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This invention relates to the sizing of fibrous
materials such as paper, cardboard, textile
threads or fabrics, imitation leather, and the
like. It deals with a new method of carrying out
such sizing operations in a more advantageous
manner and with novel compositions of matter
which are not only valuable sizing agents but also
have other useful applications.

The usual procedure in sizing fibrous materials
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sitions which may be readily emulsified and will
form stable emulsions of relatively small, uni-
form ‘particle size capable of imparting good
water-resistance to fibers of all types. Another
object is to provide a convenient and efficient
method of sizing fibrous materials which may be
successfully used with viscous or ‘solid sizing
agents of the hydrocarbon type. . A further ob-
ject is to make available sized articles of manu-

is to contact intimately an aqueous dispersion of 10 facture, particularly sized paper or other cellu=~
the size with the fibers and then precipitate the losic articles having desirable water-resistance.
size on the fibers by adding a suitable precipitant. Still another object is to provide new emulsifiable
Thus, for example, in sizing paper pulp, the dis- compositions which not only are useful sizing
persion of size is generally added to the pulp in agents but also have other important uses. Fur-
the beater or Holland machine and is there pre- 15 ther objects and advantages of the invention will
cipitated on the fibers with paper maker’s alum be apparent from the following description of
or other acid-acting agents. In this method of some of its preferred applications, it being under-~
sizing it is advantageous to use a sizing agent stood .that-the invention is not limited thereto
which can be prepared as a highly concentrated, but is -broadly applicable in the scope set out in
stable aqueous dispersion or emulsion of small 20 the appended claims, :

volume suitable for shipment and storage prior It has been found that fibrous materials, par-
to use and capable of ready dilution to the rela- ticularly fibers of cellulose and the like, may be
tively low concentration preferred in sizing with- advantageously sized with hydrocarbons in the
out separation difficulties. A number of sizing bresence of a polyphosphoric acid compound,
agents, such as rosin, for instance, meet these re- 23 preferably together with a mutual solvent for the

quirements very well but are relatively expensive -

to use. Another suitable type of sizing agent is
the emulsions of cyclic extracts of petroleum pre-
pared with naphthenates of naphthenic acids

having acid numbers of less than 200, which are 4

described and claimed in copending application
of Theodore F. Bradley, Serial No. 33,218, filed
June 15, 1948, ' These sizing agents are not only
relatively cheap but also are highly effective
water-repelling agents. However, especially when
using hydrocarbons of high viscosity, it is neces-
sary in order to obtain uniform emulsions of
small particle size to use extended agitation or
other special emulsification procedures which
add to the cost of operation and are undesirable.
This type of difficulty is also encountered with
other types of sizing agents such as many viscous
resins, both natural and synthetic, waxes of high
melting point, bituminous materials, asphalts,
tars, etc., and has, in many cases, made their use
impractical in spite of their desirable sizing prop-
erties. '

An important object of the present invertion
is to overcome the foregoing disadvantages of
these sizing agents and to provide slzing compo-

40

45

60

polyphosphoric: acid. compound and the sizing
agent used. Relatively small amounts of .poly-
phosphoric acid compounds; preferably a salt or
ester of a polyphosphoric acid, introduced into
the 'sizing compositions containing viseous siz-
ing agents, particularly hydrocarbons, markedly
improve their properties making them easy to
handle according to ordinary sizing procedures
while giving excellent sizing characteristics:
These new sizing compositions, comprising a
viscous. sizing agent together with s polyphos-
bhoric acid compound, make it possible to supply
the paper industry with a concentrated emulsible
mixbture which is readily dispersed in water and
can be applied in the customary way in emulsion
sizing: Emulsions produced from these compo-
sitions have the advantage of being capable of
phase inversion. Thus, concentrated water-in-
oil type emulsions can be prepared from sizing
agents having viscosities of 400 SUS at 210° P.
or higher viscosities without the use of a colloid
mill or other costly dispersion methods due to
the presence of the polyphosphoric acid com-
pound. These water-in-oil type of emulsions are
readily diluted to form stable oil-in-water type
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emulsions of any desired concenfration which
are excellent sizing agents when applied in the
usual manner. By preparing the new composi-
tions either as emulsible mixtures of sizing agent
and polyphosphoric acid compounds or as a
water-in-oil or a concentrated oil-in-water type
emulsion, the disadvantages of shipping and stor-
ing emulsions  containing large percentages of
water are avoided.

Among the polyphosphorie acid compounds
which have been: found: to be suitable in the new
sizing compos1t1ons “of the invention, the deriva-
tives of the polymetaphosphoric acids, (HPO3)z,
and of the polyphosphoric acids of the pyrophos-
phoric acid type, Hz+2Pz03z+1, have been found
to be especially advantageous. In these formulae
of the preferred acids, ¢ is at least 2, generally 2.
to 8, although higher polyphosphates may also be.
used. Salts of these polyphosphoric acids are a
particularly useful form of the phosphoric acid
compounds used according to the invenstion.

Such salts are readily prepared, for example, by,

fusing mixtures of orthophosphoric acid salts

with bases or by fusing mixtures of salts of mono- -

phosphoric acids and pelyphosphoric acids. In
this way a large number of different polyphos-
phorie. acid compounds. can: be produced, each
differing only slightly from its adjacent members
of the series and all being effective in the process
of the invention.

When using- polyphosphoric acid salts in the
new sizing compositions, it is preferable as a rule
to choose water-soluble salts, although by the use
of suitahle mutual solvents. it.is feasihle to employ
salts: of very low solubility in water which might
be: classed as water-insoluble salts. Ammonijum
or - alkali metal salts. are particviarly useful.
Mixed salts as well as simple salts may be used,
and with the polybasic polyphosphoric acids of
high molecular weights, the mixed salts having
both monovalent. and polyvalent anions are par-
ticularly suitable. Thus, mixed salts having alka-
line earth metal or aluminum or zinec ions
together with alkali metal ions, for example, the
ealeium - soedium or magnesium - potassium or
aluminum-ammonium salts: of high polyphos-
phoric acids, can be used advantageously. With
such salts. it is preferred that the ratio of mono-
valent anions to polyvalent. anions present be
‘high, as the water solubility is thereby improved.
Representative examples of other suitable poly-
phosphorie -acid salts are, for instance, sodium
trimetaphosphate (NaPQs3)s3, sodium tetrameta-
phosphate (NaPO03).4, sodium hexametaphosphate
(NaFOs:)s, tetrasodium pyrophosphate NasP:Or,
disodium dihydrogen pyrophosphate NazH:P20n,
trisodium: hydrogen “pyrophosphate ' NazHP:On,
sodium tetraphosphate NaeP4O13, the complex
fusion product from two moles of monosodium
dihydrogen phosphate and one mole of disodium
monohydrogen phosphate NasPsOis. As a rule
the salts having a pH of 7 or higher are preferred
and for this reason the salts of polyphosphoric
acids.of the pyrophoschoric acid type Hr+2P:O3z+1
are preferred over the polymetaphosphorie acid
salts. - However, by the use of buffers or the like
any of the polyphosphorie acid salts may be suc-
cessfully used. Buffers suifable for maintaining
the desired alkalinity during sizing are, for exam-
ple, sodium silicate, sodium borate, the ortho-
phosphates such as disodium-orthorhosphate, ete.

Thiopolyphosphates may he used in place of or
in conjunction with the foregoing salts. Exam-
ples of salts of this type which are useful are,
for instance, sodium monothiotetraphosphate
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4
NagP:012S and sodium trithiotetraphosphate
NasP:O1083. ‘These comrpounds have the same
general efficiency as the other water-soluble poly-
phosphoric acid compounds in improving sizing
according to the invention.

Another type of polyphosphoric acid compound
which ig effective in the compositions and process
of the invention is the esters of these acids. Esters
of aromatic hydroxy compounds, especially esters
of polyhydroxy aromatic compounds such as
pyrogallol, resorcinol, phiorogiucinol, hydroxy-
quinol, catechol, gallic acid, protocatechuric acid,
digallic aeid, eliagic acid, tannic acid, the tannins,
tannin-like bodies, etc., are especially useful.
Other suitakle esters are, for instance, the esters
of water-soluble mono- and polyhydric alcohols
such. as ethyl, isopropyl and tertiary butyl alco-
hols, glycerol, giyeol, pentaerythritol, arabitol,
polyvinyl and polyallyl alcohols, and the like.
The pyrophosphoric and tetraphosphoric acid
esters. are equally suitable. Amino-substituted
esbers are an especially advantageous subgroup
of esters useful in the new process. Esters of
this type from amino anthraquinones are appli-
cable according to the present invention. Hy-
droxyalkylaminoanthraquinones, wherein the hy-
droxyalkyl radical or radicals are attached to the
aromatic nucleus through an intervening amino
group, are emphasized in the patent but amino
esters having the amino groups or groups other-
wise attached o the molecule may also be used.
Thus, the amino group may be linked to an aro-
matic nucleus either directly or through an inter-
vening ester radical or acyl residue or by ether
groups. Suitable amino-substituted  aromatie
compounds irom which the phosphoric acid esters
may be derived include; for example, amino-ben-
zene, amino-toluene, amino-naphthalene, amino-
anthracene, amino-substituted phenols such, for
instance, as the aminc-phenols, amino-cresols,
amino - resorcinols, amino -naphthols, amino-
pyrogallols, amino-benzyl alecohols, amino-cin-
namyl alcohols, amino-anisoles, amino-acete-
phenones, amino - kenzophenones, amino - qui-
nones, amino-benzaldehydes, etc. When the
starting amino compound contains a hydroxy
group as in the alcohols or phenols, the esters
may be readily prepared by reaction with pyro,
tetra or other pelyphosphoric acid or-anhydride
or halogenide to form the amino esters which are
useful in the present invention. With non-
hydroxy starting materials, or where further
hydroxylation is desirable, a sultable hydroxy-
alkylamine aromatic compound may be prepared
by reacting the aromabic amine compound with
glycol mono- and di-chlorohydrins or the corre-
sponding chlorochydrins of glycerol or other poly-~
hydric alechols. This procedure is cdmmonly
carried out by dissolving the aromatic amino com-
pound in a suitable inert solvent, adding the alkyl
chlorohydrin, and refluxing until the reaction is
substantially complefe. The mixfure is then
made strongly alkaline with sodium or potassium
hydroxide and the amine layer removed. After
drying thoreughly, it may then be reacted with
the polyphosphoric acid, anhydride, or halogen-
ide. Tetraphosphorie acid is the preferred poly-
phosphoric acid for the synthesis of these esters
because it is readily available in anyhdrous form.

Addition products of methyl, ethyl, isopro-
pyl, tertiary bufyl and like esters of tyrosine,
tryptophane, and creatine with the various poly-
phosphoric acids and their acid salts such, for
instance, as mono-spdium dihydrogen Dpyro-
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‘phosphate and the liké, are -'equally.' useful m

the new process. o L
The polyphosphoric acid compound used may
‘alternatively be an ‘amino~polyphosphate of the
type obtainable from ammonia and phosphorus
pentoxide.  Either the initial reaction products
of thetype i ; . o

i '

P—0—NH;
HN 0

}%’—O—NH4

or

HN—P—0—-NH;

H;N—P-—0—NH;

or the more complex products of further poly-
merization such as )

or

(o] [o] )
HoN—-O-——:IEI’ — N l ~0—NH,
l O=Il’—-0—NHA l
(o] J) o)

l O=1|’—O—-NH4 l ]
HN—0— ———111'———P-—-0—NHA|
8 6

i. e. ammonium hexaphosphate dinitride and
products of higher molecular weight, may be
used. Other water-soluble hexaphosphate di-
nitrides of any degree of polymerization such,
for instance, as sodium hexaphosphate dinitrate
or the corresponding potassium compound can
likewise be employed. An alkali metal can re-
place either all the NHs: groups- of ammonium
hexaphosphate dinitride or only a portion there-
of. Thus, ammonium hexaphosphate dinitride
can be treated with alkalies to a pH of approxi-
mately 8 without liberation of ammonia, but if
caustic soda or soda ash is added beyond this
point, the ammonium nitrogen is completely dis-
placed and the pH will rise. The nuclear nitro-
gen, however, is not displaced by the addition of
alkalies. Esters of these complex phosphates
may be used instead of the salts. Thus, for ex-
ample, the esters produced by reacting hydroxy
organic ‘compounds such as tannins, sugars,
starches, cellulose, gums, lignins, aliphatic or

& -

‘aromatic alcohiols; alkylolamine, ete. with molten
‘ammonium imido diphosphoric.acid - : - ol

| 1N
HN—0—P B _
: o oNED - No=NEy
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are suitable in the new process. These products
are usually hard, brittle “glasses” which are solu-
ble in water and probably involve condensation
as well‘'as esterification in their formation. Their
structure has not been accurately determined but
they have been found as a rule to be superior in
the process of the invention to the imido diphos~
phoric acid salts, although these are themselves
effective when used in suitable amounts.

As’previously pointed out, ‘the polyphosphoric
acid compounds are preferably used with a sol-
vent which is also substantially miscible with the
sizing agent being used. Suitable mutual sol-
vents are, for example, alcohols such as methyl,
ethyl, normal propyl, isopropyl, normal or sec-
ondary butyl, the amyl alcohols, methyl isobutyl
carbinol and the like, glycols such as the hexyl-
ene glycol, etc., hydroxy derivatives of polyhy-
dric alcohols such as the mono- or poly-glycol
monoalkyl esters or ethers having 1 to 4 carbon
atoms in the alkyl group, ketones of the type of
methyl ethyl ketone, 'mesityl oxide, diacetone
alcohol, isophorone, methyl isobutyl ketone, etc.,
esters of which ethyl formate, methyl lactate
and dimethyl maleate are examples, aldehydes
as acetaldehyde and acetaldol or the like, di-
ethylene dioxide; morpholine, " phénols, “and
‘amines such as butyl or amyl amines, the ethanol
amines, pyridines, etc. The particular solvent
used should be one which boils at a temperature
above that at which the sizing composition is pre-
pared and/or used. Thus, when using sizing
agents which are melted to facilitate their emul-
sification, it is preferable to employ higher boil-
ing solvents; however, it is seldom that solverts
boiling above about 150° C. are necessary.

The amount of polyphosphoric compound, or
mixture of two or more such ‘compounds, and
solvent employed will depend to a certain extent
upon the particular compound and ‘solvent cho-
sen and the sizing agent with which they are to
be used, but as' a general rule it has Been found
that about 0.25% t0710%, preferably 05% to
2.5%, of polyphosphoric’ compound based on the
weight of sizing agent present is satisfactory.
Less than 0.05% of polyphosphoric acid com-
bound gives insufficient improvement of the siz-
ing composition, while more than 20% may be
detrimental to the effectiveness of the size. Suf-
ficient solvent should be used to maintain the
-polyphosphoric compound homogeneously disg-
tributed in the composition, but too great an ex-

“cess is to be avoided since it may reduce the wa-

ter-resistance of the final sized product. Usual-
ly about one-half to ten times as much solvent
by weight as polyphosphoric acid compound is
suitable, two to about six times as much solvent
being generally preferable, Lo
Although other methods of incorporating the
polyphosphoric acid compound in the sizing mix-
ture may be successfully used, one procedure
which has been found convenient comprises add-
ing an aqueous solution of the chosen polyphos-
phoric acid compound to g mixture of the sizing

-agent- and. -emulsifying agent which advantage-
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- ously may also.contain the mufual solvent if such

is to be used. Most: preferably, the sizing agent
is melted and thoroughly mixed with an acid
emulsifying agenf-forming compound such as
naphthenic acids or rosin or an alkyl aryl sul-
fonic acid or the like, the mutual solvent is then
added while continuing the mixing and heating,
and then sufficient base to neutralize the emulsi-~
fying agent is run in together with the solution
of the polyphosphoric acid compound. In this
way emuylsions of the water-in-oil type can be
obtained which are stable, readily prepared with-
out special expensive apparatus, and capable of
phase inversion by dilution to produce oil-in-
water type emulsions having excellent sizing
properties.

The preferred sizing agents for use in the proc-
ess and new compositions of the invention are
hydrocarbons of higher molecular weight, most
preferably the cyclic exfracts of predominantly
aromatic and naphthenic nature, obtainable by
.extracting petroleum or related oils, including
hydrogenation products of coal and the like, with
solvents which are selective for nen-paraffinic
constituents. A wide variety of polar solvents
may be used for the preparation of such extracts,
liquid sulfur dioxide, phenol, cresylic acid, fur-
fural, beta,beta-dichlorethyl ether, nitrobenzene,
the sulfolanes and sulfolenes, and the like being
typical examples of suitable solvents. Combina-
tions of solvents, as phenols with cresylic acid or
liguid sulfur dioxide with benzene or toluene, for
instance, are useful and, the use of the so-called
double solvent process employing mutually im-

miscible solvents, e. g. cresylic acid with pro- ¥

pane, also gives suitable extraets, There are also
advantages in reextracting the initial extract
.with an immiscible solvent to improve the selec-
tivity of the extraction. Thus, extraction of
Edeleanu extracts of lubricating oils, with gaso-
line or the like has been. found to improve the
sizing properties of the compositions produced
therefrom in accordance with the invention.
Extractive distillation may be used in place of or
-in. combination with the previously mentioned
extraction methods. .
Extracts of heavier petroleum oils such as the
Iubricating oils and residual stocks. are especially
useful in the new sizing compositions of the in-
vention, but other fractions of petroleum: or re-
Jated hydrocarhon produets can also-be used sue-
cessfully-as sources of the extracts. . The extracts
‘may be derived, for example, from lubricant dis-
tillates or bright- oils or cylinder stocks which
may, for instance, range in gravity from 15° to
8° APT at 60> F. They may be obtained from
any mixzed type petroleum oil such as Mid-Con-
tinent or Coastal or California crude or, in lower
yields, from Pennsylvania type oils. For use in
sizing in accordance with the invention, extracts
boiling above 300° C. at 760 mm. Hg pressure
are preferred, and most preferably extracts boil-
ing from about 125° C. to 300° C. at 1 mm. Hg
pressure are used. The more viscous extracts
usually give the most desirable sizing properties
and for this reason extracts having viscosities
of at least 200 SUS at 210° F. are preferred. Most
preferably, extracts having viscosities of 400
-SUS at 216° F. or more: are used and there are
special advantages in using extracts having vis-
cosities: of the order of about 2,000 to 50,000 SUS
at 210° . Extracts obtained from narrow frac-
tions, as described in U. S. Patent 2,115,960, may
be. advantageously emploved. - It is often advan-
‘tageous to fractionate the initial extract to sep-
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-arate: fractions of -especially advantageous prop-

erties: thus, for instance, it has been. found that

‘the higher boiling-50% te 75:% of an Edeleanu

extract. of lubricating oil gives superior sizing
judging by permeability to. water of sized paper.
Other types of sizing agents which may be used
include oils or waxes. These are useful when
used either in combination or separately. Hy-
drocarbons such as lubricating oils, spindle oil,
etec. may likewise be used. Various rubbers and
synthetic resins such as are described, for ex-
ample, in the article by E. G. Partridge entitled
“Latex compounds for paper industry” in “India
Rubber World,” volume 118, pages 221 to 223
(May 1948), may be used as the sizing agent with
phosphorus-containing compounds according to
the present invention,

A wide variety of different emulsifying agents
may be used in preparing the new emulsifiable
compositions of the invention. Especially ad-
vantageous emulsifying agents are salts of naph-
thenie acids having acid numbers less than 200,
preferably acid numbers of about 100 to 175, the
acid number being the number of millisrams of
potassium hydroxide which will neutralize the
acids in a one-gram sample of the naphthenic
acids. A suitable source of such naphthenic acids
is the naphthenates produced in the refining of
petroleum and its various products, particularly

30 lubricating oil. The naphthenic acids having the

preferred low acid number may ke separated
from their mixtures with less desirable naph-
thenic acids of higher acid number by fraction-
ally distilling off the latter and using only those
naphthenic acids boiling above about 200° C. at
0.5 mm. Hg pressure. Particularly suitable are
naphthenic acids beiling between about 250° C.
and 350° C. at 0.5 mm. Hg pressure. Petroleum
oils which boil above 200> C. at 0.5 mm. Hg pres-
sure, especially fractions of lubricating oil or the
like boiling between about 250° C. and 350° C. at
0.5 mm. Heg pressure, are preferred sources of the
naphthenates used in the new compositions.
However, other emulsifying agents, including the
ordinary commercial naphthenates having acid
numbers greater than 200, fatty acid soaps,
higher alkyl sulfate salts, organic sulfonic acid
salts, particularly alkyl aryl sulfonates having 8
to 18 carbon atoms in the alkyl group, rosin acid
soaps and the like or mixtures of any of these
may also be successfully used. The amount of
emulsifying agent which it will be most advan-
tageous to use will vary somewhat with the type
of emulsifier chosen and the particular sizing

‘agent being emulsified but, as a rule, will corre-
-spond to.about 3 to abaut, 75, more preferably 5.to
50, per cent by weight of the total weight of

emulsifying agent. and hydrocarbon employed.
In preparing the emulsions by the neutraliza-
tion_technique previously referred to. a number
of different types -of basic compounds can be
used. Hydroxides or carbonates of alkali metals
or ammonia are suitable, sodium or potassium
hydroxides being preferred hydroxides, however,
because of their relatively low cost. The corre-
sponding, particularly the sodium and potassium,
carbonates require higher temperatures and are
thus somewhat less preferable. Alkaline earth
hydroxides such, for example, as calcium and
magnesium hydroxides, etc. may also be used.
For certain purpeses, neutralization with an or-
ganic base such, for example, as aliphatic, ali-
cyclic, or aromatic, primary, secondary or ter-
tiary amines or quabternary ammonium bases, is
advantageous. Water-soluble amines such, for
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instance, as dimethylamine, propylamine, cyclo-
hexylamine, the ethanolamines, etc. may be used
in such cases. The chosen base is preferably em-
ployed as an agueous solution of about 5% to
about 30% concentration, most preferably about
b% to 15% concentration. The most stable emul-
sions are prepared by tha use of slightly less than
the stoichiometric amount of base, preferably
about 85% to 95% .of the amount reguired for
neutralization of the acid of the emulsifying

10

agent. A pH of about 8 to 13, preferably 10 to -

11.5, is advantageous in the final emulsion. If
the initial emulsion is too acid or alkaline, it can
be brought to the desired pH by adding a -suit-
able buffering agent. R
The invention is, of course, not limited to the

method of preparing the new emulsions déscribed.

as other procedures are 2lso applicable. Thus,

for example, it is feasible to produce highly-ef--

fective sizes by intimately mixing a sizing agent

such as a cyclic extract of lubricating oil;- for-

insfance, with an emulsifying agent such as pre-
viously neutralized naphthenic- or rosin aecids

and then adding a polyphosphoric acid com--

pound either as an agueous solution or a solu-~
tion in the chosen solvent, followed by dilution
with the required amount of water if insufficient
has been added with the polyphosphoric acid
compounds. Other possible variations in the
emulsification procedure will be obvious, it being
generally advantageous, however, to have the
polyphosphoric acid compound and sizing agent
in intimate contact and uniformly dispersed prior
to application of the composition to the material
to be sized.

It is a special advantage of the sizing composi-
tions of the invention comprising a polyphos-
phoric acid compound, a sizing agent, preferably

of relatively- high viscosity, and an emulsifier.

that they not only are very effective in improv-
ing the water-resistance of fibrous materials but
also are capable of ready emulsification and form
stable emulsions of the water-in-oil type with
hydrocarbon-type sizing agents, particularly the

cyclic extracts of petroleum which -may be read-.
ily inverted to emulsions of the oil-in-water

type which are quite stable, yet are precipitable
in the presence of paper fibers by the usual paper
maker’s precipitants. - This unusual combination
of desirable properties makes it feasible to pre-
pare very cheaply highly effective sizihg com-
positions as concentrated water-in-oil type emul-
sions which can be conveniently shipped at low
cost, stored until needed, and readily diluted at
the paper mill without difficulties from phase
separation or loss in sizing power to form emul-
sions of the oil-in-water type which can be used
for sizing in the same way as the conventional
rosin emulsion sizes. Emulsions which contain
at least 40% water, for example, 40% to 99%
water or, as shown in Example I which follows,
more than 99% water, can be thus used for siz-
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with the size but generally it is preferred to add
it later in the process, thus providing adequate
time for uniform distribution of the size before
introducing the precipitant.

The amount of size which it will be most ad-
vantageous to employ will depend on the nature

of the fibrous material being treated, the pur-

pose for which it is intended, the type of sizing
agent chosen, and the method of its application.
Ag little'as 0.2% based on the dry weight of the
paper is effective but up to 20% or more may be
used, the preferred range being usually about
0.5% to about 5%.

- Most preferably a pH of about 4.5 to 6, depend-
ing on the type of pulp, is desirable during pre-

. cipitation. If necessary, the pH may be controlied

by adding dilute acid in the beater. About 25
grams of aluminum sulfate per kilogram of dry

--stuff’ in-the beater gives satisfactory precipita-
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ing. Thus, in sizing paper, for example; the -

emulsions of the invention may bhe added to the

pulp in the beater engine at any stage of beat-
Ing, although as a rule it is more advantageously
introduced when the beating has been substan-
tially completed.” The sizing may also be carried
out in the Jordan machine or at the screens, A
wide range of precipitants may be used for fixing
the new sizing compositions on the fibers. Alum,
aluminum sulfate, calcium chloride, acids such
as sulfuric or hydrochlorie acid, and the like are

65

70

all suitable, but paper maker’s alum is preferred. -

The precipitant may be-added to the fiber along

75

tion. Too much aluminum in the paper should

-be avoided as it adversely affects the permeability -

to water. .

The following examples illustrate in greater
detail some typical applications of the invention
and show the advantageous results which may
be obtained. - - :

Example I

A series of sizing compositions was prepared
using a variety of furfural extracts of different
viscosities as the sizing agent and sodium pyro-
phosphate as the polyphosphoric acid compound.
In each case, 800 grams of the extract were heat-
ed to about 80° C., 200 grams of wood rosin (FF)

“and 40 grams of isopropyl aleohol were charged

in that order to a jacketed Readco Internal Mixer
preheated to about 85° C. and mixed for 5 min-
utes. 106 grams of a 20% solution of sodium
hydroxide and 100 grams of a 7.5% solution of

‘sodium pyrophosphate were then added, and the

mixing continued for 15 minutes at 80°-C. to 85° ¢,
The resulting water-in-oil type emulsion at 80° C.

was poured into water sufficient, at the same tem-
perature in a tall narrow vessel, to bring the

concentration to 50% and stirred for 15 min-

utes at 80° C. with an Eppenbach Homomixer,
care being taken to prevent inecorporation of air

into the oil-in-water emulsion. The stability and

particle size of the emulsion were determined and

the emulsion used to size test sheets of ‘kraft

baper prepared as follows: ) o :

. A 1% slurry of kraft pulp was beaten 2 hours .
in the mixer and then diluted to 0.5%. One
milliliter of the size emulsion diluted to 19%
cqncentration was added per 100 grams of the
dilute slurry and the stock stirred slowly for 15
minutes. * Three-tenths of a milliliter of a 5%
solution of aluminum sulfate was added and the
stirring continued an additional 15 minutes.
The sized pulp was formed into wet sheets in
a sheet-making machine, pressed, and dried at
70° C. The sheets were conditioned for at least

2 hours at 75° F. and 509 relative humidity be-

fore testing for water-resistance by the dry in-

dicator. test and the fuorescencde size test. In

the dry indicator tests a mixture of 1 part fuchsin
dye, 50 parts sugar and 1 part starch ground and
sleved through a 100-mesh screen was brushed

onto approximately 2 sq. ins. of the paper and the

specimen floated in water maintained af 75° F.

'_I‘he time in seconds for the first visible change

in color in the indicator due to wetting was re-

corded. The fluorescent size tests were carried

out as-described by van den Akket et al. in the

“Paper Trade Journal,” vol. 109, page 33 (1939).

The following results were obtained:



2/685;088

iq : i Stwing eiﬁcientgl tot'
i . : 1 e ‘paper ¢orree 0.
: e k Oil-niwater emulsion | sheet thickness of
S\’_i[s]cossitﬂstv —_I?uidtit‘y - 10-mils
L 48, U, S.atl ol water- (. P 3 .
Sizing agent 210° F, of In-oif | Panrltilézrlens;ze .
. 4 siing | emulsion ° ) o - Fluores-
‘agent -at'80° O. | StabBlity-at | Stability upon Dryin- | cence
'50% concen- dilution dicator size
‘tration to1% test (secs.)]  test
“(secs.)
Furfurs)-extract-of motor oi}. of 79.8 Very‘-’ﬁuid«. 0dl -film: on | Soms large par- | <A few >15; re- 32 -54
60S. U. 8. viscosity at 210° B surface. ticles coal- mainder 15 to .
esced. -,25; iajority ce.
Furfural extract of motor il of 208 | @0l ‘Créamed but | Large particles | A fow >10; re-’ 26 63
008. V. 8. v1scosnyat210° P, no -coales- settled bitt no:] miainder 10:to :
cence. coalescence. é; majority ca.
Furtiral extract of lubricating | 302 |._.do......feoev do ... Sotne large par- |- dow .. ;.cci 4 1
dlﬂl;ofrloo.-s; U. 8. vl'scosity»ati ticles settled:
0° K. . but no cosles- :
cence. :
Furfural extract of :mnotor ol 416 | Very fluld {j-- -id0sceaofoC {3 CRREE I EEER - | BTN -35 208
Q },&) . UL vfscosify At 1 gel ) v )
Futlgral g}xtraet, of lubirleating!l 2,030 Pluidigel b 80z ceiaa]aan Q0. .cicen oA fow 210, ze- 41 185
8. "vigcosity at “higihder 10 to
210° F <1 L, niajority v
Edeléani exttact of a topped | 4,500 ..ol O iemnn Large “particles Some >20; Te-. 47" 194
Mig-Corittiiént erude: : settled. msainder 3070
' i 1; majority-ca. .
Edeleanu extract of a Mid-Con- | 25, 600 Fluld gel'| Partial ‘separ [oowos@0isoooo Many >90; re-- 44 300
tinent crude residue. 1. . hich ration after mainder-20 $o
p ours 24 hrs, 2; miajorityca. |
slowly. &,

Similar good results are obtained ‘when sulfite
pulp is used Wwith thesé sizes ifistead of the &raft
pulp.

Using 0:76% sodlum hexametaphosphiate based
upon the total ‘wéight of aromafic extract and
naphthenic acid inthesizeinstead of the: 'sodivm
pymphosphaﬁe gives equally good Tesults.

‘E’mample IF

Usmg the method -of Example T, smng emul-
sions-of -‘the-following comp051t10n were prepared

using; d}fferent emulsifying -agents with. an

Edeleanu extraet of a tepped Mid- Conbment
crude as-the sizing, a;gent

Faﬁts By weizght
‘800

Extract ‘8
Emulsify‘mg agent 2090
Soditm hydroxide - 1.9
Isopropyl ‘Hleoho] _-_- A
Soditin pyrophosphai;e [ 0.7
Water : 100:60

The. sizes- were. used. to. s1ze Kraft paper as-in.
Example I and ‘the papers were fested wn;h the
followinig results:

*sziﬂg'eﬁiCiénéy»
Exiulsifying sgent T N
Dry-indi=-|- Fluores-
, eator test " cerice test
aclds (a,cld number ‘lal)) ....... 0] ‘70,
47 194

Gdod resu}ts g alsc ‘obtained When usmg ‘a
heavy ‘asphalt (penebration 150) ‘instezd of ‘the
afomafic extract in the size.
agents such-as petroleum sutfonstes can be sub-
stituted for the na,phthemc acids and tosin wuh-

olit ‘detriment to the Sizing efficiency.
Ea:ample FIT

To ‘show the effect of the mitual solvent Tor
the po‘.typhosphonc ac1d ‘compoing, compara-
tive tests, were “made With sizes prepared as. In
Examiple T using methyl ethiyl ketone in place of

56

a8
‘Other ﬁmulsifymcr ]

isopropyl alcohol and omitting the solvent. In
all cases the sizing agent was an ‘Edeleanu ex-
tract of Mid-Continent petroleum having a vis-
cosity of 4500 SUS at 210° F. and the test sheets

.35 were prepared and tested as described in Ex-
ample I.
Parts of Na;P207.{ 0.75...] | ,07 ........... 0.75. . ..
i Solvent .. ... None..- Meth¥l ethiyl | Methyl ethyl
‘49 ketone. - ketone.
Parts by weight | None..| 4 IR 2 126,
of solvent. . i .. . .
Fluidity of the | Gel... Fluid gel.....} Fluid gel.
water-in-oil
emiilsion ‘st .
’ 80° C. L . 1. L
45 Percent size in‘j 1:9.. .19 o200
paper, .
Sizing efficlency: | . 1. 1o
Dry Andi-| 400 31 | B e ool 48
«cator -test: :
(secs.). . . )
Fluorescence | ‘255 ..} ‘200 ...} 208 ooao_s 394,
50 ‘size test’
(secs.).

:Amyl-alcochol and methyl 1sobuty1 ketone used
in the same way as mutual -solvents also give
‘sood results:

Example IV

A viscous Mid-Coritinent crude was emulsified.
with one-fifth its weight of naphthenic acids of
acid number 150 using :0.75:% by weight of so~ -
dium pyrophosphite and 2.5% of ‘methyl ethyl -
ketone. The oil<in-water emulsion of 50% ‘com~
centration was ‘gtable, elthough thelre was some
cresrhing bit stirfing ‘restored the emulsion to
hO“ndgenéiﬁy ‘On dilution to 1%, the ehdlsion
was Vetry istable with the ajority 'of ‘purticles
less thain 1 micron in dlameter Test sheet pie~
pared with this émulsionas in Exarmple'T gaie! fhe

80.

70 following results:
Dry indicator test, 5605 ..ol L 48.
Fluorescéence size test, 888 oo oo oo 968

In the -absence of a polyphosphoric acid: com-:

75 bound, the -emulsions were too unstable-and in-
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complete .to warrant size testing with vthisr '_visf-,

cous sizing agent.. ... .

In the same way a series of sizing emulsions
was prepared from a viscous aromatic extract of
a Mid-Continent crude using 20% of naphthenic
acids of acid number 150 as the emulsifying agent
and 0.375%-to 1.5% of sodium pyrcphosphate; to-
gether with 2% to 8% of isopropyl aleohol, as
the solvent. In all cases good emulsion sizes of
reduced viscosity compared with the correspond-
ing emulsions without a polyphosphoric com-
pound were obtained.

We claim as our invention:

1. A process of sizing paper. pulp which com-
prises contacting an aqueous slurry of the pulp
with an aqueous emulsion of a hydrocarben hav-
ing g viscosity of 400 to 50,000 SUS at 210° F. con-
taining 0.05% to 5% by weight of said hydrocar-
bon of a polyphosphoric acid compound together
with mutual solvent for said polyphosphoric acid
compound and hydrocarbon, and adding an
acidic agent to precipitate said emulsion on the
pulp.

2. A process of sizing fibrous materials which
comprises precipitating on the fibers particles
from an aqueous emulsion of a viscous hydro-
carbon effective as a sizing agent produced by
heating said hydrocarbon and naphthenic acids
to form a fluid mixture thereos having a lower
viscosity, intimately contacting said mixture
with an aqueous solution of 0.95% to 5%, based
on the weight of hydrocarbon sizing agent, of a

polyphosphoric acid compound and sufficient of &

a base to substantially neutralize the naphthenic
acids, and diluting the resulting product with
water to form an emulsion of the oil-in-water
type.

3. A process of sizing cellulose fibers which
comprises precipitating on the fibers particles
from an emulsion of the oil-in-water type com-~
prising 40% to 99% water, a liquid aromatic ex-
tract of petroleum hydrocarbons having a vis-
cosity of at least 400 SUS at 210° ., an emulsify-
ing agent in an amount of about 3% to about
75% of the total weight of emulsifying agent and
hydrocarbon employed, and 005% to 5% by
weight of said extract of a polyphosphoric acid
compound.

4. A process of sizing paper pulp which com-
prises precipitating on the pulp particles from
an emulsion of a cyclic extract from the ex-
traction of a lubriecating oil fraction of petroleum
with a polar solvent having a preferential solu-
bility for aromatic hydrocarbons in the presence
of parafiing, 3% to 50% by weight of said extract
of a water-soluble naphthenate, 0.25% to 5%
based on the weight of said extract of a water-
soluble alkali metal polyphosphoric acid salt, and
at least 40 parts of water.

5. A process of sizing cellulose fibers which com~
prises precipitating on the fibers particles from
an aqueous emulsion of a hydrocarbon having

a viscosity of at least 400 SUS at 210° P, sufficient ¢

sodium rosinate within the range of 5% to 509
of the total weight of sodium rosinate and hydro-
carbon employed to emulsify said hydrocarbon,
and 0.05% to 5% by weight of said hydrocarbon
of a water-soluble pyrophosphate, said emulsion
being of the oil-in-water type and containing at
least 40% of water.

6. A process of sizing cellulose fibers which com-~
prises precipitating on the fibers particleg from
an aqueous emulsion of a sizing agent having a

[
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viscosity of at least 400 SUS at 210° F.'and 0.05%
to 5%, based on the weight of said sizing agent,
of a polyphosphoric acid compound, said emulsion
being of the oil-in-water type and containing-at
least 40% of water. Lo T
1. A-process of sizing fibrous material which
comprises. precipitating on-the. fibers particles
from an emulsion of a cyclic extract from-the ex-
traction of a-lubricating oil fraction of petroleum
with' a solvent having a preferential solubility
for aromatic hydrocarbons in the presence of
parafins, together with 3% to 50% of sodium
salts of naphthenic acids having acid numbers
less than 200, and 0.05% to 5% of a phosphate
ester, said emulsion being of the oil-in-water type
and containing at least 40% of water.

8. Fibrous material having on its surface a
water-resistant coating precipitated from an
agueous emulsion comprising a sizing agent, an
emulsifier therefor, and 0.05% to 5%, based on the
weight of said sizing agent, of a polyphosphorie
acid compound.

9. A paper product comprising cellulose fibers
having distributed on their surface about 05%
to 5% by weight of the dry fibers of a precipitate
from the alum treatment of an aqueous emulsion
of a hydrocarbon having a viscosity of at least
400 SUS at 210° F.,, an emulsifying agent, and
0.05% to 5%, based on the weight of said hydro-
carbon, of a water-soluble polyphosphate.

10. Tn a process of sizing fibrous material by
precipitating a sizing agent thereon, the improve-
ment which comprises precipitating onto the
fibers suspended particles from an emulsion of a
hydrocarbon sizing agent having a viscosity of
at least 400 SUS at 210° P. and naphtheniec acids,
which emulsion is formed by intimately contact-
ing a fluid mixture of said hydrocarbon and
naphthenic acids with an aqueous solution cone-
taining 0.05% to 5% by weight, based on the
weight of sizing agent present, of a pyrophos-
phoric acid compound and sufficient of a base to
substantially neutralize the naphthenic acids, and
diluting the resulting product with water.

11. A process of sizing paper pulp which com-
prises precipitating on the pulp particles from an
aqueous emulsion of petroleum hydrocarbons hav-
ing a viscosity of at least 400 SUS at 210° 7., 3%
to 509 by weight of said hydrocarbons of sodium
rosinate and 0.25% to 5% by weight of said hy~
drocarbons of sodium pyrophosphate, said emul-
sion being of the oil-in-water type and containing
at least 409% of water.

12. A paper product comprising cellulose fibers
having distributed on their surface about 0.5%
to 5% by weight of the dry fibers of a precipitate
from the alum treatment of an aqueous emulsion
of a hydrocarbon having a viscosity of at least
400 SUS at 210° ¥, an emulsifying agent, and
0.05% to 209, based on the weight of said hydro-
carbon, of 5 water-soluble Dbolyphosphate.

ARTHUR B. BAKALAR.
ROBERT D. SULLIVAN,
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