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ABSTRACT

Papermakers use mainly two forms of starch for addition at the wet-end
section of papermaking process viz., cationic and amphoteric starch. The
starch added in the thick pulp stock mainly increases the strength proper-
ties, whereas it increases the filler retention when added in the thin pulp
stock. With modern retention aid polymers and techniques, use of starch
as retention aid chemical is almost discarded with time. This study was
devised to see the effect of dosage and dosing point of three different
starchesonfiller retention and paper properties. Out of three starch samples
two were cationic having different degrees of substitution and one was
amphoteric. All the starches were added into pulp stock in two different
manners; in thin stock as retention aid and in thick stock as strength aid.
The comparison of all the three starches added in thin stock was done with
atypical polymeric retention aid. The amphoteric starch gave better reten-
tion as compared with cationic starch. The use of any of the starches in
thin pulp stock as retention aid was not economical. The effect of ampho-
teric starch and cationic starches added in thick pulp stock as strength aid
was also compared. Optimized dose and dosing point of some starches
may improve the strength properties even at increased filler level in paper
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INTRODUCTION

Likecdlulose, starchiscomprised of glucoseunits
linked together by oxygen bridges called glycosides.
Themaindifferencein starch comparing cdluloseisthe
orientation of themoleculesin that linkage (d pharather
than beta). In starch, all the glucose repeat units are
oriented inthesamedirection. But in cellulose, each
successive glucose unit isrotated 180 degreesaround
theaxis of the polymer backbonechain, relativetothe
last repeat unitt™.

Thissubtle difference meansthat starchismore
readily solubleinwater and more easily digested by

bacteriaand other living things. Mainly two forms of
starch areused in wet-end of papermaking processviz.
cationic and amphotieric starch. Cationic starch is
derivatized with aquaternary ammonium compound.
Thedegreeof substitutionisusualy about 0.02t0 0.03
on thebasis of glucose units (0.20-0.35% nitrogen).
Amphoteric starch contains phosphate groupsin addi-
tionto thecationic quaternary amine groups.

Starch contributes to the stiffness and bonding
within asheet of paper. Cationic starchismainly used
toimproveinternal bond, tensile strength, and aspart
of certain retention and drainage programs. Themain
point to bear in mind when using starch at wet-end
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section of papermaking processisthefact that each
papermaking furnish hasalimitation onitsability to
retain the starch efficiently. In some cases, thecritical
factor isthe surface area of papermaking furnishes
and in other, the limited amount of anionic colloidal
chargeat thefiber surfaces. Cationic starch isexpected
to contributeto inter-fiber bonding strength by increas-
ing the effective areaof bonding between thefibers. It
ismainly usedto improvethedry strength of paper, to
emulsify thesizing agentsand asapart of many reten-
tion & drainage programg?.

Theword “amphoteric” implies that a chemical
product hasboth positive and negetiveion groupswhen
itisdissolved in solution. When papermakersrefer to
amphoteric starchesthey areusualy referringto prod-
uctsderived from corn starches. Amphoteric starches
also are prepared from waxy maize, avariety of corn
that produces only the branched type of starch, amy-
lopectin. Thecationic group isthesame quaternary am-
monium substituent used in preparation of cationic
starches. Theanionic groups usually are phosphates.
Strictly speaking dl cationic potato starchesareredly
amphoteric starches since potato starch contains about
0.08% phaosphorous. The cationic content of amphot-
eric starchesistypically 0.2-0.3% nitrogen. Themain
useof anphotericgarchisdsosamelikecationicgarch
i.e. enhancement of dry strength, improving drainage
and retention®®.

Starch has to be dissolved in water and cooked
prior to use. The performanceof starch asadry strength
agent isonly moderately affected by itspoint of addi-
tion. Inthe stock preparati on section, starch isgener-
aly added intwo points; onebeforeany chemical dos-
inginthick stock and another after dl thechemicd dosing
inthethin stock. When the starch isadded to thethick
stock, themain aimisto increasethe strength proper-
ties, whereas when it is added to the thin stock, the
purposeistoincreasethefiller retention. Additionto
thethick stock has both potentid advantages, and dis-
advantages. If strengthimprovementsarethekey re-
quirement, the cooked starch isadded asfar back in
the system aspossible, typically into the thick stock.
Advantagesind udegetting ahigher proportionontolong
fibers, ensuring good retention and arelatively high ef-
fect on overd| dry-strength. Also, addition to thethick
stock ensuresthat any floccul ation caused by thestarch
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has been completely reversed before the head box
making it possibleto get avery uniform sheet. Disad-
vantages of early addition include breakdown of starch
by hydrodynamic shear and possi bl e di sappearance of
someof the starch into theinterior of poresinthefiber
cell walls. For thesereasons, it iscommon to add at
least part of the starch to thethin stock with only afew
seconds of exposureto furnish beforeitismadeinto
paper. If retention improvements are desired, the
cooked starch isadded into the thin stock loop, close
totheflow box. Starchinduced flocsarevery sensitive
to hydraulic shear forces. Sometimes split addition of
starch is also used in an attempt to maximize both
strength improvement and retention. Excess cationic
starch canresult inthe overall charge of the wet-end
system crossing over from anionicto cationic. If this
happens, drainage and formation of stock onthewire
isseverdy disrupted. The batch proceduretakes about
20to 30 minutes at about 95 °C at atmospheric pres-
sure. The performance of amphoteric starch can be
enhanced if alum or polyaluminum chloride (PAC) is
a so being used. Amphoteric sarcheshaveareputation
for performingwell under conditionsof high electrical
conductivity. Also, they can bean effective strength agent
for systemsthat would tend to become overly cationic
if astraight cationic starch was used.

When thelower amount of gelatinized sol ution of
the cationic starch is added to the pul p stock, it pro-
vides high bonding strength by the el ectrostatic attrac-
tion, and drastically increasestheretention of starch.
However, when thedose of the cationic starchwasmore
than the negative charge of the pulp, the retention of
starch decreased. Accordingly, high retention of starch
was accomplished when the cati onic starch was added
lessthan about 1% of pulp, but retention waslowered
when the starch was added more than 1%,

Overuseof cationic sarchinamachine system can
negatively impact wet-end chemistry and forming sec-
tion drainage. The anionic charge on amphoteric starch
moleculescanhelpinretaining cationicfinesandfillers.
Thus, higher additionrates of amphoteric starch canbe
employed toimprovedry strength responseversustra
ditiona wet-end cationic starch applicationg®.

Inthiscommunication, wehavetried to optimizethe
point of addition of cationic and amphoteric starches of
different degreeof subdiitutionintothepulpdurry through
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eva uating theretention of filler and properties of paper.
EXPERIMENTAL

Materials

The pulp used in this study wasamixture of 80%
mixed hardwood and 20% bamboo. It wastaken from
an integrated pulp and paper industry in north India
The pulp wasbeaten to 30 °SR in PFI mill (Hamjern
Maskin as, Norway) under standard beating conditions
asper Tappi test method T 248 sp-00.

Theground calcium carbonate (GCC) wasused as
filler. The particlesize of GCClessthan 2 micronswas
60%. It was used at afixed dosage of 300 kg/t pulp.
Threedifferent starch samples; two cationic starches
(CS-1and CS-2) and oneamphotericstarch (AS) were
procured fromdifferent chemica suppliersinindiaand
used both asstrength and retention aid. A typical poly-
mericretention aid (RA) wasa so used to comparethe
retention mechanismwith different starches. The stud-
ieswerecarriedout in neutral sizing.

Typica 70 g/m?paper handsheetswere prepared
in British handsheet former and conditioned at 23+1
°C in50+2% relative humidity for one day and used for
further teting.

M ethodology

Four dose levelsviz. 2.5, 5.0, 7.5 and 10.0 kg/t
pulp of each starch samplewas used both as strength
and retention aid as per sequencegivenin Figure 1.
TheDissolved charge of pulp durrieswasmeasured on
Particlechargedetector (modd: PCD 03 pH, madeby
Mitek Wet Lab, Germany). Ash content in paper
handsheets was determined as per Tappi T-211 om-
93. Theash andfirst passash retention werecal cul ated
usingthefallowingformulas

Ash Content _ Weight of ash in paper (go.d.)

' = x 100
in paper, %  Weight of handsheet (go.d.)

Ash in paper (%)
Filler added based on pulp and filler (%)
Opacity of paper handsheets was tested on
Datacol or (Datacolor, USA; model: Spectraflash 300
UV) brightnesstester as per Tappi test method T-425
om-01. Strength propertiesof paper handsheetswere
determined asper relevant Tappi test methods.

x100

FPAR,% =

—= Full Paper
RESULTSAND DISCUSSION

General characteristicsof variousstarches

Thegenerd characteristicsof different starchesare
giveninTABLE 1. Thesource of all starcheswaspo-
tato. ThepH of the starch durrieswasranging from 6.4
to 7.4. Streaming potentid and anionic demand values
show that cationic starch-1 (CS-1) waslesscationic
than cationic starch-2 (CS-2). The degree of substitu-
tionof CS-1, CS-2and ASwas 0.025, 0.03 and 0.04
(0.02 each for cationic and anionic) respectively.

Starch asretention aid Starch as strength aid
Beaten pulp (1% consistency) Beaten pulp (1% consistency)
’ |
Rosin Starch
| |
PAC Rosin
’ ’

GCC PAC
’ |

Pulp slurry diluted to 0.33% consistency GCC
’ |
Starch (stirring for 5-6 sonly) Pulp slurry diluted to 0.33% consistency

Figurel: Sequential addition of chemicals
TABLE 1: General characteristicsof different starches

Sample Csl Cs2 AS
Source Potato Potato Potato
pH (1% w/v) 6.4 7.4 7.1
Streaming potential, mV +165 +737 +1436
Anionic charge demand, peq/1 1201 1939 3245
Degree of substitution, mol/mol  0.025 0.035 0.04

The particlesizedistribution of CS-2 waslower
thanthat of CS-1. The percentage of particlesof CS-2
lessthan 1.0 micronwas 68% wheressit wasonly 25%
incaseof CS-1. The particlesizedistribution of AS
was comparableto that of CS-2 (TABLE 2).

TABLE 2: Particlesizedistribution of different starches

Abundance, %

Particle size, pm

Cs1 CS2 AS
<05 8 33 26
0.5-1.0 17 35 39
1.0-2.0 29 23 21
2.0-30 32 3 14
>30 14 6 0
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Useof starch asretention aid

In order to understand the effect of starchonre-
tention of filler, it was added in the thin pul p stock
(0.33% consistency). Asexpected, with increasing
starch dosage, the ash in the paper wasincreased. As
shown in Figure 2, the highest ash content was
achieved with AS followed by CS-2 and CS-1 re-
spectively. It wasin the order of decreasing cationic
charge and degree of substitution. Thehighest ashin
paper was achieved with the highest used dosage of
cationic starchi.e. 10 kg/t. Incase of CS-1, the high-
est ashin paper was 10.1%, whereasit was 12.5 and
13.0%in caseof CS-2 and ASrespectively. Thefirst
pass ashretention (FPAR) was 42.2, 50.8 and 54.6%
withCS-1, CS-2 and ASrespectively.

The starches added as retention aid reduced the
physica strength of paper. Asshownin Figure 3, the
breaking length of paper wasreduced withincreasein
dosage of CS-2 and AS. There were two reasons of
thisreductionin paper strength. Thefirst onewasthat
the starch added in the thin stock could not be used to
makethe bonds between fibersrather it wastotally con-
sumed intheformation of filler and fiber finesflocsdue
their oppositecharge chemistry. The second reason was
theincreaseinashin paper whichwasaso responsible
for lesser fibers and fiber bond in a constant weight/
volume of paper. The breaking length of paper within-
creasing dosage of CS-1 wasamost unchanged prob-
ably dueto lesser ash content in paper and it low mo-
lecular weight. The latter was responsible to make
smdler and softer flocs, and some portion of the starch
might havebeen usedin deve oping thefiber-fiber bonds

14

B8Cs1 0OCS2 BAS

13

10

Starch dose, kgft

Figure?2: Effect of star cheson ash content of paper when
added inthin pulp stock asretention aid
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Figure 3 : Effect of starcheson breaking length of paper
when added in thin pulp stock asretention aid

to someextent. It wasalso noticed that initially at 2.5
and 5.0 kg/t doselevels, the breaking length of paper
was higher in case of AS as compared with CS-2 but
with further increasein starch dosethistrend turned out
to opposite; in caseof higher dosage of AS, thedecre-
ment in breaking lengthwasvery fast.

Similar tothecase of breaking length, theburst in-
dex of paper was reduced with increasing dosage of
CS-2and ASwhereasit was slightly increased with
increasing dosage of CS-1. The higher dropin burst
index was observed with CS-2 as compared that with
AS (Figured). Initidly at lower dosage of starch (2.5
kg/t), the burst index of paper wasdightly higher with
CS-2 ascompared with other two starchesbut onin-
creasing dosage from 2.5 to 10 kg/t, the burst index
dropped rapidly with CS-2. Dueto higher cationicity
and molecular weight, CS-2 wasbenefitid for increas-
ing burst index of paper at lower dosage only, beyond
which it might have provided high cationicity to pulp
stock and caused bigger flocswhichin turn reduced
the paper formation and inter-fiber bonding.

Inadditiontothephysica strength of paper, theopac-
ity of thesheetswasa so compared withal the starches.
AsshowninFigure5, the opacity of paper sheetswas
increased withincreasing dosage of sarch. Thiswastrue
for dl garchescertainly duetoincreaseinash content of
paper with increase in dosage of starch. The highest
opacity wasachievedin caseof CS-2followed by AS
and CS-1. CS-2 was certainly responsi ble of making
denser flocsascompared withAS. Dueto the both cat-
ionicand anionicgroupsinAS, it waspossibly usedin
coagul ation and floccul ation and madelarger flocs.
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Figure4: Effect of star cheson burst index of paper when
added inthin pulp stock asretention aid
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Figure5: Effect of star cheson opacity of paper when added
inthin pulp stock asretention aid

Comparison of starch and retention aid polymer

Theall threestarchesused asretentionaid inthin
pul p stock werecompared with atypica polymericre-
tention aid chemica whichisused commercidly inthe
paper industry. The paper sheetswere prepared with
the ash content of 10% with al thechemicals. It was
observed that in order to get around 10% ash in paper
sheets the dosage of CS-1, CS-2 and ASwas 10, 5
and 5 kg/t respectively whereas it wasonly 50 g/t in
caseof typica retentionaid (RA). AsshowninFigure
6, the breaking length of paper sheetswasdifferent for
different retention aid chemicasat sameashlevd. In
caseof CS-1, it wasthehighesti.e. 4.09 kmfollowed
by 3.71, 3.52 and 3.48 km in case of AS, CS-2 and
RA respectively. Thereason of higher breaking length
with CS-1 was possibly dueto its higher dosage re-
quiredto attain 10% ash leve inthe sheet. It seemsthat

—== [Fyl] Paper

thehigher dosage of CS-1 was contributingto bothre-
tention of filler and paper strength. However, itscontri-
bution towards retention was not very good asit re-
quired higher dosage. Thusit reflected that most of the
CS-1 might be consumed ininter-fiber bonding dueto
which breaking length of paper was higher. The burst
index of paper sheetswasalso highest with CS-1fol-
lowed by RA,ASand CS-2. Theburst indices of paper
with CS-2 and ASwere much lower ascompared those
with CS-1. ThelSO opacity wasthe highest in case of
RAfollowed by CS-2, CS-1 and ASrespectively.

5 82
BBreaking length, km  OBurst index, kN/g  BOpacity, %ISO

r 81

reaking length and Burst index

Br

1

Cs-1

Cs-2 AS RA
Figure6: Paper propertieswith different star chesand typi-
cal retention aid at 10% ash level

Useof starch asstrength aid

When starcheswere added in thethick stock (1%
consistency) asstrength aid it was observed that with
increasing dose of starch, theash in paper increased
but theincrement was much lower as compared when
thestarcheswereused asretention aid. The highest ash
content wasachieved in caseof AS. Wheress, it was
almost similar in case of both CS-1 and CS-2 at all
doselevels. Asshownin Figure7, theash content in-
creased from 7.8 to 8.6% in case of both CS-1 and
CS-2, whereasitincreased t0 9.5%incaseof AS. The
FPAR increased from 33.3t0 35.8, 34.7 and 37.5%
withincreasingthedosageof CS-1, CS-2and ASfrom
2.5t0 10 kg/t respectively.

At different doselevels, the breaking length was
different with different starches. In caseof CS-1, the
breaking length of paper sheets was increased,
whereas in case of both CS-2 and AS, it was de-
creased with increasein dosage of starch. Asshown
inFigure8, initidly at 2.5and 5.0 kg/t doselevels, the
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breaking length of paper was higher in case of CS-2
ascomparedto CS-1 but with further increasein starch
dose this trend became opposite. In case of AS, a
rapid decrement in breaking length was seen within-
creasing starch dose.

10.0

8Cs-1

ocs-2

maAs

9.5 4

9.0 4

8.5 4

Ash, %

8.0

2.5 5 7.5 10
Starch dose, kg/t

Figure7: Effect of star cheson ash content of paper when
added in thick pulp stock asstrength aid
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Figure 8 : Effect of starcheson breaking length of paper
when added in thick pulp stock asstrength aid

AsshowninFigure9, theeffect of different garches
asgrengthadon burstindex wasdso different. At 2.5
kg/t doselevel, theburst indiceswith al the starches
werecomparable. The burst index of paper was com-
parablewith both CS-1 andASat all dosagelevels. In
case of both CS-1 and AS, the burst index of paper
wasincreased with increasing starch dosewhereasin
caseof CS-2it remained amost constant onincreasing
itsdosagefrom 2.5to 10 kg/t. At 10 kg/t doselevel,
the burst indiceswere 2.70, 2.34 and 2.69 KN/g with
CS-1,CS-2and ASrespectively.

AsshowninFigure 10, the opacity of paper sheets
wasincreased with increasing dosage of starch except

CHEMICAL TECHNOLOGY

with CS-1. In caseof CS-1, the opacity of paper was
increased on increasing the dosagefrom 2.5to 5 kg/t
and then remained unchanged on further increasing its
dosageto 7.5and 10 kg/t. Thistrend wassimilar tothe
trend observed when starches were used asretention
aid. It was again dueto theincrease in ash content of
paper withincreasein starch dose. The highest opacity
was achieved with AS followed by CS-1 and CS-2
respectively. At 2.5 and 10 kg/t doselevels, the opac-
ity of paper wascomparablefor CS-1 and CS-2 but at
5.0 and 7.5 kg/t dose levels, it was higher in case of
CS-1 as compared to CS-2.

2.8

[Cs-1

acs-2

BAS

2.6

[
=

Burst index, kN/g

(5
[}

2.0

Starch dose, kg/t

Figure9: Effect of starcheson burst index of paper when
added in thick pulp stock asstrength aid
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Figure10: Effect of star cheson opacity of paper when added
in thick pulp stock asstrength aid

Comparison of starchesasstrength aids

All thethree starcheswere compared for various
properties of paper at 8.5% ash level. In order to
achieve 8.5% ashin paper, thedose of CS-1and CS-
2were 10 kg/t pulp whereasit wasonly 5kg/tin case
of AS.
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AsshowninFigure 11, the breaking length of pa-
per wasdifferent for different strength additivesat same
ashlevel. Incaseof CS-1, it wasthehighesti.e. 4.30
kmfollowed by 4.13 and 3.85 kmwithCS-2andAS
respectively. Thehigher bresking lengthwith CS-1and
Cs-2wasduetother higher dosagerequiredto get the
sameashin paper which ultimately helped ininter-fiber
bonds and increased the paper strength. The burst in-
dicesof paper with CS-1 and ASwere dmost compa-
rablei.e. 2.70 and 2.64 kN/g whereasit waslower in
caseof CS-2i.e. 2.34 kN/g. At thesameash level, the
ISO opacity wasthe highest in case of AS (80.5%).
The SO opacity was almost comparable with CS-1
and CS-2i.e. 79.6 and 79.4% respectively.

5 81
BBreaking length, km  OBurstindex, kN/g  EOpacity. %ISO

- 80

Breaking length and Burst index
Opacity

1

- 78

Cs-2 AS

CS-1
Figurel1l: Paper propertieswith different starchesat 8.5%
ash level when used asstrength aid

CONCLUSIONS

Theamphoteric starch was abetter retention aid
chemica when usedinthethin pul p stock ascompared
with cationic starches. The strength propertieswere
higher with cationic starches. It was possibly dueto the
lesser ash content with cationic starches. Filler reten-
tion wasthe highest with typical retention aid polymers
ascompared with starcheswhen used asretention aid.
None of the starcheswasfound good alternateto use
asaretentionaid chemical intermsof their commercid
application dueto higher dosage of starch ascompared
totypical retention aids. All thestarch chemicaswere
helpful inincreasing the paper strength. Cationic sarch-
1 provided higher strength to paper eventhough it had
lesser degree of substitution than cationic starch-2. The
opacity wasthe highest with amphoteric sarch a same

—= fFyll Peper

ash levels. The cationic starch was found as agood
strength aid chemi cal whereas amphoteric starch can
be used for getting better opacity in paper duetoits
good retention aid properties; with littlecompromise of
strength propertiesin case of | atter.
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