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SUMMARY

[ . Title

Development of novel functional raw materials of packaging paperboard using agricultural
byproducts

II. The goal and necessity of research and development

Agricultural crop cultivation generates agricultural byproducts. Researchers have reported that
these materials are useful in various applications. However, more than 50% are currently
discarded because of the lack of specific technologies for industrial applications. Therefore,
effective specific applications must be developed to use discarded lignocellulosic resources to
manufacture high-quality materials. In this study, we developed a technology for
manufacturing organic fillers and kraft chemical pulp from rice husks, peanut husks, and
garlic stems and applying the pulp in packaging paperboard mills.

lll. The contents and range of research and development

[Project 1] Development of novel raw materials from agricultural byproducts and evaluation of
their properties

Evaluation of the chemical and physical properties of rice husks, peanut husks, and garlic stems

Manufacture of functional organic fillers from rice husks, peanut husks, and garlic stems
and measurement of their properties

Manufacture of kraft chemical pulp from rice husks, peanut husks, and garlic stems and
measurement of their properties

Evaluation of the functionality of organic fillers and application of organic filler in paper mills

[Project 2] Optimization of papermaking process for application of novel raw materials made
of agricultural byproducts

- Investigation of applications of non-lignocellulosic pulp and wood powder organic filler

- Analysis of the physical properties of virgin and recycled pulp and rearrangement of pulp

- Evaluation of the physical properties and process conditions of paperboard by applying a
novel organic filler

- Method derivation of the supply of novel raw materials and estimate of their storage
property



IV. The results of research and development

O In this study, rice husks, peanut husks, and garlic stems were found to be major
agricultural byproducts, and their physical and chemical properties were analyzed to
identify the materials’ applicability in manufacturing paperboard. New organic fillers used
for manufacturing paperboard were made of rice husks, peanut husks, and garlic stems by
grinding and fractionation. Kraft chemical pulp was also made from these materials in
various conditions of pulping conditions. After the new materials were produced, their
functionality was analyzed, including bulk, strength, and decrease in the drying energy of
paperboard. Finally, an organic filler prototype was produced, and mill experiments in an
actual paperboard mill were conducted to determine the optimal conditions for the organic
filler.

O The agricultural byproducts organic fillers made of rice husks and peanut husks had more
bulk and a larger decrease in the drying energy of paperboard. Kraft chemical pulp made
of rice husks and peanut husks under mild pulping conditions resulted in more bulk than
other pulp, including commercial pulp and garlic stem pulp. Garlic stem pulp manufactured
under mild pulping conditions was stronger than rice husk and peanut husk pulp.

O The rice husk organic filler is the optimal raw material for packaging paperboard according
to the analysis of the production cost, product qualities, and applicability in paperboard
mills. A prototype of the rice husk organic filler was produced and showed more potential
as an organic filler than commercial wood powder organic fillers.

O Experiments were conducted at a Kleannara paperboard mill, and the optimal particle size
and distribution of the rice husk organic filler were determined to improve the bulk and
decrease

V. The plans to use research and development results

A manufacturing technology that uses organic fillers made of agricultural byproducts was
experimentally applied at a Kleannara Co. Ltd. mill. The manufacturing technology for
packaging paperboard that uses rice husk organic filler contributes to the development of the
agriculture, food, and paperboard industries.
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Table 1.1. Annual production of papers and paperboards

qd= FAE) | AZEAE) | dHEAE) | 2FEA & BA(D) 71
2007 10,932,048 1,630,226 3,133,098 5,561,320 607,404
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

FogAe Aeh =AM A(ow carbon, green growth)z} A-l<=%
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biomass)e] &8l o] AUAE7}F 7H E o7t HEA AXAES A5 FF E ALe
of7lskal Aot HEZ ZF Yol A oU A HaA Ao wel AP TN AREEE U A
A Aqeard o] 7hA o] F53] Sl wek ARk e] o wol JHEEA Ao
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Fig. 1.2. Effect of the bulk on the reduction of recycled fibers (left) and steam (right).
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Fig. 1.3. Annual road-map of this research.
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M2g =tiel 7= &

= (paperboard)= ¢F 150 g/m® ool H&EF} 0.3 mm oo FAE A E FolE ¥
T AeE FE XIHFLOZ ALEE AFolty. AA = Fig 213 Zo] H4AE AAGHE

¥, cartonboard), &= ¥X](containerboard), &<=¥X|(special board)Z & t}.

Paperboard Grades
\
[ [ |
Cartonboards Containerboards Special Boards
— Folding Boxboard — Linerboard — Core Board
White Lined Chipboard | _Browi — Wallpaper Base
Solid Bleached Board — Plaster Board
Kraftliner
Solid Unbleached Board Recycled — Book Binding Board
— Mottled
Liquid Packaging Board — White Top — Woodpulp Board
— Coated White Top
E Bleached — Corrugating Medium | e
Unbleached
E Semichemical
Recycled

Fig. 2.1. Classification of paperboard grades.

= z %7 (chipboard) ol e F2 &4, T, S,
E Sol AF A ASHD AT 7 BAY FEE Figs. 222300 SANAG % BA
e AwHOoE by FEE AL F Fuit ASHE AR FRI S GID AL
& ot
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——— COATING
e —— TOP PLY BLEACHED HW
BLEACHED SW
MIDDLEPLY ~ BLEACHED HW
BLEACHED SW
CTMP
BROKE
_—— BACKPLY BLEACHED HW
— BLEACHED SW
OPTIONAL COATING

Fig. 2.2. Structure of three-ply solid bleached board.

COATING

TOP PLY BLEACHED HW
/ BLEACHED SW

/

__ UNDERTOP PLY DEINKED PULP
WHITE LEDGER
CTMP, GW

MIDDLE PLY occ
MIXED WASTE
OLD NEWSPRINT
GW, PGW
BROKE

e BACK PLY DEINKED PULP
CHEMICAL PULP
\ CTMP
\ BROKE

\ occ
OPTIONAL COATING

Fig. 2.3. Structure of white lined chipboard.

SHAE BAAFAA 7 F FES AATE AFOE T g w2 Bk ofy
gt ARIPFA Y THRAF AR R T ERAE & JEHE g 34 U
B35& JA3t= =4 A(corrugating medium)# =34 g A&= = 2hol| X (linerboard) 2
TAE Utk EAAE BF 15§ WS g IZE ARESEY 0.229 mme FAE A
ZH+& Zo] Aoy HAE du5E ARHI Ao #doluXE BFoE AxHI 7 Fof
AHREE dERE TRV BEY ®¥1 AT F de FEY ZHolvA Y Agddes s
g I8 E Hxyt ALY % SrhFig. 2.4)

\\\\\ \ \ \ \\ N — TOP PLY BLEACHED OR UNBLEACHED

HW AND SW
I, o0

UNDERTOP PLY OCC
DEINKED PULP
COMPUTER PRINT-OUT

MIDDLE PLY occ
MIXED WASTE
BROKE
2 —— BACK PLY occC

Fig. 2.4. Structure of testliner.
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EFHRAE XAAL0E ALEHE A oY 5% 52 ASHE BAE dH=Y. F4
FHR Z2E W2 A 2ol AFREE H 2 YR|(wallpaper base), £o], F4ut =
< g 2olx Fo]el AAYA|(core board), A& ©dS 93 A

To AR EHE HurRT Y| (plaster board) 5°] THFigs. 2.4-2.5).

-HN' ™
o
=
g
2
r (o]
1
=
fz

—_— e Eerr — TOP PLY OLD NEWSPRINT
> N MIXED WASTE

BASE PLY occC
MIXED WASTE
BROKE

Fig. 2.5. Structure of wallpaper base.

: : : —— COATING
"R ks N
NN \\\ NN \ BLEACHED HW
\\ W \ NN \\\\\\ | BLEACHED SW
—_ MIDDLEPLY  GW
PGW
BROKE
AL BACK PLY BLEACHED HW

BLEACHED SW

Fig. 2.6. Structure of plaster board.
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2 7EHY HAddze Fotdx, disisds, VAEEE ERE 5 Ao A= A=
=H A, AZHAONP), =34 HAOCO, = A d=, &58& J&HA7} v Table
2.29} Table 23914 < =4t - AN HAE=Z ALEFH =4k —’F?J"P H A AMEFES 44

ALY F3 A A A o] #A H AR FUEetE dEo] UV
HAAE AR A e JAEE AFE&2 T AALGYAA HA TS B
g ARG HAE= 200634 201080 o] 277A] AA] A& TFo] A%
MoE R 9] Hgo] 87.0% FEOE WS Fi FHEE A
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Table 2.1. Commercial pulps used in paper industry

2EF
o = TEF (7 Bz w9, vEy, IG5 RS 2FHE
& 918)
3}s}8 Z(chemical pulp) gtz E Hx MdylolE HX
A ob g4k wkalehg sz, FopgtAl

EEE

(virgin pulp)

"3} 8} 2 (semi-chemical pulp) Els 4 wislstd =
ER A
7] A8 3z (mechanical pulp) A=z, oy ZAE=, d7|AEx

A A F () A))
(waste paper)

=g A, Al A,

=8A HxA, 2=

AL s, E58 GdHA

Table 2.2. Annual consumption of virgin pulps

Gy B
. oA 241 21
. - FE= oD wl FHE= sEmm 3 | sEE | HuEs
2008 2.910,673 J22.hEq 2,585,054 516,156 110,803 405,363 2,394,617 211,786 2,182,731
e 2768246 | 288,712 | 2479534 | 307.017 | 106.256 | 281.661 | 2,980.320 | 182,456 | 2197873
2010 5797360 | 348,205 | 2.449.155 | 3BG.618 | 109458 | 250,160 | 2437742 | 236747 | 2.198.9%
2011 2.952.397 431,212 2.521.185 518,446 138,060 380,386 2.433.951 293162 2.140.739
2me 2.849.745 413,066 Z2.436.674 489 634 112,466 377168 2,360,111 300,600 2.059.511
Table 2.3. Annual consumption of recycled papers
o E
2008 2009 2010 2011 2012
2% 1,575,011 1,473,920 1,369,938 1,295,562 1,257,665
I BB, 721 B21,306 A22. 094 931,746 979,016
" 2 295,732 2 095,306 2 192,032 2297308 2 236,681
[ 25 5 293,647 5 357,448 . 363,681 6,435,907 5 512,950
056 || an 306,455 227,727 284,096 276,970 236,013
7 5 600,102 5,585,175 5,652,777 5,712,877 5 548,953
[ an 1,039,264 1,019,666 118,703 1,095,168 1173401
Others | a1 754375 234,391 221,326 226,574 233 808
[ 1,287,633 1,254,077 1,340,029 1,321,742 1,407,209
a5 7.901.922 7.851,054 8857327 8,026,537 8,044,016
t | s 1,211,551 1083 504 1,327,516 1,435,290 1,448,837
 a 9.113.473 8,934,558 10,184,838 10,261,927 9,492,853
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Table 2.5. Specifications of recycled pulps

o] =2 (%)
R 74 9 BAG) | SR
A% BF
H| Wl A 0.1¢]3} 0.30]3} 1.00]3} 12.00] 3
Askol =2l 0.1013 0.3013 1.0o] 3}
H A 0.30]3} 0.50] 3} 2.00] 8}
H Al & 0.3°]3} 0.50]3} 2.00] &}
H =34 0.50] 3} 1.00] 3} 3.00] 5}
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Table 2.6. Annual production of agricultural byproducts
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Azoix A7 & % Aok

Table 2.8. Effect of the addition of wood powder on bulk and steam consumption

EERYT () |2 2 (md/e) |BaDAE (B) | 2UAET =932F
(=/hr) =/hr)

0 1:21 - 43.9 -

4 1:23 1.0 41.8 2

6 1.24 2.4 39.8 4.1

& 126 33 39.3 4.6

2 1.2 3.0 41.8 2.8

0 .27 = 48.6 =

4 1.28 0.6 450 3.1

6 1.30 S 42.9 B

& 183 4:3 41.9 6.7

(2) LA(rice husk)
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Table 3.2. Chemical composition of major agricultural byproducts and other biomass

Content, % | R® | P? | G | Straw” | Baggasse” | Bamboo” | Reed” BG”

Alpha-cellulose | 40 34 37 28-36 40-43 30-40 33-43 17-19

Holo-cellulose | 63 60 56 46-49 59 40-53 52-58 20-20

Lignin 18 27 25 12-14 19-21 23-24 18-22 41-45
Extractive 24 | 11 | 23 - - - - 12

Ash content 14 10 14 14-20 2 1.1-1.5 3-6 4.6-5.3

a) Measured in laboratory, b) cited from references

A, I, st AAG URE ASE A FFH] FRHEC ATA AHgol A
=R

oAd 97, FFu, ks 8P
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Fig. 3.2. Scanning electron micrographs of the outer part of rice husk.
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Fig. 3.5. Scanning electron micrographs of the inner part of peanut husk.
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Fig. 3.8. Manufacture of the agricultural byproducts organic fillers.

Table 3.4. Classification of rice husk organic filler

o 3 R

R all 60 meshE S¥stal BE A7|E E3sta v 4A &2
R 60-100 60 meshs &#stal 100 meshs S HsHA %3 FA &
R 100-200 100 meshE F#sta 200 meshgE FHstA X3 4A &

R 200 200 meshs &3#3 4A &%

Table 3.5. Classification of peanut husk organic filler

o 3 A

P all 60 meshE S¥stal BE A7|E E38taL Y= BFu B
P 60-100 60 meshE S 33lx 100 meshs 534344 £ F3u £
P 100-200 100 meshE E33la 200 meshS E3ahA] 23 gFu 2

P 200 200 meshE =43 B3d &2
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Table 3.6. Classification of garlic stem organic filler

5 3 49

G all 60 meshs S¥sta BeE A71E 2338t e vl £9
G 60-100 60 meshE %5333 100 meshE F33#A] %3 npst) 22
G 100-200 100 mesh& &3}l 200 meshe FH3sFA 53k npso) &2

G 200 200 meshs F#43 vtet) £

By 2 =A37] 93 d=E2471(1090
LD, CILAS, France)& AH&3tATHFig. 3.9). HHAFAH AFA4EEE A7 & A%
=74 7](KajanniFiberlab, Metso, Finland& A48l thFig. 3.10). A+ FelE 8oz uots)
71 98l FAR A A1 ZH(JSM-5600LV, JEOL, Japan)o. 2 o|ux| & &G =d dAzd A=t
FEE Tofstr] faf 50u) st olmAE HFFEAIL A AAFEHE EAst7] fsh

2008 gt olm| A& HFetA Tt

CILAS(France)
= Y= FA7[(1090 LD)
= Average paricle size

= Paricle size distribution

Fig. 3.9. Particle size measurement.

Metso(Finland)
= 495 587|(KajanniFiber Lab.)
= Average fiber length

= Fiber length distribution

Fig. 3.10. Fiber length measurement.
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Fig. 3.11. Average particle size of rice husk organic fillers.
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Fig. 3.12. Average particle size of peanut husk organic fillers.
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Fig. 3.13. Average particle size of garlic stem organic fillers.
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Fig. 3.14. Particle size distribution of rice husk organic fillers.
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Fig. 3.15. Particle size distribution of peanut husk organic fillers.
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Fig. 3.16. Particle size distribution of garlic stem organic fillers.
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Fig. 3.17. Particle size distribution of wood powder organic fillers.
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Fig. 3.18. Average fiber length of rice husk organic fillers.
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Fig. 3.20. Fiber length distribution of rice husk organic filler (R 60-100).
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Fig. 3.22. Fiber length distribution of rice husk organic filler (R 200).
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Fig. 3.30. Fiber length distribution of peanut husk organic filler (R 100-200).
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Fig. 3.32. Scanning electron micrographs of peanut husk organic filler (R all).

_56_



VR o

usk organic filler (R 60-100).

s | .
4 » f S B , / :
S # « $ ). i /

\

Fig. 3.35. Scanning electron micrographs of peanut husk organic filler (R 200).
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Fig. 3.36. Average fiber length of garlic stem organic fillers.
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Fig. 3.38. Fiber length distribution of garlic stem organic filler (R 60-100).
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Fig. 3.40. Fiber length distribution of garlic stem organic filler (R 200).
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Fig. 3.42. Scanning electron micrographs of garlic stem organic filler (R 60-100).
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. Ay
D #7184 Az 2 F58

247, B, vsdE JIddEHANA FEE AAT T Wonder Blender(WB-01,
Sanplatec, Japan)E ©]-&3} 2027 FHE AAst {Fr15dA 27]%
4S8 A xRt FrEAA BLS BEFslr] 93ske] Vibratory sieve shaker(J-VSS, Jisico,
Korea)oll 60, 100, 200 mesh EF=AE AP EFE AA5I T 60 meshol zH7F3E A}
= AAE 852 Ags] FAFS Aoq AdE] HYsAT. E5E {715 WA E Table
3.7 YEtdlth. &A= “R”, B39 “p”, wisdle “G” E st¥a BRE A7]9 dAE
Zoela e BFHA Fe BEEe “al” 2 9iegda 60 mesh EFAE B3 100
mesh BEEAES E331A Ests 228 “60-100"2 2, 100 mesh EEAES E3stHA 200
mesh EEAE FHstA %35 S “100-200"c2 Atk 183l 200 mesh EFEAE
Tt AR TS 200" 0% WAtk R E A WMAA] JA AN ALHI e

ZRWPIE YT WYMoz BFste] Agstart

P
AL

Table 3.7. Classification of agricultural byproduct organic fillers

(rice husk R, peanut husk P, garlic stem G, wood powder WP)

9 % 4 v

all

60-100 60 meshS £33}31 100 meshS #3514 £33 §7)1=4A
100-200 100 meshE &332 200 meshsS E331A] &3 F7]=AA
200 200 meshE 533 f7|5AA &
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Addition of additive on o.d. fibers, ¥/
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Fig. 3.46. Effect of agricultural byproduct organic fillers (all grade) and wood powder on the
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Fig. 3.47. Effect of agricultural byproduct organic fillers (60-100 grade) and wood powder on
the bulk of handsheets.
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Fig. 3.48. Effect of agricultural byproduct organic fillers (100-200 grade) on the bulk of
handsheets.
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Fig. 3.49. Effect of agricultural byproduct organic fillers (200 grade) and wood powder on the
bulk of handsheets.
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Fig. 3.50. Effect of agricultural byproduct organic fillers (all grade) and wood powder on the
breaking length of handsheets.
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Fig. 3.51. Effect of agricultural byproduct organic fillers (60-100 grade) and wood powder on
the breaking length of handsheets.
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Fig. 3.52. Effect of agricultural byproduct organic fillers (100-200 grade) and wood powder on
the breaking length of handsheets.
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Fig. 3.53. Effect of agricultural byproduct organic fillers (200 grade) and wood powder on the
breaking length of handsheets.
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Fig. 3.54. Effect of agricultural byproduct organic fillers (all grade) and wood powder on the

burst factor of handsheets.
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Fig. 3.55. Effect of agricultural byproduct organic fillers (60-100 grade) and wood powder on

the burst factor of handsheets.
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Fig. 3.56. Effect of agricultural byproduct organic fillers (100-200 grade) and wood powder on

the burst factor of handsheets.
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Fig. 3.57. Effect of agricultural byproduct organic fillers (200 grade) and wood powder on the

burst factor of handsheets.
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Fig. 3.58. Effect of agricultural byproduct organic fillers (all grade) and wood powder on the

compressive factor of handsheets.
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Fig. 3.59. Effect of agricultural byproduct organic fillers (60-100 grade) and wood powder on

the compressive factor of handsheets.
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Fig. 3.60. Effect of agricultural byproduct organic fillers (100-200 grade) and wood powder on

the compressive factor of handsheets.
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Fig. 3.62. Evaluation of the reduced drying energy requirement of paperboard.
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Fig. 3.64. Effect of wood powder (all grade) on drying energy reduction.
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Fig. 3.65. Effect of 3% agricultural byproduct organic fillers (all grade) on evaporated

moisture content.
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Fig. 3.66. Effect of 6% agricultural byproduct organic fillers (all grade) on evaporated

moisture content.
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Fig. 3.67. Effect of 9% agricultural byproduct organic fillers (all grade) on evaporated

moisture content.
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Fig. 3.68. Effect of 3% agricultural byproduct organic fillers (all grade) on drying energy

reduction.
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Fig. 3.69. Effect of 6% agricultural byproduct organic fillers (all grade) on drying energy

reduction.
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Fig. 3.71. Effect of 3% agricultural byproduct organic fillers (60-100 grade) on evaporated

moisture content.
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Fig. 3.72. Effect of 6% agricultural byproduct organic fillers (60-100 grade) on evaporated

moisture content.
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Fig. 3.73. Effect of 9% agricultural byproduct organic fillers (60-100 grade) on evaporated

moisture content.
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Fig. 3.74. Effect of 3% agricultural byproduct organic fillers (60-100 grade) on drying energy

reduction.

_82_



1251

Drying energy reduction, %

R 60-100_6%0 P 60-100_o600 G 60-100_600 WP 60-100_6%0

Fig. 3.75. Effect of 6% agricultural byproduct organic fillers (60-100 grade) on drying energy

reduction.
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Fig. 3.76. Effect of 9% agricultural byproduct organic fillers (60-100 grade) on drying energy

reduction.
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Fig. 3.77. Effect of 3% agricultural byproduct organic fillers (100-200 grade) on evaporated
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Fig. 3.78. Effect of 6% agricultural byproduct organic fillers (100-200 grade) on evaporated

moisture content.
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Fig. 3.79. Effect of 9% agricultural byproduct organic fillers (100-200 grade) on evaporated

moisture content.
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Fig. 3.83. Effect of 3% agricultural byproduct organic fillers (200 grade) on evaporated

moisture content.
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Fig. 3.84. Effect of 6% agricultural byproduct organic fillers (200 grade) on evaporated

moisture content.
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Fig. 3.85. Effect of 9% agricultural byproduct organic fillers (200 grade) on evaporated

moisture content.
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Fig. 3.87. Effect of 6% agricultural byproduct organic fillers (200 grade) on drying energy
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@-1 all 9} A4=A4:P = WPO>R>G

@-2 60-100 ¥4 ¢=A+:R = WP>P =G

@®-3 100-200 & A4 WP =2=R>P>G
R

]
9] of=
@-4 200 & FFAF -

H

R>P = WP >G
D-2 60-100 ¥ =2 :P>WP =R >G
D-3 100-200 ¥ B2 : P>R = WP > G
D-4 200 ¥} =2 :P=R = G = WP
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Table 3.8. Kraft pulping conditions of various agricultural byproduct experiments

: . . ) , Liquor-to-agricultural
Active alkali | Sulfidity | Temperature | Weight Time ,
byproduct ratio
(%) (%) () (0.d) (g | (hour) , .
(liquor ratio)
20 25 170 200 2 1:6
A
20 35 170 200 2 1:6
25 35 170 200 3 14
B 30 20 170 200 3 14
30 30 170 200 3 14

Hxs zAE2 97, G0 vy FZE Azxsd AARAE A £
=2 Af237](Somerville screen, Daeill Machinery, Korea)E o] £3to] A

2 45 mm, 7}2 0.15 mmo]/e] flakew #5& st oH o mE AHF &5 SHATH
Hxo] g4y feo] e %] o E(nitial freeness)t= TAPPI T 227 A3t} 7t
t} o4 E==47|(Canadian freeness tester)E o] &3t =43ty A4 =4 7](Kajaani Fiber
Lab, Metso, Finland)E ©]&3&tel do] H¢ 4-f7ength weighted average fiber length)3} ¥

T dfrZ(average fiber width& =73}5ch.

() #1584 Bxel AN ok Py
ZAME Wzss 9A, 9T, vhsv Wxe WAWE AYPZE FoHEABXEL
OLYMPUS, Japan)# F=ARdAFE w74 (JSM-6380LV, JEOL, Japan)& o] &3l AAlZ o=z 8Hls}

of AAE A5el H3HL Friskan

AL EE
() Bzs) zAo] Be 97, 3, vhist) Wz £¢ 9 ofFE 24 Ay

FYRAE Wx FHW, YEs 248 83 BF DA % WsE Tables 3.9-3.110
Uehith 94 8 Azl do] A o] B 2o s & 58S BAW, BIFAHA o
AE gl e ABRE UETh ol A mylo] BAUAEES Aust B muTH Eo
opoje] B 4jo] Bol Ho| BA oFEF FEE ZaAVL WMIEEE A5 Ao By
. %ol B 2ANAE BARte] 147 A% Hoh F £ BT AAE AR AL
ed £E AZPR FEe WA duhth 339 Az 97 Pxe o] BxAo
MM AZDANA % FEe BAW, BAE §F w3 ¥ Uegth B 24 F 8L
A 2ol W) 25% e AAGAAT EFH AG5Ee AZAH s FES et



ntst) EEZE dA 7 FRY Fxeke 2 ALV E 20%, FI e 25% 2NA F g
&34 Afrrgol M =4 Uegey & 2ddAE ARFTER gAE ol vt
= UBEH. fA, B39, vhed 2o FEo] B olf e ols9 dRAEREe s T
o] Uyl FHAjol mlsf @& Zo] 7 F dcleolw P xo] HEATE dHYAEZ Q19
Edo] WAysty] wjEolgta ATHE T
A AR g44e AENoR BUY S Qe Wxo S40] 7] AFEd BUd =
AoA Azd PFAE Hxol A A5 AJFEE Table 3.120] E=AEATH G FAE
THRE 7] AF=E vlus] BY &A Azt BE 23 2104 VM 52 AFEE U
Bl npst] Hxvt b W 7] AFEE BRAFUAT 4A dxe dxs 2o &
oAE WHEIE & wdFabEol nld) A fdskoy B3I ned) Fxs H=xs) =2
2 27] AFErF gE2A UeEd. 53] vhed 2xs g3t 23 mE 2] ox WE
bl =2 AS = F AT ARE Hzo] ool Hiws] B g} g dxEs &
BT BKPET 52 AFEE Ueds 2102 & o o5 Fxo o3 4R g4 Ast
= $HEA ol E HoE wodEAn
Table 3.9. Yield and reject of rice husk pulp as a function of pulping conditions
Active alkali | Sulfidity | Time | Liquor | Total yield | Screen yield | Reject | Loss
(%) (%) (hour) | ratio (%) (%) (%) (%)
A 20 25 2 1:6 50.49 25.83 24.41 0.16
20 35 2 1:6 33.02 8.11 24.73 0.18
25 35 3 14 32.59 28.50 4.01 0.08
B 30 20 3 14 22.45 12.96 9.25 0.36
30 30 3 14 14.48 11.87 2.32 0.66
Table 3.10. Yield and reject of peanut husk pulp as a function of pulping conditions
Activity alkali | Sulfidity | Time | Liquor | Total yield | Screen yield | Reject | Loss
(%) (%) (hour) | ratio (%) (%) (%) (%)
20 25 2 1:6 44.20 11.18 32.87 0.17
A 20 35 2 1:6 40.18 11.79 27.91 0.60
25 35 3 14 15.73 12.20 3.26 0.83
B 30 20 3 14 16.69 12.74 3.74 0.64
30 30 3 14 13.23 9.69 3.24 1.12
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Table 3.11. Yield and reject of garlic stem pulp as a function of pulping conditions

Activity alkali | Sulfidity | Time | Liquor | Total yield | Screen yield | Rejects | Loss
(%) (%) (hour) | ratio (%) (%) (%) (%)

20 25 2 1:6 55.27 40.90 14.12 0.23

g 20 35 2 1:6 40.17 18.99 20.92 0.33
25 35 3 1:4 33.50 18.32 14.92 0.29

B 30 20 3 1:4 32.23 15.93 15.98 0.50
30 30 3 1:4 33.28 16.85 16.17 | 0.38

Table 3.12. Initial freeness of agriculture byproduct pulps and commercial pulp as a function

of pulping conditions (MLCSF)

Active alkali | Sulfidity | Time | Liquor | Rice | Peanut | Galic
: OCC | BCIMP | Hw-BKP
(%) (%) (hour) | ratio | husk husk stem
20 25 2 1:6 752 550 400
A
20 35 2 1:6 724 673 364
25 35 3 1:4 749 672 501 | 360 | 440 510
B 30 20 3 1:4 706 679 537
30 30 3 1:4 749 775 567
(2) d=3} 4o ©E A, 43, vl 29 AF 54 A 2
TRRAE B2 $RY, w=s 208 Ax4Fe] VB 54 W A48T 3 A
Z5 =459 AFHE Figs. 3.89-3.94¢] Z=A|SAT. A B HAF HAFAS 0.47 mm=E
20S 2Hd SAEE FEATANAN YEd SAEZY Hy AR 045 mmet Wl
FEL HAFAT BALLUE 30% FIAE 0%AE 039 mmz FriFo e FE
AFAE et B3 dxe @AYZEE 20%, 3= 25% 204 0.74 mmE {1 3
*ARRE YET ol 9As HHEA 2 Afohte 93 Aoz Amdt g
22 FA Hxo v Axe Ha AFAS U vl P22 218 B A
&2 0.78-0.92 mme| HelE G} FF xR o v A= I HT AFES UYEH
o A, gFE, vsd 2z A3 nksd, 93, 44 o2 yiloen msds
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Fig. 3.89. Fiber length of rice husk pulp as a function of pulping conditions.
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Average fiber width, pm
&

OCC BCTMP Hw-BKP R20/25 R20/35 R25/35 R30/20 R3(/30

Fig. 3.90. Fiber width of rice husk pulp as a function of pulping conditions.
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02 +-
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Fig. 3.91. Fiber length of peanut husk pulp as a function of pulping conditions.
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Average fiber width, pm
&

OCC BCTMP Hw-BKP P20/25 P20/35 P25/35 P30/20 P30/30

Fig. 3.92. Fiber length of peanut husk pulp as a function of pulping conditions.
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Fig. 3.93. Fiber length of garlic stem pulp as a function of pulping conditions.
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OCC BCTMP Hw-BKP G20/25 G20/35 G2535 G3020 G30/30

Fig. 3.94. Fiber width of garlic stem pulp as a function of pulping conditions.

() Fx=sl 2o & 4A, GFH, vl B AAH Hrt A

Aol BHE AANHOR Adsly] 95t FASLEE 20%, F3= 25%, SALLEE
30%, F3t= 30% =719 4A, BdFE, vtst] ZE FAAAAW A FEAWHE S o] 83}
o YElATHFigs. 4-6). A 27 &3l SHLZAEE 20%, Fst= 25%2 o= Fxs)
H AR g, bE B 249 &aleE AL R 30%, I3 30%e] 2Adow Hxs g Az
< ¢, d= AA3AT a, b ¢, doll HIsA &3] sield dRrt Bl o Zgorm gojg
2 FE7F Bk o= REAA Ao] sjAEHAN HAfF tHoE EEEHeA #E2E £ A

th A gFuke FAHLA T 30%, FIE 30%9 ¢, d AR E tgez # dErt

A we FEe] Afrt Btk v vist) Hxe Af P9 eE siAle HAR siAd

718 Aol TSt AL AT AT ol Ho Aol SAL} wI =

ml
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Fig. 3.95. Scanning electron micrograph (Ieft) and optical micrograph (right) of rice husk pulp
at active alkali 20% and sulfidity 25% conditions.

Fig. 3.96. Scanning electron micrograph (left) and optical micrograph (right) of rice husk pulp
at active alkali 30% and sulfidity 30% conditions.
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Fig. 3.97. Scanning electron micrograph (left) and optical micrograph (right) of peanut husk
pulp at active alkali 20% and sulfidity 25% conditions.

Fig. 3.98. Scanning electron micrograph (left) and optical micrograph (right) of peanut husk
pulp at active alkali 30% and sulfidity 30% conditions.
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Fig. 3.99. Scanning electron micrograph (left) and optical micrograph (right) of garlic stem
pulp at active alkali 20% and sulfidity 25% conditions.

Fig. 3.100. Scanning electron micrograph (left) and optical micrograph (right) of garlic stem
pulp at active alkali 30% and sulfidity 30% conditions.
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Fig. 3.101. Micrograph of BCTMP.

Fig. 3.102. Micrograph of OCC.
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Table 3.13. Kraft pulping conditions of various agricultural byproduct pulps

: . . , , Liquor-to-agricultural
Active alkali Sulfidity | Temperature | Material Time ,
byproduct ratio
(%) (%) () (0.D.) (hr) , ,

(liquor ratio)
A 20 25 170 200 2 1:6
B 20 35 170 200 2 1:6
C 25 35 170 200 3 14
D 30 20 170 200 3 14
E 30 30 170 200 3 14

@) fF7153A o Fef 4
zAEZ B323l | 9A, G309 ntsEy Fzo 249 Y8E AHEd KOCCE FAHA
AFE ] Z (JSM-6380LV, JEOL, Japan)& o] &3] A8 FeE F2Aste] AL 9=

d2 kst

A1

Q) Azx4 3 F2A A P

KOCCE 2447t §¢F B FAAA F83) BaA F 2% S22 4P4§ 1552
g olg3to] 5,000 MO AYAZ F Hf7 B3 B8 ARE AgAG A @ A
BE '442 A7hste] 05%% B4¢ AN

Me BF 100+4 gim’e] F2A5 A2t FAZE F23s AL A4

3 HFPFEAE Pxel KOCCE 19, 37, 55 Hl &2 E&ste x84t KOCC ARE 30%

E F 04z AgzEe A998 94, g3, vhsd 2xs A7 £Yste] 600

15 307 24 & $x2A2 ARGt AZE $2AE 35 kg/cm?e] o H
El

ETOE T ¥

FPI

[K

AzE F2AE 25 23+1C, AUEE 50+2%=2 Z&5x]8]3 & TAPPI Test Methodsol
o) Aste] W(TAPPI T 411), 3| E(TAPPI T 244), @921 A7 =, TAPPI T 494), +=74=
(TAPPI T 818), < 7 =(TAPPI T 403)E 272 =A3l9th

- 104 -



. 4gas
!
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e zAse] JUHOT ok 29 A% FF = ER vas Ry W 974, $F

A
¥ FEo A AR E o] E719 BFo] Ut AL HAT & ATk AW ExA

e FAD AT vl FZe A,
[e]

Fig. 3.103. Scanning electron micrographs of rice husk pulp fibers at active alkali 20% and
sulfidity 25% conditions.
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Fig. 3.104. Scanning electron micrographs of rice husk pulp fibers at active alkali 30% and
sulfidity 30% conditions.

Fig. 3.105. Scanning electron micrographs of peanut husk pulp fibers at active alkali 20% and
sulfidity 25% conditions.
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Fig. 3.106. Scanning electron micrographs of peanut husk pulp fibers at active alkali 30% and
sulfidity 30% conditions.

Fig. 3.107. Scanning electron micrographs of garlic stem pulp fibers at active alkali 20% and
sulfidity 25% conditions.
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Fig. 3.108. Scanning electron micrographs of garlic stem pulp fibers at active alkali 30% and
sulfidity 30% conditions.

Fig. 3.109. Scanning electron micrograph of KOCC fibers (< 200).
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@) sdFabs dZH7} F2A 9] =93 54 B7F A3
82 d5Q KOCCE %A, wFH, vsdE A-ExrdE=E H33 d8=2 10, 30,

50%°] W& thASHEA BASE FEA ] HAWSe} IETHFS Flg 3.111-3.1200] %A
&gtk tix7e KOCCE 2% Folo Mak 202 cml/g olW FYFAE A= thAo w
2 Hadste 94 dxt HutE FxAY Has A-ExR EFoA 3 E= E9E JE
Wk B A 7 22 HOo 7 AFston, CxANA 7P & FOoE stk 1.9
gl e A 2.7% A 5.0% 453ton, 37 vl E Ha 55% A 14.1%, 55 v
oAM= HA 10.7% HA 19.2% st B39 Bxv) Jrbe xR Hae A-Exd
oA FAEE BHE YEES BRAAA P &S ZoE St on, DA Tt
A 2 Zo7 4539t 19 WgdAE HA 14% A 4.0%, 37 Pl g E Hx 37%
o 6.2%, 55 Hl&ANAME HA 45% Hd 14.6% F53HAT ﬂ}brﬂ Hax7t H7kd sxA9
HaE A-E BE 2dAA 1L7% &% ZAstAY fFAHE S Uetdlth <A, 4359, vt
5.

s B
09z 3 9A, gFue ¥a gyEgion vsy 9
$e] o

FO 131%2H AMEETASTEZHN HAAFDZ H|g] & Fx9o &
JEAHE Hx7l HUle £x29 38 W= 9A, B3E, vt

B A Hlgo] mobdas 29 IE ?:‘:%‘E ] 7“\?5}‘%}0‘1] A 227} A7k exA
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1.9 Bl o= HA 1.1% AW 2.9%, 3.7 vl &A= HA 2.2% AU 4.4%, 55 vHlEolA= H
A 22% HW 4.8% Akt whsdl FxUl HUtE F2A 9 IRFFS 19 HlEoNA=
0.02% =39 A 0.4% 7A23HETh 3.7 Bl AE A4 0.2% HW 0.7%, 55 vl &A=

[¢)
T35 YR SA B3 220 79 252 ¥ Aol sAA] 9% nd
o8 AsHEY visd x| winneE FHL HI Asol Sl AT AHH gzt 5
e AXNEA FA, FFue Eeso] gol AAYE HeE AsHH

27} KOCColl thAlE = Hl&o] S71dr= TS oAl Zoz ddd

3.0

Bulk, cm¥/e

B

15

Addition of additive on o.d. fibers, %0

Fig. 3.111. Bulk of handsheet containing KOCC and agricultural byproduct pulps manufactured
at active alkali 20% and sulfidity 25% conditions (A).
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b B T

Bulk, em®/g

B

—xm=R —=P et € |

1.5

Addition of additive on o.d. fibers, %0

Fig. 3.112. Bulk of handsheet containing KOCC and agricultural byproduct pulps manufactured
at active alkali 20% and sulfidity 35% conditions (B).

3.0

Bulk, em®/g

e e e e e e e

- e -5

15 T T T T
0 10 20 30 40 50

Addition of additive on o.d. fibers, %0

Fig. 3.113. Bulk of handsheet containing KOCC and agricultural byproduct pulps manufactured
at active alkali 25% and sulfidity 35% conditions (C).
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Bulk, em’/g
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' ‘,Ia
=1 G SO S SR S
—<=R =P =G |
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Addition of additive on o.d. fibers, %

Fig. 3.114. Bulk of handsheet containing KOCC and agricultural byproduct pulps manufactured
at active alkali 30% and sulfidity 20% conditions (D).

3.0

T e e e e e e e S

Bulk, em¥/g
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_-1:'1 ‘15
F 1 S RS DRSS SO S S N S DS S S S O
1 —=P -G |
15 T
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Addition of additive on o.d. fibers, %0

Fig. 3.115. Bulk of handsheet containing KOCC and agricultural byproduct pulps manufactured
at active alkali 30% and sulfidity 30% conditions (E).
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- =R 'y P -

Ash content, %

0 10 20 30 40 50

Addition of additive on o.d. fibers, U0

Fig. 3.116. Ash content of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 25% conditions (A).

20

=x=R —r=P ——G

b e

Ash content, %

0 10 20 30 40 50

Addition of additive on o.d. fibers, %

Fig. 3.117. Ash content of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 35% conditions (B).
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— =R —e—P —5

Ash content, %

0 10 20 30 40 50

Addition of additive on o.d. fibers, %0

Fig. 3.118. Ash content of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 25% and sulfidity 35% conditions (C).

20

—xm=R e ——G

Ash content, U
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Fig. 3.119. Ash content of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 20% conditions (D).
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17 ¢+

L

Ash content, %
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Addition of additive on o.d. fibers, %0

Fig. 3.120. Ash content of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 30% conditions (E).
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A7h FxAL] A 54 W7t A
Arggxe ds9l KOCCE 9A, w349, veus Pe Az 10, 30,
50%2] Hl&E tAStEA BAss F2A9] A, dEAF, FdASTE Figs. 3.121-3.135
of A8

)

a
I
R
&
il
U,

Zog zZ+adHth 1.9 HEAAE HA 57% AW 14.4%, 37 HlLAAE HA 6.0% AW
27.9%, 55 Bl g&oM= A 19.0% A 41.2% Ao G3d 227 Hrte 249 4
ggo A B 2AdAE e 3= C D, E 2AdAE FAasteE 2SS el 34
H A B 271 FA Azl 7t & Zog FAEPgon, 7H4H C D, E27 oA Dx
Aol 744 & Zo=w Zrasuch F4E A 249 1.9 HLAAE 10.8%, 3.7 HISS 10.8%,
55 H &L 14.6% 4+tach 249 C D, E 279 1.9 vlgdAE H4 3.1% HAo 16.4%,
3.7 Hl&o = HA 19.7% A 29.1%, 55 Bl&AME 4 26.9% AW 42.7% A48T o)
U 22yt HArte FERAe B39 209 vl s HolA Rk wFul 27 nla) A,
B 271 ¢ %o &4y += HEgFS el C, D, ExfdoA= o FA Zasts 48¢S U
gttt mhst Az 55 HlEo] 33.8%02 AE FAPoEN RE 2 F /M ol &
ZFERT 24" C, D, E2Y FolA DE79] 5:5 Hlgo] 16.2%= ZASIAAR 4A, B3ut
Hxol 7+ad ZAS vls AuFoz 1 A gad AL & 5 YA

TUEAAE AE giAlo] g hEAF] Wil 9A HxUt JUME FERAe A-ERd B
FolA adte A% Uehith 1.9 HlgddE Ha 0.6% AU 9.3%, 37 HlEddE Ha
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Fig. 3.121. Tensile strength of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 25% conditions (A).
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Fig. 3.122. Breaking length of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 35% conditions (B).
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Fig. 3.123. Breaking length of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 25% and sulfidity 35% conditions (C).
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Fig. 3.124. Breaking length of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 20% conditions (D).
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Fig. 3.125. Breaking length of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 30% conditions (E).
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Fig. 3.126. Compressive strength of handsheet containing KOCC and agricultural byproduct
pulps manufactured at active alkali 20% and sulfidity 25% conditions (A).
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Fig. 3.127. Compressive strength of handsheet containing KOCC and agricultural byproduct
pulps manufactured at active alkali 20% and sulfidity 35% conditions (B).
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Fig. 3.128. Compressive factor of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 25% and sulfidity 35% conditions.
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Fig. 3.129. Compressive strength of handsheet containing KOCC and agricultural byproduct
pulps manufactured at active alkali 30% and sulfidity 20% conditions.
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Fig. 3.130. Compressive factor of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 30% conditions.
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Fig. 3.131. Burst strength of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 25% conditions.
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Fig. 3.132. Burst strength of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 20% and sulfidity 35% conditions.
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Fig. 3.133. Burst strength of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 25% and sulfidity 35% conditions.
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Fig. 3.134. Burst strength of handsheet containing KOCC and agricultural byproduct pulps
manufactured at active alkali 30% and sulfidity 20% conditions.
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Fig. 3.135. Burst strength of handsheet containing KOCC and agricultural byproduct pulps

manufactured at active alkali 30% and sulfidity 30% conditions.
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Table 3.14. Pulp types and lists of measurement
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Fig. 3.137. Average fiber length of commercial pulps
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Fig. 3.138. Fiber length distribution of BKP.
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Fig. 3.139. Fiber length distribution of BCTMP.
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Fig. 3.140. Fiber length distribution of white ledger.
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Fig. 3.141. Fiber length distribution of ONP.
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Fig. 3.142. Fiber length distribution of OCC,
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Fig. 3.143. Fines content of commercial pulps.
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Fig. 3.144. Micrographs of BKP.

Fig. 3.145. Micrographs of BCTMP.

Fig. 3.146. Micrographs of white ledger.
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Fig. 3.147. Micrographs of ONP.

Fig. 3.148. Micrographs of OCC.
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. 3.150. Bulk of handsheets made of commercial pulps.
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3.151. Tensile strength of handsheets made of commercial pulps.
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Fig. 3.153. Burst strength of handsheets made of commercial pulps.
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Table. 3.15. Paper grades for the analysis of physical properties

A =% THE g F
By AF ACB 220 g/m? SC 350 g/m® SC 450 g/m®
Fo 24 g, MAE, ALSE, WHEMD, CD¥E), 28 ZY2MD, CDYR)

o Ayds

(D) SC 350 g/m* A ZFo] #2eF 9 Fo 24 W3} =443
MEIUEHF) A4 HEAZFU S

£ Figs. 3.154-3.160° Z=AlslA T Haet AW, oJHe Fage] AJAAAE Ayrd Hart

1.00-1.31 cm¥g=® W3 w A4 1

o §We WHE JET A
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Fig. 3.154. Basis weights of top and bottom layers as a function of the bulk of SC 350 g/m*
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Fig. 3.155. Basis weights of top and bottom layers as a function of the brightness of SC 350
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g/m”.
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Fig. 3.156. Basis weights of top and bottom layers as a function of the Park print surf of SC
350 g/m”.
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Fig. 3.157. Basis weights of top and bottom layers as a function of the folding endurance
(MD) of SC 350 g/m®*
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Fig. 3.158. Basis weights of top and bottom layers as a function of the folding endurance
(CD) of SC 350 g/m*
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Fig. 3.162. Basis weights of top and bottom layers as a function of the brightness of ACB
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Fig. 3.164. Basis weights of top and bottom layers as a function of the folding endurance
(MD) of ACB 220 g/m’.
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Table 3.16. Evaluation items for the evaluation of agricultural byproducts
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Table 3.17. Evaluation of agricultural byproducts based on functionalities
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Fig. 3.177. Grinder for the production of organic filler.
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Fig. 3.178. Screens for the production of organic filler.

Fig. 3.179. Rice husk for the production of organic filler.

- 156 -



Fig. 3.180. Rice husk organic filler.

Table 3.19. Average fiber length of organic fillers
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Fig. 3.181. Relationship between fiber length and width of rice husk organic filler.
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Fig. 3.186. Effect of organic fillers on the bulk of handsheets.
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Fig. 3.187. Effect of organic fillers on the tensile strength of handsheets.
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Fig. 3.189. Effect of organic fillers on the compressive strength of handsheets.

- 163 -



7}

3

g o] AzA 3

Gl me

2
S

A

_"

A

@ w71

Figs.

i

o
R
~
4|z

)

o

op

)
Ko
i

of Z7hgel wet A8 &

o]
H

3.188-3.190 =A13tt. SA

o

)

K
ol

I Fig.

AL

EWz AxduyA Fass A

ol&

Zolly

o wt <A

)
7}

ol

]_

3.1919) A

3)
=

=
[}

Al AA

_]

7153

[e)
T

<A

oy
oy

——FH_3%

= == No addition

—{—EH %%

0, “JUaUOD 3ANMISIOy

200

150

100

Heating time, s

Fig. 3.190. Effect of rice husk organic fillers on the evaporated moisture content of

handsheets.

- 164 -



140

120 mmmmmm e e e g e e - — - -
O i G iy ety Yy ity gu—"J—y y—",
/y ﬁ_-%lll_I-l"l'l'l'l-I'l'l
= 100 t-rme—— g
£
I e & e
=)
o
E 6'] P i il B it Bt s Bt it s Bt s
= :
-
o
Q
= O B
- == No addition — NP1 3%
20 - -
—r—WP1_6% ——TVP1 0%
0.0 T T T T
0 a0 100 150 200 230

Heating time, s

Fig. 3.191. Effect of wood powder 1 organic fillers on the evaporated moisture content of

handsheets.

140
3 S T e | TS
= w0t
i
=
E 80 e
=]
o
=4
= G Bl e e e e e s e e s e
2
=
=]
= B 1 S
— — No addition —O—WP2_3%
2.0 t--———— - -
—fr—WP2_6% ——WP2_9%
0.0 : ¥ T .
0 50 100 150 200 250

Heating time, s

Fig. 3.192. Effect of wood powder 2 organic fillers on the evaporated moisture content of

handsheets.

- 165 -



Reduced drying energy requirement, %

o0

50 1

70

6.0

50

40

3.0

20 1

10 1

0.0 A

EEH OWF1 @Wr2

3 & 9
Addition of organic fillers on o.d. fibers, %0

Fig. 3.193. Effect of organic fillers on the reduced drying energy requirement of handsheets.
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Fig. 3.194. Rice husk organic filler for mill test.

LY o

Fig. 3.196. Air blower and pipe lines to rice husk organic filler chest.
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Fig. 3.200. Rice husk particles

remaining on 60 mesh sieve.

100

Yield, %

6llon 60pass 100onl00pass 200on  200pass

013

Loss

Fig. 3.201. Yield of rice husk organic fillers fractionated by 60, 100, 200 mesh sieves.

Table 3.21. Diameters of rice husk organic filler used in first mill trial

Diameter at 10%

Diameter at 50%

Diameter at 90%

mean diameter

11.83 um

95.01 pm

350.86 um

155.31 pm
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Table 3.22. Diameters of rice husk organic filler used in second mill trial

Diameter at 10%

Diameter at 50%

Diameter at 90%

Mean diameter

9.5 um

86.48 pm

305.80 um

110.04 pm
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Table 3.23. Results of second mill test
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Table 3.24. Diameters of rice husk organic filler used in third mill trial

Diameter at 10%

Diameter at 50%

Diameter at 90%

Mean diameter

10.40 pm

96.58 um

328.82 um

139.05 pm
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Fig. 3.203. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) before humid heating aging.

Fig. 3.204. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 2 days of humid heating aging.

Fig. 3.205. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 4 days of humid heating aging.
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Fig. 3.206. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 6 days of humid heating aging.

Fig. 3.207. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 8 days of humid heating aging.

Fig. 3.208. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 10 days of humid heating aging.
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Fig. 3.209. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 12 days of humid heating aging.

Fig. 3.210. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 14 days of humid heating aging.

Fig. 3.211. Appearance and color of commercial wood powder(left), rice husk organic filler

(middle), rice husk(right) after 16 days of humid heating aging.
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Fig. 3.212. Appearance and color of commercial wood powder(left), rice husk organic

filler(middle), rice husk(right) after 18 days of humid heating aging.

Fig. 3.213. Appearance and color of commercial wood powder(left), rice husk organic

filler(middle), rice husk(right) after 20 days of humid heating aging.

Fig. 3.214. Magnified images of rice husk after 20 days of humid heating aging.
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Fig. 3.215. Weight change of commercial wood powder, rice husk organic filler, rice husk

during 20 days of humid heating aging.
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ABSTRACT

In this study. we investigated the physical properties of powders made from agricultural byproducts, in-
cluding rice straw. peanut husks. and garlic stems. to manufacture a new organic filler used for maling
paperboard. These materials were collected individvally. and then we measured their chemical
compositions. The byproducts were ground with a laboratory grinder and fractionated with 60-. 100-, and
200-mesh sieves to make many grades of organic fillers. After the grinding and fractionation. the yield.
mean particle size. and particle size distribution of each grade were measured. Particle shapes were also
mvestigated using a scanning electron MICToscope

The organic fillermade yield of the largest particle size group and higher
contents of cellulose and hemicellulose than those made from peanut husks and garlic stems. The rice
straw also showed more regular particle shapes and a lower aspect ratio than the other agnicultural
byproducts.

straw had

Revwords © agriculniral byproducts, organic filler, rice smaw, peanut husk, garlic stam

o AT A AT G H A AT W Dopt, of Brvimomemmial Matarinls Selemen (IALS, Gyvongane Nitional Uni, Jirgs,
880701, Karrom)
THBRUT

T 54147 Corremporing mutbor) : B-rrmil © mmstir@gr

40 oA 27| - R ol - T - YAR A - dey

Foe 2, o

dol a9

E9) ajmad s U g
L5 Ao s v 2], ol Ht
F t2 A= B2 gols s $9 v(aspect ratio) 2]
SacjA 7Hsd BatE o) B0 20t ok,
A, B Mz sof ol dhpdiE 4R T
FUHE b o) | ZHE o Bobo] 7R HelE o
Z sl vheby oHs g2 AEY §A34 U4
HAH s e dAsE et dadee g
Hod HAS ez ol A AnzA oo iy
PRo e gros QAR slof ol e
9 Yeisiol aats dod ook 4G T
Fuh obo] vl S HARA BULAH
AEEE e g2 dade TS U AL
2 wehe

4. BB

FREUVNT F 44, BT b E 448
o A4 & RIIFUAZ AR A5 HE B
8 etz SR URER S1 Y A
#ohshaia sk =y 23 AL OE 24
e WA Yt M2 cot v dERLAT
ol 2@t D glof A Hoz FUmo) drt sip
se] 34 felson wegc W 2ad g
& add g 489 & U Aoz Ay
dddos g2 i I LY Hd A vk
Aqlel A e d Ao st AEE g Ay

SER A7) B FHud A4d2g A
A4 Hgacrd 4§ S e ol Ut
BE UGS LHAAL O SEY RN G
27} gz ohzeof o] & 603} 100 mesh Abo}g|
Hatzt 243 phol St o Eun ohsdE
1007} 200 mesh 419 2| £} 7t 2t el e -
g oA g g ool A s AL HY
o obed 7| S AU o3 cHee A fael
FHF AT U 2@NY 3PS T of opAT
42 gl gdel dojubiz alel Salsle] gzt
I 71 F R BTl el RelAE A
£ g

el oot LA L AR ST T

HE L Fol7lE 504) 2003

AL oA Hed FLE U= AT RY FH
A4l 9%olo) GREF Y7 S ot HHde
e FAE AU Y22 2UY Y8 71
o] da dgo] A3zt Sl AL R Aasy ol
Azof 2] Bpoldiz o2 2 oW dHE >
U Aoz wetdck L AFAH B S HA 1
AHEF 7 FEARN A0 w2 A2 8
7t $lof 4 4ol kol S ol A el 84 HEel
4T Aoz wobsle

A A

L A7E SUBHAER R e AR
EELRLEEE TS

Literature Cited

1.Se0, Y B_ Lee, CH andLee YW Developmeit of
Substitute Fibers, 2005 Proceeding of Autumn
Conference of the Korea Techuical Assaciation of the
Pulp and Paper Industry. pp. 94107

2 Won, JM, and Kim MH_Pulping Characteristics of
Bamboo(Bambusa procera acher) Grown in Vietmam
7. Korea TAPPL 41(4): 32-57 (2008).

3.Seo. S.S. Nam K'Y Yoon DH. Lee KE. Won
JM. Jo BW. Kim E.J andLee. TJ_ Dualization of
Filler Addition and Application of Hish Loading by
Mixing Engineered PCC. 2011 Proceeding of
Techuical Summit Meeting in Korea Pulp and Paper
Tndusiry, pp. 105-106.

4 Nam K.Y Clumg SK. and Won M. Effects of
Raw Miterials for Papermuking and Physical
Treatment on the Pore Structure and Paper Properties,
7 Korea TAPPT 394 7-13 Q007).

S.Lee. IY, Kim CH. Choi IS_Kim BE Lim GB,
and Kim. DM, Dévelopment of New Powdered
Additive and Tis Application for Improving the
Paperboard Bulk and Reducing Drying Enerzy ()
-Analysis of Chemical and Physical Properties of
Brewers Grain -, Korea TAPP 44(2): 5866 (2012).

6. Sug YJ, Kim CH, Cho, HS, Kim SH., Sim.
SW. Yim S.J. Lee, J¥. andKim 'S B., Study of Gil

Jowrzl of Kerea TAFPL

Vel 46 No. 3, 2014 50.57p
ISSN(Prnt) - 0253-3200
Prinied m Kores

FFUPAER AZY FZE Y=o B
B4 37

ol2g - A7 - P4 - WEH - A - HYE -

Bitpide dok cng/10. 7584 ktzppi 2014.46.3.050

29 - gt oy

=U(2014d 64 5%). 5274 U(2014W 68 13%). A U(2014 68 14Y)
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ABSTRACT

Tn this srudy. we d the physical of kraft pulps made from rice husk. peamut Imsk and
sarlic stems. These agriculrural byproducts were collected individually, and then varions pulps were
active alkali, sulfidity, reaction time and the liquor satio in the
Jraft pulping process in order o analyze the applicability of these agricultural byproducts as raw materi-
als for kraft pulps. After kraft pulping. we measured vield. flake content. fiber length. fiber width and
freeness of pulps. and the fiber shapes of the pulps Were cbserved by using an optical microscope
When the hisher active alkali longer reaction time and lower liquor ratio were applied in kraft pulping
process, reject content decreased and fiber yield increased. The pulp from garlic stems had the longest
fiber length and that from rice husk showed the highest intial freeness. All ofthe pulps from agricultural
‘byproducts showed higher initisl freeness. shorter fiber lensth and the similar fiber width compared to
OCC. BCTMP and hardwood BKP. The fibers of the pulps made from agricoltural byproducts showed
a similar shape to those of commercial pulps. It was conchided that these o hada
potential as raw materials fo produce an alternative pulp to the commercial pulps.
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Fig. 7. Optical micrographs of fibers from BCTME (lef) and OCC (right).
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Application Evaluation of Physical and Strength Properties
of Paperboard by Kraft Pulp Mixing Made from
Agricultural Byproducts
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ABSTRACT

The cultivation of agricnlfural crops results in the ion of P R
have reported that these materials can be vseful ina variety of applications. However, over 50% of them
are currently discarded because of the lack of specific industrial applicaticas. Therefore.
£ d specific applicati be developed in order to quality msterials os-

ing discarded lignocellulosic resources.

In this study, we determined the possibility of using kraft pulp from major agricultural byproducts as
a raw material for the manufacture of paperboard. Rice husks, peannt husks. and garlic stems were ob-
tained and nsed to prepare many kinds of kraft pulps by controlling the active alkali, sulfidity, reaction
time. and Hquor ratio. After the production of these d by mixing
thesn witk KOCC. After p sag. the physical and strengths of the handsheets were
measured accordiag fo the TAPP test methods. The shapes, lengths. and widths of the pulp fibers varied
according to the type of agnicultural byproduct and the kraft pulping conditions. Rice husk and garlic stem
? of higher bulk than other pulps.
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7}. Acepack (Packaging Machinery)
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M Carton Filing Machine

AC senes asepsis carton brick box filling machine starts from premade paper aluminum plastic composite sheet matenal.
Adopting horizontal chain conveying structure, the machine forms the box, fills the product, seals the box, and welds the bo
x corner . Steriize the package matenal on packaging line. Having cleaning cabinet, the machine fill the product inside the ©
abinet. So that to achieve asepsis filling process. It is suitable to fill many kinds of products in Tetra type carton box.For exa
mple, iguids like dairy, tea, juice, alcohol, efc. and solids like cereal, com, broad bean, etc. This machine is of simple structu

re, easy operation, stable running. The failure rate and repairing cost bath low, as well as its perfarmance is better than simil
ar machines supplied by other producers.

M Pillow Packing Machine(AFA450S)

Y. Yuanxupack (Yuanxupack AutoMachine)

gstel £ 1A F@ Yuanxu A= AF EF A6 A AxE Age) FHsm Qe
SR AF AR B A, A% 2F AL A, AT 5

XH 71A T& A=zsta Ut
A& sto]l A= &

5 ZAIAE AZse A9 stolHa 1gle] shizA R&D, Az, o
9 ANAE AFSHL Yok FA AFORE ERIA, w2 Az A,
9 geeely 1A Sl Utk

e 714, 2EHF
ZFA= BOSCH, Coca-Cola, Pepsi, ABB Electric, Sony
Electronics, LG Pudong Airport, DEBON =3, Fleetguard 28 52 7|golA 1A 9o
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B YK600F Carton Wrapping Machine

It is designed to wrap small carton on four faces or all;
Its top-plate is used to fasten the carton tightly.
Facilitate use with simple operation button or touch
screen.

B YK-L5545+YK-LS5030 Economic Side Sealing Shrinking Machine

- It is medium-speed shrink wrapping machine and

widely applied to shrink wrap the aluminum

e
|‘ material, pipeline, printer, photo frame, electron

® | and cosmetic staff, tec.
The special design according to the requirements
from home and abroad fulfill the unmanned

packaging.

t}. NEWPACK(The Packaging Solution for Indian Ocean)

Newpack wtp7ka7t2s} QI=QE Ao Hol oA A Ao AFFA42 nfgrt
27t2, 2EAz, dY9US4, 218 ZRE A% 7ue T Azb oF 40,000,000 37X
E A4 Ao ERAFY AFEES 9, vlg 2 718 5719 Newpacks] E&fold
E

o ol =3kal ATt
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M The Tray

B Boxes for pizza and cakes

M The single sided roll

The tray made with corrugated cardboard is usually
used to package fruit and vegetables and cans or
pots. The tray serves as packaging for transpart and
starage as well as for presenting the goods in the
shop.

We make standard types of trays, like trays to
export Litchis of Madagascar, or personalised types
according to the client's request.

We produce boxes with different corrugation: E-
flute (micro-corrugation), B, C, or EB. The E flute
gives excellent printability for this kind of product.
In fact the tray with micro corrugation or « E-flute »
has shown itself not only to resist crushing and
deformation but also to allow good quality printing.
According to the use needed and the sturdiness
required, we can offer trays with different types of
corrugation.

Az these trays are specially made to export food
products, we assure you that all our packaging is
suitable for food use.

We offer standard models (i.e. standard size and
printing) of pizza boxes, cake boxes, and hamburger
and panini boxes.

We can personalise the order to your wishes if you
order over a certain quantity,

All our boxes are suitable for use with food. Your
product can be in direct contact with the box

wikthout its composition being changed.

The single sided roll is perfect to protect your
products during transport. bt absorbs shocks (for
example, carpeting the interior of a container)

It can also be used for decoration.

It is about 1.5 to 3 mm thick. We can make the
single sided roll with flute E, B or C.
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B The Box with a waterproof covering (waxed box)

A coating can be added to your box to protect your
products even better

Waxing is especially useful for boxes which are to be
refrigerated. The advantaze of a waxed box is that
products can be packaped and placed in a cold
room, or transported in refrigerated vehicles and

] delivered directly to the final client. The box

- withstands these conditions because waxing the box
gives great resistance to humidity, insuring that your
W

product arrives at your client in the same state that

it was in when it was originally packaged.

The wazed box is especially advised for packaging
fruit (litchis) and vegetables, frozen meat and fish,
seafood, and spices (vamilla, cloves).

The coating that we use, like all the materials in the
production of our boxes, is_suitable for contact
with food. You have the choice, according to your
needs and the use that you are going to make of the
product. You can opt for only an interior coating,
only an exterior coating, or a double coating (both
interior and exterior).

2}. Cangzhou yuhui food machinery
Cangzhou yuhui food machinerys= A 3 HokoA HEZC AFL 717 A A
SIALE, YA, Y AA Az 8 FYsid A4 2 FE3, Ax, Ve §
1 28 Algol, %, "=, UAE, H
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B YHGZFJ-A-8 Bag filling sealing machine
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B YH-IB Automatic liquid packing machine

A TFgo2 Tttt TR AL
2 F7}153)(Z1L200420029268%) 5=©]
2, 28, I, Ax, 99, AlAl & 2RZE 7 e BES A
H Ass 7HA Ao

multi-layer complex film, black and white resistance oxygen wrap

i

film, hight-temperature cooking film, high-pressure polyethylene
filmso HEol Aol A AT

B YH-D-2 Automatic aseptic pillow liquid packing machine

‘jr%‘:?‘?} TR AA EA AHEEHI o F=E F, FHi
2z, 9kl AlA| T EA | HLEF I Yt} oA

‘?:liﬂoi AREEDL e, 2% IE F

WA, B =3 glol: ¥ S

bE 2ol 7hsstth

u}, Boevan (Shanghai Boevan Packaging Machinery Co.,Ltd)

F310] Boovan % 717 S48 BURAE &I A% £ 2 1A, £3 2 A,
TH A, BE AF Y A 5L 0Ra Ak 4F &8 Ak A 2 AUAE Ao 2
A 5 TER AdEobAA Au2E A s g 2L B9H, A¥ ¢ =

35 zA Qe A2
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B Pre-made Pouch

o8 24 =HH, 944

STRUCTURE

BOPPYCPP or LDPE

BOPPAYMPET or

VMCPP

BOPPY/PET/LDPE or

CPP

FEATURE
Muoisture proof, good hesat sesl, good air barmer

and transparency
Goed light barrier. anti-puncture, good stiffness

Lowr termperature resistarnce and high

temperature resistancs

BOPPAYMPET/LDPE or | Good anti-puncture and stiffness. can protect

CFP

BOPFPALALDPE

BOPF/KRAFTICFP

PETICPP or WYMPET

fromn light, good ook
Mioisture proof, strong sealing sirength

Essy to tear. good friction. prevent against
oxygen

Zood rigidity, hardness, anti-oifiness
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APPLICATIOMN
-Drg,l food, expanded food, biscuit cookies and bresd
packaging
Diry food, expanded foocd, medicine, cosmetic, milk

powdar and tes packaging

iFood, meat, seafood outer packaging

Tea, juice, beverage and drink packaging

Coffee. glucose,. egg powder and other powder

packaging
Meat cuter packaging

Diry food, corn, powder packaging



M Packaging Machinery
1. Vertical Packager ; Large Bag Packager
- B el £7 WYl AP AR WAl kol Al Frh

2. Horizontal Packager (Doypack Packager)

- BHD-180S+= Doypack 3-9-A(=®l= ¢ 39-%]) Ee HH 393 5 OFG 34 B

S A4sr] fls AAE Z1AlZ BHD-180SZ : BHD-180S Al 2~®lS 7|Wto. 2 X9 g 7]|&
]_
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Fig. 6.3. Packaging trend for agricultural products in Shanghai market.
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