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:The -present 'mventron -relates -to paper and ‘other "Gel-
Iulosrc webs. composed ‘of fibérs sized by a uniformly ad:
501 rbed content of certain alkauolamme-fatty acid Téac-
thll products, and to- methods for: manufacturmg ‘such
paper.

" The present dnvention is- based upon-the. concept of
contacting papermaking cellulosic. fibers while in dilute
agueous suspension with 4 salt’of 4 high mélecular weight
composition -prepared: by -redcting -a-dialkanolamine or
trialkanolamine with -a-long chain fatty -acid at at Teast
an ‘esterification temperature, the proportlon of: fatty acid
to the -hydroxyl groups of the amine and the extént of
the reaction ‘being controlled so. that the products; when
fo med. into a -salt; ar¢:on the borderline between. solus
blhty and msolubtltty The, products - formed -are suffi<
ciently. hydrophilic that when agitated ‘with water they
form stable colloidal, or semi-colloidal dispersions therein;

onn., assngnors to.
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vet are sufﬁorently hydrophob1c that when present on cel- -

lulosxc fibers they impart thereto. a high degres of: witer:
resrstance thereby acting.as sizing agents A most im-
portant feature is that. when disperséd;in water. the sailts
of the. compounds mentioned: are cationic:-and aré.-stb=
stanttvely adsorbed. by cellulose fibers: - They.thus do not
require precipitation thereon by the, addttton of-any; sup-
plementary material. s

A further 1mportant feature of - the invention is that
the sizing agents, when once, adsorbed; are: not- désorbed:
{rom the fibers or otherwrse rendered ineffective. when. the
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ﬁbers either in aqueous dispersiom: or, after formation:into:

A paper sheet are made alkaline. or exposed: to, alkaline:
conditions, As a resnlt, after addition of the sizing agent
an, its adsorptton on the fibers large amounts.of:calcium.
carbonate or. other -alkaline filler may .be added:so-as.to:
raise: the pH: of the. suspension up to about.9, resulting:
in; formatron of alkaline paper containing from.2%: to
30% of. alkalme filler by welght Moreover; with or, with-
out the filler the paper may be employed i contact: with:
such alkaline materials as soap.

Broadly, the paper. or other cellulosi¢ webs.of the, pres-
ent Ainvention consists essentially. of :cellulosi¢. fibers: sized:
bya uniformly adsorbed content within the range of about
1% to 4% (based on the weight of the fibers) of a prod-
uct corresponding to that formed by heating an amine
$élected from “the” gr6up ‘Consisting of the w
dialkanolamines, the- Water-soluble trialkalonamings and
niiXfiifes the; eof with 4 satirated monocarboxylic fatty
Yo ‘f 16—20 oarbon atoms (at least 1 moleeule of fatty

about 9075 .C. unt11 reaction of the fatty ac1d wrth the
alkanolamme is at least about 50% complete. ‘
_The foregomg paper is advantageously manufactfured

) dllute
naqu i us suspenswn of papermakmg ﬁbers addmg thereto
between 11/2% 'to 5% or more (based on the dry welght

of the ﬁbers) ot' the above—desonbed reactton produe s
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‘substantively adsorbed by ‘the Hibers, ‘shes ing the ﬁbers

to. form ‘paper ‘or- other celliildsic ‘web, and ea'trrrg the
‘web-at ‘a-temperatuie betweeh ‘abolt 200° F.and 260° 'F
for :about ¥4 to -5 ‘mifiiites o Ay ‘the same and develop
thé ¢ s1zmg ‘properties of the i reaction “pr¢ duct thereon. A
laige part of the addéd Size is adsorbed the ﬁbers s
sheeted having 4 ¢ontént of from abobit 1% fo 4% thereof,
‘During ‘the drying - ho srgmﬁc t ical ‘effect ‘takes
place and development of wé nice is believed ‘due
to fusion and flow of the Tedction: product along thefibers,
thereby greatly mcreasmg the fiber area protected

The mventlon 1s applleable to any of the ;

kraft pulps sulfite pulps and 'sod 1
the two.” ‘General somimeréial practlce 18 10 %8
pulps at ah-acid pH And: ‘the sming dlspers :
added w1thout adjustmg the pH of such pu%p

resrstance however bemg imparted when the pulp has
pH in the normal r twedn
event, a still Turther iniprovemert s 'obtamed when a
small amiiount of alutn, from 509 t6 150% of the Welght
of the size, is added subsequent to the ‘addition of the
sizé,
Only a small ‘amotint ‘'6f the réaction product comp si-
tion is fieeded to produce effective si . A ‘commerc Lly
valdable sizing ‘effect has so far “always: been obtained
when the Amount added is-in the range of ‘about 1r 7 .
However, there is. a thréshold: vali vhich fio siz:
ing takes place Numerous: expe ave showrr that
this: value: is-about 1%. of the sz . B di on the: w

of the: ﬁbers The sizing: efféet:

S

crement. of size. falls: off! beyond 4%, alth gl Wa
fepellénce. confinues: to increase whan' as much 4s: 5% o
more of: the: size. is ‘added; all" percéntages bemg ‘based
on:the dry weight of the. fibers: While. thé: present ]
vention includes. the addition:of: from: the thireshold v
of about 1%:to 5%.of: size, we-préfér-to-Have présetit the
intérmediate amount of: between abou 2% f0- 3Y%%- a3
in. this: range: thé srzmg effect 1mpasrted per anit- weight
of sizéds at-thémaximum:

More: in: detail, the:sizes:are mdst: advlantageou 1y: pre-
pared by mixing a suitable alkanolamine and fatty acid:

in desrred proportrons and: heatmg the two at an estenﬁ-

the: reactron butdtt is probable that A partfof thé water'
results: from some amidé:formation. = Wé-prefer: o eme
ploy temperatures between about 175" ; { [

tive. amlde materral The course of 'thi reactlon
followed: by ‘acid- number determinations o’ by:
ing and determining the amount of water evolved; T
material -assumes-value: as-a-paper:sizé when about:50%
of the:fatty dcid has:thiisréacted; but substantially bettér-
results: are. obtairied: when-759% .of the- fatty -acid “has ré=
acted:: - Results .improve :as - thestedetion continves: and:

Cwe therefore -prefer-that the fatty acid be-at:least-90%:

reacted by-way of estérification.

The amount of fatty. acid used is of importance: - In:
every.case the amount-should-be atleast ¥4 of the: amount
which.. is steichiometrically: equivalent “to. the-hydroxyl
groups ‘of the.alkanolamine;: so thdt-there :is:supplied:at:
lea one fatty agid. molecule-or: the: equrvalent for-evéry;
three amine hydroxyl groups present.’, Thus; in:the case:
ine at least %4 of a-mol: of. fatty acid should.
per.moal: of; the. .amine,-and. in: the case-of.

trrethanolamme .at, least 1.mol. of the fatty. -acid.;; Lower.
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amounts of fatty acid yleld reaction products which are
of negligible value as sizing agents for paper. At the
other extreme, the amount of fatty acid should not ex-
ceed the stoichiometrical equlvalent of the hydroxyl
groups as when a larger amount is used the products are
unduly difficult to disperse in water and therefore are
not practical for papermakmg purposes, and in practice
the convenient maximum from the point of view of dis-
persibility is about %4, of this value, particularly in the
case of tertiary amines. Thus, in the case of a dialkanol-
amine such as diethanolamine the maximum amount of
fatty acid is best limited to about 1.8-2.0 mols and in
the case of a trialkanolamine such as tnethanolamme to
about 2.7 mols.

The results improve as the ratio of fatty acid to the
amine hydroxyl groups is increased over the minimum
value .of 0.33 mentioned above. - A sharp improvement
results when the amount of fatty acid is 50% of the
stoichiometric equivalent of the hydroxyl groups of the
alkanolamme, and a plateau is reached when the amount
of fatty acid is between about % and 54 of the stoichio-
metric equivalent. Thus, in the case of diethanolamine
best results are obtained by the use of between 1.3 and
1.7 mols of fatty acid per mol of the amine, and in the
* case of triethanolamine between 2.0 and 2.5 mols.

As alkanolamines there may be employed in the prac-
tice ‘of the present invention any of the water-soluble
short-chain secondary and tertiary alkanolamines, that
is, alkanolamines having no chain longer than 6 carbon
atoms. Suitable secondary amines include diethanola-
mine diisopropanolamine, 3,3’-iminobis-1-propanol, 4,4’-
iminobis-1-butanol, and 6,6’-iminobis-1-hexanol. Suitable
tertiary amines include such N-alkyl dialkanolamines as
N-ethyl-diethanolamine, N-propyl-dipropanolaminé; and
N-methyl-diisopropylamine and trialkanolamines such as
triethanolamine, tributanolamine, triisobutanolamine, and
tnhexanolamme The monoalkanolamines yield poor
sizing results and these are therefore not included within
the scope of the present invention. The alkyl or alkanol
chains may be of the same or different length and may
be branched; moreover, the hydroxyl groups may be pl'l-
mary as in the case of diethanolamine, secondary as in
the case of diisopropylamine, or tertiary as in the case
of the iminobis-t-butanol. We have found, however, that
the reaction of fatty acids with primary hydroxyl groups
is more rapid than with secondary or tertiary hydroxyl

groups and therefore the former type of compound is

preferred.

As fatty acids there may be employed straight chain
saturated acids such as hexadecanoic acid and octadeca-
noic - acid and -similar but branched acids obtained by
petroleum oxidation. Tt is only necessary for the acid
to have a sufficiently long carbon chain to render the
ester composition as a whole sufficiently hydrophbbic for
papermaking purposes, and the invention is not limited
to the particular acids mentioned. Unsaturated fatty
acids are undesirable but are tolerated in minor amounts.

Neither the particular alkanolamine nor the particular
fatty acid is therefore a primary feature of the present_
invention.

While the fatty acids are preferred, nevertheless esters
such as ethyl stearate and acid chlorides such as stearoyl
chloride may be used. = After reaction similar ester com-
positions are obtained and correspond to those obtained
by the use of free fatty acid, the use of the acid chlorides

however rendering subsequent-addition of a solubilizing’

acid unnecessary.

It will be understood that.the reaction products de-
scribed above are generally complex mixtures. In the
first place, the invention permits employment of mixed
amines and mixed long chain fatty acids, which of itself
leads to mixed products. Moreover, fatty acid or fatty
acid equlvalent reacts according to a normal distribution
curve so that on the assumption that only esterification

occurs, the product is a mixture of mono and diesters,
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where dialkanolamines are employed, and are mono, di
and triesters where trialkanolamines are employed. Since
not all of the fatty acid need react by way of esterifica-
tion or amidation, the product may contain a variable
amount of the fatty acid salt of the alkanolamine ester.
Further, there is evidence that where secondary amines

- are employed some amide formation may take place re-

sulting in the presence of alkanolamides or alkanolamide
esters.  As a result, the products are most conveniently
described in terms of their preparation. )

Where fatty acids or fatty acid esters are employed
as raw materials for the reaction, the reaction products
are converted before use to water-dispersible condition
by addition of a mineral or organic, water-soluble, non-
oxidizing acid having a dissociation constant not material-
ly less than that of acetic acid. Suitable acids include
hydrochloric acid, hydrobromic acid, nitric acid, formic
acid, phosphoric acid, acetic acid, the chloracetic acids,
propionic acid, and glycolic acid. Alternatively, ma-
terials such- as .epichlorchydrin and dimethylsulfate and
alkyl halides such as ethyl chloride may be used which
form acid or acid equivalent during their reaction with
the ester composition. In practice we prefer to use acetic
acid or hydrochloric acid, these acids being readily avail-
able, non-toxic, and having the particularly desirable
property of forming salts of desirably low softening point
so that the step of dispersing the salts in water may be
performed without need of autoclave equipment. The
acid is advantageously stirred into the ester composition
while in molten condition and at least sufficient is added
to render the composition dispersible upon agitation with
hot water. - Alternatively, the reaction product in molten
form ‘may be slowly poured into rapidly agitated hot
water, that is, water having a temperature above the
softening point of the reaction product. In the case of
acetic acid we add.from 1 to 2 mols per nitrogen atom
of the alkanolamine and preferably about 1% to 1%
mols,” too little acetic acid causing the sizing results to
fall off. In the case of hydrochlorlc acid only between
about ¥4 and 34 mols is necessary and addition of about
¥ of a mol produces a composition of about the best
An excess does not inactivate the
size. Where fatty acid chlorides are employed, generally
no-acid need be separately added.

The acids are best added in concentrated form so as to
minimize the amount of water introduced, thereby mini-
mizing hydrolysis of the esters.

The process of the present invention does not preclude
the addition of the materials customarily added in the
course of paper manufacture. Included among these are
melamine_aldehyde, urea-aldehyde and other -cationic
resins to improve wet strength, starch, gums, and partially
hydrolyzed polyacrylamides to improve dry strength, and
pigments and dyes.

The invention will be more particularly described by
the examples which follow. The examples illustrate em-
bodiments of the invention and are not to be construed

Example 1

The following illustrates the preparation of various
sizes accordmg to the present invention. .

The. sizes were prepared by charging technical stearic
acid and the indicated alkanolamine into a three-necked
flask fitted with a mechanical stirrer, nitrogen inlet tube,
and thermometer. In each instance 1 mol of the alkanol-
amine was taken, and the number of mols of stearic acid
is shown in the table below. The reaction mixtures were
heated to 200° C. in 45-60 minutes and maintained at
that temperature at least until the acid number dropped
to 15, and generally below 10. Terminal acid numbers
are-shown in the ‘table. During the reactions, nitrogen
gas was passed through the flask to minimize dlSCOlOI‘athD
and to sweep out the water formed.

The products were cooled to about 125° C. and -salt-
forming material stirred in as shown in the table below.

B~ i
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The ester salts thus formed were dispersed by slowly pour-
ing the products into rapidly agitated water at 95° C. so as
to form dispersions containing 5% solids, which were
homogenized hot and then cooled. Details of the method
by which the sizes were prepared are shown in the follow-
ing table. ‘

Fatty Acld Added
Size No.| Amine!| Aecid | F.A. | Hours | Acid
Mols # | Ratio 3 {Reacted| No.
Name | Mols+*

2.5 0.83 5,26 | 6.9 HCOl 0.35
2.0 0.67 4,251 2.2 HCl 0.35
1.5 0,50 1.26 | 5.9 HO1 0.25
1.6 0.50 1.26 | 5.9| HAcs 1.0
L5 0.50 1.25 | 5.9 | MeSOs 0.5
2.0 1.0 L5 1.5 HCl 0.25
L6 0.75 1.5 2.5 | HAcs 1.0
1.0 0. 50 1.0 1.1 | HAgs 1.0
2.0 0.67 7.5 |13.7 HCI 0.5

1 DEA=diethanolamine; TEA=triethanolamine; TIPA =triisopro-
panolamine.

2 Per mol of amine,

3 Mols fatty acid divided by number of hydroxyl groups of amine.

{4 Per mol of amine taken.

s HAc=acstic acid.

Example 2

The sizes of Example 1 were diluted to 1.5% solids
by addition of water and were evaluated as follows.

A 60% :40% Dbleached sulfite-soda pulp mixture beaten
to a Green freeness of 350 ml. was diluted to a consistency
of 0.6% and adjusted to a pH of 4.5. - Aliquots were with-
drawn and treated with the materials shown in the table,
the pH after addition of the material or materials being
adjusted to the value shown by the addition of NaOH or
HC! as required. The aliquots were gently stirred for
five minutes to allow adsorption of the size to take place,
after which sheets were formed on a Nash handsheet ma-
chine, dried for one minute at 240° F., conditioned at 73°
F., and 50% relative humidity for at least 24 hours, and
tested for their water and ink resistance by the Currier
and BKY methods respectively.

Size L
Percent| Pulp | Sheet | Currier, | BKY,
Alum { pH3 | Basis SecS See.
No.t Percent| Added? Wit
Added?
3.5 Nil 4.5 43.4 66 >600
3.5 Nil 4.5 43.4 84 >600
3.6 Nil 4.5 4.1 29 353
5.0 Nil 4.5 47.4 140 >600
5.0 Nil 9.0 44,9 79 >600
5.0 Nil 4.5 46.8 67 >600
5.0 Nil 9.0 46.5 950 >600
3.6 Nil 4.5 43.4 b4 >600
5.0 Nil 4.5 44.0 130 >600
5.0 3.0 4.5 46,7 145 >600
5.0 3.0 9.0 44.6 67 >600
2.0 Nil 4.5 45,1 35 440
3.5 Nil 4.5 45.5 61 >600

1 Corresponds to sizes of table of Example 1.
2 Based on dry weight of the fibers.

3 After addition of size,

4 Lb. per 25" x 40"//500 ream.

5 Slack scale.

The results indicate that an effective amount of sizing
takes place both when the fibers are formed into paper at
alkaline as well as acid pH values. The results with size
No. 7 show that the addition of a small amount of alum
enhances the sizing effect obtained.

Example 3

The following illustrates a preferred method for manu-
facturing two typical .sizes of the present invention.

Size A.—1 mol of diethanolamine was reacted with
1.5 mols of technical stearic acid and neutralized with 1.25
mols of glacial acetic acid according to Example 1.. The
molten ester salt was cooled and crushed to about 10
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mesh, and soaked for 6 hours in sufficient cold water to
provide a slurry having a solids content of 7%. The
‘shurry was rapidly heated to 95° C. with rapid agitation.
The slurry was cooled with continued agitation to room
temperature and diluted to 5% solids by addition of water.

Size B.—This size was prepared by reacting 1 mol of
triethanolamine with 2.5 mols of technical stearic acid,
followed by the addition of 0.35 mol of 37% aqueous
HCI, according to the method for the preparation of
Size A.

The product was dispersed in water at 95° C. according
to the method employed for the preparation of Size A.

When tested, both sizes gave somewhat superior results
compared to the corresponding sizes of Example 1.

We claim: :

1. Paper composed of cellulosic fibers. sized by a uni-
formly adsorbent content within the range of about 1%
to 4%, based on the weight of the fibers, of ‘a product
corresponding to that formed by heating 1 mol of an
amine selected from the group consisting of the lower
water-soluble dialkanolamines, the lower water-soluble
trialkanolamines and mixtures thereof with a saturated
monocarboxylic fatty acid of 16-20 carbon atoms, the
molar equivalence ratio of said fatty acid to the hydroxyl
groups of said alkanolamine being between about 0.33
and 1.0, at an esterification temperature up to about 225°
C. until reaction of said fatty acid with said alkanolamine
is at least about 50% complete.

2. Paper according to claim 1 wherein the weight of
the size is between about 2% and 314 % of the weight of
the fibers.

3. Paper according to claim 1 having an alkaline pH.

4, Paper composed of cellulosic fibers sized by a uni-
formly distributed content within the range of about 2%
to 314 %, based on the weight of the fibers, of a product
corresponding to that formed by heating 1 mol of a di-
alkanolamine with about 1.3 to 1.8 mols of a saturated
monocarboxylic fatty acid of 16-20 carbon atoms at an
esterification temperature up to about 225° C. until reac-
tion of the fatty acid is at least 75% complete.

5. Paper according to claim 4 wherein the dialkanola-
mine and the fatty acid are heated until reaction of the
fatty acid is more than 90%: complete.

6. Paper according to claim 4 wherein the dialkanola-
mine is diethanolamine and the fatty acid is stearic acid.

7. Paper composed of cellulosic fibers sized by a uni-
formly distributed content within the range of about 2%
to 315 % based on the weight of the fibers of a product
formed by heating 1 mol of a trialkanolamine with about
2.0 to 2.5 mols of a saturated fatty acid of 16-20 carbon
atoms at an esterification temperature up to about 225°
C. until reaction of the fatty acid is at least 75% complete.

8. Paper according to claim 7, wherein the trialkanola-
mine and the fatty acid are heated until reaction of the
fatty acid is more than 90% complete. .

9. Paper according to claim 7, wherein the trialkanol-
amine is triethanolamine and the fatty acid is stearic acid.

10. Paper according to claim 7, wherein the trialkanol-
amine is trilsopropanolamine and the fatty acid is stearic
‘acid. -
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