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This invention relates to an improved paper coating 
composition and to a process of coating a cellulosic web 
surface with such a composition. More particularly, our 
invention relates to the coating of paper with a composi 
tion comprising an acylated protein, and especially it re 
lates to the coating of paper with a composition com~ 
prising phthalated isolated soya protein. 
The art of coating paper has been developed to provide 

the printing industry with a. suitable foundation material 
upon which inked impressions could be laid down. 
Usually, coated paper is prepared by mixing ?nely-divided 
solid mineral substances with an adhesive and applying 
this mixture to the surface of the paper. In this manner, 
the individual ?bers on the Web surface of the paper 
are coated by the mineral substances and the hollows 
between the ?bers are ?lled in, so that after calendaring, 
a smooth continuous surface is provided which is recep 
tive to printed ink and which permits an accurate repro 
duction of the printing plate to be obtained. The adhee 
sive serves to bind the particles of mineral substance to 
the web surface to prevent them from being “picked” 
during the printing operation. 
In the preparation of the coating compositions of the 

past the adhesive, which may be casein, isolated soya 
protein, soyabean meal, or the like, is ?rst suspended in 
water, then dispersed (“cut”) by adding various known 
cutting agents and the ?nely-divided mineral substances, 
clay, titanium dioxide, blanc ?xe, satin white and the like, 
as well as tinting materials, preservatives, anti-foaming 
agents, etc., are added to the aqueous “cut” of the adhe 
sive. This coating composition or “coating color” as it 
is sometimes referred to, is then applied to one or both 
sides of the paper, the coating being evenly distributed 
by means of doctor blade knife, air-knife, squeeze rolls 
and/or brushes, and the coated paper dried by means of 
heated rolls or heated air in an oven or in festoons in 
a drying gallery. The dried paper is usually calendared 
to provide the smooth ?nished surface receptive to the 
printing operation. 

Prior to the present invention, casein, starch, animal 
glue, and isolated soya protein were the main adhesives 
used in the coating of paper. Of these, glue has fallen 
into disuse, principally because of the difficulties attendant 
upon its use. Starch is used in quantity for the coating 
of paper wherein quality, and especially water resistance 
is not of prime concern. Casein and isolated soya pro 
tein have become the adhesives of choice for quality 
coated paper in this art, due in part to the ease with which ‘ 
coatings prepared therewith can be made water resistant. 

Commercially available casein is subject to wide vana 
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2 
tion in quality and hence is troublesome to utilize in 
routine plant practice. Furthermore, coating composi 
tions containing casein lose their ?uidity, that is, they tend 
to be dilatant under pressure and shear when the freshly 
coated paper is passed between the smoothing rolls. This 
undesirable attribute is accentuated as the solids content 
of the coating increases. Since it is desirable to use a 
coating composition of as high a solids content as feasible, 
for reasons of quick drying and greater speed of the coat 
ing machines, this dilatant character of casein-containing 
coating compositions is a serious drawback to its use in 
this ?eld. 

Isolated soya protein (such as “Alpha” protein, a prod 
uct of The Glidden Company) on the other hand, gives 
rise to thixotropic coating compositions and by virtue of 
the fact that it is a product of a carefully controlled chem 
ical processing operation, it is not subject to the wide 
?uctuation in viscosity of its alkaline dispersions as is 
casein. However, save for special grades of this product, 
the viscosity characteristics of “Alpha” protein are such 
as to effectively limit the solids content of coating com 
positions to a point comparable to that obtained with 
casein. Further, when using isolated soya protein, con 
siderable care must be exercised or specialized mixing 
equipment must be used when preparing the coating com 
position to prevent “buckling” or excessive thickening of 
the mixture, especially when working in the upper range 
of solids content. 
We have now found that when dilute alkaline solutions 

of isolated soya protein are treated under acylating con 
ditions with dicarboxylic acid anhydride, an acylated pro 
tein material appropriate for coating usage is obtained. 
This acylated protein, ‘when “cut” with alkalies, disperses 
more readily than the untreated isolated protein and the 
“cut” has a viscosity surprisingly less than the untreated 
isolated protein. Furthermore, when used as the adhesive 
component of a paper coating composition, the solids 
content of the composition can be increased to a sur 
prisingly high degree while preserving the desirable ?uid 
ity of the composition; Since this high solids content 
compostion retains the thixotropic character of the origi 
nal isolated soya protein composition, the desired and 
long-sought advantages of a high solids coating composi 
tion have been obtained. Additionally, ‘we have found 
that acylated-protein-containing coating compositions have 
increased adhesiveness as compared to those containing 
unacylated isolated soya protein, and in fact, in this 
respect the improved coating compositions are equal or 
superior to coating compositions containing high-grade 
casein as the adhesive. 

Accordingly, the present acylated-protein-containing 
coating compositions of our invention are characterized 
by increased ?uidity and adhesiveness whereby the extent 
to which isolated soya protein can be used as a raw mate 
rial in the paper coating art has been surprisingly in 
creased. 
The herein-described improvements in isolated soya 

protein have resulted in the development of paper coating 
compositions especially suitable for coating paper by the 
machine-coating process. As indicated in Technical Bul 
letin 1043, US. Dept. of Agriculture, “Marketing Poten 
tial for Oilseed Protein Materials in Industrial Uses,” 
machine-coating of paper was, prior to 1951, largely con 
?ned to the use of starch as the adhesive. Isolated soya 
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protein and casein, because of the di?iculty of preparing 
high solids compositions (a prime requisite in machine 
coating) had been dif?cult to utilize in this important use. 
Our new compositions, because of their improved viscosity 
characteristics which permit the formulation of high solids 
coating compositions, are readily adaptable to’ machine 
coating paper mill equipment. Moreover, with this de~ 
velopment of the machine-coating of paper, and of coated 
paper which is readilyrendered water-resistant, an addi 
tional improvement in this ?eld has been successfully 
demonstrated. v; ' I ' _ 

The following examples ‘illustrate the procedures of our 
‘invention: a 

. _ EXAMPLE 1 

_ ‘Preparation of acylated protein 
Soybeans were ‘extracted in a known way, which con 

stitutes 'no part of our invention, with an organic solvent 
‘to ‘remove substantially all of the oil therein. One hun 
area parts‘ (‘by weight) of the extracted residue, in the 
l’for'rn of‘?ak'es, were agitated for 1.5 hours ‘with a sus 
pension of 2.5 parts of lime-and 1400 parts of water at 
80? _F. The resulting slurry was ?ltered over screens to 
recover 1200pkarts of lime liquor. The spent ?akes were 
gesiurriejd in-a'mixture of 1150 parts of water ‘and 2 parts 
of sodium hydroxide at ‘120° F. _' for ten minutes. This 
slurry was ‘separated. by screening intov '950 parts of 
ea’u'stic liquor "and a'residue of spent ?akes. , The latter 
‘were jwashed by‘ feslu'rrying in 1200 parts of water at 
‘145° F., and the ‘slurry was ?ltered over screens to yield 
a viiva'sh liquor and washed spent ?akes. These were 
pressed to give an ‘additional 100 parts of wash liquor. 
All of the'wash liquor (1300 parts) was added to the 
Vliirie liquor, and the combined mass was rendered acid 
to a pH of 4.6 bythe ‘addition of sulfur dioxide. The 
precipitate which formed was allowed to settle, and the 
supernatant whey (1950 parts) was decanted from the 
curd (550 parts‘). The wet curd was reslurried in the 
950 parts of caustic liquor, identi?ed above, and to this 
slurry was added 3.4 parts of lime and 4.8 parts of soda 
:ash. The mixture, containing about 33 partsof protein, 
wasrlieated and agitated'at 120° F. for 6 hours, during 
which» period it was clari?ed by centrifuging. A solution 
of 4.125 parts of phthalic acid anhydride dissolved in 
200 parts (by volume) of acetone was added dropwise 
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an equal weight of maleic acid anhydride or of succinic 
acid anhydride. 

In another treatment, the dibasic acid anhydride was 
added to the alkaline protein solution as a ?nely ground 
powder, instead of as a solution in acetone, over a period 
of about 20 minutes. In this manner, acylated protein 
of comparable properties was obtained. 

In such instance, the acylated protein material when 
used as a component of a paper coating composition gave 
coatings which were superior with respect to adhesion 
compared to similar coatings prepared using ‘_‘Alpha" 
protein, and approximately equal to the adhesion of coat 
ings prepared using “She?ield” casein. 

EXAMPLE 2 , 

Preparation of coating composition and coated paper 
The acylated proteins prepared as described'in Exam 

ple 1 above were tested in paper coating‘coinp'ositions as 
follows: ' 

The protein was thoroughly 'wet‘ted out in water by 
mixing 50 grams of the protein in 200 grams of water for 
?ve minutes, at about 75° F. Thereafter, a solution con 
taining 1 gram 28% aqua ammonia was added and fol 
lowed with 6 grams of sodium carbonate. Then 50 
grains of water'was‘ia'dded to the protein dispersion and 
the ‘mixture ‘was "lieatediitol iand'i-niairitained "at 135° to 
140° ‘F. fort-4'5 minutes. To 1.50‘3grar'ris of't-h‘e"*clear,” 
a slurry (if-‘i200 grams of ‘~5‘HT”"C_lay (commercialcd'atin'g 
clay or medium esi‘zejpr’odiict :of Minerals 5'arid ‘Chemicals 
'Corp. of ‘America, Edgar Div.) in 12-1-2 :grams of water 
was added, and thei'i‘mixtu're ‘was'agitat‘eduntil uniformly 
blended. , 

The viscosity-at 90° ‘F. of a 40% solids ‘coating mix 
ture was determined with'a Brook?eld viscosimet'eri‘at 30 
rpm. and 60 r.p.~m. - 
The coating composition was applied to three-commer 

cial grades of paper using a Meyer Rod No. ‘22. The 
coated base stock was dried, calendared and conditioned 
at 73° F., ‘50% RH for about 3 hours (see TAPPI 
Standard T402rn), before subjecting them tor-the wax 
testv for surface ‘strength ‘of paper (see TAPPI Standard 

The results of thesetests for thela'c‘ylated proteins, an 
“Alpha” protein standard, Sheffield ‘casein, vand an Argen 

tor‘the hot protein solution during a period of about 25 4‘5 tine‘casein, lareset'out in Table -1 below: 

Them 1 

. , Phthala'ted , _ _ , _ . Casein 

Test "Alpha” "Alpha” Maleated Succinated 
Protein Protein Protein Protein _. . 

j Bhet?eld Argentine 

Viscosity at 90° F.: ._ , , . . , 

30 r.p.m...- . A50 170 78 160 110 245 
60 r.p.m__. . ' 314 135 72 "124 156 '1 I64 

Wax Pick Pap _ ,» ._ v _ . 

A ....... .- - 4 vsl- ‘6+ ‘Glsl- 6 vsl- ' 5 .5 
B‘_.___. _- ‘5S1’- dSl- v6-'-' . , 6 .6- 6— 
W .............. -- 7+ 8 vsl- 6+ 7 — 

1Apparentlvan'anomalousresulh, . _ . , v p . _ . 

“Base stock used in these tests were ‘commercialgrades‘ot‘uneoated paper from three 
manufacturers. 

‘minutes. Duringthis addition, the pH of the mixture 
’was'maintained at 9.5, as closely as feasible by the drop 
wise addition of 10% aqueous caustic soda. The reaction 
mixture was agitated for‘ about 35 minutes thereafter to 
complete a'seven-hour hydrolysis period. 
The mass was then rendered acid to a pH of 4.2 to 4.4 

‘by the addition of sulfur dioxide. ‘The resultant slurry 
'was’permitted to settle for about 16 hours and then after 
the'whey had been decanted the curd was pressed to a 

wake,- granulated and then dried at 140° F. 
4 In similar manners, acylated isolated soya proteins 
were prepared using in place of phthalic acid anhydride 

Analogous results of viscosity and "pick-tests”'on vari 
ous paperstock were obtained 'by using as cutting agents 
for the proteins 2% ‘aqua ammonia plus 15% soda ash 
or 5.5% sodium hydroxide inplace of’the abovemixture 

V of 2% aqua ammonia plus-‘12% soda ash. 

70 
EXAMPLE 3 

'Aeylated proteins using "other ‘dib'asic anhydridesas the 
acylating agent were prepared ‘as described in‘Example 1 
above. The resultantproducts were used as the adhesive 
components paper-‘coating ‘compositions ‘prepared ‘and 
tested as described in Example ‘z‘ab'ove. 
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The results of the tests are set out in Table 11 below: 
TABLE II 

"Alpha” Protein acylated with 
Test 

Controll TOP M F.G. FL. 'I‘HP ° NA 1 Sheffield 
PAA l PAA l Casein 

vig‘cosity at 90° 
‘3.0 r.p.m .... .. 300 165 200 220 340 270 160 
60 r.p.m-_--_- 192 142 149 148 230 132 124 

Wax Pick Paper: 
A .......... __ 4 6 sl-- 6 sl- 6 sl- 6 vs1- 4+ 6 
B..- - 5 6 6 sl- 6 vsl- 6 vsl- 6 51- 6 
W __________ __ 5+ 7 51- 7 s1-— 7- 7 sl- 6 7 vsl 

Legend: 
1 All proteins "cut" with 2% NH4OH + 15% N e100; by Weight on protein. 1 
I Ten percent by weight of acylating agent on the protein was used in all preparatio 

except for “TOP” protein, in which instance 15% of the acylatlng agent was used. 
I ‘ 'I‘CP" represents tetrachlorophthalic acid anhydride. 
4 “F.G. FAA" represents phthalic acid enhydride ground to 40 mesh. 
5 “FL. PAA” represents phthelic acid anhydride ?akes (commercial grade). 
‘I212?’ represents tetrahydrophthalic acid anhydride. 7 .l n 

Nadic Anhydride” a product of National Aniline Div., A.C. and 
Hexahydrophthalic acid anhydride, 3-nitro-phthalic acid 

anhydride and dodecenyl succinic acid anhydride, when 
used in a similar manner to acylate isolated soya protein, 
gave coating compositions of improved adhesive char 
acteristics, also. 

EXAMPLE 4 
The improvement of an isolated protein by acylation 

is not limited to isolated soya protein. Casein, too, can 
be treated with vdibasic acid anhydrides to yield improved 
adhesive characteristics in paper coating compositions. 
To ‘a hot (130° F.) slurry of She?ield casein (750 

grams) in water (7 gallons) 10% aqueous caustic soda 
(580 ml.) was added during 25 minutes. The mixture 
was agitated for 20 minutes thereafter, and the disper 
sion was divided into 3 equal portions. One portion was 
reserved as a control, another was treated under acylating 
conditions with ?nely ground phthalic acid anhydride 
(25 grams) and the third portion was acylated with 
crystalline maleic acid anhydride (25 grams). The 
iacylations were carried out over a period of just over 
one hour after which the proteins were precipitated by 
addition of sulfur dioxide to a pH of 4.4 in the control 
run, to 3.3 in the phthalic run and to 3.7 for the maleic 
run. 

The precipitated acylated caseins were worked up as 
described in Example 1 and were then “cut” with 2% 
ammonium hydroxide and 15% soda ash as described in 
Example 2 above. Clay in an amount 8 times that of 
the casein was then added. These mixtures were tested 
as described in Example 2 also. The results of such 
tests are set out’in Table III below: ‘ 

TABLE III 

Casein Phthal- Male- Sheiiicld 
Test Control ated ated Casein 

Casein Casein 

Viscosity 90° F.: 
30 r.p.m ______________ _- 105 96 612 88 
60 r.p.m .............. .- 220 380 1680 231 

Pick Test: 
Paper A. _ 4+ 6+ 7 vsl- 5+. 
Paper 13.. 5+ 6+ 6+ 6 sl 
Paper “7.... 6 sl- - 7 6 

These results indicate that ‘the a‘cylated caseins as in 
the case of acylated soya protein give rise to paper coat 
ings having improved adhesion. In these instances, the 
acylated casein coatings are superior to both the un 
acylated control Shei?eld casein as well as to the Sheilieid 
casein itself. It will be noted that the viscosity of the 
acylated “coating colors” is greater than that of the un 
treated Shei?eld casein “color,” a diiierent from that 
noted between acylated and unacylated soya protein. 
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represents Endo~cis-bicyclo (2,2,1)-B-l1epteue, 2,3-dicabboxylic anhydride~ 

This di?erence is indicative of the dilatant character of 
both acylated and unacylated casein. 

This acylation procedure can be made a- step in: the - 
isolation of a modi?ed casein from skim milk. For ex 
ample, the skim milk can be made alkaline, acylated with 
a suitable acylating 'anhydride as described in the ex 
amples above, and the modi?ed casein isolated accord 
ing to known procedures disclosed in the art of preparing 
casein from skim milk. ' 

EXAMPLE 5 
In this example peanut protein has been treated with 

phthalic anhydride. For this purpose, peanut protein 
was prepared from peanut meal (from Southern Utiliza~ 
tion Branch USDA-Sample No. 5429-E-3—2( 14), So‘ 
dium hydroxide treated defatted meal). Three 500 g. 
portions of the meal were extracted with 13 l. of water 
each at 130° F. for 1.5 hours. The mixture was then 
centrifuged, clari?ed liquor combined (32.21.) and the 
protein precipitated with S02 at pH 4.6. After standing 
overnight, 30 l. of whey ‘were decanted. Then 2.6 I. of 
water was added to ‘the settled curd (2.4 1. volume). 
The solids ran 12.325 % or 616.25 g. Twenty l. of water 
at 120° F. was added to bring the curd slurry to a total 
volume of 25 1. (pH 5.1); With mechanical agitation, 
300 ml. of sodium hydroxide solution (10 g./ 100 ml.) 
was added to disperse the protein. After ten minutes of 
stirring the pH was 11.1. This alkaline liquor was di 
vided into two portions; 10 l. (RA-7A) for treatment with 
phthaiic anhydride ‘and 15 l. (R4-7B) to serve as a con 
trol. The treatment consisted of adding‘ 25 g. of the 
?ne-grind anhydride. 

Batch Anhydride Initial Reaction Final Pptn. 
pH Time, hr. pH pH 

R4-7A ____________ __ Phthalic I... 11.1 1 I 7. e ' 4.3 
Rli-‘IB ____________ ._ Oontr0l..._- 11. 1 .. ______ __ 11.1 4.4 

1 Added over a ?ve minute period. I 
2 Ten minutes after the end of the addition, the pH had dropped to 

5.8, therefore add (1 60 ml. of sodium hydroxide solution (10 g./100 ml.) to bring pH to 8.9. 

The proteins were precipitated with S02, allowed to settle 
overnight, the whey separated, the curd pressed, granu 
lated and dried at 140° F. After moisture equilibration, 
the proteins were ground to pass 40 mesh. The proteins 
were then analyzed. 

P Ll Peri Peri v1 ro-en ’e , cen een scosity H DR 
g. Moist. Prot. p 

Rel-7A __________ __ 276. 5 8. 58 97. 86 64.4" 9. 1 Trace. 
R4413 __________ __ 1281.3 8.00 101.03 40.8" 9.4 Trace. 

1 The yield of control protein when converted to a basis e ul 1 
to the treated protein amounts to 254.2 g. l . q Va em 
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The weight pick-up on the treated peanut protein ap— 
pears. normal; however, the ?nished protein shows no 
great change in anionic character. In this instance, the 
anhydride treatment resulted in -a viscosity increase in 
dispersions of the protein. Inspection of the protein ‘anal 
ysis reveals that the nitrogen to protein conversion fac 
tor is considerably different than the 6.25 customarily 
used for soy proteins and casein. Viscosity and adhesion 
data of paper coatings are shown in the following table: 

Acylated peanut protein~paper coatings 
[712.5 parts acylated protein; 100 parts coating clay; cutting agent: 2% 

. NHiOH plus 15% N81200: balance waten] _ 

R4—7A R4-7B 

£711 of color .......................... ..' .......... _. 9. 3 9. 5 
iscosity at 90° F., 30 r.p.m. 600 212 

Viscosity at 90° F., 60 rpm. 184 
Wax Pick Test, Paper A__ 4+ 
Wax Pick Test, Paper 15.. 4+ 
Wax Pick Test, Paper W.-... 6 sl 

It will be readily seen from the foregoing examples 
, that improved coating compositions have been provided 
forthepreparation 'of coated paper and like materials. 

" The invention, however, 'isTn'ot limited 'to the speci?c 
variations ‘cited in "these examples. Our invention, 
broadly ‘speaking, contemplates" coating compositions 
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containing at least one acylated protein substance as the ' 
adhesive ‘component. _ 

Acylation of protein is, ‘of course, old in the art. We 
have now found, however, that by selection of the 
acylating agent and of conditions of acylation such that 
,crossilinking of the ‘protein'molecule is substantially ex 
cluded, acylated protein products which are useful in 
our novel ‘coating compositions are provided. Anhydrides 
-of a,?-dicarboxylic acids are especially desirable in this 
connection, for under acylating conditions only one of 
the carbonylgroups reacts with an amino or other reac 
tive moiety of the protein molecule leaving the second 
carbonyl‘ group ‘as’ a free carboxylic acid ‘group (or in 
the presence of alkalias the alkaline salt). In effect, the 
anionic character of the protein, ‘molecule is altered by 
acylation with the dibasic acid anhydride. The free 
amino or otherlgroups of the protein are to some effec 
tive extent replaced by carboxylic acid groups. This can 

Other types of acylating agents, such as dibasic acid 
halides, lead most likely to cross-linking and hence. such 
acylating agents are not suitable for use in our procedure. 
This’undesir'able cross linking can be indicated by the 
followingv general formula: 
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- oretical considerations. _ 

understood that we do not intend to be bound by the ' 

Inasmuch as it is well known that cross-linking'causes 
anincrease in the viscosity of a macromolecule, it fol 
lows that in the present invention such an eifect is to 
be avoided as completely as possible, Accordingly,'w_e 
have found that by reacting relatively "dilute ‘solutions/ 
dispersions of isolated proteins (that is‘to‘say up to about 
10% concentrations) and'by using u,B-dicarboxylic acid 
anhydrides as acylating agents, the acyl‘a'te'd soya pro 
tein product is obtained with substantially no cross-link 
ing. Alkaline dispersions, i.e., “cuts” of such proteins 
are characterized by viscosity characteristics lower than 
the untreated protein source ‘material and, further, when 
such treated proteins irrespective of their originiare in 
corporated into coating compositions, such compositions 
have surprisingly high ?uidity and give rise to coated 
products which have excellent adhesion properties. 
The process of our invention which has enabled us .to 

provide the improved isolated, acylated hydrolyzed soya 
protein‘ described herein in connection with ‘its use in 
coatings on paper and analogous cellulosic products is 
described and claimed in ourcopending applicationSerial 
No. 570,970, ?led March 12, 1956. . g 
The coating compositions of our invention can ‘be 

formulated with ?nely-divided mineral substances or ‘clays 
other than those used in the illustrative examples. Fur 
ther, pigments such as titanium dioxide, lithopone, .blanc 
?xe, can be used either alone or in admixture with such 
clays. - 

Antifoam agents to reduce or prevent foaming, waxes 
to improve printability, coloring matters, Wetting agents, 
and the like adjuvants commonly used in coating com 
positions for cellulosic web surfaces can be incorporated 
in the compositions of our invention. Such are within 
the purview of the skilled workers in this ?eld.‘ 
The present invention has been described by ‘means 

of certain examples which are intended to be illustrative 
rather than limiting in nature. Further, certain aspects 
of our invention have been explained by recourse to the 

However, it is to be distinctly 

ultimate correctness of such theoretical explanations. In 
short, our invention is not to be limited except as in 
dicated in the appended claims. 

Havingdescribed our invention what we claimis: , 
1. The process of coating a web surface comprising 

applying to a surface thereof an aqueous ‘anionic dis 
persion of at least one acylated protein and a ?nely di 
vided inert ?ller, the acyl moiety of said protein being 
derived solely from a dibasic acid anhydride employed to 
acylate said protein. , ~- , ._ > 

2. The process of claim 1 in which the said. anhydride 
is an alpha, beta-dicarboxylic acid anhydride. - 

3. The process of claim 2 in which the anhydride is 
phthalic acid anhydride. ’ 

4. The process of coating a web surface comprising 
applying to a surface thereof .an aqueous anionic disper 
sion of at least one acylated protein and a ?nely divided 
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inert ?ller, said protein being isolated hydrolyzed soya 
protein, the acyl moiety of said protein being derived 
solely from the dibasic acid anhydride employed to 
acylate said protein, the acylation of said protein being 
achieved by reacting said anhydride with a dilute aqueous 
dispersion of said isolated protein while continuously 
maintaining the reaction menstrum alkaline. 

5. The method of claim 4 in which the dibasic acid 
anhydride is an alpha, beta~dicarboxylic acid anhydride. 

6. The method of claim 4 in which the said anhydride 
is phthalic acid anhydride. 
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