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SUMMARY

I. Title

Development of a functional hybrid corrugated container for improving the freshness of
agricultural products

II. The goal and necessity of research and development

Even though corrugated boards are the most common packaging materials for agricultural
products, conventional corrugated boards are not able to maintain the freshness of
agricultural products. In order to overcome the limitations of conventional corrugated boards,
a new hybrid corrugated board - composed of linerboard, a corrugating medium, and
non-woven fabric - was designed to possess antibacterial, high porous and shock-absorbing
properties.

Ill. The contents and range of research and development

[Project 1] Development and estimation of anti-bacterial materials

- Development of anti-bacterial materials for agricultural products and new gas-adsorbing
materials

Analysis of physical and chemical properties of new materials

Production of a prototype of a functional hybrid corrugated board

Performance of mill tests

Optimization of manufacturing process and establishment of quality guarantee

[Project 2] Estimation of functionalities and design for hybrid corrugated board

- Analysis of physical properties of non-woven fabric and physical - mechanical properties of
paperboard

- Development of the coating method of gas-adsorbent and evaluation of ethylene adsorption

- Design for hybrid corrugating board and manufacture of prototypes

- Estimation of anti-bacterial properties, freshness maintenance and shock-absorbing property
of hybrid corrugated board



IV. The results of research and development

O Sulfur solution showed effective bacteriocidal and bacteriostatic activities and the highest
fungal resistance. Non-woven fabric which had relatively high elongation was applicable in
the corrugated board process and manufacturing conditions must be controlled in order to
prevent the break of non-woven fabric. Active carbon was not effective to eliminate the
ethylene gas because the voids in the surface of active carbon were inactivated by small
particles and starch. The starch and styrene-butadiene (SB) latex showed high adhesive
strength, but the addition level of SB latex should not exceed 30% in starch solution.

O The functional hybrid corrugated board could be manufactured in the actual corrugator
with developed materials without any troubles, and was strong enough to be used as a
packaging box for agricultural products.

O The antibacterial property of the hybrid corrugated board showed a value high enough to
eliminate bacteria, which could deteriorate the sweet persimmons. Based on appearance
observation, weight loss and firmness measurements, the freshness of sweet persimmons in
the functional hybrid corrugated board was maintained better than it was in the
conventional corrugated board. 1-MCP was effective to improve the freshness of sweet
persimmons. In drop and shaking tests, it was certain that the hybrid corrugated board
showed the better shock-absorbing property than the conventional corrugated board.

O The manufacturing process was optimized to reduce production cost and quality guarantee
was established by fixing the specifications of non-woven, paperboard, starch, SB-latex and
final product respectively.

V. The plans to use research and development results

Experimentally applied to Wonchang Co. Ltd, it is established to a manufacturing technology
of functional corrugated boards. Furthermore, it is developed the manufacturing technology
for packaging agricultural products to contribute for the development of agriculture and food
industry.
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Fig. 2.4. Manufacturing process and structure of single face web.
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h AgdA = 3 AT

@O vy S/l wet Alzxd Ao FFd(Test 1

@b PA): (& vlE + 73 0.5%, 1.0%, 1.5%, 2.0%, 2.5%,

@ AA): (AZHAA otmZEIAE Y + F&) 0.5%, 1%, 1.5%, 2.0%, 2.5%
@ DIW: (PVA + WEtF oAU ER) 2%

@ PVOHE o] &3l =x o] mE &4 (Test 2)

@ Sample 1 :

3} + Sodium metabisulfite + PVOH ( &5 )
PN

[e]
o
Sample 2 : 53+ + Sodium metabisulfite + PVOH (=g o])

@ U JAE o] &3 I P(Test 3)

@

@

AGN : & Y + PVOH
SUN : 3 = + PVOH
SSUN : & Y + 3 5% + PVOH

4
SA#TE nutrient agarNA) BFulA] Aol fdo=z o] HF3A 37E1T A
A ZEERE i Fstd . 2AE PR A= 5-10C A BESHATH
 NA wjR|o|A 3 wZo]E FH3sle] nutrient broth(NB) 50 mile] &31
0 ml AZtEetxzTe] HEste 37£1TCAA 24A7F BF W& - wjdstdnt algF =+,
EFFEAE o]&3ste 660 nmolA FHeA Ad+E FHT £, 343 NBol| A+
1.0£0.2 x 10° //m7} H =& ZA st FEFHoZ YTt
A Ag 2 dix AR F8] 2 24
5, AE AIRE 170C, 2A7HEQE dry ovenollA HAEHEHFS &, YA F
< 7 FEl87] el ASE DA

o

A=el HF

@] HEd< 02 ml A, 24 F&71 A= /\]‘%4 ANE 2 bz AR 9o FaF
AXHEE FSA HEHAT. FED Fol ARE H] JdA LBIFAT F80]
2 HA X A9, vlol2 AWEEA0.05%F H7He HEFAS AHEstTh

Hl A

APTHE JFD AE7E 22 FE871E 37H1T oA At 18+1A13F v F3k At
Hesd A5 F A 49 F=

HE 5 7hed & of 0Cel F3-&< 20 ml
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E]E.OE =L 77 __FF', I:Ul——‘-]_od]:]__

) 37E1CAA 24MZF 2 e HAIE g F, A 30~300 A/m7t = =
Ef HAo 22YE AT

A3t 84
0g Ao ekl AEas Aaereld.

5

M=7Z X R X 20
(Where, M : A5, Z : F2Y<, R - F4u)<, 20

3289 P

N Alge A s At A

$o Eq. 3.1 zo] Axtatd.

Reduction rate by bacteriocidal activity(%) = Ma— Me

Reduction rate by bacteriostatic activity(%) = Mo— M

(A714, Mo AR HFE A5 A, Mve tHEAES 184 v ¢F 59 Ad
T, M= Al@A =9 18412 Wi ¢F 59 <)

Eq. 3.1. Equations for reduction rates by bacteriocidal activity(top) and bacteriostatic
activity (bottom).

(4) %] AFAY ANd

b A8 =) : Penicillium citrinum ATCC 9849

< ARgEA T AR e 2o

@Y Penicillium citrinum *:A-E Potato Dextrose Agar(PDA) ®jX|oll HF3ste] 25C oA 7
&b v st
D 7] PDA wj Ao 4

@ "FE ARUx4 cmE NS PDA Bl Aol B ¥, A AP Braan
@ BRE ARE 5CoIA TUL WYFT T, BBold YKHEE FAVFFL BENF
o oA BA}ATH
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Table 3.1. Evaluation standard of fungal resistance

Growth of Mycelium Rating
No growth of mycelium in samples 3
Growth of mycelium is less than 1/3 of the growth area in samples 2
Growth of mycelium is more than 1/3 of the growth area in samples 1
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2~+= TAPPI Standard Method T543¢] ¢ Asted 2B xYy 2~ =4 7|(Guley stiffness tester,

Precision Instrument, USA)E o] &3] =4 3} o}

o 2434

A

22€ FehEq. 3.D°] 316 °142
= %2749 FFA H2AES =UsHA BASATH Table 3.2-3.40)4 &
E

=
A HAEOA EE Fzho] 31687} dlernzg, RE A HA
[e]

[

(A71A, F: S7F &, Ma: thx A8 AT A5 A, My tix Al52] 1843 wi <

3o AFF)

Eq. 3.2. Equation for F value determination.
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Table 3.2. Decision of anti-bacterial tests as a function of binder types (Test 1)

gz A8 HF A5 AT
Strain 3| A== R CFU/ml
Staphylococcus aureus 1 83 1.7 % 10*
Klebsiella pneumoniae 10 115 2.3%x10°
thx A5 18AIXF wieF 9 A=
Strain 3 M n Rl CFU/ml
Staphylococcus aureus 10° 105 2.1x10°
Klebsiella pneumoniae 10° 126 2.5% 107
Staphylococcus aureus Klebsiella pneumoniae
M, : 1.7x10° M, : 2.3x10°
My @ 2.1%10 M : 2.5%10

F = 2.1x107/1.7x 10"

= 1235.3

F = 25x107/2.3x10° = 217.4

Table 3.3. Decision of anti-bacterial tests as a function of PVOH coating methods (Test 2)

Staphylococcus aureus

Klebsiella pneumoniae

M, 9.2x10* 1.8x10*
Mp 7x10° 6.4x 10"
F 76.09 3555.56

Table 3.4. Decision of anti-bacterial tests as a function of nano-particles (Test 3)

Klebsiella pneumoniae

Staphylococcus aureus

M, 4.90x10° 3.0x10°
M 2.56x10° 7.10x 10°
F 522.45 23666.67
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Fig. 3.1. Photograph showing Staphylococcus aureus control after injection. (Test 1)

Fig. 3.2. Photograph showing Staphylococcus aureus control after 18 hours. (Test 1)
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Fig. 3.3. Photograph showing Klebsiella pneumoniae control after injection. (Test 1)

Fig. 3.4. Photograph showing Klebsiella pneumoniae control after 18 hours. (Test 1)
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Fig. 3.5. Photograph showing Staphylococcus aureus control after injection. (Test 2)

Fig. 3.6. Photograph showing Staphylococcus aureus control after 18 hours. (Test 2)
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Fig. 3.7. Photograph showing Klebsiella pneumoniae control after injection. (Test 2)

Fig. 3.8.Photograph showing Klebsiella pneumoniae control after 18 hours. (Test 2)
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Fig. 3.9. Photograph showing Staphylococcus aureus control after injection. (Test 3)

Fig. 3.10. Photograph showing Staphylococcus aureus control after 18 hours. (Test 3)
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Fig. 3.11. Photograph showing Klebsiella pneumoniae control after injection. (Test 3)

Fig. 3.12. Photograph showing Klebsiella pneumoniae control after 18 hours. (Test 3)
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Table 3.5-3.791- = ZF APdxoNA tHEAES HF A%, 184X v T A+
AN E ] 18AZF v F 9o A5 YEHT o] & HIR R st 4t A g
&5 ALt Ha Table 3.80) =AEATE FEA 33 sodium metasulfiteE 23z go] w2
o2 g3 Sample 29} U 3 F3+E A3 SSUN A, ddFF9A S aureus 2
K. pneumoniae®) 3k a3+ 25 100%=2 YEOH, %#;ﬁ:ﬂr

T o 285 el FEAD 5339 sodium metasulfites E3

Sample 19| 7%, AAFF 3 HAFEIAE 63.4-70%2 JERNJ oY AFadE Holx
o =3 Yed @ §354E X g SSUNY A9, ghddFol st d+ad= 13 ¢l
Qo S aureusoll W3 77.2%, K. pneumoniae®| W3l 13.3%2] AF+&3E YeR AT 7]
O A FoMEs ddivsts B8 A7a3%E YeltA kgt Samplel, SSUN9| 729 &
|HS AgtA & T Ao BdAd Al AFo] FHEA FEES gA &
= At} Figs. 3.13-3.34 o= ZF =148 18A1ZF widF T o] AF+E YERATH

(i
mg_,{

Table 3.5. Effect of binder types on M. values of test samples

P(A) 0.5%

Strain CFU/ml
Staphylococcus aureus 4.5%10°
Klebsiella pneumoniae 1.3x10°

P(A) 10%

Strain CFU/ml
Staphylococcus aureus 6.8 x 10°
Klebsiella pneumoniae 1.6x10°

P(A) 1.5%

Strain CFU/ml
Staphylococcus aureus 4.7x10°
Klebsiella pneumoniae 1.6x10°

P(A) 20%

Strain CFU/ml
Staphylococcus aureus 2.4x10°
Klebsiella pneumoniae 1.1x10°8

P(A) 25%

Strain CFU/ml
Staphylococcus aureus 2.1x10°
Klebsiella pneumoniae 1.5x10°
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A(A) 0.5%

Strain CFU/ml
Staphylococcus aureus 2.7% 10’
Klebsiella pneumoniae 2x10°

A(A) 1.0%

Strain CFU/ml
Staphylococcus aureus 2.7%x10°
Klebsiella pneumoniae 1.6 x 10°

ACA) 1.5%

Strain CFU/ml
Staphylococcus aureus 3.3%x10°
Klebsiella pneumoniae 6.6 % 10°

A(A) 2.0%

Strain CFU/ml
Staphylococcus aureus 1.0x 10
Klebsiella pneumoniae 7x10°

A(A) 2.5%

Strain CFU/ml
Staphylococcus aureus 4.7x10°
Klebsiella pneumoniae 2.9x107

DIW

Strain CFU/ml
Staphylococcus aureus 1.3x 107
Klebsiella pneumoniae 1.1x10®

Table 3.6. Effect of PVOH coating methods on M,, My, M. values of

test samples

Mc
Ma Mb
sample 1 sample 2
Staphylococcus aureus 9.2x10* 7% 10° 2.56 % 10° 6% 10?
Klebsiella pneumoniae 1.8 x 10* 6.4x10’ 1.92x 107 1.2x10°

(A71A4, Ma= A5 HF A5 Ads, s dE2A 59 18AZ W
A,

M= A AAIRS 18AIZE Wi ef F9o Ads)
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Table 3.7. Effect of nano-particles on M,,

My, Mc values of test samples

M
Ma Mb
AGN SUN SSUN
Klebsiella pneumoniae 4.90x10° | 2.56x10° | 9.4x10" | 2.22x10° 0
Staphylococcus aureus 3.0x10* | 7.10x10° | 2.568%x10" | 1.62x10° 1.4 x 10
(A71A, M HEZAR] HE A5 ATF, M= AR 1843 Mg o M,
Mo A EAI RO 1847 vk o AF5)

Table 3.8. Effect of binder types on anti-bacterial activities of test samples

Reduction rate by Reduction rate by
bacteriocidal activity(%) bacteriostatic activity(%)
Sample
S. aureus K. pneumoniae S. aureus K. pneumoniae
PSS1 0 0 0.7 0.9
PE2 0 0 0 0
PS1 0 0 63.4 70
PS2 994 93.3 100.0 100
PS3 0 0 0 96.3
PS4 0 0 77.2 13.3
PS5 53.4 100.0 100.0 100.0
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Fig. 3.13. Photograph showing Staphylococcus aureus after 18 hours at P(A) 0.5%.

Fig. 3.14. Photograph showing Klebsiella pneumoniae after 18 hours at P(A) 0.5%.
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Fig. 3.15. Photograph showing Staphylococcus aureus after 18 hours at P(A) 1.0%.

Fig. 3.16. Photograph showing Klebsiella pneumoniae after 18 hours at P(A) 1.0%.
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Fig. 3.17. Photograph showing Staphylococcus aureus after 18 hours at P(A) 1.5%.

Fig. 3.18. Photograph showing Klebsiella pneumoniae after 18 hours at P(A) 1.5%.
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Fig. 3.19. Photograph showing Staphylococcus aureus after 18 hours at P(A) 2.0%.

Fig. 3.20. Photograph showing Klebsiella pneumoniae after 18 hours at P(A) 2.0%.
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Fig. 3.21. Photograph showing Staphylococcus aureus after 18 hours at P(A) 2.5%.

Fig 3.22. Photograph showing Klebsiella pneumoniae after 18 hours at P(A) 2.5%.
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Fig. 3.23. Photograph showing Staphylococcus aureus after 18 hours at A(A) 0.5%.

Fig. 3.24. Photograph showing Klebsiella pneumoniae after 18 hours at A(A) 0.5%.
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Fig. 3.25. Photograph showing Staphylococcus aureus after 18 hours at A(A) 1.0%.

Fig. 3.26. Photograph showing Klebsiella pneumoniae after 18 hours at A(A) 1.0%.
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Fig. 3.27. Photograph showing Staphylococcus aureus after 18 hours at A(A) 1.5%.

Fig. 3.28. Photograph showing Klebsiella pneumoniae after 18 hours at A(A) 1.5%.
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Fig. 3.29. Photograph showing Staphylococcus aureus after 18 hours at A(A) 2.0%.

Fig. 3.30. Photograph showing Klebsiella pneumoniae after 18 hours at A(A) 2.0%.
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Fig. 3.31. Photograph showing Staphylococcus aureus after 18 hours at A(A) 2.5%.

Fig. 3.32. Photograph showing Klebsiella pneumoniae after 18 hours at A(A) 2.5%.
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Fig. 3.33. Photograph showing Staphylococcus aureus after 18 hours at DIW.

Fig. 3.34. Photograph showing Klebsiella pneumoniae after 18 hours at DIW.
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Fig. 3.35. Control photograph showing Staphylococcus aureus after injection.

Fig. 3.36. Control photograph showing Klebsiella pneumoniae after injection.
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Fig. 3.37. Photograph showing Staphylococcus aureus after 18 hours at sample 1.

Fig. 3.38. Photograph showing Klebsiella pneumoniae after 18 hours at sample 1.
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Fig. 3.39. Photograph showing Staphylococcus aureus after 18 hours at sample 2.

Fig. 3.40. Photograph showing Klebsiella pneumoniae after 18 hours at sample 2.
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Fig. 3.41. Photograph showing Kiebsiella pneumoniae after 18 hours at AGN.

Fig. 3.42. Photograph showing Staphylococcus aureus after 18 hours at AGN.
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Fig. 3.43. Photograph showing Klebsiella pneumoniae after 18 hours at SUN.

Fig. 3.44. Photograph showing Staphylococcus aureus after 18 hours at SUN.
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Fig. 3.45. Photograph showing Klebsiella pneumoniae after 18 hours at SSUN.

Fig. 3.46. Photograph showing Staphylococcus aureus after 18 hours at SSUN.
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Table 3.9. Effect of binder types on fungal resistance of test samples

2~ g o]

o

iy

A&

73

& s

3ol Adde

T A LhER

o] gl e,

I ylo

= ©o

d Aol FLsHI
o2 g3 sample 29} Y33} {3+
FoH, & A=

Materials Growth of Mycelium Rating

Growth of mycelium is more than 1/3 of the growth area

iz A= _ 1
in samples
Growth of mycelium is more than 1/3 of the growth area

ACA) 0.5%3 | . 1
in samples
Growth of mycelium is more than 1/3 of the growth area

AA) 1.0%Q | . 1
in samples
Growth of mycelium is more than 1/3 of the growth area

AA) 1.5%Q |, 1
in samples
Growth of mycelium is more than 1/3 of the growth area

AA) 2.0%3 |, 1
in samples
Growth of mycelium is more than 1/3 of the growth area

AA) 25%Q | . 1
In samples
Growth of mycelium is more than 1/3 of the growth area

DIW , 1
in samples
Growth of mycelium is more than 1/3 of the growth area

PA) 0.5% @ | . 1
In samples
Growth of mycelium is more than 1/3 of the growth area

P 1.0%2 | Y & 1
in samples
Growth of mycelium is more than 1/3 of the growth area

P(A) 1.5%@ | . 1
in samples
Growth of mycelium is more than 1/3 of the growth area

P(A) 2.0%@ | . 1
in samples
Growth of mycelium is more than 1/3 of the growth area

PA) 2.5%@ |, 1
in samples
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Table 3.10. Effect of PVOH coating methods on fungal resistance of test samples

Materials Growth of Mycelium Rating
Growth of mycelium is more than 1/3 of the growth area in

iz As 1
samples
Growth of mycelium is more than 1/3 of the growth area in

Sample 1 1
samples
Growth of mycelium is more than 1/3 of the growth area in

Sample 2 3

samples

Table 3.11. Effect of nano-particles on fungal resistance of test samples

Materials Growth of Mycelium Rating
Growth of mycelium is more than 1/3 of the growth area in
gz A= 1
samples
ANG Growth of mycelium is more than 1/3 of the growth area in ]
samples
SUN Growth of mycelium is more than 1/3 of the growth area in 1
samples
SSUN No growth of mycelium in samples 3
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Fig. 3.47. Photograph of Penicillium citrinum.

Fig. 3.48. Fungal resistance of control.
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Fig. 3.49. Fungal resistance of P(A) 0.5%.

Fig. 3.50. Fungal resistance of P(A) 1.0%.
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Fig. 3.51. Fungal resistance of P(A) 1.5%.

Fig. 3.52. Fungal resistance of P(A) 2.0%.
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Fig. 3.53. Fungal resistance of P(A) 2.5%.

Fig. 3.54. Fungal resistance of A(A) 0.5%.
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Fig. 3.55. Fungal resistance of A(A) 1.0%.

Fig. 3.56. Fungal resistance of A(A) 1.5%.
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Fig. 3.57. Fungal resistance of A(A) 2.0%.

Fig. 3.58. Fungal resistance of A(A) 2.5%.
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Fig. 3.59. Fungal resistance of DIW.

Fig. 3.60. Fungal resistance of control.
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Fig. 3.61. Fungal resistance of sample 1.

Fig. 3.62. Fungal resistance of sample 2.
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Fig. 3.63. Fungal resistance of control.

Fig. 3.64. Fungal resistance of AGN.
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Fig. 3.65. Fungal resistance of SUN.

Fig. 3.66. Fungal resistance of SSUN.
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Fig. 3.67. Burst strength of linerboard coated with materials.
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Fig. 3.68. Compressive strength of linerboard coated with materials.

Fig. 3.69. Stiffness of linerboard coated with materials.
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Fig. 3.70. Preparation of active carbon powder.
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Fig. 3.71. Measurements of the properties of active carbon powder and zeolite.
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Fig. 3.72. Surface-treatment of linerboard with active carbon and linerboard laminating.
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Fig. 3.73. Adsorption measurement of active carbon.
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Fig. 3.74. Particle size distribution of active carbon ground for 5 seconds.
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Fig. 3.75. Particle size distribution of active carbon ground for 10 seconds.

Fig. 3.76. Particle size distribution of active carbon ground for 15 seconds.
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Fig. 3.77. Particle size distribution of active carbon powder ground for 20 seconds.

Fig. 3.78. Particle size distribution of zeolite.
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Fig. 3.79. Specific surface area of active carbon ground using a blender and zeolite.

Fig. 3.80. Average pore size of active carbon ground using a blender and zeolite.
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Fig. 3.81. Pore size distribution of untreated active carbon.

Fig. 3.82. Pore size distribution of active carbon ground for 5 seconds.
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Fig. 3.83. Pore size distribution of active carbon ground for 10 seconds.

Fig. 3.84. Pore size distribution of active carbon ground for 15 seconds.
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Fig. 3.85. Pore size distribution of active carbon ground for 20 seconds.

Fig. 3.86. Pore size distribution of zeolite.

_88_



15K \d

X4 BOEY Sk
j

Fig. 3.90. Shape and pore structure of active carbon ground for 15 seconds.
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Fig. 3.91. Shape and pore structure of active carbon ground for 20 seconds.

Fig. 3.92. Shape and pore structure of zeolite.
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Fig. 3.93. Particle size distribution of active carbon ground for 20 seconds and passing

through 200 mesh sieve.

dRiH o g 72 ARuEIHIE ol &ty ofdal 7t~ FAES A S8 o<
A xF7Fo AFAdo] Hasith AN JEd mEVFAe gz AR Ao AAdAE
Yet =t ol & sl 011%"4 EFH2Y FEE 10, 50, 100 ppmoz WHEAA JlEA ¥=
HAS SASAT. Fig 3.940] g3 wF7t29 AFHS =A8AH. maEbA oddll 7
o FHREL v JdEd EFVIAE GCE HAEsta HEFM YAt w58 A3
% Eq. 3.3% Z& WO ALttt

Fig. 3.94. Calibration curve of standard ethylene gas.
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Eq. 3. Equation of ethylene gas adsorption.
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Fig. 3.95. Effect of adsorption time and active carbon type on residual ethylene concentration.

Fig. 3.96. Effect of adsorbent type on residual ethylene concentration.
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Fig. 3.97. Ethylene gas adsorption of active carbon and zeolite.
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Fig. 3.98. Coated linerboards (top) and laminated linerboards (bottom).
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Fig. 3.99. Residual concentration of ethylene gas reacting with linerboard coated with active

carbon.

Fig. 3.100. Ethylene adsorption of linerboard coated with active carbon.
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Fig. 3.101. Residual concentration of ethylene gas reacting with laminated linerboards.

Fig. 3.102. Residual concentration of ethylene gas reacting with laminated linerboard.
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Fig. 3.104. Scanning electron micrographs of the surface of active carbon existing on linerboard.
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L1
L2
L3
L4

Zho| | A]
(linerboard)




L5 210 KA2 oA o}A A
L6 210 PSK2 o} A o} o] 7 €
Cl 160 SCP Kenz
C2 180 K 727 )
=4 A
(corrugating C3 120 S1 Z2EA) A
medium)

C4 250 RH YA A
C5 180 CK FYA A

Table 3.14. Types of non-woven fabrics

T T 8 8 3 % (g/m”)
TH30 30
TH40 40
TH50 50

TH TH60 60
TH70 70
TH80 80
THI100 100
TD30 30
TD40 40
TD50 50

TD
TD60 60
TD80 80
TD100 100
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(2) HAzsl 2RA A9 TH - A EA
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® d7olA AT 1EA S43 S84 AAe =4S Table 311 =A8AH. 4 =
Ao AANES g3 2o E =l Fox WYX HFH(basis weight)Z} F7(thickness)
T 410, T 4110 oJAste B3R ©] F SAHZAAE B3
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FA o] A7 S (tensile strength)2} A174&(elongation)& JSI L 10969 o] At THaAl=
A3 71(HS-200A, Hanwon-Soway, Korea)& ©]-&3ste] A3t &H ol A&} 4129 <l
A=t AAEL TAPPI Standard Method T4940l 2] ASte FAAFAZF= =74 7](vertical
tensile & compression testing machine, Frank-PTI, Austria)E o] &3to] =43¢ th.

A oA ZAA 9 ¢t=7=(Ring crush test):= TAPPI Standard Method T822¢] <]
At FAYEHE =A7)(vertical tensile & compression testing machine, Frank-PTI,
Austria)E o] &3t =A3 ot =3 37 = (burst strength)= TAPPI Standard Method T807
o o)Aste utdZ %= =4 7](Mullen type burst tester, Daeil Machinery, Korea)E o] &3l =
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FAxel 23] 9A9 2HZYZ~, BUEE Y% WHoE AU 2HZU s
TAPPI Standard Method Tb543el ¢JAste] ~E]lxZy2 ZA7](Guley stiffness tester, Precision
Instrument, USA)E ©]&3l 439t 3 F7]%=+= TAPPI Standard Method T460°] <] A3}
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Table 3.15. Properties of non-woven fabric, linerboard and corrugating medium
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Fig. 3.110. Density of TH non-woven fabrics.
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Fig. 3.111. Density of TD non-woven fabrics.

Fig. 3.112. MD tensile strength of TH non-woven fabrics.
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Fig. 3.113. CD tensile strength of TH non-woven fabrics.

Fig. 3.114. MD tensile strength of TD non-woven fabrics.
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Fig. 3.115. CD tensile strength of TD non-woven fabrics.
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Fig. 3.117. CD elongation of TH non-woven fabrics.

Fig. 3.118. MD elongation of TD non-woven fabrics.
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Fig. 3.119. CD elongation of TD non-woven fabrics.

71=7F 1z ols}

-

o
I

S
ad,

o

H 2E 7

FA=

S

71 AFZ Figs. 3.120-3.1210 =A]

=3
T

)

oy

ol
L

B Aol A A

A §al7tz Aol

2z B

L=2

al

A

o

- 111 -

Fig. 3.120. Air permeability of TH non-woven fabrics.



Fig. 3.121. Air permeability of TD non-woven fabrics.
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Fig. 3.123. Bulk of corrugating media.

Fig. 3.124. MD tensile strength of linerboards.
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Fig. 3.125. CD tensile strength of linerboards.

Fig. 3.126. MD tensile strength of corrugating media.
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Fig. 3.127. CD tensile strength of corrugating media.

Fig. 3.128. MD elongation of linerboards.
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Fig. 3.129. CD elongation of linerboards.

Fig. 3.130. MD elongation of corrugating media.
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Fig. 3.131. CD elongation of corrugating media.

Fig. 3.132. Air permeability of linerboards.
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Fig. 3.133. Air permeability of corrugating media.
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Fig. 3.134. Burst strength of linerboards.

Fig. 3.135. Burst strength of corrugating media.
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Fig. 3.136. Compressive strength of linerboards.

Fig. 3.137. Compressive strength of corrugating media.
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Fig. 3.138. Stiffness of linerboards.

Fig. 3.139. Stiffness of corrugating media.
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Fig. 3.141. Pictures of the input of non-woven fabric to corrugator.

Fig. 3.142. Tension adjustment of non-woven fabric (Ieft) and corrugating medium (right).

Fig. 3.143. Joining non-woven fabric with corrugating medium (eft) and drying part (right).
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Fig. 3.144. Produced hybrid corrugated board model between dryer and slitter.

Fig. 3.145. Produced hybrid corrugated board model after slitter.
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B Ao AlgH HAEHZA = Stein-Hall processZ A 235 o™ ALEH A FE Table
31637 2o} &3 A EQ LAFel A EFuke SB latexE& AFE319 1 542 Table 3.179 e
At

Table 3.16. Information of starch and chemicals

Material Company
Starch Samyang
NaOH Junsei
Boric Acid Junsei
Starch crosslinking agent Chunha Chemical

Table 3.17. Basic porperties of latex

Binder Type Solid content, % pH particle size (nm)

Lutex 703 SB latex 49.5-50.5 7.5-8.5 105-135

p ZBAAA 9} 2%
2RAAA wE o ol gholuix = HAF

I
2 A3 A3 A dAE =9E SA4s

ANA AF e PEAILS F2E TD-50
Table 3.189 e} AT
Table 3.18. Basic properties of linerboard and corrugating medium
. Tensile strength .
Basis weight Elongation (mm)
Company Type ) (kKN/mm)
(g/m?)
MD CD MD CD
Goryeo KLB3 225 | Linerboard 225 194.8 94.0 2.40 4.83
Corrugating
Kyungsan K i 180 87.6 31.7 1.01 1.97
medium

TD50 Felt 50 280 140 20 20
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Fig. 3.146. Effect of latex content on the viscosity of starch solution.
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SEM HV: 20.0 kV WD: 14.09 mm Ll SEM HV: 20.0 KV WD: 19.76 mm L | SEM HV: 20.0 KV WD: 19.40 mm

SEM MAG: 500 x Det: SE 50 pm SEM MAG: 500 x Det: SE SEM MAG: 500 x Det: SE 50 pm

Fig. 3.147. Scanning electron micrographs of starch film, starch+latex film and latex film.

Fig. 3.148. Effect of latex content on the degree of swelling.

Fig. 3.149. Effect of latex content on the degradation of film.
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Fig. 3.150. Effect of latex content on adhesive strength.
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Fig. 3.151. Scanning electron micrographs of the adherend between paperboard and

non-woven fabric (A/B/C : paperboard, D/E/F : non-woven fabric).

g 2 8

@ AR G EFYos AxH BEL A 3 ol g e HHAR YEL 1A,

(3 & AFolA AEHZA -l 2

=
=
FE AL AH] JHs5F AOE BE.

- 132 -



BHT R X P
X Ny N 5D ~ =
MHTaﬂw&mwwoﬁ 5 w B
= ﬁ_l U_.E o = a h oY) - 1
D B z -
F uu TR WM X w ey Mﬁ
~ O e X B o— ® i
~ ~ R oo W N A = e T
Ao N [ wm = w3 T 8 i 4
<0 -\ %ﬂ%ﬂﬂz%%% - % _M
Jlo Him g, <W e S 5 T
— " W p 2 mﬁw o g N &
N < VOEE.MATM}@ﬂ = 5 Mo
- — cﬂi/o ‘ﬁ ,DI w ,_mwo o = Mﬂ o cm ﬂ a ‘_ﬁo_,l
HX U_x o WIM .Mu_l OW o oﬁa e = T JI or.:
o ™ T o Jjo = ~ ol
— — O A Jo XM — © N up
Y B JJo .M i N ~ =
I el 1ﬁqn7n%nznﬂﬂzﬂ 5 L
X ok T 4o T = - N
o oy 13 ] To A .
Nd i T e oo F
- AR T o S o _x % T
_IT T 0 b R ,mﬂ 0 O— — Louc \m_ﬂ X0 _&.E
X S = o P - i = £ = <o
o | wﬂﬁﬂﬁl%ﬂﬂﬁe% 8 3 2 T <
—_— 7 T o % ap M oy S Rl o
K Ay A G4 W R % g Wb
N oo K il ve £ o N o A
ﬂuﬂ ] - 2 T 7 Mo © S} WK
Bl ) T HEE e : - gl . 3
] TR SO R T ) g %o 9
i) 2 T KB = R
\OI Q_OF 12_.0 [axe) ﬂ@u ‘mﬂ dl _L 1_L| H‘% m Nl 1%0 N Xo
T o G I S 2 = » TEaT
o 7o % AR g 2o X = W § m O
pl e g XV M 5 kLM
7O o Ho T o N N e )
a5 X ~ o o o — ) =
0 Mo P 3O | < S
—_ _.;o _ = ey < > o _ s -
o — U il _ o NS
N (R M 5 = N < 8 K N T T <
EO x X ‘Ul X ll iE — ,ﬂd ‘ﬂd nmE AE Y
X0 @ q 0 2 C}
~ a0 " o e i S A % %o ol
o e A CBI| S o
JJo @re mr A= B S E T X OB . R 1) Wl X T o =
N < ﬂm%%ﬂé%ﬂgq o T B g ”
o Ho Do T WO B B al % NN X
— N -~ -} ) . _
® L ¢ “fgkacziin : : 3 Iz
W N ok of % N A | R ° 3 %ﬂmﬁ
. —
- dl ~ ﬂnﬂ @ @

- 133 -



o

Nfo
K

X
B

FAth =W KS A ot

ZAVS

=
=

oM FHAZ FEEHTH Table 3.199] uw}

Bl

=
=

<!

A

ITh & dTelA A

o

g =

A

=7 g2A

4457

hY

W 2wA 2o we RABEe)

L
) B

of KS T 1034¢jl

I
LA

°]7]

x
B
gl

3 BC & ¥ 7 741 Qe AB Eo| BC 2ol v

M

)

)
H

/\o]—

T
)

g 5 gtk gy B Aol

ez 7HE w2

2

712 skt

2A

=
=
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Eq. 3.4. Simplified Kellicutt equation.

R4T R +R 4T R +R,
152.4

Eq. 3.5. Prediction equation of the compressive strength of double wall corrugated board.

Table 3.21. Linerboards and corrugating media

== 7l & A A Al =
L1 ofA] o} A KL1
L2 o QA A] KAl

SRIRERY L3 T HA A KAl

L4 o gkA| A K
L5 Kenz EW1
Cl OFZ1 A A] S
C2 74 AEA A S
C3 &L A A S

=4 A
C4 73 2EA A K
Ch o QA A] B
Céb LA A CK
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Fig. 3.153. Ring crushing strength of linerboards.
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Fig. 3.154. Burst strength of linerboards.

Fig. 3.155. MD tensile strength of linerboards.
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Fig. 3.156. CD tensile strength of linerboards.

Fig. 3.157. Ring crushing strength of corrugating media.
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Fig. 3.158. Burst strength of corrugating media.

Fig. 3.159. MD tensile strength of corrugating media.
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Fig. 3.160. CD tensile strength of corrugating media.

Table 3.22. Selected raw materials for hybrid corrugated board

A< T/ A AEFH A=A =R ZHAD
FAZ(]™ 1) TD100 2.91
=4A1 CK 29.26
ol A1 EW1 19.75
=4 A2 CK 29.26
Z}o] g %2 K 18.39
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NE,
1
oo

o @Al ARt T A=
D 2345 3 A8y

Oh A@A=m
34 AA(Contro) 2= KAL) B 180 g/m’e] ¥ oA S ALty on, Az =
212 EA& Table 3.233 2t} AKD(Alkyl Ketene Dimer):= HA}, @<= PVA(Polyvinyl

alcohol)= OAF, SMA(Styrene-maleic anhydride)= SAFoll A &g Hbo} AL&3tH oM, A5 EA
2 Table 3.22¢ Yyel).

Table 3.23. Basic properties of linerboard

Tensile strength Elongation(mm)
Basis weight
Company Type . g (kN/mm)
(g/m®)
MD CD MD CD
Kyungsan K | Fluted board 180 87.6 3L.7 1.01 1.97
Table 3.24. Basic properties of water repellents
Type Solid content, % pH
AKD 20.5 3.43
PVA 1.00 5.92
SMA 1.00 13.73

(b A Az
AKD(Alkyl Ketene Dimen)2} PVA(Polyvinyl alcohoD= /5ol 20.5%, 1%, SMA(Styrene-maleic
anhydride)= IN NaOHell 1%s =2 A|x2) stFom k2 S(73) 20ml tiv] 0.5, 1, 1.5%% #7718k
H

SA(fr&=+ + AKD), SP(+8== + PVA), SS(+&< + SMA)= AREE &A= 37k olth



AR 25x13 cm AlH 3& ) Z+HzF 17%x13 cmF822 S, SA, SP1g]a SSE3 8
S Zv7 W38 7](SB100, Hannamchemical, Korea)E o] &3te] AX]of A %3k &¢44 2 mgS
ZUF B4AA 10 mm/secd] £EE =X =X7F H AIHE 24 AHEG AAAXRE A
7

% 105C 9] A9y Egolo 2 A I'HA A s 43AA FAT

(n}) WA =%

Sx7F | Agoe 1x13 cm BHF INE bl Al stud 4-53] HEZ AE S AA
A, P& 14x13 cme AHOZE Cobb testE AA ARt HZE=ZHAngle of contact)&
TAPPI Standard Method 4589 2] A3l =7 =7 7](Automatic Measuring System for Sizing
Degree, Mirero AMS2001, Korea)E ©]-&3st ZA 3ttt Cobb test+= TAPPI Standard Method
4419 2] A3ste] Cobb test =4 7](Water absorption apparatus, Daeill Machinery, Korea)& ©] &
st S8Rt

ol
-

(2 4323

b A kA
Tstn F o UAE Figo 31610 E=ASHATH A= FE A=
et TFHEANSH, SPY PVAE {F&o &3] Zosdn. AT SS9

dFolle 2ok IN NaOHel &3i3k SMAZE wh&< do
Wik T ARESE e, SPe UF Fol HA W ks @4ol UERTH

FolA 2 mgo 2 AME =X3h=d ol gol AUtk
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Fig. 3.161. Compatibility of water repellents with sulfur solution.
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Wb &£ G359 pH A

3 11152 Agzeldoln s34 AKD, PVA, SMAZ 0.5, 1, 1.5% H7}st@A pH
sl2 #2515} Table 33.25014 AKDS} PVAZE 444, SMAZF §84H0E o & Izg
S Ueh Yok pHe wWals Table 33} zro] SAS} SPE pHYF S3<ol wls) 23 Yolgo
SMAE T3 SS= 9o =2 ¢ Asstith

Table 3.25. pH of sulfur solution mixed with water repellents

Type pH

S 11.15

0.5 11.09

SA 1.0 10.96
1.5 10.80

0.5 11.00

SP 1.0 10.91
1.5 10.72

0.5 12.01

SS 1.0 12.50
1.5 12.19

(th Cobb test =4 A}
| HA &7 Fkon, & =1 B
T e UEhSith PVASH SMAS] 7}

Kel
g nold o= We WHN Bo| HZa

AEL SASH SS 0.5%E AYstas SHUE v
Fo] Wold4E Bo| Fo] Holx= A
WA PVAE -OH7|7} 3444 1)
SSel A SR 4oz 2 mgel §Fo] &

SRFre ol 23 WRESE B 5o 9FL MANAOE APk
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Fig. 3.162. Water absorption of linerboard coated with sulfur solutions mixed with water

repellents.

Ast 83l SA, SP, SS 1.5% WFAE XS W] EWe B
3.163-3.1660 =AsIATE HFARE W =2 H golux|e 27| FFZ AR golyA
(ControDell Hl&l SP¢} S& A eletal 25 o F=A vekstth SPe 4% PVAS -OH7|o| <)%
A4d ol T a35 Qo] 7] HFZ o] Yol Ao g ArHM, 1 JFoRE s 20

S HEZL A= T2y YElYA] e Ao 2 AdHT Controld} S, SA, SP, SSe| A
=7t W3S Zt7zF v BgkS o 0.5, 1%, 1.5%= H7 HE S 2442 27 HE24S v
s BkS w SA >SS > S > SP = Control <=o]H, 20% 39 ﬁzﬁg‘ Hl a3 Heks wWe SA
> S >SS > Control = SP9] k& YerAT ojASRE n|Fo] RS u] 7] HEZ A 20
Z7HA o] JAEZ WstEFe 27 AFAANAY A HEE SA 5%, S 13%, SS 40%, SP 100%,
Control 100%E YeERAT webA SA > S >SS > SP = Controlse o2 FHE7F wWstagko] 2ok

. A&7 A¥72 B9 ANS Fa) Koo ® B w x7loE SA >SS > S >
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1 STt
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Fig. 3.163. Contact angle of linerboard coated with sulfur solutions mixed with water

repellents at 0 second.

Fig. 3.164. Contact angle of linerboard coated with sulfur solutions mixed with water

repellents at 20 seconds.
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Fig. 3.165. Contact angle variation of linerboard coated with sulfur solutions mixed with

water repellents.
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Fig. 3.166. Images of contact angle.
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AGEF, dskde, FALE o83t EA4S AASE WA AA"ES AAH HA K35
(processed sulfur solution) H 7879 &S Fig 316790

A H. I =3A Fx AAE

) AAE Ao F/E Table 3.2600 WeEFA 12
ds d723%E T AAd e 2o 542 Table 3.270) =AI8HA T

Fig. 3.167. Picture of sulfur solution prepared in a laboratory.

Table 3.26. Linerboard, corrugating media and non-woven fabric for the manufacture of

hybrid corrugated board prototypes

S Product Basis weight
Yp g/m2
Liner board EW1 175
Fluted board CK 181
Liner board K 168
Fluted board CK 181
Felt TD100 100
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Table 3.27. Basic properties of latex for the manufacture of hybrid corrugated board

prototypes
Binder Type Solid content, % pH Particle size (nm)
Lutex 703 SB latex 49.5-50.5 7.5-8.5 105-135

(W) stojHEl= 3R AAlF A= ¥H 5 =4 A8
NAFE AAEA 2= E Figo 31689 Z=AIsHA=T stelHels ZoA= BF 100 g/m2
3471} 5071<1 A=} B
= EPAA olF JH IVAR A, F, 3L 420x325%205 mm«] Abolzz WA Z3A] A
5 1d 2hol x| Foll HAHo e A-IE ©] &3}

o

& AZZ2 2AAFET. H2AA= AR 20%e FEH A=
= o}@l ARg8te] ABES 7HA FHERA 2 AxHJAcH] WAL E3A] Al x=37

3
B BAZE EAEA &dth AAF Az B BES Figs. 3.170-3.174
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Fig. 3.168. Manufacturing process of hybrid corrugated board prototypes.

- 149 -



Fig. 3.169. Non-woven fabric (left) and its coating process with sulfur solution (right).

Fig. 3.170. Preparation of starch solution mixed with SB latex.

Fig. 3.171. Linerboard, corrugating medium (left) and joining non-woven fabric with

corrugating medium (right).
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Fig. 3.172. Single faced corrugated board with non-woven fabric and corrugating medium.

Fig. 3.173. Prototypes of hybrid corrugated boards.

Fig. 3.174. Final hybrid corrugated board after printing and thomson processes.
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FzAA 9 AAH2EE E3 AyiE FlolBg =

Es =
B Aol HAR stolngs BRAe JsHe FEA, TAFH

°§L—’F°ﬂ -"‘llfTL FA o] mx e AL 2 SA6177F Brbs 7] wwol 4
MAEtE Soko g Woatd n(Fig. 3.175 #2) 3747

o] HMolA=o me} E%‘*J*X] 3 AZ(C1-C3) &
TR EelE §342 FEE RAT 3MENI-NDZ F 655 AU=(Table 3.29 #2)9)
G H2EE JP3tAnt. o] w dHAFHORE FANXE T 73 HHIAS AMESte] A
A2&S FrhstAth 3l H2Es N3 AMEE st dth

.
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Fig. 3.175. Samples for anti-bacterial tests; low coated (left), middle coated (middle), high coated (right).
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Table 3.29. Summary of samples for anti-bacterial tests

= e $A A2
N1 Tt Fe FFEoR FyE BAZ NS
stojH e =
THA M 7 N2 57t B FELR IHE RAL NS
3" 2A %
N3 FBFL me £FoE A6Y R AF
Cl fFEF7 G FEOR IA”E TBA S
sto]BEl= 9] C2 &7t 23 FELR IHE TRA S
c3 FBI Be FEoR THY TRA A
b I H=E T

32 ZuAYS EAAY A AP KS K0693e] oAt Gz Tt
(Staphylococcus aureus)® # & 3+#+(Klebsiella pneumoniae)2 Ab&3te] a4 71 AEFH tix
Adho Adds JAFstd MY & AdTE SAHSH I 7HE AFS dix AFHS v
st At AasE ob#fje] Eq. 3.69 A% AAtedth B A9E FA7IH] =

714 AT 2KOTITD| o2 5te] F gt

i3
-

Reduction rate by bacteriostatic activity =

M. : tHEzH o HF2 % B
M, : thZHo] 18A17F vl & AW HS
¢ AE 18X vl F AT

Eq. 3.6. Equations for reduction rates by bacteriostatic activity.

() fa4 HaE By
FB5 AT FAYL Aotdr) A FEE APL AASGT FRFE BAH
AZZ KS K 07310 o] A3} ¢l Pb, Cr, Ni, As, Cd, Hge] %% ¥=&5 ZHstginh
Age 3718 f&%’é%ﬂgl_:riL(KOTITDoﬂ o getal At

O{N
JH
rh:: —{u:

1=

L

Jut
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Fig. 3.176. Test report of anti-bacterial test.
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Table

3.30. Reduction rates by bacteriostatic activity of sample N1

AdHE
(1-'17* m;) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
Ma L1 x 10° 1.1 x 10°
Ms 57 x 10° L1 x 10°
M 2.1 x 10 1.1 x 10°
A Tas %) 99.6 99.7
FA% E  |F=57x10/11 x 10° =51.81 | F =57 x 10°/ 1.1 x 10° = 51.81
F Zto] 31.6ui7} loug BE AP ANFo=E 3z AdS & T A+
Table 3.31. Reduction rates by bacteriostatic activity of sample N2
ANEFE - :
(Heers) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
Ma L1 x 10° 1.2 x 10°
Ms 57 x 10° 3.6 x 10
M. < 20 <20
A s %) 99.9 99.9
4% ® F=57x10°/11 x 10° =5181 | F =36 x 10’/ 1.2 x 10° = 300

F Zkol 3167}

1:104_9_

[e]
= AN hu

] }\sz

R e
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3.32. Reduction rates by bacteriostatic activity of sample N3

(gzzi) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
M, L1 x 10° 1.2 x 10°
M, 5.7 x 10° 3.6 x 107
M < 20 < 20
Ad das (%) 99.9 99.9
Z2% B | F=57x10°/11 x 10°=5181 | F=36 x 10"/ 1.2 x 10> = 300
F grol 3L6ui7t dleng, vE Alde Aoz Jgazl Ade & + A+
Table 3.33. Reduction rates by bacteriostatic activity of sample C1
NdEE
(R2w3) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
M, L1 x 10° 1.2 x 10°
M 57 x 10° 3.6 x 10’
M L1 x 10° 1.2 x 10
A s (%) 81.6 66.4
A%k ® F=57x10°/11 x 10°=51.81 | F=36 x 10' / 1.2 x 10° = 300
F gto] 3L6ui7t derzg, Re AP AdHo= P&zl AdS & + A+
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Table 3.34. Reduction rates by bacteriostatic activity of sample C2

ki
(E]Z m;) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
M, 11 x 10° 1.2 x 10°
M 57 x 10° 3.6 x 10
Me 1.0 x 10° 1.3 x 10
A FaEsE (%) 82.3 64.7
2% B F=57x10°/11x 10°=5181| F=36 x 10" / 1.2 x 10° = 300
F gkto] 3L6ui7t deB2g, RE AP AYAo=E P&zl AdS & + A=
Table 3.35. Reduction rates by bacteriostatic activity of sample C3
NEH+F . :
(=) Staphylococcus aureus (ATCC 6538) | Klebsiella pneumoniae (ACC4352)
M, 11 x 10° 1.2 x 10°
My 57 x 10° 3.6 x 10
Me 1.0 x 10° 1.0 x 10
A s (%) 81.2 71.1
A% () F=57x10°/11x 10°=5181| F =36 x 10" / 1.2 x 10° = 300
F gko] 3L6wi7t AgleE=g, e AlgS AGA R Pl AdSs & F A=
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Fig. 3.177. Photographs of control after 18 hours - Staphylococcus aureus (left) and Klebsiella

pneumoniae (right).

Fig. 3.178. Photographs of sample N1 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).
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Fig. 3.179 Photographs of sample N2 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).

Fig. 3.180. Photographs of sample N3 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).
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Fig. 3.181. Photographs of sample C1 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).

Fig. 3.182. Photographs of sample C2 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).
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Fig. 3.183. Photographs of sample C3 after 18 hours - Staphylococcus aureus (left) and

Klebsiella pneumoniae (right).
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Fig. 3.184. Heavy metals test report of non-woven fabric coated with sulfur solution.

Fig. 3.185. Results of heavy metals test report of non-woven fabric coated with sulfur solution.
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Fig. 3.187. Photograph of a temperature humidity chamber and corrugated board boxes.
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Fig. 3.188. Sweet persimmon surrogates (balls) and films for shock-absorbing tests.

Fig. 3.189. Height determination of drop test of sweet persimmon.

3.190. Shaking test of sweet persimmon.
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3.191. Storage photograph of sweet persimmons in hybrid corrugated board (eft) and

conventional corrugated board (right).

Fig. 3.192. Appearance and color of sweet persimmons stored for 1 day.
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Fig. 3.193. Appearance and color of sweet persimmons stored for 2 days.

Fig. 3.194. Appearance and color of sweet persimmons stored for 3 days.
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Fig. 3.195. Appearance and color of sweet persimmons stored for 4 days.

Fig. 3.196. Appearance and color of sweet persimmons stored for 5 days.
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Fig. 3.197. Appearance and color of sweet persimmons stored for 6 days.

Fig. 3.198. Appearance and color of sweet persimmons stored for 7 days.
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Fig. 3.199. Appearance and color of sweet persimmons stored for 8 days.

Fig. 3.200. Appearance and color of sweet persimmon stored for 9 days.
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Fig. 3.201. Final appearance and color of sweet persimmons stored for 9 days.

Fig. 3.202. Weight loss of sweet persimmons stored for 9 days in hybrid corrugated board

box and conventional corrugated board box.
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Fig. 3.203. Firmness of sweet persimmons stored for 9 days in hybrid corrugated board box

and conventional corrugated board box.
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Fig. 3.204. Photograph of sweet persimmons stored in hybrid corrugated board (left) and

conventional corrugated board (right) after 1-MCP treatment for 24 hours.
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Fig. 3.205. Appearance and color of sweet persimmons stored for 1 day after 1-MCP

treatment.
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Fig. 3.206. Appearance and color of sweet persimmons stored for 2 days after 1-MCP

treatment.
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Fig. 3.207. Appearance and color of sweet persimmons stored for 3 days after 1-MCP

treatment.
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Fig. 3.208. Appearance and color of sweet persimmons stored for 5 days after 1-MCP

treatment.
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Fig. 3.209. Appearance and color of sweet persimmons stored for 6 days after 1-MCP

treatment.
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Fig. 3.210. Appearance and color of sweet persimmons stored for 7 days after 1-MCP

treatment.
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Fig. 3.211. Appearance and color of sweet persimmons stored for 8 days after 1-MCP

treatment.
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Fig. 3.212. Appearance and color of sweet persimmons stored for 15 days after 1-MCP

treatment.
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Fig. 3.213. Weight loss of sweet persimmons stored for 9 days in hybrid corrugated board box

and conventional corrugated board box after 1-MCP treatment.

Fig. 3.214. Firmness of sweet persimmons stored for 9 days in hybrid corrugated board box

and conventional corrugated board box after 1-MCP treatment.
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Fig. 3.215. Storage photograph of paprika in hybrid corrugated board (Ieft) and conventional
corrugated board (right).
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Fig. 3.216. Appearance and color of paprika stored for 1 day.

Fig. 3.217. Appearance and color of paprika stored for 2 days.
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Fig. 3.218. Appearance and color of paprika stored for 3 days.

Fig. 3.219. Appearance and color of paprika stored for 4 days.
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Fig. 3.220. Appearance and color of paprika stored for 5 days.

Fig. 3.221. Appearance and color of paprika stored for 6 days.
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Fig. 3.222. Weight loss of paprika stored for 9 days in hybrid corrugated board box and

conventional corrugated board box.
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Fig. 3.223. Film images of 60 cm drop test - conventional corrugated board (left) and hybrid
corrugated board (right).

Fig. 3.224. Film images of 100 cm drop test - conventional corrugated board (Ieft) and hybrid
corrugated board (right).
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Fig. 3.225. Film images of shaking test — conventional corrugated board.

Fig. 3.226. Film images of shaking test - hybrid corrugated board.
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Table 3.36. Production cost of a double wall corrugated board box used for sweet persimmons

A A7} B8 7% 7} A7}
glol ] =1 175 g/m® 1,000 ¥/kg 175.0 9/m*
350 A/kg
ZAA1 180 g/m? 88.2 Y/m?
! & X LABZo] B2 e
Ak Zho| 14 A2 180 g/m® 350 A/kg 63.0 ¢/m?

2 A1 A]2 180 g/m? 450 fkg 129.6 9/m?
= g X 1.6(AZe ©28) e

2}o]14 23 225 g/m* 610 A/kg 137.3 Y/m’*
AG 714 YA - - 593 @/m’
e, 1M 5 4 714 gAY 10% 714 593 ¥/m* x 1.1
A7FgH] ol FFAFTA 9| 7% 120 Y/m’ 120 9/m*
= d7hE 593 /m® x 1.1 + 120 ¥/m? = 772 94/m’
o] 2y - - 50 /m?
R 2
A2 - - 20 9/m*
o7k bk M A - - 0.844 m2
chzhb s g A 9ot 842 A/m® x 0.844 m® = 710 A/}
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Table 3.37. Production cost of a hybrid corrugated board box used for sweet persimmons

A% A7 3= R w7} A4

LA 100 g/m® 3,600 ¥/kg 360.0 ¢/m”
350 Y/kg

=441 180 g/m® 88.2 Y/m’

] g X LABZ) ©z8) h

Ak Z}o] 14 A2 180 g/m® 350 A/kg 63.0 ¢/m?
450 9/kg

A X 2 9] 2

= RAPP) 180 g/m CLEAZE] TEd) 129.6 ¥/m

glo] 1) %3 225 g/m’ 610 ¥/kg 137.3 9/m’

d 744 @A - - 778 A/m’

#en], Adn 5 A 714 gAY 10% 71H4F 778 Y/m? x 1.1
Ae7hEn] o]F A ZTAA ] A 120 Y/m’ 120 Y/m?
% ArbEH 778 D/m® x 1.1 + 120 ¥/m® = 976 Q/m?
SE _ - 50 ¢1/m?
R ]
A 27 - - 20 9/m’
o7k vk W7 - - 0.844 m’
ks shug Ak A7) 976 Y/m? X 0.844 m’? = 883 /uj
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Table 3.400 JeFH AT

Table 3.38. Information on starch and chemicals

Material Company
Starch Samyang
NaOH Junsei
Boric Acid Junsei
Starch crosslinking agent Chunha Chemical

Table 3.39. Basic properties of latex

Binder Type Solid content, % pH particle size (nm)

Lutex 703 SB latex 49.5-50.5 7.5-8.5 105-135

Table 3.40. Basic properties of linerboard and corrugating medium

. : Tensile strength ,

Basis weight Elongation (mm)
Company Type (/) (kN/mm)
3 MD CD MD CD
Goryeo KLB3 225 Linerboard 225 194.8 94.0 2.40 4.83
Corrugating
Kyungsan K ) 180 87.6 317 1.01 1.97
medium

TD50 Felt 50 280 140 20 20
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NaOHE F<dske 600 rmeM 4083 AEsdnr. o] F SB gEl~E HE diHl 10, 20, 30%

FAste] H2AAE A=A

B AP e HESdA FE = slolBgls EFJAE A XA on] Alxd AT =
8] 7]1(SB100, Hannamchemical, Korea)E ©]-&3le] 10 mm/sec £52 HEHIAA S
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Fig. 3.228. Starch coating on corrugating medium using a surface-coater.

Fig. 3.229. Drying of corrugating medium after starch coating.
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Fig. 3.230. Test machine for adhesive strength of corrugated board.

@ HAEHZA 2o & AxoUA A7 =4 Ui
ol x] o] ¥HFE 7](SB100, Hannamchemical, Korea)= 0]%0}0% 10 mm/sec &=

PAEARAE S8 =23 Os 04" =22 w7tx SEse sEdEs FE5%7]
3te] 110 T 270 7}@3}@1 1 2 Aoz =4stgth =4

(MB-35, CAS, Korea)E A} A
Hg= Fig. 3.2313% Zoh. dxdyA 7+H4&&Drying energy reduction)e <=4 A& 2HA| 29k
TxH ZolyAZE AAMH =2 wi7hA] SHEe FE%EH SB gd s 20%E £3Het
+ AEHZAARE =29 go|yAT A 228 w7tA] S3EHe FEFOE Eq 3.7
o}

% x100

0

Az JA 74 4&(Drying energy reduction, %) =

My @ = AEHAZ =28 SHolyA7t G =22 u AT s

Mi: SB 2El2® w@els ARARAZ 2xd FoluiAl Angeel 22 W 2§

Eq. 3.7. Equation for the calculation of drying energy reduction.

Fig. 3.231. Evaporated moisture of linerboard coated with starch as a function of drying time.
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Fig. 3.232. Photographs showing the adherend between corrugated board and non-woven

fabric coated with pure starch solution (left) and starch and 5% latex mixture (right).
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Fig. 3.233. Photographs showing the adherend between corrugated board and non-woven fabric
coated with starch and 10% latex mixture (left) and starch and 20% latex mixture (right).

Fig. 3.234. Effect of latex content on evaporated moisture of linerboard coated with adhesive

solutions.
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Table 3.41. Final production cost of a functional hybrid corrugated board box

AR A7} = % w7} A7}
LA 100 g/m’ 3,600 ¥/kg 360.0 ¢ /m”
350 Y/kg
ZAA1 180 g/m? 88.2 <1/m?
] g X 14BZ] Bzg) =
Ak Zlo] 1 %] 2 180 g/m® 350 A/kg 63.0 ¢/m?
450 d/kg
Z A2 180 g/m? 129.6 Y/m?
] g X 1.6(AZ9 TGzg)
2ho] 1 %13 225 g/m® 610 ¥/kg 137.3 9/m’
d 714 @A - - 778 A/m’
#en], 1] & At 7148 FA ] 5% 71H4F 778 9/m?® x 1.05
A7}En| ol FUHIFAA ] A9 120 Y/m? 120 d/m?
= ArbEy 778 Q/m® x 1.05 + 120 9/m? = 937 Y/m?
SE _ - 50 ¢/m?
A 5H
2 214 - - 10 Y/m?
o7k vk W7 - - 0.844 m’
Gakx gy AN Qo) 997 9/m?® X 0.844 m® = 841 Y/
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Fig. 3.235. Starch and SB latex used for mill test.

Fig. 3.236. Starch-latex mixture (left) and its injection to corrugator (right).
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Fig. 3.237. Non-woven fabric used for mill test.

Fig. 3.238. Coating process of non-woven fabric with water.

Fig. 3.239. Corrugating medium used for mill test.
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Fig. 3.240. Produced hybrid corrugated board during mill test.
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stolue= FHA Azo] AEHE RHT Que] 2¥ Table 3.42-3.435 2ot 23
Eo| 2% GBS RAT YAAANA B GB3 TaA YAFHANA 2 5T 3
2% AFstel ARG Ve | FFATVA] AGHE AOE oluAsh BTUARZ ¥
PallA 7 Age) AR B4Y FEE Eos RS AYSAT 4 ZARES IA A
2Eo FRHAES Fol Soln= BRAY Axst FEE welste] HAHYH

Table 3.42. Determined specifications of non-woven fabric

s =3 &4 =37k
oo T g/m* 40 1
A mm 02 7
MD 120 7T
AAA= kg/5cm
CD 6.0 T
MD 20 7T
A& %
CD 20 T
AZA F5F Polyethylene(PE) A%

Table 3.43. Determined specifications of linerboard and corrugating medium

&E Z3 99 o4 A =4A
2 g/m? 168 1 172 1
b= kgr/cm® 6.65 T 3.08 7
RCT kge/152mm 23.75 1 171 1
A mm 19 7 21 T
H) 27 - 3.95 7 179 1
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Fig. 3.243. Main works in dealing with corrugating medium for the manufacture of hybrid

corrugated board.

A, EAA, £HA A2

Fig. 3.244. Main works in adhesion process of materials for the manufacture of hybrid corrugated board.
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Fig. 3.245. Main works in bridge for the manufacture of hybrid corrugated board.
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Fig. 3.246. Main works in drying process for the manufacture of hybrid corrugated board.
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Fig. 3.247. Main works in piling process for the manufacture of hybrid corrugated board.
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AEES A4 BH 17.8%°]th 20119 71 19.0% ¥laiA = sttt +x]<l
o] 2011d 11,480 H = oA 20123 11,331 ME #A4as Zo] o]l & + 3
7 Zarh oF 13%olu = A4 AV 6.3%E U 2 AoE E uf dZoERTL I
AAAHA Fsta e Aoz AgddEn. J8u A= U AFAFe A4k FolE Table
34504 A EH FibE 20 ARSEHE 28R B AR o] AAFE FES] Frlska A
o meA STkt AR BA o] AAFS FFAI7I7] HAsiA A
Zo| AbgEFol Frbstal

Table 3.44. Annual production of paper products

A= FAE) AZEA(E) | AHEAE) EZEA 9 BAE) 7] e
2008 10,642,495 1,561,652 3,094,409 5,385,963 600,471
2009 10,480,673 1,464,229 2,976,980 5,436,906 602,558
2010 11,105,835 1,556,101 3,029,585 5,897,790 622,359
2011 11,480,372 1,537,479 3,278,415 6,040,974 623,504
2012 11,331,970 1,523,288 3,207,348 5,959,921 641,413

vt FRAEL A FRA ASHE BoluA, TAAY BRA 53 ge #AY U
2 A4S Uu FRATL BA AR AGHE WHE Fig 3248904 B & 9ol A

AAst AR A F 2ATAA BAE AatsA "o
Aol A sfe]7t & P A2l oo F4

=
] o
-

metA AyEze) e e @
A AAFAE o] BHA

Fig. 3.248. Flow diagram of recycling system.
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Fig. 3.249. Pulper in papermaking process.

Fig. 3.250. Flow diagram of recycling system of hybrid corrugated board.
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CERTIFICATE OF PATENT

5 3 A 10-1199973 &

{PATENT NUMBER)

WBARY (TTLE OF THE INVENTION)
3R

&8 AA} (PATENTEE)

ERANE 714

YA} (INVENTOR)
&G

AR A -

&yl 4 2010-0091536 &
{APPLICATION NUMBER)
+ 44 20109 099 174
(FILING DATE :YY/MI/DO)
7 32q 20129 11¥W 059

(REGIBTRATION OATEYY/AIM/DD}

f1o] YL Y, o 3o EHFEYR) T2

HAEE FHHUG.

(THIS IS TO CERTIFY THAT THE PATENT IS REGISTERED ON THE REGISTER OF THE KOREAN

INTELLECTUAL PROPERTY OFFICE.)
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