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PART I

Literature Survey

The use of starch in the coating of paper has been
very extensive. The reason belng that starch and its conversion
products have most of the desirable charactistics of a
coating adhesive and are relatively inexpensive, Only one
nmain charactistic is mlsseing in coatings made with starch and
that is the lack of water resistance. For many years the
paper industry, the adhesive lndustry, and the textlile industry
have gearched for a method of modlfing starch so as to lncrease
its water resistance. A great many processes have developed
from these studles. These processes consist of blocking the
hydroxyl group of the starch by the use of cross age or
by the use of a protective water reslstant substance either
over or RBIXGX TArousn the starch. 7This 18 achloved by the
use of antilmony salts(8, 12, 13), urea fornalde?gge resins
(6, 7, 9, 14, 15, 21, 22, 29, 33}, Tormaldehyde(23, 2", 2, 27),
rielamine formaldehyde resins (10, 28, 34), phenol formaldehyde
resins (25), chromic salts (4, 5, 16, 17, 18), siliecates (1),
ester gun emulsion (1l), polyvinyl alcohols (30, 31), nitro
cellulosc (3), latices 132), and various synthetlc resins(26).
These nethods vary in ease of application and results accomplished.
There are meny other methods of water proofing starch but
most of them are not asplicable to starch coatingse.

To understand the theory of various methods a little
knowledge of the atructure and nature of starch i1s valuable.
3tarch consists of two types of molecules, amylose which 1is

o straight chaln molecule and amylopectin: which is a branched
chain molecule (20). ‘
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These molecules are present in differcnt proportions
in varlous starches. In unmodified corn starch the ratlo
1s 25% amylose to 757 amylopectin while waxy malze starch is
mostly amylopectin. The anylopectin 1s the least water soluble
and has nore of a tondency to form cross linkages. The
tondency of starch to disperse in water 1s due to lis hydroxyl
groungs, therefor the blocklng of these groups glves thie starch
vwater resistant pnroperties. Thls 1s what happens 1n the first
process conaldered.
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The usc of antimony salts 1s dlscribed by H. 1.
Frisch and hils colleagues in thelr article(f) and by
numerous patents(l2, 13). The most useoful of the antimony
salts 1s potassium pyroantimonate (K2H2SbpO7). It can be
used on starches modifled by wet acld conversion, dextrinization,
oxidation, and enzyme converslon but the more degraded the starch
the less water resistance to he found 1n the finished product.
The reaction of the salt witn starch is through the hydrogen
bond, with the ellinination of potassiuy hydroxide.
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Judging from this the ratio by welght of starch to

salt should be 1.5 to 1, but 1t has been fowd by Frisch and
his colleagues that 10% of the salt glves good results in the
laboratory and in the mill. The amount of water reslstance
increases wlth the amount of potassiuwa pyroantimonate used,
IT the salt 1s present duringz the conversion cook, the water
reslgstance will incrcase but there is a tendency for the
mixture to gol. This may be offset by the use of a plasticlzer
such as urea or dicyandiamideo or a thinnling agent such as
antinony trifloride, ammcnlum oxalate, or acetlc heild.

In the preparation of the coating color the clay is
slipped as routine, the starch 1s convorted, and the two are
blended. At this polnt the salt i1s added. Then the color,
defoamer, and plasticlzer are mixed into the coating. It
18 necessary to adjust the pH to the 7.0-7.7 ranze. The
most Adifflcult part of the method is the drying requlrements.
For mood curlng the applied coating should be dried for
30-120 seconds at 200-2209F. Any increase in time or
temperature w:ll increase the water resigtance. 3tearatle
soaps need to be avolded but preservatives, flamproofing
agents, and latlices are compatible. During the normal storage
tinme, A-B hours at 170-120°F., no problems occur.

Cne of the oldest and best known nethod of increasing
the water resistante of starch 1s by the use of urea formaldéhyde
resins. The water soluble or water dispersible type of
resin 1s used, obtalnable commerclally as a dry powder or
as a high concentration solution. The resin combines wlth the
hydroxyl groucs of the siareh eliminating water and creating
cross linZapres(7, 19). Thus the more highly convertod the
gtzror uoea, the greater humber hydroxyl groups present, and
the more resin required to achieve adequite water resistance.
The aniount of resin nceded 1s low when only stareh and resin |/
are involved but when clay is added the amount of resin lnereases,
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due to the dllution effect, to 15-30% of the starch, The

clay sllp and converted stareh are prepared as usual and blended.
The resin is added with good agltation at 120°F. or lower and
the acid, 10-50% of resin, 1s mixed in with the resulting

pli adjusted to 5=7,

The ¢olloidial change in the starsh brought about by the
resin also improves many othor charactistics such as docreased
shrinkage, higher gloss, and increased cohesiveness(22), LV

This method had a great many problems at first, moat of
whlch have been overcome. 3ome of the remaining problems that
shiould be solved arc adhesive strength of starch resin binders,
binder systemns that would be sultable for higher pH, and a
more rapld curc.

There are a fow processes whereby formaldehyde is the
roaction agent., The aldshyde enters the starch granule to
form a complex wlith the hydroxyl grouss. As the starch molecule
swells water molecules enter the network and further expand
the molecule vwhen heated. As the network expands aldehydes
combine with the hydroxyl groups until the chains are loaded
with aldehydez. The assoclatlon 1s weak and easily reversible
but as the reaction proceeds the bond becames more stable(1l9).

One of these nethods 1s the treatment of dehydrated starch
(2750F. for 20 hourgs) with commercial formaldehyde, formalin,
in equal weighta{23). To this mlxture 1s added andacid,such
as i{Cl, to a pll of 2 or lower, If the starch is dried under
vacumn of 29-30 inches at 140°3. for 24 hours and then treated
as above, a nearly colorless, water resistant adheslve 1a formed.

Another method involving the use of formaldehyde 1s
by the use of an allzall starch. This starch 1s prepared by
placing 1000 parts of starch in a dextrin cooker and injecting
5.5 parts of ammonla over the space of 1 hour. Heat 1s gradually
raised to 300°F. in 8 hours and maintained for 15 hours with
an oxcess of amnonla and steam belng added. For coating, 5-10
parts of the modified starch are mixed with 100 parts water at
70°9C. and applied to sheet. Formalin and HCl are then applied
separately or together with the amount of formalin equaling the
enount of starch and the acld being in the proportion of 2«12
parts by welght of 8.8% HC1 to 100 parts of starch.

Melamine formaldehyde resins are in llttle use. There
use 1s covercd by three main patents, “idmer(34), Glaruws(10),
and Rohm and Haas(28). The starch 1s reacted with a melamine
fornaldchyde condensation product and an ammonium salt(34).

A water soluble resin of the phenol formaldehyde group
nay be used to insolubilize starch. The starch 1s added to water,
150 grams to 2 liters, and 1s made baslc with 200 cc. of .5% NaCi.
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¥ore water, 2 litors, and more NaCH 1s added. Then 650cc.
of phenol and 650 2. of formaldehyde are mixed in and
heated to 200°F for about 45 minutes. By trial and error
the reactlion i1 stonped Just before a sample of the mixture
1g insoluble in water. The edhesive 1ls then used in coating
and the heat of dryins insolublilizes the starch.

There are nothods of maklng stareh coating water resistant
hy the use of chronlc salts of complex chromic componds.
Cne of these methads 16 the process of blocking the hydroxyl
sroups by the use of chromie salts of organic acidc or chromlc
nalides(4). ‘Te theory belng that the cations of the ionized
ghromic asalts ,ol'mo”3ﬁe to form aggrigates of large slze upon
dryinse.e These conmblne with and block the aydroxyl groups.
T™e starch 15 heated wlth 5-.07 chromic acstate and the solution
18 apvlled to coating surface. It is partially dried and nassed
throughi alzaline solution after which 1t 1s thoroughly dried.
The coating after drying should be alkaline.

Another process involves the treating of coated starch
with a vasor of 20 by volume of chromyl or stannic chlorides
for 1 second to 2 Wlnutea and drying at 3% to 2000C, depvending
onn vhe time exposed to the heat or treatlnr with a solution
of chromyl or sctammic chlorides in JCly, et1 rlene dichiloridse,
or n=hieptaneg for one second with subséquent drj;ng at 110°3,
for two minutes.(:7)

Starch 1z also rendered water resistant by treatment
wlth a water soluble complex chromium compound of the ‘Jermer
type. The starch is treated with 5-207 of stearto chromic chloride
or abletato chromic chloride at a pH of 4,5=0.0 and then clay
13 added.(16)

If starch 1s treated with a soluble sodlium silicate,
water resistance is increased(l). 100 parts of starch 1s mixed
withh 4 parts of a weak organic acld that has in it O.4 parts
of a strong nineral acid. The aclds are sprayed into the mixing
chamber. The mixture is stored at 30°¢. for 36 hours and 1s
noutrall zed by ammonia snray. 10 parts of meta disillcate, -
NanS1i-0s, 1s blended into the mixture. 24 parts of this 1s
mixed wfth 75 parts of water and bolled then blended with claJ
811 : of 100 parts clay in GO parts of water.

-y

A method of coating was devcloned by . L. Graig(ll)
by which in one tank are mixed 60O} of water, 10/ 26%Be. -
anmonla, and 20; dry welght of converted starch, in another X
tank arc nized 108/ of estor gunt, 50# of a mineral oll, and
104 of olelc acid. These two are blended and the emulsion Y
diluted with 1607 of water . This 1s incorporated in a mixture.
of 310/ dry welsht of converted starch in 12007 coating clay. "
Unon an»licatlon this oroduces a wettablewmter resistant surface. ks

A




Polyvinyl alcohol may be used to protect the starch as
in the production of adhesives. Flnely divided unswollen starch
is suspended in a aquous solution of polyvinyl alcohol,.8-10%.
The relation of starch to alcohol being 10390 to 40:60. They
are mixed at 309, and are cured at 90-130°C (31).

Polyvinyl alcohol nmay also be used in a process whereby
the panser 1s treated with a starch solution contalning water
soluble methylol-melaming, 1=25 parts per 100 narts of starch;
a8 polyvinyl alcohol,1-25 parts per .75 partas of starch; and
an ammonium salt of a mineral scid, and dried(30).

Latices are becoming useful in coatin adhesives and
some of these can be incorporated with small amounts of starch(26,33
Appreciable amounts of starch however in a latex or synthetic
resln causes the water resistance to lower or become nonexistant.

The starch coatling may even be protected by a coating
of nitro-cellulose(3).

In conclusion the processes involving the use of antimony
salts, urea formaldehyde,and the chromic salts appear to be
the best developed methods for increasling the water resistance of
starch coatings,




SEGTION,

Introduetiaon. After the varlous methods of increasing
the water-resistance of starch coatings were studied, the
author attempted to duplicate the results in the laboratory
and therefore cbtain a comparison between thease methods, It
#88 declded that two experiments should be considered at a
time so that some comparison would always be avallable. The
first set was to be the use of urea-formaldehyde resins(7) and
antimony salts(8). The other methods were split also but due
to the limitation of time and the necessity of setting wp
standaxd laboratory procedure by experimentation, only the
first set of experiments were atudled,

atandard Prooodures.

Qlay Slurry. The clay slurry was made up in a Day Blender
with H T clay and distilled water in a proportion to glve a very
high conslstancy. After considerable agltation, the slurry was
diluted to about 705 clay and 0.5% of sodlum hexa meta phosphate
was added as a dlspersing agent. Thls flurry was used throughout
the atudy with drill press agitation and dilution to make up
for evaporation carried out each time there was experimentation.

Undissolved partlcles were removed with a sixty mesh soreen.

In order to prepare a 20% starch solution,
100 grams of bone dry (11l grams of 117 molsture) corn starch

was thoroughly mixed with 400 grams of distilled water and

0.5% of a commercial alpha enzyme (Amyliq Concentrate, Waller=
stein Co., New York) was added. This mixture was agltated with

a small laboratory mixer egulpped with a glass stirrer and was



contained inne stainless steel beaker to eliminate eny
contamination. The {&mperature was raised by means of a
vater bath to 76 degrees Jentigrade in 30 minutes. This
conversion temperature was held for 15 minutes and then the
enzyme was kKilled by bolling the mixture for 10 minutes.
Large particles were removed by a olxty mesh soreen. Until
the starch was used 1t was kept in solution by agltation.

Proparation of Joating Calors. In crder to determine the
solid content of the clay amd starch mixtures, 10 ml, of
each was placed in evaporating dlshes and dried. After
welglilng, the solids per milllleter was calculated. Iroo
thls data the coating colors were prepared., These were mede
up to ah_50‘}!: so0lids content. The starch was calculated as
1_§3§_ of the clay. The amount of material used for insreasing
the water resistance was based on a peroentage of the starch.
The order of addition wes alay, starch, dilution water,
waterproofing agent, and satalyst if nseded.

Upon the sapplication of a coating
color to a standard sheet by the use of various laboratory
methods, and subsequent examination by the use of a black 1ight,
it was found that a wire wound doctor blade used in conjunction
with a vacuun plate sheet holder was the best method as to

oeven application and reproducable results. The coating was
spplied to a 8 by 11 inch sheet of 50 1b.(25x36«500) coating
rav stock having a slzo of 20«40 seconds ink penetratlion,



Suringz of Samples., After coating, the samples were
dried 1n a oven at 100 degrees Centigrade for two to five

minutes. The over door was kept open to permit oirculation.

[ S

Swplea were tested and then allowed to condition in a room
at 70 degrees Fahrenhelt and 50% Relatlve Humidity for a
time neceasary to bring about full ouring.

dot Bub Jeat. Varioue tests were attempted to detormine

the wet rub resistance of the ooatings. Because of the
neoessity of a swift, easy to perform teat, it wam deoided to
use the following; tho sample tested was submerged 11; distilled
water at room temperature and rubded with tha nn@ar ungll
coating was removed from the surface. 1‘29 time from submerging
the sample untlil coating falled was taken in seconds and recoxrddl,
Tis test was not exact and was not reproducable by another
operator but for the purpose of comparisons the test was
found to be quite sufficient.

Yarlables. It was declided to vary the material used,
per cent of material, curing time, and in some cases the type
and per cent of ecatalyst. All other factors were held constant
as far as possible by the use of the standard procedures glven
above.

Yethods Used.

Antimeny Salt. The preparation of coatlings using potassium
pyro antinonate was according to the methed outlined in the
literature survey (8) and according to the standard procedures

set up. The smount of the salt used was based on a percentage



of the starch, from 0-20% in inorements of five. All the

coated sheots were dried for two minutes at 100 degrees
Centigrade.

Ureg Formaldehvdo Resin. The use of a urea formaldehyde
resin (7) in inereasing the water resistance of atarch coatings

was done according to the procedures set up. ' The resin was
a 65% solids aquas solution of P«631 Plyamlne Resin BU-759,
manufactured by HRelchold Chemiocal Company. This resin was
added to the coating color in inorements of 5% in the range
of 0«307% based on the starch. Two catalysts were used,
ammonium chloxride and dlammonium phosphate. Upon the addition
of 25% of the ammonium chloride the viscosity of the coating
color increased greatly. The use of diammonlum phosphate in
the range of 25%, caused no change in the physical characteristics
of the mixtures. The clay and staroch were blended and the resin
was added. After agltation the latent acid catalyst was mlixed
in and samples were coated. The samples were ocured in a oven
at 100 degrees Centigrade for 2, 3, 4, or5 minutes, tested
and stored in a constant temperature-humidity room.

Results.

No results were obtalned in the use of the potassium pyro
antimonate because of the insolubility of the salt avallable.
It was found that a hydrate of the salt (XolpSbpOp*XH20) should
be used in these experiments so that enough could be dissolved
to bring about a reaotion.

The urea formaldehyde resin gave wet rub resistance at
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certaln percentages aml after a curing time., It was found
that curing in the oven had little effesct while curing in
a constant temperature~humidity room over a long length of
time brought about a reactiom.

The effect of curing time on the wet rub resistance
of variaus percentages of urea romndemde rosin coatings:

%Resln 2 Minutes one week two woeks three wecks
( oven)

10% 0 asec. 0 ses. Q sen. 0 sec.

157 0 sea. 0 sec. 0 sce. 0 soc.

20% 0 sec. 0 seq. 8 seo. 100 sec.

25% 0 sec. 0 aec. - over 300

30% O seo. 4 sec. over 300 25 Bec.

The declline of wet rub reslistance was due to an exoess
of catalyst. The results obtained with the use of amnoniunm
chloride showed the same trend but were dlscarded because of
the high viscosity of the scating color,

It was found that water resistance could be obtalned by
the use of a water scluble urea formaldehyde resin under
eertaln conditions but that e great many faotors were ilnvolved.
No comparison of methods could be made from the data obtalned.
Possible the most important aspect of this work was the setting
up of standard laboratory procedures that may be useful to
others working in this field,

Elton Thomas Krogel

June 1, 1951
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