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Manufacture of Water—Resistant Corrugated Board Boxes for Agricultural
Products in the Cold Chain System(I)
- Application Methods of Chemicals for Improving Water and Moisture

Resistance of Corrugated Boards -

Jung-Yeon Jo, Choon-Ki Min and Jun-Seop Shin

Abstract

Application methods of chemicals were investigated to minimize strength
reduction of corrugated boards under the high humidity environment encountered in
the cold chain system. Starch insolubilizers were introduced in the starch solution
preparation of the Stain hall method and their insolubilization effect of starch binder
were estimated. The performance of water repellent agents(WRA) and moisture
proof agents(MPA) were evaluated in terms of water and moisture resistance. And
effects of the combination of the chemicals and the coating method were also
examined.

Addition of the polyamine polyamide insolubilizer to the main part in the Stain
hall process improved the binding force and water resistance of starch, which
contributed to minimize the strength reduction of paper under the high humidity

environment. AZC and Glyoxal type insolubilizers could not be used in the

-192-



experiment due to an excessively increased viscosity of starch solution and the poor
stability.

Conventional WRA treatment to the base paper enhanced water and moisture
resistance very slightly even though water repellency of the paper reached R10 by
the treatment. MPA showed excellent performance than WRA not only in water
and moisture resistance but in water repellency. Double coating on paper with
MPA was more effective than the single coating at the same coating weight. A
newly developed MPA showed excellent performance and runnability only by a

single coating instead of a double coating.

Keywords : water resistance, cold chain system, corrugated board, insolubilizer,

water repellent agent, moisture proof agent
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Table 1. Specifications of insolubilizers used in the experiment
SI'-1 SI-2 SI-3 SI-4
Ammonium
Chemical Polyamine Polyamine Zirconium Glyoxal
composition polyamide polyurea Carbonate derivatives
(AZC)
Solid(%) 30 30 30 20
pH 7.0 7.0 9.0 6.0
Viscosity
20 30 10 40
(cp,20TC)
Ionicity Cationic Cationic Anionic Anionic
* ¢ Starch Insolubilizer
2.1.3 vt 2 vk
FAE AHgdten, 0 §54& ‘Table 29 4
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Table 2. Specifications of water repellent agents and moisture proof agents

used in the experiment
MPA-2 MPA-3

WRA-T’ WRA-2 MPA-1™
Chemical Wax Wax Acrylic Acrylic Acrylic
composition emulsion emulsion derivatives derivatives derivatives
Solid(%) 40.0 35.0 48.0 40.0 40.0
pH 9 9 9 9 9
Viscosity 300 300 300 200 180
(cp,20T)

* WRA : Water Repellent Agent
* MPA : Moisture Proof Agent
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Table 3. The carrier part recipe for preparing the starch solution containing

borax
NaOH
starch water (20% soln) total
starch
dosage(g) 15.80 131.7 10 1575 moisture
1 13%
concentration(%) 10.0%

Table 4. The main part recipe for preparing the starch solution containing

borax
borax (%)
water starch total
2.5
dosage(g) 170.02 66.38 1.80 238.20
concentration(%) 25.0(%)
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Table 5. The main part recipe for preparing the starch solution containing

insolubilizer A

borax
(%) total
15 1 3.0] 45 2.5

insolubilizer A (%)

water starch

dosage
(2)
concentra
) 25.0(%)
tion(%)

170.731171.44|172.16| 66.38 | 3.57 {7.14]10.71 | 1.80 |242.48)246.76|251.05

Table 6. The main part recipe for preparing the starch solution containing

insolubilizer B

insolubilizer B | borax
1.5 3.0 | 45 2.5

water starch

d°(‘°'a)ge 170.731171.44}172.16 | 66.38 | 3.57 | 7.14 |10.71| 1.80 |242.48|246.76 |251.05
g
-at
concentra 25.0(%)
ion{%)

-198-



Table 7. The main part recipe for preparing the starch solution containing

insolubilizer C

insolubilizer C |borax
water starch (%) (%) total
30150} 70 ] 25

dosage

(g)

t
concentr 25.0(%)
ation(%)

171.45{ 172.4 |173.35]66.38 | 7.15[11.92{16.68| 1.80 }246.78[252.50|258.21

Table 8. The main part recipe for preparing the starch solution containing

insolubilizer D

insolubilizer D !borax
(%) (%) total
1.0 120 30 | 25

water starch

d
O(S;ge 169.31{168.59(167.88| 66.38 | 3.57 |7.14 |10.71| 1.80 |241.06|243.91(246.77

concentr

ation(%) 20
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Table 9. Application methods of water repellent agents and moisture proof

agents on base paper

Coating
Treatment weight rep‘Z;te(:.cy
| (g/m’)
TO None ' RO
TI | WRA-1 (0.16%) NA R6
T2 WRA-1 (5%)" 0.5 R10
T3 | WRA-1 (25%) . 25 RID
T4 MPA—l(Und.er)/WRA—l(Top) 2/05 R10
Double coating
5 MPA—l(Unqer)/lleA-z(Top) 2/05 R10
Double coating

* () stands for the dilution concentration of the chemical.
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Table 10. Combination of water repellent agents and moisture proof agents

applied on base paper and its coating weight

application method coating weight(g/m?)

SO none

S1 WRA-1 single coating 2.0
S2 WRA-2 single coating 2.0
S3 WRA -2(under)/WRA-1(top) 1.0/1.0
S4 WRA-2(under)/WRA-2(top) 1.0/1.0
S5 MPA-3 single coating 2.0
S6 MPA -3(under)/MPA-3(top) 1.0/1.0
S7 WRA -2(under)/MPA-3(top) 1.0/1.0
S8 MPA-3(under)/WRA-2(top) 1.0/1.0
S9 MPA -1 (under)/MPA-2(top) 1.0/1.0
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Fig. 1. Changes of viscosity of starch solutions by starch

insolubilizers(SI) dosage.
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Fig. 2. Changes of water vapor permeability of paper by starch

insolubilizers(SI) dosage.
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Fig. 3. Changes of internal bond strength of paper by starch

insolubilizers(SI) dosage.
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Fig. 4. Changes of ply bond strength of paper by starch

insolubilizers(SI) dosage.(1: worst, 5 ; best)
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Fig. 5. Effect of application methods of water repellent agents and

moisture proof agents on water absorbency of paper.
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Fig. 6. Effect of application methods of water repellent agents and

moisture proof agents on burst strength of paper.
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Fig. 7. Effect of application methods of water repellent agents and

moisture proof agents on compressive strength of paper.
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Fig. 8 Effect of application methods of water repellent agents and

moisture proof agents on water vapor permeability of paper.

ALHEALDANN PP FEEE B YR SR JR2 FEAAL
EE 9y $Ee] YR YFAHE SHES BUT 5 Ut TS AR G 5AE
2 AL WA F5A HA B e £Ro] ol 4B AZSAL, %o £2
o W¥E FFEHAM FRA Y FEE GHATE AL YA AR E TFEA
o weyol a7d

A dolnd AF ANE FHHY, AL FEAY FAW SFFS B
o ¥ YFEF PARTE Mo Yrold EFst H2EIUA UE &
H49 Aoz vehdon, B4 Brks FEAE AgeE Rol FEAFLEY T
#E FRoA Fe A0 WEAL. @8, FH/ OE BHAS PEAE 4
& 34 EFAE £ GBEEF PAL Adst AP 23 AY 2PN F5@

filo

FERE $Ht ey
FRA AN PPeIAE Az
el 7AAz BB Rol A}
ot YA BAA oIFEF

gy 27tA FF9 $5 A (underd, topd)E
opste MAHETH A28 & APt de Ui
718 F72 AAdoF st § AP "ol olFE
Aojtt weix B AFgxEs AxGAY Heldd &

BO
el
o]

& =0
O

-208-



ARt fEd A HEE H4E 28 $EAMPA-3)8 E5S Bt Egt

e

Table 119]A4 BE vie} Zo] 71&9 WHFA(MPA-1, MPA-2)o dl3] A/42EA
MPA-37} A& =3 Ao 71 459 dE =¥ vl 58 23E el
£ Ao FAHALH, MPA-3E HE =33 Ao WegE WlN 71 8 25
£ Yeuigit

dAl ke A% Aol A YEYA dged, TFAld JAME JE EITR
e dExFo BE 53 WA 4 Aoz JEnd. waAls g 2%
o] AgdA & & URe] HEETE s A $ topFo TFAS AHE3E WD
o] underZol At&3e A-(SRRh 48 A#HAE Ui

Table 11. Effect of the combination of water repellent agents and moisture
proof agents applied on base paper on water vapor permeability

of the paper

o coating water ve_u?or

application method weight(g/m?) 1(3;1;;(;35(111}1137
S0 none 2127
S1 WRA-1 single coating 2.0 1685
52 WRA-2 single coating 2.0 1576
S3 WRA-2(under)/WRA-1(top) 1.0/1.0 862
S4 WRA-2(under)/WRA -2(top) 1.0/1.0 988
S5 MPA-3 single coating 2.0 756
S6 MPA-3(under)/MPA -3(top) 1.0/1.0 645
S7 WRA-2(under)/MPA -3(top) 1.0/1.0 731
S8 MPA-3(under)/WRA-2(top) 1.0/1.0 787
S9 MPA-1(under)/MPA -2(top) 1.0/1.0 785
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