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Development of Higher Functional Coating Agents
for Pulp Mold
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SUMMARY

In recent years, numerous studies have been carried out to find out the
possible substitution of exploded polystyrene(EPS) used in packaging of watery
or oily foods. Accordingly, this study was carried out to develop the higher
functional coating agents for pulp mold by evaluating various kinds of

biodegradable coating agents.

1. Investigation of functions of synthetic and natural coating agents
This study was carried out to obtain the basic data for producing higher
functional coating agents for pulp mold by evaluating various kinds of synthetic
and natural coating agents on the market. Physical properties of coated
paperboards were tested. Conclusions obtained from this study were as follows.
AKD and PVA showed higher functions than the other synthetic coating
agents, while functions of CMC, Corn starch and Oxidized starch were higher
than those of other natural coating agents. Based on concentrations, AKD 0.5%,
PVA 10%, CMC 1.5%, corn starch 6% and oxidized starch 8% were appeared as
the proper concentrations. We consider that AKD may be suitable for the storage
of higher moisture vegetables and other food, and PVA may be suitable for

higher oily fried food.

2. Development of mixed coating agents

This study was carried out to obtain the basic data for producing higher
functional coating agents for pulp mold by evaluating various kinds of mixed
coating agents. At that time, two kinds of synthetic coating agents(AKD, PVA)
and three kinds of natural coating agent(CMC, corn starch, oxidized starch) were
used for making the mixed coating agents respectively. Physical properties of
coated paperboards were tested. Conclusions obtained from this study were as

follows.



Based on concentrations, the proper mixture ratios were 10:90(AKD:CMC),
10:90(AKD:corn starch), 10:90(AKD:oxidized starch), 40:60(PVA:CMCO),
20:80(PVA:corn starch) and 20:80(PVA:oxidized starch). The mixed coating agent
of PVA:corn starch(20:80) was the most efficient coating agent. Consequently,
water and oil resistance were improved even with much addition of natural
coating agents. We consider that they can be suitable for the packaging used in
the storage of higher moisture vegetables and other food, and also can be

suitable for oily fried food.

3. Manufacture of starch derivatives for coating

This study was carried out to obtain the basic data for producing higher
functional coating agents for pulp mold by evaluating various kinds of starch
derivatives. At that time, four kinds of starch derivatives were manufactured for
making coating agents respectively. Physical properties of coated paperboards
were tested. Conclusions obtained from this results were as follows.

The water and oil resistance of hydroxypropylated starch were high when 15%
of propylene oxide was added to the starch. The those of cyanoethylated starch
were high when 4% of acrylonitrile was added to the starch. And the those of
carboxymethylated starch were high when 4% of sodium monochloroacetate was
added. Also, the those of -crosslinked starch were high when 0.019% of
epichlorohydrin was added. Consequently, 8% solution of carboxymethylated
starch made with 4% of monochloroacetate was best among coating agents from

starch derivatives mentioned above.

4, Development of biodegradable and higher functional coating agents

This study was carried out to obtain the basic data for producing higher
functional and biodegradable coating agents for pulp mold by evaluating various
kinds of biodegradable polymers. At that time, five kinds of biodegradable

polymers were used for making coating agents respectively. Thereafter, the
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carboxymethylated starch and biodegradable polymers(k—carrageenan, chitosan)
were used for making the mixed coating agents. And physical properties of
coated paperboards were tested. Conclusions obtained from this reults were as
follows.

Based on concentrations, 4% of k—carrageenan and 5% of chitosan showed the
higher water and oil resistance. 10% of sodium alginate, 4% of corn zein and
15% of polycaprolactone showed only the high water resistance. However, these
had no great effect on oil resistance. On the other hand, considering the results
of coating with agents which mixed K-carrageenan or chitosan in
carboxymethylated starch, the proper mixture ratios were 90:10(carboxymethylated
starch : K-carrageenan) and 50:50(carboxymethylated starch : chitosan).
Consequently, since these mixed coating agents have the excellent
biodegradability with the higher water and oil resistance, these can be used as

the environmental-friendly coating agents.

5. Economical analysis of coating agents

We compared manufacturing cost of higher funtional and biodegradable coating
agents with that of pulp mold coating agents that is marketed. Conclusions
obtained from this reults were as follows.

The marketed synthetic coating agent(acrylic emulsion polymer) is 1,600 won/kg,
and biodegradable coating agent that is imported from Japan is 6,000 wons/kg.
By the way, the price of coating agent that mixed chitosan in carboxymethylated
starch is similar to the that of synthetic coating agent. And, that is 30% level of
price of biodegradable coating agent. Accordingly, this coating agent will be
competitive to marketed coating agents because the importance of environment is
embossed and govermental regulation for environment becomes strict. On the
other hand, coating agent that mixed k-carageenan in carboxymethylated starch
was evaluated as the most commercially viable agent because its price is greatly

cheaper than any coating agents that is marketed.
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Table 1. Concentration of coating agents

Coating agents Concentration(%5)
Rosin size 0.1, 05, 1.0, 1.5, 2.0, 25
Synthetic coating AKD 0.1, 0.5, 1.0, 1.5, 2.0
agents PAM 01, 05, 10, 15
PVA 1, 5, 10, 15
CMC 0.1, 0.5, 1.0, 1.5, 2.0
MC 0.1, 0.5, 1.0, 1.5, 2.0
Natural coating COI.‘H. starch 2, 4, 6, 8,10
Oxidized starch 2,4, 6, 8 10
agents Acetate starch 2, 4, 6, 8 10, 12
Cationic starch 2,4, 6,8, 10, 12
Amphoteric starch 1, 2, 3,4, 5

ORI ke

| @ a38se

Fig 1. Photograph of coater
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Table 3. Physical properties of synthetic coating agents

Coating agents
Coated Breaki Water  Oil

Visco— Density membrane Bright— Frsita Burst Jndex Tear index absorp- resist-

Kinds Cor%%rrlltf . ?étgsy (g/cn?) tkn(cpl;nnt)ess ness (Kr) (kPa - m7/g) (mN - m7/g) (;;;1 (asneco%
100rpm)

Dggg;’gg;dd 0.74 0 354 1.90 161 1063 674 10
01 87 39 068 12 361 158 156 1039 573 10

05 98 39 068 12 31 165 159 1080 553 10

o e MO 10139068 12 338 167 1.64 ULl 491 15
15 101 39 069 12 329 166 160 125 219 15

20 102 42 069 13 329 170 1.60 127 115 15

25 102 45 069 13 325 179 164 1087 283 10

01 54 39 068 12 361 183 153 1041 45 10

05 39 39 068 12 360 187 164 041 27 10

AKD 10 39 39 068 11 354 188 164 1047 22 10
15 38 45 069 11 351 189 162 1042 22 10

20 36 45 068 11 353 183 164 1059 21 10

01 68 618 068 10 352 192 162 1048 670 10

by 05 65 503 069 a1 342 1w 166 1068 320 15
10 65 2028 060 11 331 193 1.66 1059 56 30

15 62 255 069 11 335 195 170 1062 64 40

1 63 60 069 11 346 179 165 1100 641 10

A 5 57 318 068 10 301 186 168 1107 326 900
10 57 3635 068 10 301 189 168 1120 96 3600+

15 56 3809 068 11 305 192 1.66 1130 92 3600+

* Basis weight of paperboard : 480 g/rn2

A FRA FHA web zpolrt A, dAnkHo=w o
192 ~ 1.95 Kmz ©]9] 284 Ht} 01 ~ 03 Km A% =& %< Jedch
BGAFE= PVASH PAM 289 2% 162 ~ 1.70 kPa-ni/g=, JDAFE i
g 79 1100 ~ 1130 mN-n7/g® 2 28] wrd 39455 0.06 ~ 0.09 kPa-
n/g, JEAFE 03 ~ 61 mN-niv/g A% & Ao ojg o] AxE=Z

M= PAM¥} PVAZF frel@ o= Aty BASHEAN SR

rlo

o o A =

b 7A€

FrEe ZYA RS FEo wet Aolrt g, TRV HolETE STE
7V #AaEE Aoy, ZEA FHEEE rosin sizeAE 2.0%, AKDE 0.5%,
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Table 4. Properties of natural coating agents
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Table 5. Physical properties of coating agents made of cellulose

derivatives
Coating agents

Coated Breaki Water Ol
Co 3 Visco— Densitoy membrane Bright— 1 N8 Burst in(ziex Tear in(;ex absorp— resist—

Kinds rgtieorrlf 1 sity (g/cn’)  thickness  ness a(mlgth (kPa -m7/g) (mN-m7/g) tion ance
(%) (cPs, (hm) (g/m)  (sec)

100rpm)
Uncoated 0.74 0 /4 1.90 161 106.3 674 10
paperboard ' ) ’ ’ )

0.1 6.8 6.9 0.68 10 34.8 1.49 1.59 109.8 670 10

0.5 7.0 26.4 0.67 11 33.6 1.54 1.60 111.1 568 30

CMC 1.0 7.0 91.8 0.67 11 32.7 1.56 1.68 111.8 61 100
15 7.2  349.1 0.68 11 32.9 1.80 1.70 111.7 55 360

2.0 72 6455 0.68 11 32.9 1.80 1.66 112.2 63 360

0.1 6.5 5.7 0.67 11 34.7 1.82 1.54 109.8 672 10

0.5 6.6 28.8 0.68 11 335 1.86 1.56 110.9 651 15

MC 1.0 6.7 189.6 0.67 11 32.2 1.88 1.71 110.3 301 90

15 6.7 7438 0.68 11 31.7 1.88 1.70 114.0 358 90

2.0 6.6 2,196 0.68 12 314 1.87 1.71 115.0 486 90

* Basis weight of paperboard : 480 g/m’
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Table 6. Physical properties of coating agents made of strach derivatives

Coating agents

Coated e Water Ol
Visco— Density membrane Bright— I ength Slex Tear in ex absorp— resist—

Concent (g/em’) thickness — ness (Kr) (kPa m7/g) (mN - m/g) tion,  ance

EEEE s (um) @) (sec)
100rpm)

pg§§$£;dd 0.74 0 354 1.90 161 1063 674 10
2 63 168 068 12 323 170 154 1112 216 25

4 B9 6275 069 11 316 1.87 1.62 1115 103 100

Corn starch 6 58 2615 069 11 322 192 1.65 1125 54 230
8 55 3807 069 11 326 194 1.66 1126 56 210

10 55 5000 069 11 335 1.89 167 1138 59 210

2 68 64 068 12 332 1.83 1.55 107.0 623 10

4 68 89 069 12 306  1.87 158 1075 534 35

Osﬁfriczﬁd 6 67 168 068 12 290 19 1.61 1103 180 60
8 68 462 069 12 286 199 1.61 1133 47 210

10 67 1440 069 13 288 201 1.64 113.1 4 120

2 56 51 068 12 333 1.83 1.56 112.0 668 10

4 53 78 068 12 312 187 1.65 1126 637 10

Acetate 52 138 068 13 291 196 1.64 1123 600 20

starch 8 53 435 068 12 216 197 1.65 11277 208 90

10 52 912 068 11 275 196 1.66 11277 135 240

12 52 1209 069 12 279 200 1.69 1169 149 360

2 66 51 069 12 334 1.88 1.59 1057 609 10

4 65 93 069 12 302 2.00 1.62 106.3 298 10

Cationic 64 168 068 11 296 203 1.61 106.9 213 3%
starch 8 64 273 069 11 287 202 1.66 1065 164 120

10 63 492 069 10 287 202 1.68 107.2 48 150

12 62 816 069 11 283 207 1.68 107.0 58 240

1 78 741 068 11 347 194 1.60 1038 47 10

2 92 2159 069 12 340 197 1.64 104.7 169 15

Arr;{’gr"ctgﬂc 3 92 5075 068 12 336 200 1.68 105.1 93 20
4 93 866 068 11 330 202 1.72 106.0 62 50

5 95 2040 068 11 323 205 1.70 114.0 60 60

* Basis weight of paperboard : 480 g/rn2
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Fig. 2. Water absorptiveness of coating agents.
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Fig. 3. Oil resistance of coating agents.

1. Rosin size(2.0%) 2. AKD(05%) 3. PAM(1.0%) 4.
PVA(10%) 5. CMC(1.5%) 6. MC(1.0%) 7. Corn
starch(6%) 8.  Oxidized starch(8%) 9. Acetate
starch(10%) 10. Cationic starch(10%) 11. Amphoteric
starch(4%)
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Water absorption(after 2 min.) Qil resistance(after 10 sec.)
Fore side Back side Fore side Back side

Fig. 4. Photographs of uncoated paperboard.

Water absorption(after 2 min.) Oil resistance(after 10 sec.)
Fore side Back side Fore side Back side
Fig. 5. Photographs of paperboard after coating with AKD(0.5%) coating
agent.
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Water absorption(after 2 min.) Qil resistance(after 3600 sec.)

Fore side Back side Fore side Back side
Fig. 6. Photographs of paperboard after coating with PVA(10%) coating
agent.
Water absorption(after 2 min.) Qil resistance(after 360 sec.)
Fore side Back side Fore side Back side
Fig. 7. Photographs of paperboard after coating with CMC(1.5%) coating
agent.
Water absorption(after 2 min.) Qil resistance(after 230 sec.)
Fore side Back side Fore side Back side

Fig. 8. Photographs of paperboard after coating with corn starch (6%)
coating agent.

_46_



Water absorption(after 2 min.) Qil resistance(after 210 sec.)

Fore side Back side Fore side Back side
Fig. 9. Photographs of paperboard after coating with oxidized starch (8%)
coating agent.
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Table 7. Coating agents and mixing ratios for making the mixed coating
agents

Coating agents Mixing ratios
AKD(0.5%) + CMC(1.5%)
AKD(0.5%) + Corn starch(6%)

AKD(0.5%) + Oxidized starch(8%)
PVA(10%) + CMC(1.5%)
PVA(10%) + Corn starch(6%)

PVA(10%) + Oxidized starch(8%)

100/0, 90/10, 80/20, 70/30, 60/40,
50/50, 40/60, 30/70, 20/80, 10/90,
0/100
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Table 8. Physical properties of paperboard after coating with agents which
mixed CMC in AKD

Coating agents

Coated . 8 ‘Water ()l.l
_ Visco- Density membrane  Bright- Blredkmg Burst index Tear index absorp- resist-
Ratio sity (g/cm’) thickness  pegs (Kr) (kPa - m/g) (mN - m7/g) tion,  ance

Tye "oy PH (cps, (um) () Gx)
100rpm)

Dgggrt{)a(fgfd 0.74 0 /4 1.90 161 1063 674 10
10000 39 39 068 12 360 187 164 1041 27 10

90/10 55 114 069 13 351 18 162 1079 28 10

80/20 57 210 069 12 346 185 1.66 1103 29 10

70/30 59 306 067 13 345 186 166 1106 29 20

60/40 61 453 068 13 343 185 165 1092 33 5
%ﬁ%ﬂ%@/ 5050 62 657 068 13 338 182 170 1107 35 45
40/60 64 918 068 13 338 182 170 1095 45 50

30/70 64 1203 068 13 336 183 167 1099 46 50

20/80 66 1533 069 11 329 183 167 113 49 120

10/9 66 195 069 11 325 18 172 112 49 1050

0/100 72 3491 068 11 329 180 170 117 5 360

* Basis weight of paperboard : 480 g/rn2
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Table 9. Physical properties of paperboard after coating with agents which
mixed corn starch in AKD

Coating agents
Coated Breaki Water Ol
Visco— Dens@/ membrane Bright— 1 engﬂr;g Burst index Tear index absorp- resist-
T Ratio I sity (g/cmi’) thickness  ness (Kon) (kPa - m7/g) (mN - m’/g) tion2 ance
e © P (cps, (o) (g/m) (sec)
100rpm)
Uncoated
paperboard 0.74 0 35.4 1.90 1.61 106.3 674 10
100/0 39 39 0.68 12 36.0 1.87 1.64 104.1 27 10
90/10 39 45 0.68 12 36.3 1.85 1.66 105.8 28 10
80/20 39 48 0.69 12 36.1 1.84 1.67 106.4 29 10
70/30 4.0 186 0.69 12 35.9 1.83 1.66 106.8 30 10
_60/40 41 480 0.69 13 355 1.84 1.66 107.9 30 15
AKD(0.5%)
/Corn  50/50 42 117.0  0.69 11 34.8 1.84 1.64 109.5 31 40
starch(6%) _
40/60 43 3719  0.68 12 33.7 1.84 1.64 112.1 32 50
30/70 45 8038  0.68 11 33.2 1.85 1.65 1124 33 60
20/80 4.8 1,158  0.69 11 325 1.83 1.66 1116 33 210
10/90 52 1,836  0.69 12 32.4 1.83 1.67 1124 35 240
0/100 58 2,615  0.69 11 32.2 1.92 1.65 1125 54 230

* Basis weight of paperboard : 480 g/rn2
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Table 10. Physical properties of paperboard after coating with agents
which mixed oxidized starch in AKD

Coating agents

Coated Breaki Water Qil
Visco— Dens@/ membrane Bright— 1 engﬂr;g Burst index Tear ing absorp-  resist—
T Ratio sity (g/cmi’) thickness  ness (Kon) (kPa - m7/g) (mN - m’/g) t:iorl2 ance
e © P (cps, (o) (g/m)  (sec)
100rpm)
Uncoated
paperboard 0.74 0 35.4 1.90 1.61 106.3 674 10
100/0 39 39 0.68 12 36.0 1.87 1.64 104.1 27 10
90/10 4.4 48 0.68 11 35.4 1.82 1.62 106.1 28 10
80/20 46 9.3 0.68 11 345 1.84 1.63 109.4 28 10
70/30 49 15.0 0.68 11 32.9 1.88 1.62 109.5 31 15
_60/40 52 258 0.68 11 32.8 1.88 1.63 110.9 32 20
AKD(0.5%)
/Oxidized 50/50 54  30.6 0.67 12 31.8 1.87 1.62 111.4 34 40
starch(8%)
40/60 56 348 0.68 12 31.3 1.86 1.61 111.0 35 40
30/70 59 354 0.69 11 30.4 1.85 1.60 111.3 37 70
20/80 6.1  36.6 0.69 11 30.2 1.87 1.61 110.9 38 120
10/90 6.4 399 0.69 11 29.7 1.94 1.61 113.7 39 180
0/100 6.8  46.2 0.69 12 28.6 1.99 1.61 113.3 47 210

* Basis weight of paperboard : 480 g/rn2
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Table 11. Physical properties of paperboard after coating with agents
which mixed CMC in PVA

Coating agents
Coated Breaki Water Ol
Visco— Dens@/ membrane Bright— 1 engﬂr;g Burst index Tear ing gex absorp— resist—
T Ratio I sity (g/cmi’) thickness  ness (kPa - m7/g) (mN - m’/g) tion2 ance
e © P (cps, (o) (g/m) (sec)
100rpm)
Uncoated
paperboard 0.74 0 35.4 1.90 1.61 106.3 674 10
100/0 5.7 3635  0.68 10 30.1 1.89 1.68 112.0 96 3600+
90/10 5.8 4439  0.68 11 29.9 1.84 1.64 109.3 96 3600+
80/20 59 4403  0.67 10 30.0 1.89 1.64 109.7 95 3600+
70/30 6.1 4103  0.67 10 30.2 1.89 1.66 111.8 93 3600+
60/40 6.2 3947  0.68 12 30.2 1.86 1.65 112.1 88 3600+
PVA10%)/ /=
CMC(1.5%) 50/50 6.3 3683  0.67 11 30.3 1.84 1.66 112.2 77 3600+
40/60 6.5 349.1 0.67 11 30.9 1.84 1.66 111.2 72 3600+
30/70 66 3263  0.67 10 31.2 1.80 1.67 112.9 68 3000
20/80 6.7 3239  0.67 10 31.3 1.80 1.65 1126 67 720
10/90 6.9 3227 067 10 32.0 1.81 1.68 1125 63 360
0/100 7.2 349.1 0.68 11 32.9 1.80 1.70 111.7 55 360

* Basis weight of paperboard : 480 g/rn2
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Table 12. Physical properties of paperboard after coating with agents
which mixed corn starch in PVA

Coating agents
Coated Breaki Water Qil
Visco— Dens@/ membrane Bright— 1 engﬂr;g Burst index Tear ing absorp-  resist—
T Ratio I sity (g/cmi’) thickness  ness (Kon) (kPa - m7/g) (mN - m’/g) t:iorl2 ance
e © P (cps, (o) (g/m)  (sec)
100rpm)
Uncoated
paperboard 0.74 0 35.4 1.90 1.61 106.3 674 10
100/0 5.7 3635  0.68 10 30.1 1.89 1.68 112.0 96 3600+
90/10 5.7 495.1 0.69 10 29.8 1.89 1.66 112.1 99 3600+
80/20 56 4916  0.68 11 29.7 1.90 1.66 112.7 94 3600+
70/30 56 4959  0.68 12 29.5 1.92 1.67 113.3 93 3600+
60/40 56 4953  0.68 12 29.1 1.89 1.66 1139 88 3600+
PVA(10%)/
Corn 50/50 56 4963  0.69 11 29.1 191 1.66 112.8 77 3600+
starch(6%)
40/60 56 4966  0.68 11 29.0 1.87 1.66 112.3 65 3600+
30/70 56 498.0  0.67 11 30.3 1.89 1.67 1139 60 3600+
20/80 56 499.0  0.67 11 315 1.90 1.68 111.8 54 3600+
10/90 5.7 841.0 068 10 32.0 1.90 1.65 112.2 53 1200
0/100 58 2,615  0.69 11 32.2 1.92 1.65 1125 54 230

* Basis weight of paperboard : 480 g/rn2
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Table 13. Physical properties of paperboard after coating with agents

which mixed oxidized starch in PVA

Coating agents
Coated Breaki Water  Oil
Visco- Density membrane Bright— 1 % Burst 1ndex Tear mdex absorp—  resist—
Ratio sity (g/cn) thickness  ness (Km)g (kPa -m/g) (mN-ni/g) ton  ance

Twe "o PH (pg (um) (@/m)  (sec)
100rpm)

Uncoated 0.74 0 354 190 1.61 106.3 674 10

paperboard
100/0 57 3635  0.68 10 301 1.89 1.68 112.0 9% 3600+
90/10 59 2723 068 12 308 188 1.66 113.1 93 3600+
80/20 58 2268 068 11 309 189 1.65 112.1 93 3600+
70/30 58 1834  0.68 11 308 190 1.65 112.2 90 3600+
60/40 59 1272 069 10 307 192 1.66 113.7 83 3600+

PVA(10%)/

Oxidized 50/50 6.0 936  0.67 10 307 191 1.65 114.9 83 3600+

starch(8%) .
40/60 60 723 067 11 304 190 1.67 114.8 85 3600+
30/70 61 522 067 11 300 192 1.66 114.4 79 3600+
20/80 6.3 444 068 11 292 193 1.66 113.0 59 3600+
10/90 64 408  0.68 11 289 192 1.65 112.4 43 930
0/100 68 462 069 12 286 199 1.61 113.3 47 210

* Basis weight of paperboard : 480 g/m’
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10. Water absorption of paperboard
agents.

Fig.
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Fig. 11. Oil resistance of paperboard after
coating with mixed coating agents.

* 1. AKD:CMC(10:90), 2. AKD:Corn starch(10:90), 3.
AKD:Oxidized starch(10:90), 4. PVA:CMC(40:60),
5. PVA:Corn starch(20:80), 6. PVA:Oxidized starch
(20:80).

Water absorption(after 2 min.) Qil resistance(after 1050 sec.)

Fore side Back side Fore side Back side
Fig. 12. Photographs of paperboard after coating with AKD:CMC(10:90)
mixed coating agent.
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Water absorption(after 2 min.) Qil resistance(after 240 sec.)

Fore side Back side Fore side Back side

Fig. 13. Photographs of paperboard after coating with AKD:Corn
starch(10:90) mixed coating agent.

Water absorption(after 2 min.) Qil resistance(after 180 sec.)
Fore side Back side Fore side Back side

Fig. 14. Photographs of paperboard after coating with AKD:Oxidized
starch(10:90) mixed coating agent.

Water absorption(after 2 min.) Oil resistance(after 3600 sec.)
Fore side Back side Fore side Back side

Fig. 15. Photographs of paperboard after coating with PVA:CMC(40:60)
mixed coating agent.
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Water absorption(after 2 min.) Qil resistance(after 3600 sec.)

Fore side Back side Fore side Back side
Fig. 16. Photographs of paperboard after coating with PVA:Corn

starch(20:80) mixed coating agent.

Water absorption(after 2 min.) Oil resistance(after 3600 sec.)
Fore side Back side Fore side Back side

Fig. 17. Photographs of paperboard after coating with PVA:Oxidized
starch(20:80) mixed coating agent.
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v Zmzs=aeld, oA ¥ B 2 Ao AdHA”
kA B AT AE ZB A EAS NSty fAste], o8 AR FEA T
T8 Ao 7 AR HE hydroxypropyl, cyanoethyl, carboxymehtyl3} &

[e)
o
W taAY AR Axsm, olge Wi % WY 5 mPARAY 54 T

7t FAAE

2 7oA AbgE mHE BAE B 480 g/m’e A& AFNA Psiske] A}

. A& =4 A=

o . Hydroxypropyl3d} #&
Hydroxypropyl8t &S Choig’el Wwoz 70% olege S5 ARS
50%(w/v, H=E75) o] dEdo propylene oxide(Aldrich

Chemical Co.)E #7181, e E 2 65CE FR &Y DHE §7]2 AL&3ste] 24

h
iz
>
>
P
o
2

A 7H5¢r vk A1A A x5ttt Propylene oxide®l #H7F¢E&S 1, 5, 10, 15, 20% =

sttt

o. Cyanoethyl3} 7+

Cyanoehtylst A& Hebeish5”e] ¥ < o] &3le] +43 isopropyl alcohol®]
SFF AR 50%(w/v, AF7IE)R FAAAZ v, o] @l acrylonitrile(AN,
Duksan Chemical Co.) & 7}, W25 60CE X8t diHdE &718 A

galo] 4N7HERY Mg A AxAUT ANS AAFEL 1,2, 3 4, 5%2 ST,
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o. Carboxymethyl3} A&

Carboxymethyl3} A %& Stojanovics?e] WHS o] &3te] 50%(w/v, 7AZ7]F)
L AR o] MCA(Sodium monochloroacetate : CICH:COONa, Wako
Chemical Co & #H7Fstar, WE2%5 70CRE fAsty doHw 718 ALgste] 7
A s QE WAl A AlxE AT MCAS H7brE2 1, 2, 3, 4, 5% = sttt

A AE HAELS Hammerstrands 9] WS o] &3te] 50%(w/v, D&F7F) &5
2 e Ao epichlorohydrin(1-chloro-2,3-epoxypropane, Sigma Chemical Co.)
5, 26~30C= fAstH HaAE {75 A&l 24AbEet dHEZ
SAA Az 7FnZA A 9 epichlorohydrin®] H7brFaS 2lE#8 WA A
w Az=A A & HYd 0.03% ool dE e 0.005, 0.01, 0

0.03%= 3}

gl Ay
o
g9 = 2
[S—
[S—
()
]
—
?—‘

=4

_11)1

o. Hydroxypropyl3} A& 3%
Johnsong)gl HHH © 2 hydroxypropyl groups 590nmoll A S3 L9 &Ho =z A
stttk A= (Degree of Molar Substitution, DS)& thS Ao o8] A4kttt
= (162 x hydroxypropyl % ) / ( 5800 - 58 x hydroxypropyl % )

Hebeish”¢] Wl oz ugo] WMo Arol ko tJehf=d, A4
o g A3t XS EE v Ao o& AAkedth

o2
rlo
i
i)

o. Carboxymethyl3} A& 3% =A
Kim3} Lim”¢] W e & carboxymethyl groupS 0.IN NaOH #F oz 24
ato] FEFatrh A= v Aol o8 AlLksk i
DS = ( 162 x carboxymethyl % ) / ( 11,648 - 11648 x carboxymethyl % )
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9] 7} 3l % (degree of crosslinking)

)

o. 7thustx 54
&3} epichlorohydrin® ¥FH348(%)3} %
L HammerstrandS"2] wWo] uwleg} wSEx ¢m P epichlorohydring
periodate® AF3}A1 7] & chromotropic acid® WM AA 570 nmolX FHE=E =F
st Attt Jtuste s 7tudgd FEEde] A (anhydroglucose units
per crosslink, AGU/CL)®} &7} 3} % (molar degree of crosslinking, MDC)= A4t
sto] EAlsHA T
3). =¥ Y pH % A= 54
FE N pHi= pH meter(ORION 710A)& A&3le A9 on, HAEE
Brookfield Viscometer(DV-II+, Brookfield Eng. Inc., USA)Z A}&3&lo] 3"
100rpmo. 2 3¥kE 73t}
4). 29
74 AL FAES o9 (2, 4, 6, 8 10%)& &3 A7 %, ¥ (PI-1210
Tester SANGYO Co., Ltd., JAPAN)E A}-&3}e] #Ax|o] FE3t1, $FAZ7](50C)
NA HAZAI A
5). VA #AAY 4 A
ARE AAE FIFA(2 20+1°C, RH : 6545%)°ll 4 24713t o] =53
T, 25" #AA = TAPPI Test Methodsoll 2/ A W=, Z®EE 54, fAs A3
A g, JAEAFE S A =3 I8 E AA ] FF%E5 CobbHE ARE-3he]
SAstR oy, Wfree HaAWFE A Wire AdUes 463
3. 2% 2 1 #
=L b4 A=

A= A
9] hydroxypropyl”] @3 X& %= Table 149 #t}

Wol A 4= hydroxypropyl”] & #o]

A F7FskA &Skt

7}.
1). Hydroxypropyl3} A&
sl ZFe
of thal H7}3F propylene oxided <ol
[¢)
, 0

Hydroxylpropyl3}t
18 =% F7Het =, 10% o] %o
- 66 -



Table 14. Determination of hydroxypropyl group(HP) and degree of
substitution in hydroxypropylated starch

Propylene oxide per HP(%) DS
starch(%)
1 0.838 0.024
5 3.412 0.099
10 5.314 0.157
5 6.110 0.182
20 7.282 0.219

2). Cyanoethyl3dt A& 3= =3
Cyanoehtyls} <] N &3 X 3= Table 159 2o AR Tl dis] A
7}3t AN(Acrylonitrile) o] %o] Wold 4=

.

z

ol
o
o
52
X2
o
=
r—i&"
o
b
o|\
~
Ol
399

Table 15. Determination of N and degree of substitution in cyanoethylated

starch
Acrylonitrile per starch(%) N(%) DS
1 0.148 0.017
2 0.295 0.035
3 0.449 0.053
4 0.598 0.071
5 0.748 0.089

3). Carboxymethyl3} A& X3z =3
Carboxymethyl3} A 9] carboxymethyl”] X 8% ¢} w+&48 2 Table 163 72t}

AR FEFol sl H7Eg MCAS o] @old % carboxymethyl | $t%=7} F7}e}
Fom WSFEEE MCAQ #H7b#o]l 1 ~ 4% 7HA & 30% ALz e oo

L, 5%l A= 66% % ThA ETES AT

Fir
rlo
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Table 16. Degree of substitution and reaction yield in carboxymethylation
with wvarious amounts of sodium monochloroacetate in making
the carboxymethylated starch

CICH2COONa per starch(%) DS Reaction yield(%5)
1 0.0021 30
2 0.0049 35
3 0.0077 37
4 0.0091 33
5 0.0230 66

4). 7t A AR stugts &34
AR 545 AAs 98 o8 7tu 234 & b a9 & Aoz gex

epichlorohydring AF&3te] 7lust=rt o2 723l

1‘
r>~l
Me
o
2
BN
ol
32
(o]
o
1
2

HH-8-3k epichlorohydrin®] o2 FE Axksh 7luste =

r
=
jab)
=N
)
—
i
)
M
kv
rN
™
M

AE 2] Flol|=22A 7] 5L epichlorohydrin® ©@AIAH o2 dH = ZASS slo] 7wz

Fol o A4 Y T2 FYAL

Table 17. Degree of crosslinking and reaction yield of crosslinked starch

) | Epichlorohydrin Unreacted Reacted Reaction| AGUY/ |Crosslinks
Epichlorohydrin applied epichlorohydrin | epichlorohydrin |  yield | Crosslink | /100AGU
per starch(%) ; 2)

mg per 100g of starch (dry basis) % MDC*
0.005 5 1.2908 3.7092 74 14,500 0.007
0.01 10 1.3301 8.6699 87 6,200 0.016
0.015 15 1.5037 13.4963 90 4,000 0.025
0.02 20 1.2483 18.7517 94 2,900 0.035
0.03 30 1.8806 28.1194 94 1,900 0.052

V" Anhydroglucose unit
? Molar degree of crosslinking

7Fa A AIQL epichlorohydrin®] H7FEES vl 259 kY (FDA) CFR(Code of
Federal Regulations)ol4] 2158 WAHE A=A HAd 5849 0.03% o=
AT ol &9 JtustE+ 0.006%A 14,500, 0.01%64] 6,200, 0.015%A] 4,000, 0.02%
Al 2,900, 0.03%*] 1,900 anhydroglucose units per crosslink(AGU/CL)°] 1t}
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Y. AEREAZ A3 ZHA

1). Hydroxypropyls} Ao 2 A x3 YA

Hydroxypropyl3t d&o g #|%3 m®x 2 A¢3s Zy= Table 1839 £t}

Table 18. Physical properties of paperboard after coating with
hydroxypropylated straches

Coating agents Gt - G
o Py ater
Visco— Density membrane Bright Brealing Burst index Tear index absorp- resist—

Concent- - : ness  length 5 7 :
3 sity (g/emy’) thickness /o (kPa - m7/g) (mN-m7/g) ti ance
TYDe I?(%n DH (CPS, (]Jl'l'l) (%) (Km) (g/ol’l’n12) (sec.)
100rpm)
Uncoated =
paperboard 0.74 0 35.4 1.90 1.61 106.3 674 10
2 68 72 0.72 13 35.3 1.80 1.67 114.3 563 10
4 6.7 255 0.72 12 35.2 1.83 1.68 115.1 497 10
Propylene N
. 6 6.6 6023 0.71 12 34.4 1.84 1.70 1159 147 30
oxide(1%)
8 6.6 2405 0.72 11 34.2 1.84 1.72 116.6 51 270
10 6.6 447  0.72 10 34.1 1.87 1.72 118.1 64 40
2 6.5 105 0.71 13 34.2 1.83 1.68 112.0 564 10
6.2 2139 071 10 32.6 1.84 1.68 114.2 231 30
Propylene N
. 6.2 1878 0.71 12 32.6 1.87 1.70 114.7 45 300
oxide(5%)
6.2 3227 0.72 10 32.2 1.88 1.72 115.8 45 1100
10 6.2 4675  0.71 11 31.3 1.96 1.75 116.8 60 390
77 130 0.69 12 33.1 1.87 1.66 1135 397 15
7.3 5327  0.69 12 319 1.91 1.68 114.3 52 120
Propylene
. 73 2543  0.69 13 31.6 1.92 1.71 116.3 46 830
oxide(10%)
7.3 3017 0.70 12 31.2 1.92 1.70 117.1 43 1050
10 7.0 48170 0.70 11 31.1 1.95 1.72 120.0 48 930
70 720 0.71 14 34.1 1.82 1.70 110.5 111 25
6.8 6119  0.69 13 33.7 1.87 1.73 113.9 51 340
Propylene
. B 6.8 1,037 0.71 13 31.7 1.92 1.72 114.5 45 1300
oxide(15%)
6.8 4,091 0.71 13 31.5 1.95 1.76 1154 43 1350
10 6.6 5015 0.71 12 31.6 1.95 1.77 1189 48 360
78 984 0.68 12 32.0 1.82 1.67 114.8 53 30
70 3227  0.68 11 31.7 1.87 1.68 115.2 49 190
Propylene
. 76 1272 068 10 31.3 1.92 1.69 118.2 44 300
oxide(20%)
75 2,681 0.69 10 31.3 1.95 1.71 118.7 44 420
10 7.3 4,751 0.69 10 31.3 1.95 1.74 122.7 44 400

* Basis weight of paperboard : 480 g/rn2
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pHE 6 ~ 8 Aol = Uehilow, At sda wRel F7bo] g wolxe 4
Folgdth, et FE 10%8 AT oA FEAAE agsed 2Agel U

olN

Dre I"HAE Agded wop FAEA B ofgh volx= Ao w 068 ~
298 FA= Z8A skel w10 ~ 14 pm WS
2 Hwd FPd =xvb o] FolHrl, M= propyene oxide FH7bEel F7bol
o Tl wE Aol A fIiTh
7tE AEEL AWA o R propylene oxide M7t F7F & Admo Frbel
GA w2 F7hol whel oA Ftske A el
W42 propylene oxide 7FiFo]l S7hetel wel, F Ao Frfe] wheh vrE
Lol e 43 WS YERNA S Y, propylene oxideE 10 ~ 15% #7138k
S, IHA FE 8%lA FFEI} 43 gt o7 s e Ao w yehgth o
=+ propylene oxide #7}&o] 156% =2, X3 =7} 018 A= oS, ZWA| %
8%oll A 1350 sec.®, 3 WS HEFHAT 2 o] F o= iAol 238y
aote Aol webd WA d WRds 2ol S7HA17171 1A = propylene

oxide M7t 16% %, Z”WA sk 8% = st zlo] AT Aow Alg ¥t

N

2). Cyanoethyldt AE o2 A|Z3 I YA
Cyanoethyls} d&o 2 Ax3 QA2 A¢s Aii= Table 199} 7t}
pHE 11 ~ 12 Atol& YEh tha £ AFelqlon, e F”A TE &
7hell whel EolAE Aol Ay e FRolA =
A

P AYAE Aol wet F

74 AEed AN oR AN HUbge Srbet mRA wke] Srbel wer ofgk
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Table 19. Physical properties of paperboard after coating with
cyanoethylated straches
Coating agents .
Concent- Visco- Denst ngn)gu:ne ngshg Blrealqng Burst index Tear index a\évs?nt?)r— reggt—
Type ration pH sity (g/cnt) ﬂn(cul?n)ess ©) (Ken) (kPa - m/g) (mN - m7/g) (gtl/omnz) (asnecce)
(%) (cPs, 5
100rpm)
pgggr"]fggfd 0.74 0 354 1.90 161 1063 674 10
2 118 138 070 12 3$3 179 1.64 1125 518 10
4 11.8 134.1 0.70 13 33.4 1.80 1.65 112.8 72 130
AN(1%) 6 11.7 4254 0.71 12 33.3 1.81 1.67 113.0 53 420
8 116 2,118 0.71 12 32.7 1.81 1.68 114.8 55 520
10 11.7 3,185 0.72 11 32.2 1.82 1.70 115.3 55 310
2 119 217 072 11 348  1.80 1.62 110.8 66 15
119 3456 072 10 341 181 1.64 1109 57 120
AN(2%) 11.9 4457 0.69 12 34.0 1.83 1.67 113.1 54 420
11.8 1,018 0.70 11 33.3 1.83 1.72 113.6 58 540
10 11.8 1,362 0.71 12 32.3 1.85 1.72 116.0 59 500
121 36.0 0.70 12 34.7 1.81 1.64 113.6 458 15
119 3623 071 13 341 181 1.66 113.1 49 150
AN(3%) 119 4521 071 11 338 184 1.67 114.1 53 580
11.7 1,248 0.71 12 33.3 1.86 1.69 114.2 55 540
10 114 2,256 0.71 12 33.2 1.88 1.72 115.7 58 1040
12.1 313 0.71 13 34.9 1.82 1.61 1114 453 15
12.0 4415  0.70 13 345 1.85 1.62 113.7 52 180
AN(4%) 120 7138 071 12 341 185 163 1152 53 540
120 8090 071 13 334 186 1.66 1155 55 900
10 11.9 1,710 0.72 10 32.5 1.88 1.71 115.6 56 1200
11.7 180 0.71 13 34.9 1.83 1.66 113.6 545 10
11.7 326.3 0.71 10 33.6 1.84 1.67 114.6 74 120
AN(5%) 11.6  569.9 0.72 11 335 1.86 1.68 115.3 52 760
115 2046 070 10 335 186 1.71 116.1 55 240
10 115 3119 071 11 28 1.89 1.72 1177 62 60

* AN : Acrylonitrile
* Basis weight of paperboard : 480 g/m’
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Table 20. Physical properties of paperboard after coating with
carboxymethylated straches

Coating agents .
Concent- Visco- Density ngn)guglne Blr}gl: %r?aﬂféﬂg Burst index Tear index a\évs?)lt%r— reggt—
Type ration pH sity (g/cnt) ﬂn(cul?n)ess ©) (Ken) (kPa - m/g) (mN - m7/g) (gtl/omnz) (asnecce)
(%) (cPs, 5
100rpm)

et 074 0 34 190 161 1063 674 10
2 8.0 7.8 0.71 13 34.8 1.81 1.62 109.8 618 10

4 80 102 0.71 12 34.8 1.84 1.66 110.1 608 10

MCA(1%) 6 80 524.3 0.71 12 32.7 1.87 1.68 1135 49 180
8 79 6299 0.72 13 32.1 1.89 1.69 113.9 57 120

10 770 4973 0.71 10 319 1.90 1.74 116.0 54 180

2 8.1 11.1 0.72 13 34.1 1.82 1.63 111.3 555 20

73 1320 0.70 13 32.4 1.83 1.65 111.3 114 30

MCA(2%) 6 72 745.0 0.71 11 32.3 1.87 1.68 113.8 48 330
7.2 5105 0.70 11 32.1 1.88 1.68 113.8 53 330

10 72 28434 0.72 13 324 1.91 1.70 116.8 69 150

8.2 9.9 0.71 14 34.4 1.82 1.61 110.7 427 15

80 2337 0.71 13 33.7 1.83 1.61 111.6 59 90

MCA(3%) 6 74 1,356 0.71 11 33.6 1.84 1.65 112.1 48 490
7.3 4,055 0.71 11 33.4 1.86 1.69 113.0 53 1200

10 73 10,126  0.72 10 33.0 1.92 1.72 1155 55 390

8.1 9.9 0.71 13 34.5 1.85 1.63 110.4 368 15

80 654 0.70 13 33.2 1.86 1.62 111.3 54 90

MCA(4%) 6 76 1,020 0.71 12 32.8 1.87 1.67 112.8 49 600
74 2918 0.72 12 32.7 1.89 1.69 112.7 48 1800
10 74 3217 0.72 10 32.2 1.90 1.71 1155 54 1500

86 315 0.69 13 32.8 1.83 1.65 114.3 335 15

84 711 0.71 11 32.4 1.91 1.65 114.4 54 90

MCA(5%) 6 84 6239 0.72 12 319 1.91 1.69 116.7 51 240
84 691.1 0.71 11 31.7 1.92 1.73 1174 48 360

10 80 1,320 0.72 12 31.3 1.93 1.73 120.8 59 330

* MCA : Sodium monochloroacetate

* Basis weight of paperboard : 480 g/m’
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Table 21. Physical properties of paperboard after coating with crosslinked

straches
Coating agents ot . &
Aetim g ater
Visco- Density membrane ngi]st Blreeangl?trhg Burst index Tear index absorp— resist—
s C(I);ltcigrrllv pH sity (g/cm’)  thickness ©) (Kr) (kPa - m/g) (mN - m7/g) tion,  ance
%0 (cPs, (um) (g/mr)  (sec)
100rpm)
Uncoated =
paperboard 0.74 0 354 1.90 1.61 106.3 674 10
2 73 24 0.71 13 349 1.87 1.64 108.0 597 10
ECH 4 72 180 0.71 11 34.2 1.87 1.68 109.1 486 20
6 70 1284 0.71 12 33.7 1.88 1.69 112.8 243 40
(0.005%6)
8 70 3,395 0.72 12 33.3 1.89 1.73 112.7 60 150
10 70 11,470  0.72 12 325 1.90 1.75 113.9 61 130
2 73 24 0.71 11 35.3 1.84 1.65 110.9 571 10
ECH 4 71 120 0.71 13 34.6 1.85 1.66 111.0 482 20
71 7594 0.72 12 33.6 1.86 1.71 112.0 44 240
(0.01%)
70 3935 0.72 11 33.6 1.86 1.72 1124 57 360
10 70 9454 0.72 10 335 1.87 1.75 114.0 61 300
77 24 0.70 12 35.3 1.85 1.63 1125 559 10
c 4 75 216 0.71 12 34.4 1.85 1.66 113.3 418 20
ECH
6 75 2807 0.71 10 33.6 1.87 1.71 114.2 47 200
(0.015%)
7.3 10,990 0.72 10 33.6 1.89 1.73 114.3 56 180
10 73 29574  0.72 13 33.3 1.89 1.76 1147 62 180
79 24 0.71 14 35.4 1.83 1.66 112.0 592 10
c 76 10.8 0.71 12 34.9 1.85 1.67 112.8 463 15
ECH
71 864 0.71 11 34.7 1.85 1.72 113.1 201 20
(0.02%)
7.0 9250 0.72 11 335 1.87 1.75 1149 54 150
10 70 11,134  0.72 12 32.3 1.88 1.77 1154 63 150
74 24 0.70 12 35.1 1.80 1.66 111.2 591 10
c 72 264 0.72 10 34.4 1.82 1.68 113.8 467 15
ECH
7.1 2100 0.71 11 34.0 1.82 1.72 1159 237 30
(0.03%)
71 9541 0.71 10 335 1.83 1.72 115.1 52 150
10 71 1159  0.73 13 33.3 1.85 1.73 117.3 62 150

* ECH : Epichlorohydrin
* Basis weight of paperboard : 480 g/m’
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Fig. 18. Water absorption of paperboard
after coating with starch
derivatives coating agents.
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Fig. 19. Oil resistance of paperboard
after coating with starch
derivatives coating agents.

* 1. Hydroxypropylated starch(propylene oxide
15%) 8%, 2. Cyanoethylated starch(AN 4%) 10%,
3. Carboxymethylated starch(MCA 4%) 8%, 4.
Crosslinked starch(epichlorohydrin 0.01%) 8%
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Fig. 20. Photographs of paperboard after coating with carboxymethylated
starch coating agent.
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Table 22. Physical properties of paperboard after coating with
biodegradable coating agents

Coating agents
Coated Bright- Breaki Water  Oil
Visco- Densitay membrane ng’ss i engtﬂg Burst inglex Tear index absorp- resist-
T C?;‘tcgrllt* 1 sty (g/cmy’)  thickness ©) (Ken) (kPa - m/g) (mN - m7/g) tion  ance
e (%) PR eps, () (g/m)  (sec)
100rpm)
Uncoated 0.74 0 354 1.90 161 1063 674 10
paperboard
1 77 99 0.70 11 35.2 1.81 1.63 1114 321 20
2 76 108 0.71 12 35.0 1.82 1.64 1129 141 40
k-Carra— =
geenan 3 76 2340 071 13 34.2 1.85 1.68 113.1 127 570
4 74 1,710 071 14 333 1.92 1.74 115.3 154 3600+
5 71 2417 071 13 314 1.93 1.88 116.9 173 3600+
1 35 708 071 13 334 1.82 1.61 110.9 161 30
2 34 5723 071 11 32.0 1.85 1.64 111.6 50 120

3 41 2280 071 13 32.0 1.92 1.66 115.0 59 600

Chitosan

4 49 8398 0.70 13 31.9 1.92 1.66 115.8 61 3000

5 6.0 25225 0.71 11 314 1.93 1.74 115.1 62 3600+

6 5.4 59447 0.71 15 31.0 1.94 1.86 117.1 156 3600+

2 78 1056  0.70 13 34.2 1.81 1.71 112.7 621 240

4 73 1,206 071 12 34.0 1.90 1.72 112.9 522 300

Sodium

Alginate 6 72 10438 0.69 14 33.3 1.90 1.76 1134 444 2200

8 72 58128 0.71 13 32.0 1.92 1.78 114.8 234 3000

10 7.1 210,000 0.72 14 31.2 1.93 1.86 115.0 76 3600+

1 58 36 0.70 10 345 1.90 1.81 117.7 624 10

2 57 36 0.72 10 33.0 191 1.81 122.3 334 10

Comn Zein 3 55 45 0.72 12 32.3 1.95 1.82 1275 121 30

4 55 48 0.71 10 30.9 2.01 1.83 128.8 48 30

5 55 6.3 0.70 10 30.0 2.10 1.99 1355 48 60

1 - 372 074 50 33.7 1.42 1.41 106.8 431 15

5 - 5l6 074 52 33.2 1.45 1.48 107.7 182 120

Polycapro— _

10 - 802 074 55 35.8 1.45 1.48 108.0 74 600

lactone

15 - 1082 0.75 58 36.2 1.47 1.51 110.1 29 1800

20 - 1128 0.72 61 37.1 1.49 1.52 113.3 24 720

* Basis weight of paperboard : 480 g/rn2
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e k77l 2" AZE $-58ke] carboxymethylst el H7betglE W A
Wb o2 943 YWHAdS vetW. wEbA carboxymethyldt Z & k-7t 7]dS
Egetde W, Hdel 2 Astglol Wwdel T2t 7he skt

Table 23. Physical properties of paperboard after coating with agents
which mixed k-carrageenan in carboxymethylated starch

Coating agents Cold Hot

Coated Breaki Burst Tear ter ter Oil
Visco— Density membrane Bright— 1 index index ab@ = abws?)  resist—
T Ratio y sity (g/cm’) thickness  ness (EKm)“g (kPa - (N - ﬁogp ﬁogp ance
00 Py () m/g) om0 I (sec)

100rpm)

Uncoated

papegboar 0.74 0 35.4 1.90 1.61 106.3 674 674 10

1000 74 2918 072 12 327 189 169 1127 48 62 1800
010 74 2417 071 10 320 188 168 1120 48 81 3600+
/0 73 2345 071 11 322 189 168 1134 48 118 3600+
70/0 74 232 070 12 325 188 170 1133 49 182 3300
CMS®%) 6040 75 2286 070 10 322 190 169 1143 58 566 3300
g‘g;ﬁa’ 505 75 226 070 12 325 190 170 1151 69 601 3000
%) 4060 74 2128 071 10 29 189 171 1156 99 633 3000
070 73 213 069 10 332 188 171 1159 99 642 3000
080 74 2110 069 11 333 191 172 1155 115 642 3000
1000 74 2014 069 12 334 191 172 1157 141 677 3000

0/100 74 1,710  0.71 14 33.3 1.92 1.74 115.3 154 372 3600+

* Basis weight of paperboard : 480 g/m’
* Cold water : 25°C, Hot water : 100

olo wet 7ol AAES AES & w, carboxymethylst ol k-7Fe}7]d

& 10% A= s, A48 Frest gEo ¢ usd ¥ Wids A=

Aoz yetyth 5 44 30 &2 90:100] v
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t}. Carboxymethyl3l A& J|EAS £33 ZEA

Carboxymethyls} A(MCA 3%)#% 71E4bS E3tete] Alxgt IWGA Y] E4S
=A% A3}= Table 249 th

pHE 6 ~ 7 A== 7tg7|dS &3t 499 v s vetgen, 3=+ 7}
BIds S A Bok A = vehd m" k]l ofte] R dte] stk

Table 24. Physical properties of paperboard after coating with agents

which mixed chitosan in carboxymethylated starch

Coatig eeents Coated Bust Tear 04 T
: ear
Visco- Densit,y membrane Bright- Blr?amgﬁlng index  index a}\;vsaz)tsr_ al\;v atﬂr_ resist—
T Ratio sity (g/cry’)  thickness  ness (Km) (kPa - (mN- tloIrP SOID ance
e © P2 (cps, (um) m/g) /g (ght) (g/ z) (sec.)
100rpm)
Uncoated

paperboard 0.74 0 354 1.90 161 106.3 674 674 10

100/0 74 2918  0.72 12 327 189 169 1127 48 62 1800

90/10 7.0 10,306  0.71 10 324 188 170 1136 48 59 2400

80/20 68 18296 0.71 11 322 187 169 1134 48 58 2700

70/30 68 22555 0.71 10 319 188 170 1140 49 59 2700
CMS(gog) 60740 65 23155 0.71 11 314 188 171 1133 47 59 3000
Chitosan  50/50 64 23665 0.71 10 318 1.90 173 1145 48 56 3600+
B%) 40/60 63 24325 071 12 318 189 173 1152 55 65 3600+
30/70 63 24535  0.70 10 316 18 173 1155 61 72 3600+

20/80 6.3 24,805 0.70 13 312 190 173 1159 63 72 3600+

10/90 60 25135 0.69 13 313 191 175 1152 63 96 3600+

0/100 60 25225 0.71 11 314 193 174 1151 62 91 3600+

* Basis weight of paperboard : 480 g/m’
* Cold water : 25°C, Hot water : 100C

T4 =T carboxymethylst M Z® Ao vl&] 71Ex I”RAZ 14 g’ A =

o FAE mol, WE YFAS dehth olel nte 7R YA EFuE
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o] T7tde wet FFE7F EmolA, WFAdo] gt AotE = Aol o), HdAwbA o
2 5% YsAdS vt T3 Ao ®E k-7hebrdedl vl s A A A
o2 veyt UiEs 71EAN Z'-AIZE 73819 carboxymethyldt ol H7Fsh

of wel HirAdel S7kstd e, 78 WiAds etk
w2} A carboxymethyldt A& 7|EA S E3Hs19S wl, WA Askgle] W&
Ao Z77F Zhsetanh AV ARES FHESY B Wl carboxymethyldt o
7IEARS 50% B H7betd, Adg e tfEo] 3 Wed 2 WsdE vt
At
oAby} o 2%9] FoIE A S (carboxymethyldt HE + k-7l |d E=E JE

2he Fad 249 ke WirxE SdH & wet ¥ugk 23= Fig 21%
21}, Fig. 21914 B wle} o] W44 WA= carboxymethyldl o] 7]EAF

FostA et 22y i EdelA s
carboxymethyls} Hitol k-7heb7]dhe] v Efn| & Ao 73 Wi
Hetll o, 7| E4ES =& v&9] H7F Haskqith

el FrEet Wi e Aot ¥ 4

rulo
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T —a— k-Carrageenan(cold water
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Fig. 21. Water absorption and oil resistance of paperboard after coating

g

o

with agents which mixed k-carrageenan or chitosan in
carboxymethylated starch.

(ih]
ri

Ao =2 carboxymethylsl Aol 7heb7|d = 7|EARS E3tete] Alxd =

A

rr

W WiEst S5stel £REF HF Buollet #AGHAE £
g z

T A8 b Aow woEd 3 olg} e AR nEAE A

= 5



=
Ak gk 2 AFtel A pEEE ¥ A

=
2o ZAZE glow, A ALt HER dFds A FEs 74 ¥e AL

Water absorption(after 2 min.) Qil resistance(after 3600 sec.)
Fore side Back side Fore side Back side

Fig. 22. Photographs of paperboard after coating with agents which mixed

k-carrageenan(10%) in carboxymethylated starch(90%).

Water absorption(after 2 min.) Oil resistance(after 3600 sec.)
Fore side Back side Fore side Back side

Fig. 23. Photographs of paperboard after coating with agents which mixed
chitosan(50%) in carboxymethylated starch(50%).
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4. 4 B

B AFgE=E k-JHE7ld, 71EAF sodium alginate, corn  zein,
polycaprolactone(PCL) & 2} #2 AEdlAd 1iEAE IZGAZAY 4 25 =
Abstar, B3 ol FolA g I”EA Al 3 Ao it dg
carboxymethylsl ZEo2HE 23 IBEAE Axsto, 4% EAES Ad3s A3
A A2 vt 2

AEad Lt Z-ARA k-7 de 4% FEA, TIEARS 5% % el A
8 YA 2 WA S el 38 sodium alginates 10%9 41, corn zein<
4% A, polycaprolactone< 15%°lA 3 U542 YERI oL, U-f2d Hoel A
= 2 297 U Th

ol e} carboxymethyl3l #&(8%)o k-7ek71H(4%)3 7| EAHGE%)S 27 &
gtete] Adsk A3, carboxymethylst Aol k-7heb7Ide] &3] &2 90:10, 7]
EAbe] E3H & 5055007 sto] Alxd Z-A 7Y 4 sow AdE

3 ol IYPAE Wt iAol $d wrtolyzt AR dolnw, @43
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2. ZRA AzHJA M

B 2o A A5 il gl M F438A o] YAl BIO & NANO

Technology, AA|, &Eok, A EokFAHE, w7148t &), ALLok(dd, He,

om FH ANFLS o)A He FEu, 3R EA Fol

Atk ol A= 2000 3ol WAy om Flo] HAew ISO 9001 S15AA

(BS/EN/ISO 9001: 2000 & KS A 9001: 2001) o]t} o] AAe /M3 % 259 2
o}

FAAA F) 5%
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<E 25> A9 et

T H &

3 A H M 2] 3] A}

dHEd = 2002 49 A

A2 A A B Ol ALA]

2 2 F 4009 7H1

29 F 1074

4 A A 200213 w9 194503

A EE ojxtsl Bt FEHul, AslREA, AWUSGA, FHEH
3. IHA Ax JAY FH9IF}

AAY 71de] dHS HAIE slal A=AE FHeE VToZ AFA o]-&
sho}, opiftE] wlE o] =2 A Aolgt & A= AFFE7F FEeA Hs)
W efure ol Aol dEetA HA Esr] wEolth ¥ EE YUrHEA o]
Aol WA Ao AFFe7t oA gpotsE Hart v AFAHE 54N A
of oA A 7ol AFE oJueoA dul HF FEsle] o] 3 AFS oy
gk z2prbol] vty S EAE HoFE HuAel tiAdzxe 437 St

QA7 A AFS ety Fujsig o, A fste] AFEE W82 dujoju,
drjgds 2 A #AYTES 95l A &3 H &S AulddA] HoF= HAIHHR
3 E AL R vlekg gt

WA g <F 26>9 UAERE T3 AT fFeAdS ddss Fen &Y
ARGz At S Fdets AV|AERFAGE] S & HHRI|Z SR

<E 26> MAS dadlEE (2001, 12. 31 &) I |

) o AEA - A
ZpA} B33
5 Ak 167 526,873 55 348,850,763
s 153,311,019 17 A 0
2} - 28,013,071
AL2EEHA 320,837,692 | F-A = AL g 320,837,692
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D. F&H &
TEHES AT FEds Hdodets AREA At FEFAe ves Y

b 200%0] 4 wf dFsirka B}

B7.526.873 100 _ 4q nop
= 3487850, 763 <100 =48.0%

=
Mg o] 71Ee] B 200%0 ol2A ®3hm o] fEIel W FEHA RE 4

B ot

2). AR TR &
ANALTANGE ARTR) FFYE BRFE AREA 47148} FARe

Hl &2 UER T o= d @S fAs ok gt

A7) A

] weala A ——28,013,071
AZIARET NI =g a= <100 = 350837 "6gn

<100 =—8.8%

A7) A o] AR 40%0] o] Hojof o)A Kol He o wpurd
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27> M A 9] £ A4 (2001. 1.1 ~ 2001. 12.31)
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4, 2GAY BAAH Y

<3 28> AP A Azd7F 744 (2001, 1.1 ~ 2001. 12. 31)

H] = = ) T4 (%)
NzAAE A 915,000 1.3
A 8 H | BUIEAE WG 53,907,673 74.6
27 54,822,673 75.9
o 16,800,000 23.4
= F H] | Adoe 200,000 0.2
27 17,000,000 23.6
Sl 60,000 0.1
73 Hl | ARER 296,950 0.4
2 A 356,950 0.5
z‘ﬁ 2 1] ﬁ g A 72,179,623 100

M3jALe] ZRA] AZP7ME BAS R <FE 28504 Hol%o] AEH| 7L FA
ZY7t A A EE B Eo] 759%= b E=A JYEhda, tgow  w=RHv}
23.6%, ¥ 7} 05%9] Hl&S 2A S Q)

71de]l Aol Fols A7) HsiME drtel e BAE HAF dlof & Blolth
agez Zgdely dAE 97 FALAE HE 7t 2 uFs F4d38] sl
o] Fole] HistE F7eteE #HElE dlof & Aot
ol Hdisk A4S fa 919 xo] FAFES H& A7) FoF A Bd
=

HE A(75.9%), =5H & B(23.6%), dHlE C(05%)etaL & HA}

7

_—

A
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;ﬂ] A 759
(A= H])
%
! B : 236
7} (= FH))
C: 05 (FH)

<9 24> Ax=drF FAYE

o,
ol
o

fm

o

o

o

Lo

<Y 24>0l A HZo] A7F A
FoE YUE &

st AE A
o714 dA 9 dE =9

Y SYAE kgD 60009 A 3 ok w3 FHL
M

=2

il

ol Wojstn Qth <1 U>AA BAF
Aol . 714 M3 A

Hlgo] oF 64% (37 A FA L7 = H)Q)

&4 <)

83 Bz

=

G & lkgs AMEH F wiE o]l 6,000 ],

kst Z wjE o] 16009 olth o714 7 ¥

A

TSR A

A 384049, FAZEA 1,024€0] AxL7tek= Algto]l vt

A A : 29159 A A : 7789
(A 5H]) A =H)
%= %=
4 B : 9079 4 B : 2429
7t (=%1]) 7} (=%9)
C : 18 (AH]) C:4¢9 (AH])

<AFEANE ZHA>

<9 25> D3|ALe] ZEA AZY97}
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ojn] QoA AFd Kol B, C1FE 2AH Stk 7HAHSE oA 23S K
712 3k ageR BEAYgAeR HiE Aolgde BE Ao uAE AH, & =%
e} A= AR A A=y FEY WskE Aot

o AFA A st AR ZRA

= A
SHDIZFl el WA dolry|® dkxb the ® 29 2 Aol AMREHE 7 F
of Azl Ak d7tE e 3

A5y o 7H /kg) o 7H/g)
T2 EAHE 2 &
((}:MS) 1 2,500 2.5
7| B4k
(Chitosan) 32,000 32
Zha7kE ) 11,000 11
(k—Carrageenan) ’

A% AYAE W57 A AR FEE <E 30> gol A el Abgaar.

E 30> AEe) AHEF 2wt

A i ' E AF & P ER!
féfgj“ AR e 8% 1000meoll 80g Al-& 2009 /kg
féi:fsam 5% 1000m¢el 50g A+-& 1,600 /kg

* S92 kg s W Sol7be Amel gt AdE A M4 2FATNA
B A = A wet ofgte] wigo] o,
* FhzhEbrde] A 80T R 7 & sfok ;}n; 17} Tﬂ‘ﬂﬂo}: 3k, 7]
E_
<]

o= F7RA71A sk, Zhduel ofsf ¢
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Ao ARE EFste] AR ZHAE Az o, 47| EFu ol upet
ATE, 2 Az¥ZE 249 Aotk w3 Al 449 AFAns Byl J|EA FE
2B AME AECMS)He] A &g &o] 50:50(CMS: 7| E4hol oL, 7137} 7)
o] A4 AAEFH &l 90:10(CMS:Zhatzhelr ol itk ol wel Ay &3
vl gol Ao Azuet Azd7ts ALt 2 <3E 31> 2

1

<E 31> B Ao sy ur)s AESA ZEA Az 47t

i‘%} xﬂ Z/\-]

A 5] (A/kg) (A 2L 7HA /kg) |l B 7HL /kg)

e &
8% CMS + 5% 7|1 EAT

900 1,186 1,853
(50 :50)
89 CMS + 4% 7}utotet7|

A 6 7HR7hE] 294 295 461
(90 :10)

FiAZQME <9 24>9) ARU} TS o ARG, dgBoitE M3
Aol Az hEAS] A 0 S K Gehel AL,

A7)0 o] B ATl AwE wrl% AR aPASe] AxUE And

A (acrylic emulsion polymer)= 1,6009/kgo] 1, AEo|A Fddte] Amjy 1 =
AR ZEAE 60009 /kgeltr. 29H <i 31>9AM EE dle} o] FELRS
AbREE &3 Z"AlE 7HA ol A" A Hd sEola, AR A"

ol oigk rA7E Aol
g 71E Al vlete] AAHo] v Eoh w3k spagte | dE ARESE £

AGA = 7ol AdH L = AGAE o A Afstez g FAA ol v
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o. k-7t&}71¢, 71 EAF, sodium alginate, corn zein, polycaprolactone(PCL)S ¥} 7+

2> ARAd @2 AE ZHAZA Y Z4F BEAES A, T ol FolA
S8t IEAL} U)o 8ttt B E carboxymethyld HE o ZHEH
&3 IYAE Axste], 7F AT, UFAE 5)& 54, vus 43

AEaE A PEARA k-7 7Ide 4% sEA, JEAS 5% kel
A s el 2 UaAdS yERWL 8 sodium  alginate™ 109690 A,
corn zeing 4%09l A, polycaprolactoned 15%° 4 43 W44 S el gl e
L, Aol A= 2 237 §lloh

oloute} carboxymethylst & (8%)ell k-7Feh71H(4%)} 71 E4HE%)S  2H7t

=ate] A A3, carboxymethylst el x-7hetrde] EFH]E S
90:10, 7| EAFe] Z3H] &L 505002 st Az YA M 3 Ao
2 A =23 ol I®AE TS WRAdel 4 Bvtely e AR
Agolmg, AR 17]E IA-AE AFse VES s 5 94

sttt

A24d #4

Al

ofef 9] 7o =
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AFelN e YRAY YA Ax/Ee Fl/ge oldstel 4§5E
e FF W15 @l

g glo] WL BALS 2 AFo| HES Fr ATE FUT A H9.

= 7t A A A =

o. SFFHELS PEA H7b AEH

7 L :
Hutet St. Lawrence Erostar M/B Al# %
o. 0] — (V4] = %
21— Agri-Tec PE, EAI_A _] _40 6(?4«] gelatlrj@:}
HES E33 BEAAFA Al =
o. A9 ARem FHHE 4H YR
A Zepg A AEY /
"= Warner-Lambert d = 1, &5 ‘Novon

o. 1009+ Ib/d A4, o]l&-€ gelatin
capsuleS tAslo] A&

o, SFTFAEY FAHAxEA =37
(thermo—forming 7}%) - Al=,

film blowing
o] ¥ g Novamont o. °o]® 8 package container, %2

=& 55 ok A
o. A% “Master-Bi”, 47+ 5000%
AL
H%xE PHBE #3217 A
IEFS Y988 £% 95% PHB
Imperial Chemical YAk

Industries(ICI) | o. 1,000meric ton/yr. 7%
. 3-HB¢} 3-HVe] +53A PHBV
Biopol’ A] %

O




Mo
ok

HM7d &1

A3 dFAEsY W # A3
Al1Ad A R AI=ZBEAY 75 vl

1.

Gennadios, A., Protein-based film and coating technology, 2333 A4,
29(2):9-18 (1996).

o, ZEE Aol e olafol N F3F, EFAFE 7, 46 - 53 (1995).
e, e, 2FHE, 9, 75-81 (1995).

Lee, D. S., Lee, J. J.,, An, D. S. and Koh, J. S., Effect of wax—-coating degree
on postharvest physiology of satsuma mandarin oranges, Food and
Biotechnology, 6(3):171-174 (1997).

olx3], HAejgt, He, MW, £, sit= AR

’

o
et
Hel

Agk 71EA 29 A
FA, F=sshers] A, 41(6):442-446 (1998).

Nishiyvama, M., Biodegradable plastics derived from homogenized cellulose and
chitosan, 23 #3t3}t 4}, 29(2):38-41 (1996).

Park, H. J., Chinnan, M. S. and Shewfelt, R. L., Edible corn—zein film coatings
to extend storage life of tomatoes, J. of Food Processing and Preservation,
18:317-331 (1994).

Park, H. J.,, Bunn, J. M., Weller, C. L., Vergano P. J. and Testin, R. F., Water
vapor permeability and mechanical properties of grain protein-based films as
affected by mixture of polyethylene glycol and glycerin plasticizers,
Transactions of the ASAE, 37(4):1281-1285 (1994).

Park, H. J., Gas and mechanical Barrier properties of Carrageenan-based

biopolymer films, 2]#338t3} 2F¢], 29(2):47-53 (1996).

10. Lauzier, C. A., C. J. Monasterios, I. S., R. H. Marchessault and B. A. Ramsa

y, Film Formation and Paper Coating with Poly(B-hydroxyalkanoate), a Biode
gradable latex Tappi Journal, 76(5), 71-77 (1993).

11. Thomas, A. T., Wiles, J. L. and Vergano, P. J., Water vapor and oxygen

barrier properties of corn zein coated paper, Tappi J., 81(8):171-176 (1998).

- 102 -



12. Lim, S. T. and J. L. Jane, Effect of Starch Granule Size on Physical Properties of
Starch-Filled Polyethylene Film, Biotechnol. Prog., 8, 51-57 (1992).

13. Sugama, T., Oxidized Potato-Starch Films as Primer Coatings of Aluminium,
Journal of Materials Science, 32, 3995-4003 (1997).

14. Lim, S. T., Utilization of Modified Starches in Biodegradable PE Films, 2]
k3 4k, 29(2), 30-37 (1996).

15. Brogly, D. A., Influence of Fluidity of Hydroxyethyl Corn Starch on Metering
Rod size-Press Application and Resultant Paper Properties, Coating Conference,

145-149 (1993).

A2Ad 1% EFIZVA AxVE AL

1. Choi, W. Y., Park, H. J.,, Ahn, D. J, Lee, I. and Lee, C. Y., Wettability of
Chitosan Coating Solution on 'Fiji’ Apple Skin, Food Engineering and Phsical
Properties, 67(7):2668-2672 (2002).

2. Gennadios, A., Protein-based film and coating technology, 2% 338t} Ak,
29(2):9-18 (1996).

3. Mallikarjunan, P., Chinnan, M. S., Balasubramaniam, V. M. and Phillips, R. D,
Edible Coating for Deep-fat Frying of Starchy Products, Lebensm.-Wiss.
u.~Technol., 30(7):709-714 (1997).

4. Nathalie Gontard, S. G. and L. G. M. Gorris, Prolongation of the Shelf-Life of Peris
hable Food Products using Biodegradable Films and Coating, Lebensmittel-Wi
ssenschaft und-Technologie, 29, 10-17 (1996).

5. Lim, S. T. and J. L. Jane, Effect of Starch Granule Size on Physical Properties of
Starch-Filled Polyethylene Film, Biotechnol. Prog., 8, 51-57 (1992).

6. Sugama, T. Oxidized Potato-Starch Films as Primer Coatings of Aluminium, J
ournal of Materials Science, 32, 3995-4003 (1997).

7. Lim, S. T., Utilization of Modified Starches in Biodegradable PE Films, 2%
g3k A, 29(2), 30-37 (1996).

- 103 -



8. Lauzier, C. A., C. J. Monasterios, I. S., R. H. Marchessault and B. A. Ramsay,
Film Formation and Paper Coating with Poly(B-hydroxyalkanoate), a Biodegrad
able latex Tappi Journal, 76(5), 71-77 (1993).

5

9. o] 3], A& HRE, AR, 4N, FiE AGS AT T EA 2" AR

10. g+, "8 Aol tigk olsfiet i 3, AR, 7, 46 - 53 (1995).

11, g ®l, e, 23441, 9, 75-81 (1995).

12. Nishiyama, M., Biodegradable plastics derived from homogenized cellulose and
chitosan, 23 #3t3}t 4], 29(2):38-41 (1996).

13. Park, H. J., Chinnan, M. S. and Shewfelt, R. L., Edible corn-zein film
coatings to extend storage life of tomatoes, J. of Food Processing and
Preservation, 18:317-331 (1994).

14. Park, H. J., Bunn, J. M., Weller, C. L., Vergano, P. J. and Testin, R. F,,
Water vapor permeability and mechanical properties of grain protein—-based
films as affected by mixture of polyethylene glycol and glycerin plasticizers,
Transactions of the ASAE, 37(4):1281-1285 (1994).

15. Park, H. J, Gas and mechanical Barrier properties of Carrageenan-based
biopolymer films, 2% #38t3} 4FS], 29(2):47-53 (1996).

16. Thomas, A. T., Wiles, J. L. and Vergano, P. J.,, Water vapor and oxygen
barrier properties of corn zein coated paper, Tappi J., 81(8):171-176 (1998).

17. T4, AE&S o83 AEsd TALA g, AFdsa Ak, 32(1):94-99
(1999).

18. Brogly, D. A., Influence of Fluidity of Hydroxyethyl Corn Starch on Metering
Rod size-Press Application and Resultant Paper Properties, Coating Conference,

145-149 (1993).

- 104 -



=

A3A AR FEA ZBA Azx7e AL

1. ,‘g_/H o] A

o
o,
oo
rot
ox
Mo
%
o,
b
o
[0
2
Y

2 A et Ak, 32(1):94-99
(1999).

2. Otey, F. H., Mark, A. M., Mehltretter, Ch. L. and Russell, Ch. R., Starch-based
film for degradable agricultural mulch., Ind. Eng. Chem. Prod. Res. Dev.,
13:90-92 (1974).

3. Maddever, W. J. and Chapman, G. M., Modified starch-based biodegradable
plastics, Plast. Eng. 45:31-34 (1989).

4., Choi, Y. J, Lim, S. T. and Im, S. S., Preparation of hydroxypropylated corn
starch at high degrees of substitution in aqueous alcohol, and pasting
properties of the starch, FOODS AND BIOTECHNOLOGY, 6(2):118-121
(1997).

5. Hebeish, A., Waly, A., Abdel-Mohdy, F. A. and Aly, A. S., Preparation of
starch ethers using the dry process : carbamoylethyl and cyanoethyl starches
and their copolymeric products with acrylamide/acrylonitrile mixture, Pigment
& Resin Technology, 26(2):88-96 (1997).

6. Stojanovic, Z., Jeremic, K., Jovanovic, S., Synthesis of carboxymethyl starch,
Starch, 52:413-419 (2000).

7. Hamerstrand, G. E., Hofreiter, B. T. and Mehltretter, C. L., Determination of
the extent of reaction between epichlorohydrin and starch, Cereal Chem.,
37:519-524 (1960).

8. Johnson, D. P., Spectrophotometric determination of the hydroxypropyl group in
starch ethers, Anal. Chem., 41(6):859-860 (1969).

9. Kim, B. S. and Lim, S. T., Removal of heavy metal ions from water by
cross-linked carboxymethyl corn starch, Carbohydrate Polymers, 39:217-223
(1999).

- 105 -



A9, AR olgd ARAY EALA A, AETST A, 3219499
(1999)
DEH, FEE, HEY, 4=9, Al B FE 54, dRAEAYNA,

PN
A<

Al BE 2 Aol my Fol

B

FA Y FAFR 5, d= 2 F 383 A, 30(2):379-384 (1998).

Park, H. ], Gas and mechanical Barrier properties of Carrageenan—based
biopolymer films, 2] }8ta} 2k<], 29(2):47-53 (1996).

e, vz, x-rheida 71EA &R dEe =4, = EaetsA,
30(4):855-861 (1998).

. Nishiyama, M., Biodegradable plastics derived from homogenized cellulose and
chitosan, 2% %83} 2k}, 29(2):38-41 (1996).

. Choi, W. Y., Park, H. J, Ahn, D. J., Lee, 1. and Lee, C. Y., Wettability of
Chitosan Coating Solution on 'Fiji’ Apple Skin, Food Engineering and Phsical
Properties, 67(7):2668-2672 (2002).

. Lai, H. M., Padua, G. W. and Wei, L. S., Properties and microstructure of zein
sheets plasticized with palmitic and stearic acids, Cereal Chem., 74:83-90
(1997).

. Trezza, T. A. and Vergano, P. J., Grease resistance of corn zein coated paper,

J. of Food Science, 59(4):912-915 (1994).

10. Thomas, A. T., Wiles, J. L. and Vergano, P. J., Water vapor and oxygen

barrier properties of corn zein coated paper, Tappi J., 81(8):171-176 (1998).

- 106 -



K-

—
—

B A

of
ATE ML L

SHEA| 2ol Al

L —

ol

toiM = o &Lt

705

e}
o

Htix cCCc =
=L T




ml H
ou u
| ofo

< ™o

M=o

M w =

Ho

I+



	표 지

	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 필요성
	제 2 절 연구개발의 목적과 범위
	1. 합성 및 천연코팅제의 기능 비교
	2. 고기능 혼합코팅제 제조기술개발
	3. 전분유도체 코팅제 제조기술개발
	4. 생분해성 고기능 코팅제 제조기술개발
	5. 코팅제의 경제성 분석


	제 2 장 국내외 기술개발 현황
	제 1 절 국외의 기술 개발 현황
	제 2 절 국내의 기술 개발 현황

	제 3 장 연구개발수행 내용 및 결과
	제 1 절 합성 및 천연코팅제의 기능 비교
	제 2 절 고기능 혼합코팅제 제조기술 개발
	제 3 절 전분 유도체 코팅제 제조기술 개발
	제 4 절 생분해성 고기능 코팅제 제조기술 개발
	제 5 절 코팅제의 경제성 분석

	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 목표 달성도
	제 2 절 관련분야에의 기여도

	제 5 장 연구개발 결과의 활용계획
	제 6 장 연구개발 과정에서 수집한 해외과학기술정보
	제 7 장 참 고 문 헌

