitable members of ‘this class, both from the
standpoint of effectiveness and from the standpoint of
economics, are the methoxy polypropenoxy polyethylene
oxides.  For the preparation of these compounds, a long
chain water-insoluble polypropylene oxide having as one
terminal group a methoxy group and -asthe other termi-
nal .group a-hydroxyl group is prepared by polymerizing

‘propylene oxide in the presence of a small amount of

the monomethyl-ether of ‘propylene glycol in which up
to 1 mol of combined sodium.is introduced. Alternative-
ly, this type of propylene oxide may be prepared by poly-
merizing propylene oxide in the presence of small amounts
of methyl aicohol containing sodium methylate. In gen-
eral, ‘the ‘lower the proportion of the monomethyl ether
of propylene glycol containing sodium or the lower the
proportion of methyl alcohol-sodium methylate, the higher
will be the molecular weight. Where the monomethyl
ether of propylene glycol is used to provide the terminal

-groups, sodium ‘may be conveniently introduced by dis-

solving the monomethyl ether in ammonia and mixing-it
with sodium in -ammonia, preferably using less than the

~theoretical -amount -of sodium. The monomethyl -ether

containing -sodium-is isolated by removing‘the ammonia
under strictly anhydrous conditions ‘and is used -without
delay in ‘that it is not stable on long standing. The
preparation of the water:soluble polymer involves re-
acting ‘it withthe -required amount of ethylene oxide in
an autoclave until the pressure falls to-zero.

Preparation.of type 7d compounds (bispolypropenoxy

_polyethylene oxides)

Ethylene :oxide -may -be polymerized in -an -autoclave
by heating in the presence of a small amount of con-
centrated aqueous sodium ‘hydroxide .or .in the presence
of -a small .amount -of -ethylene glycol -containing com-
bined .sodium. Where -ethylene .glycol containing -com-

-bined sodium is used, the sodium may "be introduced
practically by .heating the .glycol with :considerably.:less

than -the. theoretical amount .of sodium. - Alternatively,

‘larger -amounts .6f sodium, up to the theoretical amount

may be introduced by dissolving the glycol in ammonia,
adding -a further proportion of ammonia.containing -dis-
This

more .rapid polymerization. In:general, the smaller the
amount of aqueous sodium hydroxide -or the smaller
amount of .ethylene glycol containing. combined. sodium,
the longer will be the length of the polyethylene . oxide
chain formed. The polyethylene oxide thus prepared will
have two terminal hydroxyl groups and should have an
average chain length of at least 24 ethenoxy units and
more preferably a chain length of at least 36 ethenoxy
units. From a .small proportion .of the polyethylene
oxide .product, .sodium is .removed for characterization

‘purposes. To remove sodium, a portion of the product

is neutralized with hydrochloric acid, dissolved in. ben-
zene, and dried by adding sodium sulfate. The sodium
chloride and hydrated .sodium- sulfate are then filtered
off and the benzene evaporated.

The sodium-free product is then characterized by de-
termining the freezing point. The main portion of the
polyethylene oxide still -containing combined sodium is
placed in an autoclave and ‘reacted with a proper-pro-
portion of polypropylene-oxide, suitably at a temperature
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-in the range of 100-140°. C., until the pressure falls sub-
stantially to zero. Alternatively, as a starting material
for the reaction with propylene oxide, a commercial poly-
ethylene oxide, such as is sold under the namie of Carbo-
wax may be used. = Such products are already charac-
terized by the manufacturer, both in regard to freezing
point and average molecular weight. The sodium neces-
sary for reaction with propylene oxide may be introduced
into such polyethylene oxide by dissolving it in ammonia
and adding a solution of sodium in liquid ammonia and
evaporating off the ammonia. Amounts of sodium up
to the theoretical to convert both hydroxyl groups to
.sadium alcoholate groups may be used. As a simpler
means of introducing sodium, suitable for large scale op-
eration, the Carbowax may be melted and heated with
.a small proportion of sodium which melts and after break-
ing into small globules will completely react. In this
_manner, it is not possible generally to introduce a large
molar proportion of sodium but this merely means that
the subsequent reaction with the propylene oxide will be
somewhat slower at a given temperature than when high
proportions of sodium -are introduced by the liguid am-
_monia method.. A very suitable commercial polyethylene
oxide for this purpose is:Carbowax 1540 which is a poly-
ethylene oxide containing two hydroxyl groups and which
is considered to have an average molecular weight of 1540
which would represent about 35 ethenoxy groups.

For the preparation of the materials on a large scale,
the procedure will be similar to that outlined for the prep-
aration of the compounds of types 7a to 7d, except that

_it will usually be preferable to introduce ethylene oxide
in gaseous form at a relatively low pressure from an ex-
ternal source during the course of the reaction. In this
way, the possibility of uncontrolled reaction may be
avoided, and, if desired, somewhat higher reaction tem-
peratures may be used.. .

Four compounds which were prepared by the methods
described and which were found to have especially suit-
able properties in the invention are the following:

1. Chloropolypropenoxy polyethylene -oxide in which
the chloropolypropylene oxide having a specific viscosity
of 0.257 in 4% benzene solutions at 25° C. is substituted
by 1 polyethylenoxy chain equivalent in weight to 90% of
‘the total weight. The chlorine content of -the chloro-

" polypropylene oxide used was 1.48% corresponding to a
molecular weight of about 2400. ‘

2. Methoxypolypropenoxy polyethylene oxide in which

“methoxy polypropylene oxide having a specific viscosity of
0.137 in 4% benzene solution at 25° C. is substituted by 1
polyethylene oxide chain equivalent in weight to 60% of
the total weight. This is believed to represent an average

- composition of about 14.5 propenoxy units and about 29
ethenoxy units.

3. Bispolyethenoxy polypropylene oxide in which poly-
propylene oxide having a specific viscosity of 0.155 in 4%
benzene solution at 25° C. is substituted at both ends by

" polyethylene oxide chains which together are equivalent
in weight to 60% of the total weight.. The polypropylene
oxide used had a molecular weight of about 1025 and the
polymer prepared has an average composition calculated
to represent 17.5 propenoxy units and.about 35 poly-
ethenoxy units. Other specific compounds of this type
which were effective had ethenoxy contents of 55% and
80%.

" QGood results were also obtained with a polymer pre-

“pared from polypropylene oxide having a specific viscosity
of 0.539 in 4% benzene. solution at 25° C. and ethylene
oxide in amount to represent 60% of the total weight.

Other very effective. polymers used were prepared from
polypropylene oxides ‘within the molecular weight range
of 15001800 by reacting them with ethylene oxide equiv-
alent to 40-50% of the weight of the final polymer.

4. Bispolypropenoxy polyethylene oxide in which poly-

_ethylene oxide having an average of about 36 ethenoxy

.units is substituted at both ends by polypropylene oxide
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chains which: together have an average of about 17 pro-

“penoxy units.

Treatment of pulp with the aforementioned poly-
propenoxypolyethenoxy polymers (the type 7 compounds
of Table I) is described in pending application Serial No.
289,883, filed May 24, 1952, of Paul Henry Schlosser,
Reid Logan Mitchell and Kenneth Russell Gray.

Descriptions of the treatment of pulp with other types
of the polyalkylene oxide polymerization products may
be found in the following U. S. patents issued to Paul
Henry Schlosser and Kenneth Russell Gray: 2,393,817,
2,362,217, 2,451,558, 2,392,103 and 2,423,469. The
water-soluble non-ionic surface-active agents are either
available or can be produced according to operations de-
scribed in said U. S. Patents 2,451,558 and 2,481,693.

In general for improving the acetylation and similar
acylation reactions, the polyalkylene oxide polymerization
products may be incorporated in the wood pulp at any
stage in the production of dry sheet pulp from the wet
fiber slurry. For treating the pulp, the compounds may
be incorporated either in the bulk pulp before sheet for-
mation or in the sheet at any stage prior to completion
of the drying as by spraying the pulp with an aqueous
solution or dispersion. A most practical and convenient
method of securing the incorporation of the polyalkylene
oxide polymerization compounds prior to completion of
drying is to incorporate the compound in the refined wood
pulp while it is on the sheet forming machine by means
of sprays or a rotating roll. Such application may be
made to the wet pulp web subsequent to removal of the
mechanically removable water by pressing, or later at
any stage while it is passing through the hot dryer rolls
prior to completion of drying.

When pulp is dried in a conventional manner on hot
dryer rolls, inactivation of the fibers toward esterifica-
tion is greatest on the surface of the sheets. The inacti-
vation probably results from minute changes in physical
structure of the fibers, as for example in hydrogen bond-
ing, caused by loss of the last portions of water under con-
ditions of high temperature. It is the function of the
added compounds of the invention to prevent or minimize
these physical changes and thus prevent or minimize in-
activation. Thus, if desired, the treatment of the pulp
sheet with the additives of the invention may be accom-
plished by spray or a rotating roll in such a manner that
the additives are largely incorporated near one or both
surfaces of the sheet. Thus application is made largely

-to those fibers: which ‘would otherwise have the-greatest

tendency toward inactivation.. In any event there is pro-
duced a substantially dry sheet of pulp containing a
polyalkylene oxide polymerization product incorporated
prior to completion of drying.

While the invention will be most usually applied in the

. drying of the pulp on the sheet forming machine as de-

scribed above, it may also be applied to the reactivation
of the pulp fibers in a sheet which has been already dried
at an elevated temperature. In such case the dried sheet
pulp will have at least one or both surfaces freated with
a water solution of polyalkylene oxide polymerization
product, as by spraying, or the dried pulp will be com-
pletely treated by dipping. The sheet thus treated with a
water solution of a mixed ether will be redried using such
heat as may be practically required. In such method of

65' application, it is believed that the reactivation is brought
" the water and that one function of the polyalkylene oxide

" polymerization products is to prevent or minimize loss
during the second drying of the improved activity obtained

about ‘at least in part by the rewetting of the sheet with

by the rewetting operation in the same manner as above

. explained. Generally, however, where possible it will

be economically preferable to carry out the treatment with
the mixed -ethers during the original drying on the sheet
forming machine so that rewetting and redrying will be
unnecessary.

>
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The effective propottion of ‘the polyalkylene oxide
‘polymerization products incorporated in the wood. pulp
during the production of dry pulp from a wet slurry or
“in ‘any reactivation treatment is from 0.015% to 0.5%
based on the weight of bone dry pulp. Above this range
in -general po additional “advantages are obtained and
there are disadvantages in that the pulp sheet will tend
to become undesirably soft and dusty and the added
compound will undesirably contaminate the end product
‘from the pulp. The quantities which would be preferred
in practice for treating pulp intended for acetylation or
other acylation processes will, however, frequently be con-
siderably less than 0.5% and will' depend both on'the
method of ‘application and the economics. If essentially
only the surfaces of the sheet are treated, less agent will
be required for effecting a given amount of improvement
than if the whole sheet is treated. This is because only
those fibers would be treated which would "have the
greatest tendency to. become unreactive.

EXAMPLE I

We find that use of sheet wood pulp dried in the pres-
ence of the agents gives marked improvement in acetyla-
tion as compared with pulp dried in a conventional man-
ner in the absence of these additives.
effect of conventional drying and drying at an elevated
temperature, and the improvements resulting from the
application of the invention may be demonstrated by the
following convenient and rapid laboratory test for com-
paring the acetylation reactivity -of samples of sheeted
wood pulp fibers:

Small specimens of the pulps to be examined are
dipped in distilled water containing the required amount
of polymer and dried in a circulating-oven at a ‘controlled
‘elevated temperature to dry them under comparable con-
ditions. An accurately weighed sample of 0.5 gram of
each pulp is torn into small bits and placed in a 35 ml
vial. A flattened glass rod is placed in-the vial through a
hole in the cap and the vial and-sample set in a water
bath at 20° C.

The inactivating -
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The acetylating mixture is prepared by mixing 2.500

‘gms. ‘Hz804, -88.0 - inl. :acetic ‘anhydride, and '175.0 ml.
-acetic .acid. “This -mixture .is unstable and should be

freshly prepared-every two days.
To the :sample vial in the water bath 15 mil of the
acetylating mixture are added from a pipette. The pulp

.and “acid “are mixed with the - glass .red, which ‘remains

in:the -vial. - The .vials. are stored in'the water bath and
the mixing repeated every 15-20 minutes. It is important
to include a standard sample with each group of un-
knowns and to handle and agitate all samples alike.

As the pulp samples are acetylated by the mixture they
dissolve continuously. The time required for substan-
tial solution to take place and the relative clarity and
residual undissclved fibers at the time of observation will
indicate whether any. of the samples is more or less reac-
tive than the standard. An observation of color is also
made.

Acetate type wood pulps made and dried on commer-
cial machines at four different times were tested by the
above procedure after treatment with solutions of various
polyaikylene oxide polymerization -products of the six
types described in Table I above. The sheet pulp samples
were dipped into water solutions of the agents until they

‘had absorbed about 0.4% thereof (by weight, dry basis),

then redried at elevated temperatures. Control samples,
treated only with water and dried at elevated tempera-
tures-and ‘also ‘at room temperature, show the effects of
both the drying action and the added non-ionic agents.

The compounds applied, drying temperatures, and test
observations are shown in the following Table II. The
compounds are classified according to the 7 types de-
scribed in this sepecification (Table I).

A portion of sample 1" was tested without any labora-
tory treatment whatever, and indicates the inactivity of

_conventional machine .dried sheet pulp. The .effect of

the initial drying is further shown by sample 5, removed

from commercial production before machine drying and

40 dried at two temperatures in the laboratory.

TABLE IL.—ACETYLATION REACTIVITY OF ACETATE WOOD PULPS TREATED WITH POLYALKYLENE
b ’ OXIDE POLYMERIZATION PRODUCTS

Drying Acetylation Results
Temp., °C., :
Type ! Additive Used—Name or Deseription after
Additive | Dissolving | Insoluble Residue
Treat- Time, hrs. at 7 hours
ment
‘Pulp Sample 1. ~Machine Dried Hemlock Pulp
Completely untreated in the JaDOratOry < o mamcum oo e ~8-10 | .Many fibers.
‘Water only. - - 50 7 | Few small fibers.
Polyethylene oxide, freezing point 49.5° O o 50 6 Do.
Polypropylene oxide, sp. viscosity 0.181 1 oo 50 6 Do.
Pentadecaecthenoxy ether of dibutyl phenol - 50 65 Do.
Octasthenoxy-ether of lauryl mercaptan 50 6% Do.
Polyethenoxy (160 groups) ether of hydroabletyl aleohol . cacmceaanen 50 6% Do.
Pulp Sample 8.—Machine Dried Hemlock Pulp
W AET OTLLY v esemmmcmmcceemeocmcaceeesmemmemsesemmemeoosecoommeeen 50 64| Many large fibers.
S Dodecasthenoxy ether of lauryl alcohol 50 5 | None.
) Nonadecaethenoxy ether of oleyl alcohol 50 5%4| Few small fibers,
.Commercial polyethenoxy ether of lauryl aleohol (Brij 86)«-o--ovo-- 50 5 | Very few fibers.
- Pulp Semple 3.—Machine Dried Pine Pulp
W AEET ONIY e i m oo mmmmmm e mmm— g o e e 50 6 .| Many large fibers.
E: I Commercial agent--Brij 35 50 5 | Few small fibers.
Pulp Sample.j—Machine Dried Hemlock Pulp
W ALET ONIY e S s o am s mm s m o m o e T S 25 414! None.
Water only. - 85 10-12 | Opaque mass.
Commercial polyethylene oxide, mol wt. about 1000 (Carbowax) 85 8 | Slightly hazy.
Commercial polypropylene oxide, mol wt. about 2025__. 85 8 Do.
Commercial tridecaethenoxy ether of tetradecyl phenol. .. 85 8 Do.
Dodecacthenoxy ether of octadecyl mereaptan 85 8 Do.
Dodecaethenoxy ether of hydroabietyl alcohol m oo 85 8 | Veryslightly hazy.
Pulp Sample 5. ~Hemlock Pulp not Previously Dried
TWALOL ONLY e oo mammammammmammmeamc e 25 544] None.
WALEE ONLY o omo e mcemmccmammmmdmmmm ez e sm e 85 10-12 | Opaque mass.
| Commercial polyethylene oxide, mol wt. about 1000 (Carbowax)._.._.. 85 8 | Slightly hazy.

tDescription of additive types is given under corresponding number in Table I.
2 Measured in 4% solution by wt. in benzene at 18°C,
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Example II

A maclnne dried acetate pulp rewetted with distilled
water and dried at 50° C. required to 6.5 hours to be
dissolved in the acetylation test described in Example I
and even then the solution contained some residual fibers. - 8
When another sample of the same pulp was treated in
water solution with 0.4% of a chlorpropenoxy polyethyl-
ene oxide and likewise dried at 50° C,, it dissolved in four
hours to give a solution free from residual fibers. "

We claim:

1. In the process of manufacturing cellulose acetate
from formed wood pulp which is dried at temperatures
which render untreated pulp partially unreactive toward
acylation, the improvement which comprises applying the
acylating agent to said wood pulp which carries at least
on its surface from 0.02% to 0.5% by weight based on
the substantially dry pulp of a water-soluble nonionic
surface active agent applied to said pulp prior to drying,
said surface active agent being a chain compound com-
posed of a multiplicity of alkenoxy groups deriving its
hydrophilic attraction from ether oxygen atoms and which
is selected from the group consisting of ‘a multiplicity of
ethenoxy groups with one chain terminal group being —H
and the other —OH, a multiplicity of propenoxy groups
with one chain terminal group being —H and the other
—OH, and a mixture of a multiplicity of ethenoxy and
propenoxy groups with one terminal group of the chain
being —H and the other being of the class consisting
of —OH, alkoxy having 1 to 7 carbons, phenoxy, chlorine
and bromine.

2. The process in accordance with claim 1 in which
the surface active agent is a polyethylene oxide.

3. The process in accordance with claim 1 in which the
surface active agent is a polypropylene oxide having a
specific viscosity of about 0.065 to about 0.138 measured
in a 4% by weight benzene solution at 18° C.

4. The process in accordance with claim 1 in which
the polyalkylene oxide comprises a polymeric compound
of 1-2 alkylene oxides of the group consisting of the
compounds represented by the formulas

HO (CH:CH20) v—(CHCH;0) —(CH:CH10)H
b,
R—(CH—CH;0):—(CH:CE20) ;&
H;
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and
HO ((i)HOHzO)y.—(CHzCHzO),,—(('JH-GHzO) ]

CH; . CHi 50

wherein R is one of the groups - consisting -of  halogen;----

alkoxy having 1 to 7 carbons and phenoxy; % is at least ™
13, the sum of n and z is at least 13, the sum of w and-v---’
is the same as y, and the number of ethenoxy groups. .
represented by y is such that the polymeric compound 56
contains at least 20% ethylene oxide by weight and is-
water soluble, said compound being nonionric.

5. The process in accordance with claim 1 in which =~
the polyalkylene oxide comprises a polymeric. compound
of 1-2 alkylene oxides of the group consisting of the 60
compounds represenied by the formulas

HO (CHQCHzO)w((IIHCHzo)z—(CHz(}‘HzO).H

CH:

~(CH—OH:0) —(CH: O 0) H .68

CH;s
and , .
HO (?HCHzO) a—(CH:CH;0) y—((')E——CHzO) H

CH: CH: T

wherein R is one of the groups consisting of halogen,...............

alkoxy having 1 to 7 carbons and phenoxy; x is at least=
.13, the sum of » and z is at least 13, the sum of wand v

is the same as y, and the number of ethenoxy groups 7§
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- represented by y is such that the polymeric compound

contains 40% to 70% ethylene oxide by weight and is
water soluble, said compound being nonionic.

6. The process in accordance with claim 1 in which
the soluble polyalkylene oxide composed of a multiplicity
of alkenoxy groups is an open composite chain compris-
ing at least one polypropenoxy chain, at least one poly-
ethenoxy chain and terminal groups, one of said terminal
groups being —H and the other being one of the class
consisting of HO-—, alkoxy having 1 to. 7 carbons,

. phenozxy, chlorine and bromine.

7. In the process of manufacturing cellulose acetate
from wood pulp sheets machine dried at temperatures
which render untreated pulp partially unreactive toward
acetylation, the improvement which comprises applying
the acetylating. agent to the machine dried wood pulp
which carries at least on its surface about 0.02% to 0.50%
by weight of the substantially dry pulp of a water soluble
surface active agent bispolyethenoxy polypropylene oxide
of the general formula

HO(CH;CH:0) »(CECH:0).(CH:CH;0),H
i H;

in which x is at least 13, and w and v are such that the
ethenoxy content represents from 20% to 90% of the
agent.

8. In the process of manufacturing cellulose acetate

- from wood pulp. sheets machine dried at temperatures

which render untreated pulp partially unreactive toward
acetylation, the improvement which comprises applying

- the acetylating agent to the machine dried wood pulp

which carries at least on its surface about 0.02% to 0.50%
by weight of the substantially dry pulp of a water soluble
surface . active agent halopolypropenoxy polyethenoxy

. oxide of the general formula

A—(CHCH:0)»(CH20H:0) ,H
Ha

where A is a halogen of the group consisting of chlorine
and bromine and x is at least 13, and y is such that the
ethenoxy content varies from 20% to 70% of the agent.

9. In the process of manufacturing cellulose acetate
from_wood pulp sheets machine dried at temperatures
which render untreated pulp partially unreactive toward
acetylation, the improvement which comprises applying the
acetylating agent to the machine dried wood pulp which

-carries at least on its surface about 0.02% to 0.50% by

weight of the substantially dry pulp of a water soluble sur-
face active agent polypropenoxy polyethylene oxide of the
‘general formula

RO——(?HCHzO) :(CH2CH;0) ,H
CHs

..where R is a.radical of the group consisting of alkyl with

1-7 carbon atoms and pheny! and xis at least 13, and y is
such that the ethenoxy content varies from 20% to 70%
of the agent.

10. In the process of manufacturing cellulose acetate

from-wood pulp sheets machine dried at temperatures
which render untreated pulp partially unreactive toward

acetylation, the improvement which comprises applying
the .acetylating .agent to the machine dried wood pulp
which carries at least on its surface about 0.02% to 0.50%
by weight of the substantially dry pulp of a water soluble
surface active agent blspolypropeuoxy polyethylene oxide

: of the general formula

HO (?HCH;O)»(CHzCHzO),,(?HCH:O) H
CH; ’ CH;

where the sum of n and z is at least 13, and y is such that
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the ethenoxy content varies from 20% to 70% of the
agent.
References Cited in the file of this patent
UNITED STATES PATENTS
2,051,220 Malm et al. cceeee - Aug. 18, 1930

2,273,039
2,362,217
2,392,103
2,393,817
2,423,469
2,481,693

18
Hudson e cecccmee e Feb. 17, 1942
Schlosser et al. mceecneme- Nov. 7, 1944
Schlosser et al, coeoceeeee Jan. 1, 1946
Schlosser et al, oo Jan, 29, 1946
Schlosser et al. . oeoeee July 8, 1947
Schlosser et al. _ e Sept. 13, 1949



