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orth American papermakers can N choose from a wide range of cat- 
ionic wet-end starches: corn- and waxy 
corn-based products, imported or U.S. 
potato starches, as well as amphoteric 
starches. However, today’s moderate 
economic situation is prompting pa- 
per mills to bypass expensive starch 
in favor of more costieffective materi- 
als. 

Cornstarch was the first cationic 
starch to appear on the market simply 
because normal dent corn is the most 
abundant starch source. These early 
cationic starches had tertiary amine 
groups that are cationic only at acidic 
pH values. The addition of a stable 
cationic charge also at neutral and ba- 
sic pH values required the develop- 
ment of quaternary ammonium 
groupings. 

In Europe, where alkaline paper- 
making originated, commercial evi- 
dence has accumulated to show that 
cationic potato starches give better to- 

tal retention and sizing development 
than cationic corn tarches. North 
American papermakers are taking no- 
tice. 

As American producers became 
aware of the potential for cationic po- 
tato starch, their reaction was three- 
fold: 

Produce cationic potato starch from 
food processing by-products 

Create the so-called amphoteric 
starches by chemical introduction 
of phosphate groups into cationic 
corn, tapioca, or waxy cornstarches 

Promote mtionic waxycornstarches. 
Among the three possibilities, cat- 

ionic waxy cornstarches seem to be 
the most attractive one for American 
papermakers. 

For this reason, Cerestar has com- 
pared cationic waxy corn and cationic 
potato starch to help papermakers ob- 
tain the knowledge required to make 

the right decision for a specific paper 
mill. 

Starch properties 

Waxy cornstarch 
Waxy cornstarch is derived from a 
special breed of corn (Zea mays). Its 
peculiarity is the complete absence of 
the linear starch fraction (amylose) so 
that it consists of > 99% of the 
branched amylopectin molecules. 
Some papers report (1-3) that amyl- 
opectin gives better strength improve- 
ments, whereas others doubt it (4,5). 

But there is no doubt that the affin- 
ity of the short chain for cellulose is 
much higher than for amylopectin (1, 
6-7). Thus, compared with waxy corn- 
starch, more potato starch is adsorbed 
onto the fibers. In exact figures, this 
value is 14 against 5 m d g  (8). Obvi- 
ously, the more starch there is on the 
fiber, the more strength it can give. 

Potato starch 
The amylopectin fraction of all starches 
has a much higher molecular weight 
(106-10S) than the amylose fraction 
(104-105). This leads some to conclude 
that a 100% amylopectin waxy starch 
must automatically have a higher mo- 
lecular weight than potato starch. 
However, the opposite is true, as is 
shown in Fig. 1. The European potato 
starch, for example, has 31% of its 
weight at molecular weights above 3.8 
million Daltons, whereas the corre- 
sponding value for waxy cornstarch is 
zero. 
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1. Molecular weight distribution of potato and waxy cornstarch 2. Comparison of cationic potato starches with different molecular 
weight distributions-influence on total retention 
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Cationic potato starch 
Another important difference between 
cationic potato starch and cationic waxy 
cornstarch is the number of anionic 
phosphate groupings that are naturally 
present only in potato starch. Upon 
cationization of the anionic native po- 
tato starch, an amphoteric starch is 
obtained in one step. 

This amphoteric starch more effec- 
tively forms extended tl"ensional 
networks, by self-association of the an- 
ionic and cationic groupings, than does 
simple cationic starch where the cationic: 
groups are repulsing each other. 

This leads us to the importance of 
the two properties of starch: molecu- 
lar weight and amphoteric character. 

Total retention 
and strength properties 

It has been shown, in numerous labo- 
ratory and machine trials in Europe, 
that a starch grade having a higher 
molecular weight is more efficient with 
regard to retention and strength. For 
example, bridging mechanisms during 
flocculation show that amore extended 
molecule can form bridges between 
particles over larger distances. This 
effect is enhanced when potato starches 
are used, as their amphoteric nature ein- 
courages self-association and buildup of 
three-dimensional networks. 

To prove the importance of moledw 
weight, we compared an undegraded 
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1. Mill trials in a U.S. fine paper mill - grade averages 

PM 2: 
Grade A 

Grade B 

Waxy corn 97.1 21.6 
Potato 98.3 18.9 
Waxy corn 81.2 17.5 
Potato 86.5 16.3 

Grade C Waxy corn 82.1 27.9 
Potato 86.5 19.1 

Grade D Waxy corn 94.4 18.9 
Potato 96.2 15.5 

PM 3: 

I 

cationic potato starch (Potato Starch 
A: 200 mPa-s, 3% solids, 50°C) and the 
same starch after reduction of its mo- 
lecular weight by slight acid thinning 
(Potato Starch B: 200 mPas, 10% sol- 
ids, 50%). 

Figure 2 shows the total retention 
for a neutral woodfree system. In this 
laboratory study, total retention was 
543% higher for the higher molecular 
weight Potato Starch A throughout all 
addition levels. 

This was conhned in comparison to 
waxy corn during a mill txial on a North 
American h e  paper machine. Table I 
shows that, for both machines and differ- 
ent grades, the total retention was higher 
at a lower dosage level of cationic potato 
starchthanwith cationicwaxy cornstarch. 

The net result was signiscantup to 5% 
better total retention at up to 8 lWton less 
starch dosage. 

Also, with respect to strength de- 
velopment, the use of a high molecular 
weight wet-end starch is to be recom- 
mended. Figures 3 through 5 show 
the strength developments of wood- 
containing uncoated printing paper 
with starch addition. In this example, 
cationic potato starch with a degree of 
substitution of 0.035 is compared to a 
cationic waxy cornstarch with a com- 
parable cationic substitution. As Fig. 3 
shows, tensile strength is at least 100 
m higher for the cationic potato starch, 
compared to the waxy cornstarch. 
Starch dosages of over 1% lead to 
steadily increasing values. 



3. ComDarison of cationic potato starch with cationic waxy corn- 4. GomDarison of cationic potato starch with cationic waxy corn- 
starch-influence on tensile strength 
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5. Comparison of cationic potato starch with cationic waxy corn- 6. AKD-sized highly PCC-filled papers--comparison of drainage 
StarchAnfluence on surface strength 
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While it was not possible to incease 
the internal bond by using waxy corn- 
starch, a 33% increase was achieved 
with cationic potato starch (Fig. 4). 
However, the increase in surface 
strength was most important to this 
North American customer (Fig. 5). 

The five examples depicted in Figs. 
2 through 5 clearly demonstrate that 
cationic waxy cornstarches do not de- 
velop the total retention and strength 
that cationic potato starches can. It 
remains to be seen whether these ef- 
fects are due more to the higher mo- 
lecular weight of cationic potato starch 
or to its amphoteric nature. 
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Neutral sizing 

Recent published literature indicates 
that cationic waxy cornstarches should 
have superior effectivness, with respect 
to sizing development, in neutral sized 
wood-free systems. However, Euro- 
pean papermakers use predominantly 
cationic potato starches in alkaline pa- 
permaking, due to the superior reten- 
tions achieved both for fillerdfines and 
synthetic sizing agents like AKD and 
MA. Cationic potato starches give syn- 
ergistic effects when used in conjunc- 
tion with highly efficient dual retention 
systems and for strength development. 
European papermakers refer to the 
“triple” system to emphasize the im- 
portant role that this type of cationic 

starch plays in this context. They have 
also tried both corn- and waxy corn- 
based products, but they always go 
back to what gives them highest cost/ 
efficiency ratio, and that is cationic po- 
tato starch in 87% of the cases. 

Nevertheless, neutral papermaking 
can be different in North America. 
Filler levels are lower and more pre- 
cipitated calcium carbonate (PCC) is 
used. To determine if potato-based 
starches could provide similar results, 
a series of trials was conducted in 
Cerestar’s R & D Center in Vilvoorde, 
Belgium, to compare a cationic potato 
starch with a degree of substitution 
(DS) of 0.045 to cationic waxy corn- 
starches modified to degrees of substi- 
tution of 0.04 and 0.05, respectively. 
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9. AKD-sized (0.44% AKD) highly PCC-filled papers-sizing effective- 
ness at reduced AKD dosage 

10. AKD-sized highly PCC-filled papers-savings of AKD at fixed 
starch dosage 
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These cationic waxy starches showed 
improved performance compared to 
most industrially made waxy starches. 
From a paper stock filled with 15% 

PCC, a series of laboratory sheets were 
prepared adding variable amounts of 
AKD size (Hercon 701, starch types, 
and starch levels. 

Drainage 
Wlth regard to drdinage impIY"3lG 
the cationic potato starch clearly outper- 
formed both types of cationic w q y  
cornstarches (Fig. 6) by shortening the 
timenecessarytomllect800mLofShop- 
pr-Rieglerfltrate out of lOOOmL stock 
of 0.4% consistency (at closed centml 
opening of the Shopper-Regler device). 

The influence of the cationic DS of the 
w a x y s t a r c h e s u p o n d h e k c l m  
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the higher the degree of cationic substi- 
tution,thefasterthedrainqpThismeans 
that flocs become more compact or hard 
flocculated with a higher degree of sub- 
stitution and provide easier water re 
lease. However, potato starches offer 
faster drainage than cationic waxy 
cornstarches at any DS level. 

Although cationic potato starch 
leads to better drainage behavior, 
strength properties are improved (as 
shown in the previous section) and, as 
is shown hereunder, sizing develop- 
ment is also better. This suggests that 
stock flocculation is different for cat- 
ionic potato and waxy maize starches. 
The evidence is cationic potato starch's 
formation of microflocs rather than of 
harder, bigger flocs. 

Total retention 

In the given stock system, the advan- 
tage of cationic potato starches over 
both cationic waxy cornstarches is 
about 45% absolute at the noma1 
levels of substitution (Fig. 7). 

Sizing 

At a given addition of suing agent, the 
resulting sizing effect is dependent on 
size retention, distribution of size on 
the long fibers, and the regularity of 
sheet formation. Figure 8 shows that 
cationic potato starch has almost 
reached its maximum effect at a starch 
addition level of only 0.3%, whereas 
0.8% of the highest DS of cationic 
waxy cornstarch is needed to achieve 
the same low Cobb 60 leveL This advan- 



tage of cationic potato starch is also evi- 
dent in weaker sized systems (Fig. 9). 

If the starch dosage remains con- 
stant, more than 10% of AKD size can 
be saved when cationic starch is used 
inskailofacationicwaxycornstawhwith 
a DS of 0.05, with an additional saving of 
15% in starch dosage (Fig. 10). 

Conclusion 

Good microflocculation and formation 
are the key elements for both sheet 
strength and sizing development. We 
have seen how the type of starch influ- 
ences these sheet properties, as well 
as retention and drainage. 

It is evident that cationic potato 
starches show improved performance 
in alkaline papermaking in North 
America and Europe, with respect to 
drainage, retention, strength develop- 
ment, and sizing efficiency, when com- 
pared to cationic waxy cornstarches. 

The reasons for the observed ad- 
vantages of cationic potato starch are 
linked to the primary differences in 
composition and structure between the 
two starches: 

Cationic potato starch is ampho- 
teric by nature, i.e., every molecule 
contains negatively charged phos- 
phate groups. These groups allow 
for the buildup of extended molecu- 
lar networks that contribute to im- 
proved retention through bridging 
mechanisms. 

The molecular weight of potato 
starch is higher than that of waxy 
cornstarch, resulting in higher 
bonding strength. 

It is too simplistic to say that 99% 
amylopectin (as in waxy cornstarch) is 
better than 79% (as in potato starch) 
without taking into account the differ- 
ences in the amylopectin structure of 
the two starch sources. 
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