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Abstract.

The effect of a cationic starch as an additive on the
hygroexpansivity of waper was made. It was found that the
hygroexpansivity of the paper increases as the freeness of

the stock is_lowered. Small additions of cationic starch

gave a substanbial strength increasc pith:qpprokimately the -

same expansitivity as the lower strength paper made with

pulp alone.
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Historical and Theoretical Survey

Dimensional Stability

A vell known feature of psper is‘thé‘dimensional
changes which occur when there is. a change'inrthe‘hoisture
content of the paper. In many converting pfocessas, as well
as in other fields of use, 1t is imppssiblevio ﬁaintain a
constant moisture content in paper. The mdisture content of
paper is dependent upon the humidiﬁyroffthé'surroundihgféiﬁ,
and thus it is not necessary for paper to' come intd‘di§¢§£':fzh
contact with free water in order i_"_or‘ it to cause difficulties
in applications where dimensional sﬁﬁbiliﬁy is of impdf%&ﬁéé}f
Tongren (1) states that -the dim¢h§i6ﬁéi stability of
paper or paper products made fromeeiIuidSié'pQ*enh material
is related to changes in the zeiahive"huﬁidity‘bf the
atmosphere surrounding that péﬁef; Céllﬁiose;,being a
hygroscopic material, takes up7ﬁoistﬁréfffbm the ' surrounding
atrosprere until an equilibrium has been established,
Conversely, cellulose will give up moisture to a dry atmosphere.
In either case the cellulosic méterial'phpéf‘vill tend to change
its dimensions, to expand as it takeé;up‘moisturé vapor, or to
contract as it gives up moisture vapor.
Stamm (2) says that water is held'ﬂithiﬁ-the766117walls"7
of cellulosic materials in three distinct ways: 1) as water
of constitution, 2) as surface-bound or surface adsorbed

;ater, and 3) as capillary condensed water.




flance (3) s: y° that not only water, but water vapor can

-

also have drastic effects ugon the rheolo ol ical characteristics
of paper.‘

Gri;iln (h), and others, using a relative humldltj range
of zero to ore hundred per cent found for a uldc va rletj of
papars a cross dlrectlonal change of 1 1 to 1. Cﬂ and é
machine ‘dircction Lh“nge of 0. 35 to O ESN. In addition; the
chgngclfrom_ﬁo to 100% relative humidity as gfeatér than from
60 £0 60ﬁ‘fe1a§ive huezidity,

Hgmburger (5) found an offset paper to chanve o .nd
one-haif times as much in the cross direction as in tho'yv
maénino direcﬁion.

Calkins (8) states that there are two causes of changes in
dlmen51on of paper with changes in moisture content. ‘Fifsﬁ; the.
dimensions of the individual fibers change. r“hu.a,'cc.ﬂ:ton fivers
conditioned fron :éré to ninety pé: cent reiative hurmddity
increase in their diameter from twélﬁe to fifteen per cent,
although showing only i very slight increase in tqelv 1enbth.

liore importanﬁ, however, as a cc.usn of dlﬂanulonal
instablility, is the relaxation of strains put into paper during

manufacture where roisture content is increased. A sheet of paper

is not a homogeneous material, but is composed of 1nd1v1du 1 fibers
which hgve been iorued together in a wet mass, in a reaSOnably
randon orientation. As this mas s 1s being formed, the fibers are

bent and twisted, and then dried under tension. As the fibers
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dry they shrink, they becoume stiffer and as water is reroved
they are pulled toward one another by surfacelﬁension cffects
and form bonds-presumably hydrogen bonds-between.ﬁydroxyl groups
an areas on vafious,fibers cloée.enoughifor this phenomenon to
take,pléce,. Differential shrinkage takes place; strains forred
by—fibefs_dnying, bending, and being placed un@er tensions are
"frozen in" by conditions en the pépérpﬁachine - machine
direction tension from the pull of thc»reél; and tension caused
by the forces of internal shrinkage being resisted by felt
pressure. - This sheet, when subjected to higher hﬁmidity, will
show greater expansion because the moisture will tend to release
the bonds that held the sheet together,

The following points are given by Calkins to support this
approach: |
1) Soft, unbeaten papers show low éﬁpahsiﬁities. (Thero is plenty
of space to expand and little bonding). .Conversely, a dense sheet
tends to have higher expansivity, even with the same internal
bonding.
2)  Paper recycled several timas'bétﬁéén'ﬁigﬁ and how humidities
show lower expansivity because some Strains are permanently removed.
3) FPaper from the edges of 2 paber‘ﬁachihé shows greater
expansivity than paper from the center.
i) Fillers or plasticizers reduce expansion. Besides reducing
effective amounts of fiber, they reduce bonding.

 Glover (7) has suggested that the water expansibility of paper
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is controlled by the swelling of the interfiber bends, rather than
by the swelling of the fibers as such. |
It is also stated by Rence (8)' that possibly the water-

anessibility of the cellulose can affectvthe hygroexpansivity
of the ‘sheet only if the cellulose has been made accessible
by removal of, or damage to, the duter skin which protects the
water accessible material. | |

 Lovey and $ibby (9) investigatod nethods for dimonsionally
stéﬁiliiing.paper. They found that basis weight héd nb'éffgcﬁ‘i
oélghé,expansion of handsheets with increases in huﬁidiﬁy1§¢§ 'W'
did fiber size, except when the fibers were very qoar5§5éﬁdfjj‘
greater expansion occurred. Freeness7élsdlhad'ﬁd‘éifééﬁ'éiéépt ‘
at high freeness where the pulpuw@s_bpikyuﬁnd'éfpgnéion:greater,
but sheets subjected to high preééhrgsLéhéﬁéd iessfexpéﬁsion.
The application of heat to wet hdﬁ&éhéétﬁ"decreased.ihe expan-
sion of the dried.sheets with increaces in humidity, but beater
addition of clay filler had no effect. Dimensional changes of
sheets formed from sulfite pulp increases as the purity of the
pulp increased, and sheets made from hardwood pulps.cexpanded to
the same oxtent as sheects made from éofiwdbd'puipsgu Silicone and
rosin sizes, added by beater addiﬁioh;'did not decrease the
dimensional changes of handsheets with éhahgés'iﬁ humidity.
Neoprene-treated handsheets showed decrcases in expansion with
increases in humidity as the addition of neépréne‘ﬁéé iﬁéfééééd

above 20%. VWhen thermosetting resins were applied by impregnation,
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the handsheets showed less expansion with increases in humidisy,
and of the resins investigated, phenol-formaldehyde, thic-urea-
formaldehyde and glyoxyl-cellosizao exhibited opbimun effects in
the order listed. Urea, a plasticigzing agent, showed a negative
effect.and increased the dimensional changes with changes in-
humidity.

George (10) summarized the effect of scveral papermalking
variables on hygroexpansivity.
1) Of the pulps derived from wood, unbleached coniferous sulfite
gave the greatest dimensional stability,
2) A major factor influencing expansivity of paper is the stock
freeness., A slow stock results in a dense paper. with nUmerousw
fiber to fiber bonds. In the ﬁora bpen sheet produQ§d from frea.
stock there is an opportunity for'somb~internal‘expansion and
fiber realignment which is not transmitted to the edge of the
sheet,
3) Beater additives may have an effect on dimensional stability,
but, in gensral, it is an adverse effect. However, if the beater
additive replaces pulp refining, improvement in dimsnsional
stability may result.
) The expansion and contraction of paper is closely relatsd to
fiber orientation., This is because there is 1iﬁt1é change in the
length of a fiber, but substantial change in its diameter.
5) ’The amount of tension during drying is a major factor in

determining the dimensional etability.




Rance has also stated (11) that the hygrosensitivity of
the formed papeﬁ sheet is directly infiu&pced by the degrce
of beating to which the pulp stdék has be;n subjected and more
specially so when that beating involves nmainly "wetsing' as
opposed to "cutﬁing“;..,.‘ Dimensional change due to humidity
change is correspondingly affected by beating, though at a
rather lower level.
. Swenson (12) claims that papers of lower density, higher

porosity, and better :formation mighﬁtbe expected to shou
lower changes in external dimensions uith changes in humidity
because of the greater opportunitjxfor~ex§gnsionrand contraction
of the fibers within the voids of the sheet He also’ adds that
a decrease in the dimensional chanéesldf baper'may be effected
by decreasing mechanical refining, - ‘ |

. Stamm (13) gives four different'typésvofltréatmcnts which
may reduce the swelling and shrinking of‘wood'and.oéﬁég
cellulosic materials, |
1) coating the external or the microscopically visible internal
structure with paints or water-repellant chemicals.
2) depositing bulking agents within the coll-wallhsﬁruéturé.
3) blocking or replacing the hydroxyl groups of délluibéézahd
lignin with less polar groups.
L) forming cross bridges between the structural units.

Calkins (6) suggests the following to obtain lower expansivities.

1) Using fibers that don't expand,




2) Running a bulky sheet to minimize fiber expansion effects.
3) Heducing thé internal bonding of the sheet by various recans,
L) Pubting in bonds that are not susceptible ‘to moisture.
5) Treating the paper so that the fibers are impervious to
water and hencc‘don't expand because the moisture doesn't
penelrate themn, - , ; V‘;; S .
6): Treating the paper with some‘matéfiai'ghét‘has the strongth
to hold stable dimensions even ifffibei:ﬁqﬁds arc relared.,
Sterch
. Swanson (12) states that starch is‘u¢6d in the papermaking

process for two reasons: a) to»iggréaﬁévtﬁé:streﬁgﬁh propertics,
and b) to supplement the beating Qpergtibﬂ,fﬁhich‘wduld nean
chemical hydration.l He also beiié?eérthaﬁ é ghéhicaliy hydrated
material would preserve the natural fibéf'étrugturé, and papers
could be made which have a high strength as well as a higher
opacity, porosity, better formation, beﬁﬁér'éompressibility‘for
printing, lower hygroexpansivisy, and less %endendy"fdu¢ur1\ahd
cockle,

 Steffens (1h) says that starch is chemically and physically
similar to cellulose, In its cooked form it acts like a highly-
hydrated cellulose.

Pacsu (15) stated, and Kerr and Gevérébn (16) have
confirmed that cellulose fibers will adegorb up to 1% of their
weight of corn amylose, which is the straight chain fraction
of corn starch., Strasser, (17) supported by Steffens (1k),

belicves that starch is never adsorbed by the fiber but that

-~3




1t adheres to the fiber by mechanical means.,

Leech (18) believes that beator additives which increase
paper strength must accomplish the imprevement by affecting
one or more of the factors centributing to paper strength. - le
gives these four factors zs coniribubing to paper strength:

1) +the strength of the fibers, 2) the strength of fiber-to-
fiber bonss, 3) the number of bonds, -ond L) the distribution.
of bonds.

Lewis (19) states that iitile is knovn about the mechanism
by uhich starch added to the pulp,inéreéSés the strength of the
formed sheet or board., It is generally beiiéved, however, that
the starch acts as a birnder, forming'stfoﬁg bonds with the fibers
of the pulp. The resulting fibér-toniberibdndsvare stronger than
the fiber-to-fiber bonds without starches or other binders added,
such as newsprint and blotter papers.,

Casey (20) feels that the chief function of starch in
paper is to increase the fiber-to-fiber bond by acting as a =~
cenenting agent bstween adjecent fibers at their point‘bf contact.
Qascy (21) also believes that starch is one of the factors influe
encing the expansiveness of paper.'

The so-called "cationic" starches are of relatively recent
origin. These starches are chemically modified with substituted
groups ﬁ!at impart a positive electf@—éh@miéal charge to the starch
molecule. Of the "cationic" starches, Cato § is typical.

Cato 8 (22) is the most recent product in a series of corn

8
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starch derivatives in vwhich the parent starch has been modified
so that its molecules and molecular aggrepates are cationic,
carrying a positive charge. 1f its solution is placedin an
electrophoresis cell, the molecular aggregates will migrate
toward the cathode causing.a rise in viscosity and concentration
near the cathode. Cato 8 was developed specifically for wet end
addition on the paper machine and is designed to meet the
requirerents of internal starch additives.

The cationic groups of Cato 8 are attracted by the
relatively anionic cellulcse fibers. ne sdded benefit of a
difference in molecular charge results in stronger fiber bonding
properties than through the action of natural achesion alone.

 Physical characteristics of Cato 8

Physical form ' .. Pearl
Color ‘ N White
pH  (approx.) o L
Moisture (approx.) ‘ - 12%

Solubility in cold water o nil,
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Iperinental Procedurs

Materiais Used

The pulp used in this investigation was a high quality
bleached sulphite pulp. Cato 8 starch was taken as a typical

cationic starch and was used vherever starch additions were made,

Preparation of Starch

Twenty grams of Cato 8 starch were dispersed in 980 ce. of
cold distilled water and heated to 190 - Fahremheit.

" Wno bleached sulphite pulp was Soaked in tap water for three
and one half hours. The pulp wus then placed in a Valloy laboratory
beater, the consistency adjusted to 1 552, and allowed to mix for
five minutes with no weight on the b cater roll., A% the end of this
time a four killogram weight was placed on the roll and refining
was started. Pulp samples were taken for ha.nmh%t at -C'zmédiml

standard frcencsses of 608, 588, 398, 295, and 20l ml.

Forming, Pressing and Drying of Handshects

At each of the above freenssses cix handsheets were made with
zero, one, two, and three per cent Cato 8 starch on the British
sheet mold according to Tappi standard T205 H-58 with the following
exception: The stock from the bezater dllut°d to 12 per cent
consistency and 1000 cc. of this stock was used for cach 1.2 gram

handshect. The Gato 8 starch was adeed to the diluted stock with




2 pipatte and stirred vigorously.

The sheets were pressec and dried according to Tappi standard

Strongth Tests
. Tear, tensile, and mullen tests were made on the handsheedbs .

following Teppi standards TW03 1i-53; TLOL ¥-50, and Thih b9,

£

Expansion .
Two sarples from each set of‘SHeéﬁs‘w555 run:inithe Weensh

expanSidmeter to determine the per cent expansion of the samples.

In édéﬁwééséfﬁhe sorple was five inches in length and ons inch

in width, By using the following saturated salt solutions three

readings usre takeﬁ from the exéansiqmater‘iﬁ‘a relative humidihy'

range“dfy95 to 50 mer cent relativé:hﬁmidity;_,?he'sgturéted salb

solutions were potassium chromate, sodiunm nitrite and potassium

carbonate in that order. By using this method a plot of

expansiomcter readings vs. per cent relative humidity‘gava'é

straight line and the per cent, éxpanéion was calculated from the

following fonmla:

H

v
4

ISC/Hg-Hl
where

L = expansion

C

H

the difference in the expansiometer readings at relative
humidities of 65 and 50 per cent

-~ R i




| = 50 per cent relative humidity

The expansion divided by the length of the test speciman, five inches,

gave the por cent expansion .of the handsheets. -
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Results and Conclusions

Tablé I giveé the tear, tensile, and mullén strengths
of the sheets made. Also included in this:table are the
per}pgnﬁbexpansibn of the handsheets mado. .

_2in £igpras 1 through 5 expansiometer reédings are
pléﬁﬁed.againSt per cent relative humidityg;iffbm ﬁﬁeﬁebfx;;
graphs, and the forﬁula given in the proceceurs, ﬁhé(per[déﬂi
expansion was calculated. e | :

Figure 6 shows a plot of the pef'éénﬁ Eipéﬁéibn égaiﬁét‘ ,
the freeness. The per cent expansion is ﬁioﬁted against per
cent Cato 8 starch at the various fieéﬁééééé in figures’7"
through 11. In figure 12 tensile sireﬁéfﬁ’ié>pldﬁtéd against

freencss and per cent of Cato 8 starch,
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From Toble X it is seen that the addition of Cato 8 gave
a substanitial increase in the mullen end tensile sbrengths of
the shects to which it was added. 3By adding one per cent
Cato & to the sﬁbck ab frecness &JBUQ higher wullen was obtained

than by beating to a freensss of 20h.  The tensile strengin

increaced as the amount of Cato O starch was increased at cach

The tear tests show o general decrease as the freeness is
loverad and the amount of starch increoased.

‘The per cent expansion of the sheots was varied and thuse
will be discussed later. a

In figuros 1 through 5 the expansioneter readings weve
plotied against the per cent xelaiive‘himidiﬁy.l In each case
this plot yiclded a straight iine. Irom this figure and the
formulas

X = 15C/Hy-Hy
where
{ = expansion

C = differcnce in the expansiometer recdings at 65 and 50 per cent
relative humidity

iy &5 per cent relative hwaidity

_'Hl“ 50 per cent relative hunidity

LI ¥ 4

The values of X, divided by the length of the teot spocinmm, give
the per cent expansion of tha chests and these values are shown in

Table

i o

-

From figure 6 it is seen thebt as the Ifrceness is lowered, or




bcaﬁing increased,. the per cent expansion cf ths sheets increcssd,
Wis waso éft°ctad from the Titerature survey 1 ulch chowed that.
as the freeness vas lowerad the expansicn incréasad._

In figures 7 through 11 the per cant exp“nslon is. UlCLtud
against ta" per cent of Cato & added. dt the various freone JLSJ
he curves show a gensral increass in expension as the anount of
Cato 8 is increaved at freencss valuéé of 608;:508; and 398, A%
frecnces 295 the curve is almost a horizontal line ﬁd_nhggiir‘”'
cxpénsion decreases as the amecunt oi snurch increases at 1recnc"°
20Lk. It appears that the addition bi Cato 8 increas ses the -
hygrocxpansitivity at high freenss ﬁé:and'tends to 1d§5f ﬁhé”
per cent hypreexpansitivity at 10mcr freene e .TIﬁdweﬁef, noﬁi
enough is kmown sbout starch-fiber bonding td:dfé& eny definite
conclusions.,

sile strength is plotted againét.ffeénéSS and per cent.
Cato 8 starch in figure 12. Zy drawing o hbﬁizontal line from one
freeness value to its tensile strength and observing the per cent
Cato 8 that was added to a lover freeness stock to reach this tensile
strength, the effuoet of Cato € starch on the hygroexpans 1tivi£y of
the maper can bte observed. The cxpansion at the percentoge of starch

nceded to crocs this tensile line was found from figures 7 through 1l.

The handsheets showed a mexcirmm tensile strenzth of 15,25 kg.. per

mm.,with no sterch additions, at o Treencss of 300.. The expansion was

.18 per cenb.

AL frecness 395 and 0.3 nﬁr cand Lato u Lne tensile stre ;"th of
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15.25 was obiained. The expansion was 171 per cent which is
lowaer than the .18 per cent expansion obtairned by increasing
strensth by beating alons, and is essentially that of the sheet
made at freeness 395 with no Cato & addition.

At freences 508 and 0.0 par cent Cato § the terisile strength
was.15,25 and'thé expansion .15 per cenb. Tﬁis is much lowe
‘thaﬁ thc>expéhsibﬁ when strength waﬁﬁéévélbbéa bé'behtiﬁg a}oﬁ?l‘

A ﬁensile strength of 15.25 was net obtained with up to
3 per cent Cato 8 addition at frecness €08 so no cohCiusiﬁhs
can be drawm, )

- Dy beating to a freencss of 395 a tensile strongth of .
1L.3 ig. per wi. was realized with an expansion of .17 per
cent. |

&t freeness 500 and 0.b4 per cent Cato 8 & tensile
strength of 1L.3 was developed and aﬂveﬁﬁéﬁéidn of .158 per cent.
This is lower than the .17 per cent expansion when the tensile
strength was doveloped by beating alons.

At a freeness of €08 and 2.6 por cent Cato 8 the tensile
strength of 14.3 was attained and thelexpanSion was +155 per cent.
This is lower than the expansion by building strength by beating
alongc.

From this investigation these conclusions can be dravm:

1) As the freeness is lowered, or beating increased, the
dimensional stability is decreased or the per cent expansion

is increased,




B
(&)

2) .In general omall additions oi Cato 8 starch, vhile giving
& substantial strength incréasa, give approximately the same
exps:n;siqns, s the pulp to which the starch *. ddﬂd
3) »Qrgqtcr dimcnsional tability can be ab ained by

supplementing mechanical refining vith Cabo 8 starch.

Anthony Richard i "nc"’ o
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