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Abstract

Cationic starch is widely used in the paper-making process as a wet-end additive to improve sheet strength and to
provide better retention of fines as well as fillers. Cationic starches of different origins are available with various
degree of substitution (DS). The physicochemical properties of cationic corn starches are characterized as having
degree of substitution that range from 0.02 to 0.06. With the increase of DS, the water holding capacity of cationic
starch increased to more than three times that of a natural starch. On the other hand, iodine absorption ability
decreased as DS increases, possibly because the intensity of starch granules decreased, although the X-ray diffraction
pattern displayed little changes in the peak intensity of the cationic corn starch. This suggested that the decreased
integrity of starch granules was due to the substitution of cationic groups concentrated in the amorphous region.
Rheological characterization showed that 1% gelatinized cationic corn starch was a pseudoplastic fluid, whereas nat-
ural corn starch was a Newtonian fluid. The viscosity of the cationic corn starch increased with increments in the
DS, but decreased with rising electrical conductivity of the solution. The viscosity was proportional to the DS at a
constant shear rate and swelling power sharply increased around the gelatinization temperature region.
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Moz A|ZEHIL A2} ethanolo] AYAHEA] s o
F3o A4 solvent cationizations ¥FH|Eo] =L dry

cationization> EE 9] ZHF(Vihervaara et al., 1990) %
FAA7E ol A7 ATk webA] FujelA] Yol
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ohFst X8k e] Fol 2 FEol AR FAH FE&HT
(Georgeson, 1986; Procter, 1991; Glittenberg & Becker,
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water holding capacity, swelling
A okt

FYd3 water-slurry process® AAHE ThFdE X F o]

Fol2dHEe 5A4& vetdhe ol A= 3kl
53] vre] A A StE ol Serdie] A dhee] w
Ex g3ty 54 dTeEA dolddEe A
Abehe AEAEAL B olS ARgske AAX[YAC #-83
A57Fd Ao Ztsta gl
ME %

XM=

 Adel AHgE SR, NaSO, 3 NaOH=

Duksan Pure Chemicals Co., Ltd.(Korea)Z %€ A|FF&
Ydoted Ao gol23) WS fgh BkSAI kS
Degussa Co., Ltd.(Germany)2] 3-chloro-2-hydroxyprophyl
trimethyl ammonium chloride(CHTAC, 65% active monomer
concentration)& 7 3+ ARE-3FS T
Lo|2MHES] M=

2.5L2] stainless steel HH2-Zof
base, d.b.) AHFS T F 1kgo] HEE 3
AR RS 40%wwt HEE 2EAT wheew
= 40°CE I3 o RS- o] S355 WA sl7] 9] st
S35 AIAIR] Na,SO,E AT ErH ol thate] 4%(wiw) 3
7}8+ & CHTACE 8~20%(w/w-dry starch) 3 7}3}31t}.
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ool 23l ukgol Fasdt dZdele] o olslE -3l

Tt x| gtme] S ol QAT S Axs Tt
NaOH?| #H717F ¥ vhexE Fex2 &7 pitched
typee] SLH71E o] &3] 250 pm o2 WREEA 24 4]

THFE AA B o3

71014 40°CZ 24 A7+ AZsta B2

) A 23S micro-KjeldahlH S A1&-31¢
A% & A S st S7He dagde
ol&st] T A oZFH ol S A
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Increased water content

Weight of starch (d.b.) <100
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A AL oF2 2ol 23k swelling powerS A2+ T

Swelling Weight of precipitation x 100
power = Weight of starch(d.b.) x (100-soluble sugar content(%o))

2= EEY

100mge] A|EE 100 mL volumetric flaske] Y2 &
I mL2] ethanol® 10 mLe] S/FTE ¥ & &89t
EFo] £ AlFo] 25N NaOH 2mLE F71ste] A&
£ 33 F 24 A7F B9 10°CAlA A BT &
3] &3/} Bt AlEE IN HCR 371 5
71t FHEIE 100mLE 283l 2905 &3
=437] 918 HF A EE AZsATE SmLe] 2258
(1,02 g+KI 2gy/100 mL distilled water) #& AlE 5m
9} &3 & 500mLZ 3]4st & UV spectrophotometerS:
o] &3} 500~700 nm HH oA scandl ™ blankZE =
SmL £2E=898 500mLE 34 5ke] AME-5F th(lkawa
et al., 1978).
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X-ray diffraction

X-ray diffractometer(D/MAX-2500, Rigaku Denki Co.,
Japanyg ol-&ste] T ANAEE zhe S5 FoleAd
AR XA =S SA s XA 3)d7g=] o] A4k
2 target voltages= 30kV, FFE 20 mA, scanning range=
3~45°0 2 39t}

of=z 24
e AVEE B Folo4 S45Re ohYR
e =As7] 95t

1000 cmg  cartridgeS 72t
Viscograph-E(Brabender, Germanay)E AF&-3lRom 2
SFFAR T Fol 2AARS 5.0%ww)e] FEE A

& pasting propertyS #2519 T}
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Table 1. Reaction conditions' for various cationic starches.

Rheometer(Carri-Med-CSL100, TA Instruments Ltd., Surrey,
England)E ©]-&3}a] 20°Coll 4] shear stress, shear rate<}
viscosityS =74 3131t} Geometry+= steel corn(® 6 cm, 2°)
and plateE AFE3IH 2™, shear rate 1~300s" H $] oA
ramp durationS 5HO0 2 &t AEN AUHEEE
NaCl& o] &3}e] 400 pSet 4000 pS= 2@ atglon A7
TEE 2ET FHT ASET e GolddR
1%(wiw) Z7FeE 5= 95°Co o] &0l 30 & 7HE g
SAAEZ AT
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Water holding capacity

AEe WA oJste] M9l -OH7]ol =Y ¥ &5
71 AR AWe 122 FsA &) wjiEe] B}
B2 ZAkEe] g4 JA WHE H2sHA E Tth(Wootton
& Bamunuarachchi, 1978). S5 o] 24 A 2] water
holding capacity= X&) vl Frlsl=d ol X
3= 9] Z7te) whel AE chain®] Fx7) ek A|H 1 Afo]
2 EEAY H2 9 Aol o]Foldthe As on gt
ST} 0.045 Fo7PAA S5 ol 2432 water
holding capacity®] S7H&o] #AX]7] Al&std=d] ole

NaOH (1 N, mL)

. . 0 4 5 6
Cationic agent (%, w/w) Bofore? Ao DS RE pH

20 600 500 0.060 53.6% 11.1

16 600 440 0.052 58.1% 11.2

12 600 320 0.042 62.7% 11.3

8 550 125 0.025 55.9% 11.8

8 550 0 0.020 44.7% 11.1

"Na,S0, addition : 4% (w/w-dry starch), Reaction Temperature : 40°C, Slurry concentration and volume : 40% (w/w) and 1 kg of dry starch

“Before cationic agent added

3After cationic agent added

*Degree of Substitution : Number of cationic groups/glucose unit
*Reaction coefficient : Reacted reagent/added reagent

®Slurry pH after reaction ended
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Table 2. Water holding capacity of native and cationic corn
starches at 25°C.

0 0.020 0.025 0.042 0.051 0.060
259 360

Degree of substitution
Water holding capacity (%) 113 125 129 171

w2pe] Aol &olstE s FEsHl EA ]
AR S onlet X% 0.069] Yol
AWt St HlaLste] ofF 5l
7}t water holding capacityS YER $1THTable 2). ©]
= OGS A= E 2t Fol 2] A&t Sk
o] el amylogramoll A1 ¢] SSiAl =7} whopxl = st
B-typeoll Al A-type2 = pasting properties”} H3}sl= Aol
tjst A& 7He3HA ghth(Schoch & Mayward, 1968).
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Solubility and swelling power
ol SR solubility?} swelling powers &
= X3tz e} vlg|sle] =7l AL HYgon HA =
T AE2] solubility9} swelling power7} A 2] <5314
2 60°Colste] RN F43] S7kshe Bas B3l
thFig. 1, 2). Yol A AE-2] X187} Z7}8HEE solubility

© 9 2RAME Frlele EeES Bilon ASe

0.04Z 7|22 solubility 2 swelling power’} & o2
Fedhe RS & F AEd ol XBTt SISl w
2} Ao 7Y 998 sk EAERI =Rl
met F2oME Eo] A s¥ol A7 Srteha
solubility 2 swelling power’} 7| 5718t AFo2® 3
A ek 53] A2 0.05-0.062] 3|k ol 247
£ 49-= amylograph® A3 FTPIA] &= FZolA
T43] §l=7t 48] F7tstdeH ol I3PiAlRE
2ol Aol FAYEEYol 2AHeR Etoen Tt
| fFrEo] 7 AR AdkET
25 5ol WEE solubilitye] SV ASE Ao=
e, ol ABETt 58 5 W 53
2% 2 =& water holding capacity® ¢135le] L3 2
16
14 —O—Raw corn starch
—e—DS 0020
12] —a-DS0025
-0-DS 0042
—e—DS 0,051

—&-DS 0.060

Solubility(%)
(]

30 35 40 45 50 55 60 65
Temperature(C)

Fig. 1. Solubility of cationic corn starches with various degree
of substitution.

y

140

—O—Raw corn starch
120 —e—DS 0.020
—4&—DS 0.025
—3-DS 0.042
100 —e—DS 0.051
—&- DS 0.060

Swelling power

30 35 40 45 50 55 60 65
Temperature('C)

Fig. 2. Swelling power of various cationic corn starches with
various degree of substitution.

T o]Follr= A elEol &t soluble fractions &
k= Zo] 7] witel 234E B S8 + 8l
At 3l 270 AAARE 2L HAHE ] solubility
2 swelling powerol] ZHE A7} SIPPA| T o] T A
T Xdo] HUAATHWong & Lelievere, 1982; Rainer &
Henrik, 1993) ol A2 th2 PP (e Es ¢
sto|=EA|Z2 g3l HiE) vt A %= water holding
capacity7b m-¢- 7] W&ol SSPRA] 2% o] %] A FE=
AAEE A 93l soluble fractions 2T 4 LT
Swelling power GA] Z3/IA| 2= ZH AN F43] F718
o DS7F 0069 Fol2ddEe] 50°Co A< swelling
power= M SR Blaste] 25 vy S7HE ws
YEM AT o224 die] on7|d v& #5715 ZAFA
7] stabilizationH/d ¢] 739~ A== Ae7]9] LAl
H] &3} swelling powere} solubility”} S7Fstth= AR
o &% = Slrh

590~600 nmAFel el A Ay 59l
FAEE 9] Wk A gk A EE A%ET T
7Fgel whet Zhashe FEHE B

sto] FA =L aste AL Folsrt M A A
ol Agsle 2187100 2l8ke] amylose®] helix 7-%7} ¥
a17] YEoE AIET AR 90T THE helical
ofd 2 Qo0 AXslE W HFZo| e} X8 groupel Wk
Wl AoF waz] 2om(Bailey & Whelan, 1961; El-
1982) ofMgshi} stol=F A Z 23] <]
3l hydroxyethyl 12| helical conformation®] X]t7]e]
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Hinawy et al.,
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=O=Raw corn starch
011 | —e~pS0.020
—4—DS 0.025
={=DS 0.042
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o
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]
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0.04
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Wave length(nm)

Fig. 3. Iodine absorption spectrum of cationic corn starches
with various degree of substitution.
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X-ray diffractogram

AA SFFART Fol4 SFFHES 20=153,
17.2~18.0, 23.0~23.3 oA 71 intensityS H.ol= &
A AFES Xeray diffraction pattern(Vasavthan &
Hoover, 1992; Waigh et al., 1997)2 X S thFig. 4). X
% 0.02-0.06 919 Fol AR A Bl FAfle] &
A IHAxe FEWIE HolA ol X-ray diffraction
pattern 2] WH3}S Ho|x] ItEd ol M| xTEHE
°k°]£7]7} AEYAe] FHIEFGl P52 o= At

714 (Hoover & Sosulski, 1985, 1986)S 153t} wha
o]/ AR E XZE 0.07 oo Fol &5
A M= crystallinity’} €#]3] 7FAdtte A3E 2
21o](Komiya & Nara, 1979) o] A AEA |
Ajtshs 92 AR TRl et d=2ge
E 01040‘11 ST A9 74 9
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Amylograph pattern

A S4d72 amylograme 33144 5 HEe| 5

e, Raw corn starch
b, A A VAN A M
“, AP VA Vion MM

DS 0.025
'Mw [ MM\WWM .
e

AN
DS 0.042
”vw \/\/V‘V\.N'\/MNWW o
V' /\l"\/\,\‘m
" M M DS 0.051
P o My \ WA W WAy
pet \

o~ TN DS 0060

e - BN

L L 1
10 20 30

Diffraction angle (20)

Fig. 4. X-ray diffractogram of cationic corn starches with
various degree of substitution.

7F 2 95°Col A 1587t 71
£ AYPA<l B type ZE-(moderate-swelling starch)9] 57
(Schoch & Mayward, 1968)S Ho|= WHA o] 23)= &

FAE T3EAS W3 A (Table 3, Fig. 5) ZFARY
Bt 07} AEF} Zho] =& peak AL 2 7Y 2o A
ZHAZFo] & A type(high-swelling starch)2] amylograph &
B & JeERA AT

A3 9] F7te] ot SsPiAlEEE AA ol A
A SFrdEe] s EQ] 80°Cet Hlawate] Ay
P E& (DS 0.060)0] Fol2d -2 43.5°C
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Table 3. Pasting characteristics of native and cationic corn starches in 5.0% (W/w) aqueous suspensions.

DS Pasting temp.  Peak viscosity T@mp. at peak Viscosity at ~ Viscosity after I5minat ~ Viscosity at Set-back
(°C) (BU) viscosity (°C) 95°C (BU) 95°C (BU) 50°C (BU) BU)
0 83.0 121 93.5 117 96 197 101
0.020 60.0 775 70.0 305 220 330 110
0.025 56.9 937 67.5 330 265 395 130
0.042 51.3 1190 63.0 303 235 450 215
0.051 46.0 1350 59.1 320 270 590 320
0.060 57.1 1455 57.0 375 350 630 330
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100

60

Viscosity(B.U.)
Temperature(C)

-1 20

o

—O—Raw com starch  ——0S0.020 —0-0S0.025 -&—0S0.042 —<0DS0.051 -#-DS 0.060

Fig. 5. Amylograph patterns of cationic corn starches with
various degree of substitution.

g e 3=l DS 0.029] Fol2HEzA A
TR sk 61 o] S7FeFAT ol d M=

& sto|=FA T2 IS} Aoy, oA e st HE
W3t = =& Fh(Kruger & Rutenberg, 1967, Comer &
Fry, 1978)21t] ©]&= CHTACE AH&dlo] A|Zshs ol
el A Aol =Y X$1e] EAEe] 1525
2, obM"7] 43, ste|EFAZZF 7] 5991 HlaLate] Al
Ao & 3he 2] dad T3t APHuM =S 5
7HA171+= steric hindrance®] 7o) Z7] WO 2 34
& 7 ok HuAE o] Foll= HErt F437] Haski
X7t Frbeell whgt HaHEe} 95°Cell A 1583
A&k Fo] HEA}olQl break-downe FRZE F71ekE A

G2 tehh e,

FAeF To] HE=A}o]Q set-back HTF

A%E St we Feste 2AdE veElided o=

Jol g W] A HEYAL TaHH F e o
oY Q15 §E3E 0= o] rhEsith

dubg oz QFg 8l E(stabilized starch)2]  pasting
propertiesi= X0 o]Este] Wal=t 53] ol &

X

Fol i 54 sl ] amylogram e 24 x| $He
o eZo] sttt AL rsn w71t AR
hydroxyl7] o] X PO T thokst WAARS AL
amylogram®] TFF3F pasting E4d0] HEe] WAE FxS
solsls G231 W o g A}Le 5 9l on)Eit),

=

=

Rheological properties

AR SR5ART Fol 24 SFFAR 1%(w) B

o) 40

600 30
© Peak viscosity(BU) 20
OViscosity(BU) at 50°C

200  Gelatinization Temperature(*C) 10

Viscocity(B.U.)

cn

8
Temperature(°C)

IS
3
3

® Temperature(°C) at peak viscosity

0
0.01 0.02 0.03 0.04 0.05 0.06 0.07

Degree of Substitution

Fig. 6. Pasting characteristics of cationic corn starches with
various degree of substitution.

sl o] {FEES UM Foldxwe Aol 7He
S W] B AR A ARE-E = I et fAKSE
T(Lee et al.,, 2000)2] A7 E=EQ1 400 uS€t 4000 pSe]
zAM =43 A= Fig. 73 8ol UeRiA A7
E57F 400 pS?l A5 AA SH5dE sk e
o] Al AMS YeERNO] Newtonian &0l 7H7h-e 54
B0 Fol2gdite] Boe dAdEert S7het
AH7] H&=7F 2+A 3= non-Newtonian pseudoplastic
N o] FEELS YN eH old f5548 d7]
I=%7}F 4000 S 74--ol= FAFH YeRgth 28y

o
) AEET} e A% e o] JolegAR &

L

2 2L oo (B ol

14 O Raw corn starch .
4 DS 0.025 e
S12 0 DS 0.042 #’,..P'"
[
7]
7]
g
k]
=
o
)
£
2}

350

Shear rate(1/s)

Fig. 7. Rheograms of various cationic corn starches at solution
of 400 LS conductivity.

16
O Raw corn starch
A DS 0.025
12 0O DS 0.042
* DS 0.051
= DS 0.060

14

10

Shear stress(Pa)
oo

puuum =8

munE sunmuEs eee o0

2 nm, 33350388z 13

v 00000000 (o}

0 r - r
150 200 250 300 350

Shear rate(1/s)

Fig. 8. Rheograms of various cationic corn starches at solution
of 4000 pS conductivity.
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60 | ® 400yS, Shear rate 1/100
0 400yS, Shear rate 1/200
2 591 ®40004S, Shear rate 1/100
) D04000pS, Shear rate 1/200
> 40
2
K
S 30
2
5 5 |
10 |
0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Degree of Substitution

Fig. 9. Apparent viscosities of various cationic corn starch
solutions at different shear rate and conductivity.

Ao FEEALS A7) Arwrt e 93} v w5y
T} B Newtonian &40l 717k EA4S Yel= A&
T AAJT o2 AVNHEET S A e
o] Fol A SFFHEL Fol27] XS ME= 5 A
¢l EAWHS} Atk S d5T = AT
ARZ|AE B3 A7 Ere] Jge o
slalol| A Zhg X|8hme] ol 24w 54 shear ratel]
Aol AERIZIAEE §YT XFxe] Fol2Adiol
4000 puSe] &-Holl A Uell= AR Hste] 3 1) o]
4ol s vEplen el Aole XS=Tt FrhsHA
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