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ABSTRACT

This research was to make the packaging paper which produced from
mixed wood pulp (Peach cedar) and non-wood pulp (Cattail). The strength properties
and water repellent of paper were improved by adding alkenyl succinic anhydride
(ASA) and cationic starch (CS). In addition, the paper was treated with sulfuric acid
for the surface smoothness.

Chemical compositions of Peach cedar were 58.91% cellulose, 1.20%
ash, 16.20% lignin and 7.65% pentosan. The solubility of Peach cedar fibers in 1%
NaOH solution was 25.32%. The average of fiber length and fiber diameter were 1.3
and 0.0189 mm., respectively. The chemical compositions of Cattail were 42.61%
cellulose, 12.56% ash, 5.75% lignin and 23.90% pentosan. The solubility of Cattail
fibers in 1% NaOH solution was 31.80%. The average of fiber length and fiber
diameter were 19 and 0.0418 mm., respectively.

The kraft pulping process of Peach cedar and Cattail were studied at
the cooking time of 150 minutes and the wood/liquor ratio of 1:15. the results showed
that the optimal pulping condition of Peach cedar was the effective alkali (EA)
of 23%, sulfidity of 40% and cooking temperature of 157°C. The key performances

of the Peach cedar pulping were the screened pulp yield of 43.82%, kappa number
of 16.36 and tensile index of 43.71 Nm/g, respectively. At the same way, the optimal
pulping condition of Cattail were EA of 22%, sulfidity of 20% and cooking
temperature of 160°C. The key performances of the Cattail pulping were the screened

pulp yield of 31.09%, kappa number of 14.69, and tensile index of 68.92 Nm/g,
respectively. The strength of Peach cedar pulpsheets can be improved by mixing the
wood pulps with Cattail pulps in the ratio of 1:1 (w/w). The tensile index, bursting
strength and tearing strength of mixed pulpsheets were 57.79 Nm/g, 3.87 Kgf/cm” and
50.40 gf, respectively. The Cobbg test and contact angle at 0 and 1 minute of mixed
pulpsheets were 99.97 g/m2 and 81.49 degree and 59.53 degree, respectively.
Moreover, the strength property and water resistance of mixed pulp
sheets were improved by CS and ASA. The optimal quantities of CS and ASA used to
increase the strength property and water resistance of mixed pulpsheets were 7.5%
and 2.5% (by OD pulp), respectively. The tensile index, bursting strength, tearing

(6)



strength, Cobbyg test and contact angle at O and 1 minute of treated paper were 98.07
Nm/g, 6.54 Kgf/cm?, 60.80 gf, 43.10g/m”> and 124.38 degree and 21.57 degree,
respectively.

The oil resistance of sulfuric acid treated paper was studied. It was
found that sulfuric acid treated paper at the concentration of 30% and 50% for 15, 30,
and 45 seconds had the small oil spots and the area of oil spot decreased with
increasing the acid dipping time. The diffusion of oil spot was a circular shape. The
paper treated with 70% sulfuric acid did not have the oil spot on the surface of paper.
It was obviously different from untreated pulpsheets. The untreated pulpsheets had the
large area of oil spot. The oil spot on the surface of untreated pulpsheets were free
forming shape and higher diffusion.

The surface of paper can be improved by dipping the paper in sulfuric
acid. The results showed that the surface of paper was smoother and less porosity than
the untreated paper. However, the basis weight, caliper and strength property of
treated paper were obviously decreased.

Keywords: Paper, Peach cedar, Alkenyl succinic anhydride, Cationic starch.
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Table 1. Length and width of some nonwood fibers.

Fiber length (mm.) Fiber width (um)

Common name (Scientific name)
Avg (Range) Avg (Range)

Hemp (Cannabis sativa) 25 5~55 25 10~51
Ceiba, kapok tree (Ceiba pentandra) 19 8~30 19 10~30
Cotton lint(Gossypium spp.) 18 10~40 20 12~38
Kenaf (Hibiscus cannabinus) 5 2~6 21 14~33
Jute (Corchrous caspsularis) 2 2~5 20 10~25
Bamboo (Dendrocalamus arundinacea) 2.7 1.5~4.4 14 7~27
Papyrus (Cyperus papyrus) 1.8 1.0~4.0 12 8~25
Sugar cane (Sacchrum officiarum) 1.7 0.8~2.8 20 10~34
Rice (Oriza sativa) 1.4 0.4~3.4 8 4~16

Source : Han (1998)
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Figure 3. Diameter of fiber width.
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Figure 4. Chemical structure of cellulose.

Source : Anonymous (2008)
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Table 2. Chemical composition of some common non-wood fiber compared to wood fiber.

Chemical composition (% total)

Fiber type
Cellulose Lignin Pentosan Ash Silica
Rice 28~48 12~16 23~28 15~20 9~14
Sugar 32~48 19~24 27~32 1.5~5 0.7~35
Bamboo 26~43 21~31 15~26 1.7~5 0.7
Agricultural  Esparto 33~38 17~19 27~32 6~8 -
crops Bagasse 32~48 19~24 27~32 1.5~5 0.7~35
Reed 44~46 22~24 20 3 3
Hemp 57~77 9~13 14~17 0.8 -
Kenaf 37~49 15~21 18~24 2~4 -
Jute 41~48 21~24 18~22 0.8 -
Softwood Coniferous 40~45 26~34 7~14 <1 -
Hardwood Deciduous 38~49 23~30 19~26 <1 -

Source : Han (1998)



13

o =\ A 9 Y =
nnesndszneumanii luiiynemanuasuag ldawsoazd1dn dymg
S a a d'c' 1 9 9 1 a2 1A A
maneasaziaulsznevvssaniundininduleluld uaazddSuamnuTaunso
a a ~ 1 9y = A Y A [ 9 9 dy U
wiwag TaalulSuangeni idulennanazlianvazmanaiinlndifsanudule 1diiesou

1 9 a A 9 an ~ 1
LmGlumuimmzuﬂmwm&muamam NUINNIN

1.3 nszmumswamﬁenszmy
a A A o s A g ¥

NITHANLYDNTISATH N?G]Q‘]Ji%E‘Nﬂl‘Wﬂﬁﬂﬂﬂ1illﬂﬂtﬁuiﬂﬂﬂﬂu1ﬂ1ﬂ

s A 9 a A ) 9 as 3 as ~ A Aax ~
@Qﬂﬂi%ﬂ@ﬂ@‘lﬁ] GIJi’N]'IJJ ﬂ”liWﬁmﬂ@?ﬂllﬁmﬂﬂﬂﬁa”lﬂj‘ﬁ‘ﬂ\ﬂﬂﬂ’JﬁLﬂN nIvITNA GL‘LHJNﬂim
Y ) ' a A Y a A = 9 09/’ [ A A A
a‘mmmm"lﬂmumiwaﬂmaaimn “lumswamaamﬂszﬂaumamumuwaﬂq ADITWNAA
d' d' d! an a d'l = 1 A d' = Al
@9 aznsneniye FAITNITAAALIDINITCATHICHAAADAUTUUAUDIYDNTSATY DILNIT

Y] a

I a o 1 a [ ] o A 4
6 ﬂmmﬂu%umaﬂmu LmﬂizuaumiNammwmﬂu%ﬁWﬁ‘ﬂﬂﬁﬂﬂ!ﬁhﬂ@l%%%ﬂi%W

Y [ d‘ a Y v A a 1 =Y =%
“Vlhlﬂﬂﬂﬂu ﬂﬁ$ﬂ1‘]el‘l’1Nﬁﬂi%ﬂuiu‘ﬂﬁ]ﬂﬂuthﬂNWﬂﬁEﬂEJ‘]S‘L!ﬂ Taounazyiavzlanyuzuas

2

9
wa 1 @ <] 1 [ v a a
AUTNUA UANANWNU AUNINLASIIANLANA NN muuiumiwa@mizmmzéfaqwmim

[ a

a A dqu g a v A Y wa ¥ a
siavouten lnduingaulumsnaadiaies: ldnuauiavesnszaiuaiudesns nsnan
A 1 Y I a an a A
onseapansanLseen laili 3 via munssuds lumswan fe
1.3.1 P5ZUIUMINAAERIF NG (Mechanical pulping process)
a A a < Y o o ¥ Y
msraaoFinaumsldndsnunavaznasnuanudeoulunsuendule
{ o a 4 I 1 {
ponu TaeldMihwn1dlumswaagoornilunou (Log) iAW1 1.2 10T 1150 4 9@ 130
9}::9’ Qld'd c; Aa A 1 9 ) v v A
o lgFu ldntvinaaduanesiszum 15-20 dadwas Tagviou ldvzgminnnasanvia
a v . = o = 1 09; v A a v A ] Y 9 g
YBIHUVA (Grindstone) VauziReInuaziimsnu lovi luarivesiudaio e lvidulouand
Y ] ]
20NNAIVBIHUTA TRI18TU 1AAIAY Figure 5 BnIBH N Issugaamnssutiouiinuuin
4 { o I z:y @ o
o M3y ldnTesuaniianyaziluaiua (Disc refiner) Tnodu iz gndaliiivinaainae
1 1 F) J A Y < A 1 Qy JYq Y I ) A ~ J
nazgnderiudn lUszninnuuainyudreanus uiedoodu i 1ddwduledsn Soni
i#l0 1570@ (Groungwood pulp) 1aL/13® WoIF¥4na (Mechanical pulp) Haraavadef lda1nms
a gy Qddy =K 9 F) A ¥ =\ 4 a A . . o
HAAA83D Hzganedooaz 90-95 1dulei lavzliosnlsznouuesdaniiy (Lignin) dnymzyed
Y] Ayy ad A Y £ a a ) ' ¥
dulenldvziinaduloner vazidulodos Funasnmsinuaveudulonaznguueudule
A a A a =\ dy =\ =3 . =\ < ° 1
NILAHNNANIINBIFINAVLTINLBHEIU UAMWNVLAL (Opacity)gd  VAIUUULTIA a1

] Y
TnajiveFenasznanin Ifiiiosoullszmnnan



14

Figure 5. Mechanical pulping process.

Source : http://chempatec-auhorn.com/stockprep/index.html (28 July 2010)
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Mechanical the stages of the papermaking process
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Figure 7. Kraft process or sulphate process.

Source: http://en.wikipedia.org/wiki/File:Pulp_mill 2.jpg (28 July 2010)
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Figure 8. The four classes of surface wettability types of surface based on their interaction with
aqueous droplets.

Source: Koch.et.al, (2008).
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Table 3. Contact angle and water wettability on surface of material.

Contact angle (0) Wetting ability

Close to 0° Super-hydrophilic

10 - 30° Highly hydrophilic

Up to 90° Less strongly hydrophilic
>90° Hydrophobic

As high as 150° Highly hydrophobic
150-180° Super-hydrophobic

Source : Shafrin and Zisman (1960).
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Table 4. Chemical properties of 3 weed plants.

Chemical properties Weed plants
(%) Vetiver grass Cattail Water hyacinth
Ash content 4.0 9.1 17.9
Solubility in %1 NaOH solution 37.7 44 .4 56.5
Content of pentosan 324 22.9 19.2
Content of lignin 18.2 17.0 24.1
Content of holo-cellulose 77.3 70.5 52.9
Content of alpha-cellulose 42.9 46.9 41.7
Content of beta-cellulose 12.3 7.9 12.7
Content of gamma-cellulose 17.8 15.7 18.5

4
Source : TUTT NOITUYND LATAUL (2550)
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Table 5. Chemical composition of some common non-wood fibers.

Chemical composition (% total)

Fiber type —
Holocellulose ~ Lignin Ash Pentosan Alpha cellulose

Paper mulberry 77.55 7.64 6.30 10.29 71.03
Jute 89.92 9.65 0.62 16.68 67.10
Roselle 72.90 15.12 7.24 17.85 66.34
Kenaf 78.06 15.19 1.92 9.26 62.44
Inner bark of mulberry 68.89 14.83 9.37 12.41 65.05
Pine apple leaf 67.05 17.41 5.98 24.34 24.34
Bagasse 71.41 21.09 3.85 27.83 51.04
Rice straw 64.89 21.27 16.93 21.15 46.30
Banana stem 55.50 19.43 15.34 14.78 47.37
Palm oil frond 69.36 8.47 1.29 26.64 54.24

Source : I8N JuUgITTU (2541)
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Figure 12. Reaction of ASA with cellulose (esterification) and water (hydrolysis)

Source: Akzo Nobel (1996)
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Source : Solarek (1986)
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Table 6. Some physical, mechanical and optical properties of papersheets.

Paper type
Properties Retention Aid Retention Aid Retention
Non additive
and AKD and CaCO, Aid and CS
Basic weight (g/m’) 82.7 86 86.2 85.8
Thickness (Um) 99.4 100 105 107
Tensile Index ( kN.m/kg) 78.3 76.2 68.7 80.9
Tearing Index (mNmz/g) 8.15 7.90 8.15 8.25
Bursting Index (kPa./gm’) 1.40 1.77 1.85 1.96
Cobb Test (g/mz) 75.5 36.8 73.3 45.7
Brightness 46.7 45.0 47.0 44 .4
L* 78.7 77.5 79.2 773
L*a*b* a* 0.43 0.55 0.57 0.56
b* 8.79 8.49 9.20 8.99

Source : N1UA1 ITUIIFT LASAUE (2551)
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Figure 18. Cattail (Typha angustifolia L.)
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Figure 19. Sodium hydroxide; NaOH.
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Figure 20. Sodium sulfide; Na,S.
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Figure 21. Alkenyl succinic anhydride; ASA.
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Figure 23. Digester.
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Figure 24. Disintegrator.
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Figure 25. Hand sheet forming machine.
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Figure 26. Digital balance.
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Figure 27. Temperature and humidity chamber.
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Figure 28. Hot air oven.

7) 1n5093AAE Hunter Lab ';;'u Color Quest XT HEAAIAY Figure 29

Figure 29. Color analyzer.
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Figure 30. Universal testing machine.
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Figure 31. Contact angle meter.
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Figure 32. Thickness gauge.



49

11) Lﬂ%"ﬂﬂ‘VIﬂﬁﬁ]ﬂﬂ’.]'IiJg])'m‘Vl'luﬂ'liuiﬁﬁﬂsU'lﬂ"U’ﬂﬂﬂig’,ﬂ'l]el GOTECH aju GT-

&

v Y
7055 USHNNY0 UTEN andnsuea lyFuos 310 LAAIAT Figure 33

Figure 33. Elmendorf tearing strength tester.

A Il < 1 ® <] A
12) 1ATRINIUNAUTEUUUNIMAN U IKA™ C-MAG HS 7 1A 03uaANeY
a151A% LEAAY Figure 34

Figure 34. Magnetic Stirrer.
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Figure 35. Mullen bursting strength tester.
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14) 19309HAY U110 Imarflex 3 IF-309 LEAIAT Figure 36

Figure 36. Mixer.

2. IBMIAUHUMTIVY
~ G L] a a A
aouil 1 msm3aningAutayMsHandenIzAY
a4
1. MSIASYNEADNIZAY
= d' 9 o
1.1 MSIAoUEDNITZATHIINAUNALINS
o 9 [ A o I~ Qy Qy
111 daunauns vdenlaenuasiudlusuvuiadssuia 12 49
I v A ) v
i liaanse luidomeoromanniia 1dihwu 18 e umeniimiinuia (Dry matter
Y Y Y
content of chips) Taefrualiianusulseuadosas 10 veuiwmiinyuld
o Qy 9 9 o a 4 4 =1 1 a
1.1.2 h3u ldnvandnindnigiesndseneumanil iy Usuia
iwag lad uazaniiu (Aauasnin Van Soest and Wine, 1967 8131ag yfia1 Htju, 2549)
a 4
USuanisazarelu arsazareImfeulaasonloannududuiosas 1 (TAPPI T212)
Suaud (TAPPI T211) uazalsunauwu Tausy (TAPPI T223 )
o Qy Y d' 1 Y 9 1 [ a :‘ v
1.1.3 thyuld aiumsanuds @wde 1) wisldganaraanimin
% 4 o a 4 4 {
U528 500 NSU NINWINAAHONTLAHANTZUIUNMIATINN LazAnMITAE NIINZaY
9
Tumsduzuldnniladednm 3 ade Ao
1 I~ 1
1. Manuiluaig (Effective alkali; EA) Fosaz 20 - 30
[ I
2. manuiunsa (Sulfidity) Fowaz 20 - 40

3. qqumumié’fu (Cooking temperature) 140 - 180 “



51

= o A Yy A A = v 1 Qy
Iﬂﬁlll‘ﬂ%‘ﬂﬁlﬂ’)ﬂﬂll o 3$8$L3ﬁ11uﬂ13§1m8’01’1 150 UIN LIEZDATITIUVDIFU
9
ldaerhenatiminy 1:15 MWHUATNARDIDY Response surface methodology (RSM) Liae
1AANISNAADIUUY Box and Behnken design (BBD) man1nzmimzaulunsnanigodie
a 4
Graphical method (Superimposition) wazlemsinTz iy Multiple regression analysis Tag
FAYANIINAADI UAAIAN Table 7
4 9 A A o o A A a gy v g
4) WDANIEIIATUNINITLYLLIATINNINUA ‘L!”ILEJ’E)‘V]NEW]IIQ U1 NUUASUNTINIY
kS S ' i 6 o a a
maxmmumﬂmmsﬂumuﬁamﬂﬂaﬂuuuazmsmﬁﬂﬂﬂ
a J (a a va A A a 9 as
5) 'JLﬂi”IZ‘W']JSlIWmﬂﬂWﬂﬁl!ﬁ%ﬁﬂﬂ@]ﬂlﬂﬂlﬂﬂﬂigﬂ”&ltﬂWaﬁllﬂ ATUIDNIT

NAADIYD 1.3

Table 7. The operational variables of kraft pulping for Peach cedar.

Effective alkali Sulfidity Temperature
Experimental No. .
(%) (%) )
1 1(30) 1(40) 0(160)
2 1(30) -1(20) 0(160)
3 -1(20) 1(40) 0(160)
4 -1(20) -1(20) 0(160)
5 1(30) 0(30) 1(180)
6 1(30) 0(30) -1(140)
7 -1(20) 0(30) 1(180)
8 -1(20) 0(30) -1(140)
9 0(25) 1(40) 1(180)
10 0(25) 1(40) -1(140)
11 0(25) -1(20) 1(160)
12 0(25) -1(20) -1(140)
13 0(25) 0(30) 0(160)
14 0(25) 0(30) 0(160)

15 0(25) 0(30) 0(160)
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Table 8. The operational variables of kraft pulping for Cattail.

Effective alkali Sulfidity Temperature
Experimental No. o
(%) (%) (0
1 1(30) 1(40) 0(160)
2 1(30) -1(20) 0(160)
3 -1(20) 1(40) 0(160)
4 -1(20) -1(20) 0(160)
5 1(30) 0(30) 1(180)
6 1(30) 0(30) -1(140)
7 -1(20) 0(30) 1(180)
8 -1(20) 0(30) -1(140)
9 0(25) 1(40) 1(180)
10 0(25) 1(40) -1(140)
11 0(25) -1(20) 1(160)
12 0(25) -1(20) -1(140)
13 0(25) 0(30) 0(160)
14 0(25) 0(30) 0(160)
15 0(25) 0(30) 0(160)
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Table 9. The amount of Cationic starch and Alkenyl succinic anhydride was adding to the pulp

suspension to improve the water resistant and mechanical properties of papersheet.

The amount of chemical additives.

Experimental No.

Cationic Starch (% OD weight) ASA (% OD weight)
1 0 0
2 2.5 0
3 5.0 0
4 7.5 0
5 10 0
6 0 2.5
7 0 5.0
8 0 7.5
9 0 10
10 2.5 7.5
11 5.0 5.0

12 7.5 2.5




57

aAa W AAa

[ d (Y
2.3.2 mﬁﬂszqnmﬂ%aﬂua andiin uoulalasanaaniedaulsiszquan
o 3’ d‘ d' Y d‘ 9 [ =1 [ [
1) dniugen lavinmanaubenszamnduiamsuazgilgd Tudasidin
a a 9 v Aaa o AaAa 14 [
Mmngaunnaeud 1 (o 2) mraudania Fagiin uoulslasanauuilsdauilsilszquan
£ = 9 Y 3 o
FUATINVD 2.3.1 HAINIUNFNTUFIUIU 3,000 501
o & A A a v D) 2 ' v A 2
2) ningemason 1 ludeo 1 wTugdurunszaIvalonTosugl
Y [
URUATEATHAINATUIATTIU (TAPPI T205) Taosvualmimiinunasgiuvesuiugominy
60 ATUADAITIUNAT
o A AL ] ' L ) o
3) dhwruionszasnIugUndl ldovldaanudu sunszaivuia 9101
o [ ~ a o di‘ v o d I o 1 )
ihdSuanrziguugl 2322 "o ANUFUFNINT 505 % 1iunar 24 57 Tue neuiinig
NATDUAVITAVDINTEAY UTD 2.4
[ A [ ] d‘ 9 23 A
4) Aadongas lumsdsulgaumunszaynlvauianianenin uazaniia
dad A \ 4
nunanangameitlinaaoae luaoud 3
2.4 MINATIUANTAVDINNUNTZAY
Y
1) audaNIMENIN U 1U1MINNIANTFIN (TAPPI T410) A21UHUY (TAPPI
Y 9
T411) yuduATv0IHeAUUNTZATY (TAPPI T458) anbazWUA) (TAPPI T538) Hazad1u
Y
@MU (TAPPI T441)
2) quilAIBINg (U ANUATUNIULTIAG (TAPPI T494) AU TUNIULTIFU
n2q (TAPPI T403) LAZANNATUNIUNITANYIA (TAPPI T414)

3) auAMIUNAUMEAT 1FU AUVIIAI (TAPPI T452) azAd CIE L*

a* b* (TAPPI T527)

d‘ o WA Y U Al A
aauil 3 MmsdSulysanifvesnszauaansadani3n
3.1 msdSulysanifvesnszauainaeud 1 FaluriumsiSvammaionan daddia

adiin weulalasduazuilafamlsiszauindlensadailasn

o ] d’w A 9 dl [ va Y v a Aa
UUNUNTEATHNAALADNLLAININADUN 1 NTﬂiUﬂj‘QﬁﬂJﬂﬁﬂ’Jﬂﬂiﬂ%aW’Jiﬂ

e

£4
=
U

=

o 1 { a [ <3 a
D dukunszasinaala ldSuaniag Tasnufguugil 2342 0e1
= Lﬂy v o JY I )
AT ANNFUTUNNTI0oaz 50+5 1Tuna 24 32 Tu9
2) M@19619032AIBIN (Dipping) a4 ludIsazalsnsaganITnniaY

Wyt usesaz 30 50 waz 70 uazszezIa1lumIgy 15 30 uag 45 3



58

o d’ d' 1 1 v a A 9 9 oy C:J d‘ 9
3) higonszAmENAIUMIINEITazatenIagaagn Mdedethinauieas
[ 1 YA I
nsaeenuazlsum pH IWdan manuiunana
o oa d v o 2 2 g ~
4) 9a3mi1enA813999 1,500 Usuanoa1319i7 Wuszezal 5 i
5) smRunszas lliunszurumsin i
g A . ~ A o o v <
6) WNuNgaNYil 23+2 osruraod ANUFUTNINTI ooaz 50+5 1Tual 24

¥ 144 nouIMInageuduAveINTZATY Gl”lllslglj’f) 33

32 msilSuilysanifvesnszany onaeui 2 Fwnumsiiuanwaienan daniia

%4

adiin weulalasduazuilsfamlsiszguindlensadailasn

o ] A o A 9 A @ va Y v a A
UUNUNTEATHNAALADNLAIVINADUN 2 NWﬂiUﬂzﬂﬁNU@ﬂﬂﬂﬂﬁﬂcﬁaW'ﬁﬂ

e

£4
~
U

=

o 1 { a [ <3 a
D dukunszasinaala ldSuaniag Taonufguugil 2342 0e1

£

= Lﬂy v o JY I )
aufod ANNFUFNTINTSeeaz 505 (Junan 24 $11u9
2) M1AI9819NT2AIHIN (Dipping) a4 ludIsazalgnsagalznnunY
Wududosaz 30 50 wag 70 uazszeza lumsgy 15 30 uaz 45 Ui
o A A ' v a A k4 Y g’ M) A 9
3) thiwenszmuiriuMITuaIsazatonsadainin udndiethinauneds
[ 1 YA I
asaeeniazlsum pH Irtlaamanuidunais
o o o v o 7 2o a
4) da3eanAeLIIea 1,500 Youdneas1aid fuszeznar 5 i
5) hurunszany liunszuiumsiliud
3 A a = di’ v o JY I
6) nuNguuql 23+2 osraaiFod ANUFUTUING3 ooz 50+5 1Tunan 24

¥ 114 nouiIMInagauduAveINTZATY Gl”lllslgll’f) 33

3.3 msna@euaNNMUMUgadNEIuvedluiy (Aauilatain Parkiabiglobosa and

Brezovska et al., 2004)

1) Wwrunszeaeiiumsdsuljdsasazatonsaganain llUsuaniag

<& 4 - ~ A o o oy < &

TaginuNganaN 2342 9aAuwalsed ANUFUTUHNTIooas 505 (Tuan 24 ¥ 1u9

2) AAFIDENUNUNTEAY YUIA 2.5 x 2.5 cm.

1 Y
3) 1N Vegetables oil aelu Flask 1daufeunguiigil 70 oee au'leriniy

TNy



59

4) AUAPENUHUNTZAENTAUN Flask Whiviuszmeldufasuiomeh

aszanuiluszezina 5 i duna ufindlunaineis uazsenuwna
3.4 MINATBVANTAVOWMAUNITZTAY

1) guiaNIamMenInEY ﬁymﬁﬂmmgm (TAPPI T410) ANN¥U1 (TAPPI
T411) uuﬁuﬁamaw&m‘imummm (TAPPI T458) §nH =il ufia (TAPPI T538)
YL AIT R (TAPPI T441) uazanudiumugaduiiuves lagu @anasein
Parkiabiglobosa and Brezovska et al., 2004)

2) AN 11 ANUAUNIULTIAY (TAPPT T494) ANUMUNIULTIAY
n2q (TAPPI T403) LAZANNATUNIUNITANYIA (TAPPI T414)

3) aufamuiirumeaas 1 AUV1IA39 (TAPPI T452) agad CIE L*

a* b* (TAPPI T527)

ﬂ1§31\‘]!!Nufnﬁ‘nﬂﬁ@ﬁ!!ﬁ$3!ﬂ§1$ﬁwﬁﬂ1§ﬂﬂﬁﬂﬁ
%ﬂﬂéﬂﬂ15‘1/]ﬂa@QL!‘].IIHW‘Iﬂ‘ﬂi’]ﬁﬂallﬂz’N\TLLWHT‘I”I?T]@]@@QLHJ‘U Completely
o a 4
randomize design (CRD) (Factorial in CRD) MMIUATIEHANUNLTUTI1UA8 ANOVA ay

a 4 1
AnT1EHANULanA191a81% Duncan’s New Multiple Rang Test



60

=
Unn 3

a d
WallazI1IUNAN1INAAY

d‘ G U a a d‘
ABUN 1 MIAIYNINYAVUATNINAAIBNITAY

a J A [y (v a
1.1 ﬂ1§3!ﬂ51$1"iﬁ$~lﬂﬂ‘i’nﬁ!ﬂﬁ !!agaﬂ‘lelil!%‘fnQﬁﬂ!ﬁ11!37]2]11J131J§$ﬂ1§‘ll®3!5’146121

' v
o a a av A

Y a A o o 3 Y A a dy 9/
3@]@ﬂﬂﬂ1‘lﬂ1uﬂ1§Wa@]!ﬂ@ﬂi%ﬂ”ﬂ%lﬁ"lﬁ'iﬂﬂTH'Jﬁ]leLﬂHlﬁHiﬂV]Nﬂ@]ﬂ1ﬂlu@l13J
9 @

Y PR | CZ S [ [ a
AUNILN T LLamau“lamﬂclugﬂqm CHQET?J?J@W]NH’]?JLLE]%ﬂﬂi&lﬂ!%‘ﬂNﬁm§1u3‘i/lfl”m”|\1ﬂ'§$ﬂ”li

vouduleniaearlszinn amnsoauaad laeq Table 10

Table 10. Some chemical and morphological characteristics of Peach cedar and Cattail.

Type of fibers
Items

Pc C Ct Dt B
Cellulose (%) 58.91 42,61 40-45 38-49 2643
Ash (%) 1.20 12.56 <1 <1 175
Lignin (%) 16.20 5.75 26-34 2330 2123
Pentosan (%) 7.65 23.90 7~14a 19~26a 1 5.26a
1% NaOH solubility (%) 25.32 31.80 - - -
Fiber length (mm.) 1.3 19 3_5b 1-2 : 1,36—4,03b
Fiber diameter (mm.) 0.0189 0.0418 ().()2_0_04b ().032_0_043b 0'008_0‘03C
Slenderness ratio(L/D) 68.78 454.54 100;1C 50;1C 135-175;1C

Pc =Peach cedar, C = Cattail, Ct = Coniferous trees, Dt = Deciduous trees, B = Bamboo

Sources: ' Parham and Kausftinen (1974), *Jahan (2003), CLeponiemi (2008)
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Figure 37. Color of Pulps from the Peach Cedar (A) and Cattail (B)
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Figure 38. Fiber length of Peach cedar (C) and Cattail (D)
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Table 11. Variables of kraft pulping process for Peach cedar.

Independent variables Dependent variables
Peach cedar Predicted Response
Experiment  EA S T
s YI Kn TI YI Kn TI
(%) (%) (O
(%) (Nm./g) (%) (Nm./g)
1 1(30)  1(40) 0(160) 4176 1646  46.53 4550 16.11  40.72
2 1(30) -1(20)  0(160) 49.09 1636 49.08 5122 16.19 49.80
3 -1(20)  1(40) 0(160) 4719 16.64 48.12 5032 16.81 47.40
4 -1(20)  -1(20)  0(160) 4049 1642  34.11 42.01 16.77 39.92
5 1(30)  0(30) 1(180) 50.82 1436  44.16 5337 1474 4530
6 1(30) 0(30) -1(140) 36.54 16.50 3594 3521 16.64 39.90
7 -1(20)  0(30) 1(180) 4929 1647 40.78 5245 1633  36.82
8 -1(20)  0(30)  -1(140) 3246 16.72 4633 3521 1634 45.19
9 0(25)  1(40) 1(180) 4752 1585 3508 5033 15.82 39.75
10 0(25) 1(40) -1(140) 3298 1692 4553 3521 17.13 47.39
11 0(25) -1(20)  1(180) 4413 1640 4856 4854 16.19 46.70
12 0(25) -1(20) -1(140)  30.56 16.75  46.71 33.09 16.78  42.04
13 0(25)  0(30) 0(160) 4259 1630 4037 4458 1632  40.64
14 0(25)  0(30) 0(160) 4194 1646  40.64 4458 1632  40.64
15 0(25)  0(30) 0(160) 4133 1620 4090 4458 1632  40.64

EA = Effective alkali; S = Sulfidity ; T= Temperature; YI = Yield; Kn = Kappa number; TI =

Tensile index.
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Figure 39. Relationship of pulp yield, effective alkali (EA) and temperature at the sufidity of
40% for Peach cedar pulping.
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Figure 40. Relationship of kappa number, effective alkali (EA) and temperature at the sufidity of

40% for Peach cedar pulping.
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Figure 41. Relationship of tensile index, effective alkali (EA) and temperature at the sufidity of

40% for Peach cedar pulping.
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Table 12. Variables of kraft pulping process for Cattail.

Independent variables Dependent variables
Cattail Predicted Response
Experiment  EA S T
. YI Kn TI YI Kn TI
(%) (%) q®)
(%) (Nm./g) (%) (Nm./g)
1 1(30)  1(40) 0(160) 31.75 1496 5695  28.78 10.10  58.19
2 1(30) -1(20)  0(160) 3122 11.85 5335 3046 11.33  53.13
3 -1(20)  1(40) 0(160) 2948 14.60 5698  30.24 15.12 57.20
4 -1(20) -1(20)  0(160) 2848 18.03 57.56 27.48 15.15 56.56
5 1(30)  0(30) 1(180) 27.79  7.22 57.19  26.50 5.63 56.83
6 1(30) 0(30) -1(140) 30.55 1825 57.58 31.61 1748 57.16
7 -1(20)  0(30) 1(180) 27.25 1124 5215  26.19 12.01 52.57
8 -1(20)  0(30)  -1(140)  29.11 1835 63.50 3040 1994 63.86
9 0(25)  1(40) 1(180) 2337 1036  58.62 23.66 9.07 5797
10 0(25) 1(40)  -1(140) 36.09 18.37  62.65 34.04 1626 62.07
11 0(25) -1(20)  1(180) 26.79  4.88 52.82  28.84 6.99  53.40
12 0(25) -1(20) -1(140) 28.07 18.32  60.28 27.78 19.61  60.92
13 0(25)  0(30) 0(160) 3349 18.08 5630  31.74 1798  56.94
14 0(25)  0(30) 0(160) 30.87 1796  56.67 31.74 1798  56.94
15 0(25)  0(30) 0(160) 30.87 1791  57.84 31.74 1798  56.94

EA = Effective alkali; S = Sulfidity ; T= Temperature; YI = Yield; Kn = Kappa number; TI =

Tensile index.
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Figure 44. Relationship of tensile index, effective alkali (EA) and temperature at the sufidity of

40% for Cattail pulping.
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Figure 45. Tensile Index of mixed pulpsheets made from Peach cedar and Cattail pulps.
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Figure 48. Cobb Test (cobb,,) of mixed pulpsheets made from Peach cedar and Cattail pulps.
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Table 13. Brightness and color of mixed papersheets made from Peach cedar pulp and Cattail

pulps.
Ratio Properties*
(% OD weight)
_ Brightness* L* a* b*
Peach cedar : Cattail
100:0 64.86£0.54'  94.04+0.28° 5.36+0.01° 17.52+0.01"
90:10 61.10+1.98° 91.47+0.91° 5.33+0.05° 16.42+0.22"
80:20 58.92+0.83"  91.00£0.69% 5.25+0.09" 17.44+0.12"
70:30 57.36+1.03° 90.38+0.53°  5.52+0.07° 18.16+0.07°
60:40 54.78+0.22° 89.25+0.22"  5.70+0.05° 18.72+0.23°
50:50 52.91£0.33°  88.41£0.35" 5.76£0.12° 18.80+0.24"
0:100 47.66+0.58" 85.6240.43"  6.08+0.04° 19.86+0.14°

All values are reported as mean (N > 5).

*The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 55. Tensile Index of papersheets with alkenyl succinic anhydride (ASA) and cationic

starch.

a v aa v Aaa s 1 va g’
NITAUDAAUD FAKUN Llﬂunlﬁllﬂiﬂ (ASA) ﬂzﬁwamﬁummiﬁmmum
Y i1 '
UDINTSATHNUIN mﬂmi‘nﬂaaa’e‘)”m"umi@ﬂfﬁuﬁwmﬂszmyﬁmaﬂauﬁmwuﬂsmm

vosdania dagin uou'lelase vazuilidausszauan nazio@unilsdauilsilszquan

o

v AaAa aa 4 a g’ v 4 '
WEUDAAUD HAKUN uau'la"lmﬂ “luﬂsmm%”oﬂaw 7.5:2.5 EIJE’NM"IW‘LlﬂL?J@LLﬁ}Q ﬁ]%iﬁ)ﬂW

Y 1
o A %

ﬂ1§ﬂﬂ°]i3J‘1!"l1/]inJwL’Ja1 11 {m‘ﬂﬂﬂ IAUNNY 43.10 g/m c]N?Jﬂ’J"I?JLmﬂ@]N’OEJN Hed1nwy

[

NADA (9<0.05) mmﬂiEmmEmﬁunssmw"lumumﬁﬂ%"uﬂqq 1AAIAY Figure 56



78

NI

5.0:0 7.5:0 10:0 0:2.5 0:5.0 0:7.5 0:10  2.5:7.5 5.0.50 7.5:25

-
[
=]

—
(=]
(]

[=:)
(=}

(=}
<

N
<

ra
f=]

Water absorption (Cobbw) (g/mz)

Ratio of Cationic starch : Alkenyl succinic anhydride (% OD weight)
Figure 56. Water absorption of papersheets with alkenyl succinic anhydride (ASA) and cationic

starch.

Y]

Y v 1
YUFUAAUDINIATIVUNTEATH N 0 uag 1 UIN Lﬁﬂﬂ%ﬂﬂﬂﬁ’aﬂ AN FAK

q

)]

a a A

4 1 v W g’
Un Llﬁluulﬁ"lﬂ’iﬂ (ASA) WuN HUAUATUDINYAUIUUNTEAY “I/IiwﬁlwlﬂaT 0 uag 1 U UM

A

dgl A A a v aa v Aaa J o a
qwummwuﬂimmmmaaﬂua SFAGUN uau"la"lmﬂ Llﬁwllﬂﬂﬂﬂllﬂiﬂizﬂﬂﬁﬂ LLﬁ“’LiJf]W]iJ
Llﬂﬂﬂﬂllﬂ'ﬁﬂﬁw%‘U'}ﬂW’sﬁJ'ﬂﬁﬂuﬁ FAGIUN L!E]uulﬁ"lﬂ'iﬂ Gluﬂ’iiﬂﬂ!if]ﬂﬁw 2.5:7.5 “llf]\?‘lﬂ?i'uﬂ
LEJ’E)LL‘I’N I Gl,ﬁﬂ'liJﬂJﬁiJWﬁsUﬁNﬁﬂﬂuﬁJuﬂi ﬂ?yﬁ\?%ﬁﬂiﬂﬂ‘ﬂi eI 0 uaY 1 U1
uauniny 124.53 9471 a2 122.57 0971 A1NaA1AY cmi]x"lmemLmﬂmqaeinﬁﬁﬂéﬁﬂg

aa A (= ~ [ a Y v aa v aa
NT0A (p<0.05) LZJE]L']JiEJ‘]JL‘VIfJ‘Uﬂ‘]Jﬂ'ISW]ZJLL'ﬂQﬂﬂLL‘]JT]JSS@‘U’JﬂWﬁﬂJ DAAUA BYAKUN LLE]‘L!”lEI
s Y 1 A = = v A [ o J v o
]’lﬂiﬂ lusasidiu 7.5:2.5 LLE‘]%LZJE]L']J?EJ‘]JWIEJ‘UﬂUﬂi$ﬂ1HTll13JW'luﬂ'li‘]Jﬁ']J“]Jti‘W‘lJ'J'I HUTUNE

o v

Yy v
YOIHIAN NI UIZUANUUANANDI WU AYNNADA (p<0.05) 1AAIAY Figure 57

140

. T T f
Contact angle (6) 0 min
120 gle (0) I . If
ntact angl lmm d ¢
= 100 ] Contact a ge(B) d4e I
=
%ﬂ 20 I
T 6o |
=
a
T 40 L
20 L
0 ,
2.5:0 5.0:0 7.5 7.5 0:10 2575 5.0:50 7.5:25

Ratio of Cationic starch : Alkenyl succinic anhydride (% OD weight)

Figure 57. Contact angle of water on the papersheets with alkenyl succinic anhydride (ASA) and

cationic starch.



79

v v v 4 1
Amanudumuiiivesnseasimuduiliosnn santa dagiin ueu'ls
4 o Aaaa [ a ] 4 Y] [l a
lasa azignsernudulonaiuszioamoes (Ester bonds) Uiy leasonda (Hydroxyl
o ] 4 o ya Y
group)  wouwaglad Taeunylalasn1suen (Hydrocarbon) ooni1liAlrveudule
Y Y Y

Tumnadgaserduiindulevaluduiui (Gess and Rende, 2005) wonvniinmsaany laason
a a o 4 1% v W [l [ v
Faludulelagnisiaunilsdaulsdszquane Ididuleiudaiued1audanssduilu

P
=

Y Y v 4
nmsaadasIMsgaduiuingiiionszay nszapisdumumsgaduiirlauingsiu uag
A o [ v aa v AaAa 4 @ 1 ~ 1 [
wiothudlsdauilslszauan uazdania dagiin uou'lelasaumanludasiduiuandieiu
3 (A [ J 09; v W g‘
WAUNAIANULITINUNNE AIRNUAIUMUI tagyuduAdv0IentiIUUNTZATHYDY
nsgAIzIANANNY a1z anlumswanuiledaulslszauan uazdadiia 4a
aa 4 d‘ A [ 9 v aa v Aaa
giin uou'lelasdaclugonszaiy feo uilsdauilslszauiniosas 7.5 uaz dadiia Fadiin
s Y J o A y & Y a o o Ad 1 o oA Y
uou'la'lasa fevas 2.5 veurhminweuds e linaadumnnszasnimartianudiuniu
USIAUNIAY 98.07 Nam/g AIAITNATUMULTIAUNZQIIND 6.62 Kgflem” A1A1NATUNIU
Y [
MSANVIAMINY 61.76 gf. ABATINIFUEIUIN 117 10D 43.10 g/m” uazyuduATUD
Y 1
NeAUILUNTZATE NI2821981 0 1Az 1 WIN UAUMINY 126.38 99e1 LAz 121.57 941
AU LLTAIA Figure 58
o o oy A o 9
yuduAavesvoatiivunsgatuinauuilsdaunlsilszquiniosas 7.5
v aa v Aaa 4 o 1 1 1 1
uazdania ¥agin uou'lalasasovaz 2.5 uaAAq Figure 58 IiA1085211319 90-150° AR
v

Anszanplanya iseuimiedaa lalaslWdn (hydrophobic) (Shafrin and Zisman, 1960)

q

£ o q ¥ = Y S da
Glf\‘l‘ﬂgﬂﬂ“ﬁﬂizﬂWH‘JJﬂ'NﬂJ?nu‘Vﬂuu'l‘ﬂﬂ

Figure 58. Contact angle of papersheets adding 7.5% caionic starch and 2.5% ASA of

0 and 1 minutes.

a d 1 1 i [ va
ﬂ13’3Lﬂ31$ﬁﬂ1ﬂ'§11lGlﬂ']ﬁ'ﬂ\illﬁ%ﬂWﬁﬂl@\‘lﬂi%ﬂWHﬁWWUﬂWﬁﬂiUﬂqﬂﬂNU@lﬁjﬂﬂ
o v aa v Aaa 4 o
Ll'ﬂﬂﬂﬂllﬂiﬂ35?‘U’Jﬂl!ﬁ$@aﬂuﬁ HAKUN Lmu"la"lmﬂ HEAIAY Figure 59 60 61 Lag 62

910 Figure 59  WU31 AIAINYIIAINNUBINTLAHIBONANILHAIaAAULND

vndsulpeauiadleutledanilsilszanan uazdaniia dagiin uoulelase uazes



80

@ L]

v 9 ] ]
aﬂﬁ\WIﬁJﬂill1mﬂ1ilWNﬁuﬂJ@ﬂﬁ15LﬂMlmﬁ Llﬁ3Lﬁﬂlﬂ?ﬂ‘ﬂLﬁﬂﬂﬁﬂﬁ’)@ﬁﬂ\‘]ﬂi%ﬂﬁ&llﬁﬂﬂﬁh

]
o W aa A @

Fa lURua e uIas WU A1NNNVIAINITANNLANA1IE N TTsTAUNIITDN NI

)

a v Aaa

ANUERNUT0ERL 95 (p<0.05) Tasmaanuilsdaulsilszauanuazdania sagiin uouls

I v 1 2’ L% y J ' ' v

Tasdlusandmdesas 7.5:2.5 veuhmineniaz lmanuvnainegaga iy 52.63
' A t:' ' v a v v Aaa
mdvesnszmuiniiunslivilgalaenady uflsdaunisilssquanuasdaaiia

v Aaa s =& ' { a a 1 a { 1 @
Fagiin ueulalasa Gaoinnisnaaeanyud nsgmeifvmsauuaslulSinaniuanaiaiy
= 1 = Y 2 o 1 1 1 A v o W aa A o A4 o
wildr L* filndiReany uaglilanuuandsedialivedidyniedda fssduanuyeiy
9 o (% 1 = = a A =KX A Y 1 ~
$08A 95(p<0.05) 1M TUA a* FaUAAIANAVIAVIDITUAT 92111 (+) uAAINNITTATIBA
a 9 Iy =S 1 ~ = =S A = g’ a Y [
wan e alu Inuduas vasm b* Muaasidvesdimasauasdingu asldam (+) uaaad
A A YA 1 ad a @ 2A woa/’ A A YR A 1 A I doy ]
nszauiinan lata Inudiludmdes duiunssaiinga ldvalindidudiiea uaasds

Table 14

Table 14. Color of papersheets mixing with alkenyl succinic anhydride (ASA) and cationic

starch.

Ratio of Properties*
Cationic starch : ASA
Brightness* L* a* b*

(% OD weight)
0:0 53.20+0.63" 87.93£0.50" 5.76+0.12" 19.16£0.25"
25:0 55.50+1.23" 89.34+0.40" 5.71+0.09° 18.71+0.30"
50:0 54.96+1.34" 88.87+£0.52° 5.72+0.14° 18.78+0.42"
75:0 53.13£0.10™ 88.49+0.36" 5.61+0.01° 18.53+0.02%
10:0 53.09+0.06" 88.15+0.11° 5.67+0.01° 18.68+0.02"
0:2.5 55.34+0.27° 90.83+0.61" 5.36+0.16" 17.94+0.62"
0:5.0 55.23+1.54° 92.65+2.09° 5.61£0.03" 18.33+0.15"
0:7.5 54.78+0.22" 89.42+0.07" 5.70+0.04" 18.73+0.22"
0:10 54.73+0.05™ 89.40+0.02" 5.76+0.01° 18.82+0.16"
25:75 53.84+0.37™ 88.70+0.35" 5.89+0.16" 18.70+0.23"
50:5.0 53.36+0.42" 88.08+40.06" 5.77+0.05" 20.12+0.61°
7.5:25 52.63+0.31° 88.00+0.09"° 6.12+0.07° 19.92+0.28°

All values are reported as mean (N > 5).

*The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 59. Brightness of papersheets with alkenyl succinic anhydride (ASA) and cationic starch.
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Table 15. Basis weight and thickness of sulfuric acid treated pulpsheets.

Type Paper / Time (min) Basis weight (g/mz) Thickness (mm.)

Pulp sheet 62.57+0.029 0.064+0.005
30% H,S0,/15 62.47+0.008 0.064+0.006
30% H,S0O,/30 61.93+0.027 0.064+0.009
30% H,S0O, /45 61.63+0.008 0.060+0.004
50% H,S0,/15 61.8140.027 0.061=0.004
50% H,S0O,/30 61.55+0.017 0.060+0.004
50% H,S0, /45 59.39+0.045 0.060+0.004
70% H,SO,/15 55.22+0.020 0.058+0.003
70% H,S0,/30 54.73+0.047 0.055+0.007
70% H,S0, /45 54.1940.027 0.0540.003

All values are reported as mean (N >5).
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Figure 60. Bursting strength of sulfuric acid treated pulpsheets.
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Figure 61. Tearing strength of sulfuric acid treated pulpsheets.
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Figure 62. Tensile Index of sulfuric acid treated pulpsheets.
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Figure 63. Water absorption (Cobb,,) of sulfuric acid treated pulpsheets.
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Figure 64. Contect angle (8) of sulfuric acid treated pulpsheets.
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Table 16. Color of pulpsheets treated with sulfuric acid at different concentration.

Type of pulpsheets/ Properties*
Treated time (min) Brightness* L* a* b*
Pulpsheet 52.91+0.33° 88.41+0.35° 5.76+0.12" 18.80+0.24°
30% H,S0,/15 27.61+1.48" 69.58+0.58" 4.15+0.06" 16.42+0.22"
30% H,S0,/ 30 25.24%1.06° 66.3140.81" 4.52+0.16" 16.02+.033"
30% H,S0,/ 45 24.53+0.04°  65.62+0.03" 4.47+0.05" 16.38+0.43"
50% H,S0,/ 15 24.28+0.44"  6547+024°  4.52:0.13" 16.59+0.37"
50% H,S0,/30 22.79+0.92" 63.76:1.08°  4.99+0.49" 16.29+0.34
50% H,S0,/ 45 22.72+1.04° 64.05:0.85°  4.57x0.15" 16.75+0.39°
70% H,S0,/ 15 17.330.14° 71.67£2.70° 4.49+0.47" 16.03+0.41"
70% H,S0,/ 30 15.170.40" 56.11£0.58"  4.80+0.10" 18.49+0.05"
70% H,S0,/ 45 12.2240.55" 41.78+1.61" 5.33+0.08° 19.16+0.09"

All values are reported as mean (N > 5).

*The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 66. Brigthness of sulfuric acid treated pulpsheets.
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Table 17. Basis weight and thickness of sulfuric acid treated papersheets.

Type of papersheets / Treated time (min) Basis weight (g/m’) Thickness (mm.)
Papersheet 63.06+0.93 0.064+0.02
Papersheet+ 30%H,SO,/ 15 62.68+0.87 0.064+0.05
Papersheet+ 30%H,SO,/ 30 62.58+0.67 0.063+0.07
Papersheet+ 30%H,SO,/ 45 62.55+0.77 0.061+0.06
Papersheet+ 50%H,SO,/ 15 62.75+0.63 0.062+0.07
Papersheet+ 50%H,SO,/ 30 62.47+0.89 0.061+0.08
Papersheet+ 50%H,SO,/ 45 60.31+0.78 0.060+0.05
Papersheet+ 70%H,SO,/ 15 59.80+0.87 0.058+0.08
Papersheet+ 70%H,SO,/ 30 55.30+0.99 0.056+0.07
Papersheet+ 70%H,SO,/ 45 54.75+0.69 0.055+0.07

All values are reported as mean (N >5).
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Figure 67. Bursting strength of sulfuric acid treated papersheets.
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Figure 68. Tearing strength of sulfuric acid treated papersheets.
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Figure 69. Tensile Index of sulfuric acid treated papersheets.
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Figure 70. Cobb Test (Cobb,,) of sulfuric acid treated papersheets.
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Figure 71. Contect angle (6) of sulfuric acid treated papersheets.
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Figure 72. Contact angle papersheets improved by 30%H,SO, at different time (a) 15 seconds,
(b) 30 seconds and (c) 45 seconds
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Table 18. Color of papersheets treated with sulfuric acid at different concentration.

Type of papersheets / Properties*
Treated time (min) Brightnees* L* a* b*

Papersheet 52.63:0.31°  88.00£0.09°  6.12+0.07"  19.92+0.28"
Papersheet + 30%H,S0,/ 15 26.7240.12°  69.45:0.10"  4.880.12"  16.32+0.14'
Papersheet + 30%H,SO,/ 30 25.0120.11°  66.05£0.13°  4.80£0.16"  16.11+0.13"
Papersheet + 30%H,SO,/ 45 2456:0.10  65.670.12°  4.74x0.11"  16.36+0.14"
Papersheet + 50%H,SO,/ 15 2401£0.12%  65.47+0.11°  4.78+0.11°  16.48+0.13"
Papersheet + 50%H,SO,/ 30 22.54+0.09°  63.810.13°  5.30+0.14°  16.28+0.14'
Papersheet + 50%H,S0,/ 45 22472015 64.05:0.12°  4.85:0.14"  16.650.11"
Papersheet + 50%H,S0,/ 15 16.65£0.12°  58.55+0.15°  5.51£0.13"  19.35£0.10"
Papersheet + 50%H,S0,/ 30 14.880.11°  57.1120.13°  5.00£0.11"  19.29+0.12"
Papersheet + 50%H,S0,/ 45 13.2520.13°  50.78+0.11°  5.2330.13°  19.55+0.09"

All values are reported as mean (N > 5).

*The different superscripts in the same column indicate the significant differences (p<0.05).
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Figure 73. Brigthness of sulfuric acid treated papersheets.
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Figure 74. Characteristich of vegetable oil vapor absorption of mixed pulpsheets. (A) = Mixed
pulpsheets; (B),(C),(D) = Treated pulpsheets with 30% H,SO, /15, 30, 45; (E),(F),(G) = Treated
pulpsheets with 50%H,SO, /15, 30, 45; (H),(I),(J) = Treated pulpsheets with 70% H,SO, /15, 30,
45; (K),(L),(M) = Cationic starch and ASA mixed papersheets and treated with 30%H,SO, / 15,
30, 45; (N),(O),(P) = Cationic starch and ASA mixed papersheets and treated with 50%H,SO,
/15, 30, 45; (Q),(R),(S) = Cationic starch and ASA mixed papersheets and treated with 70%H,SO,
/15, 30, 45.
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6. msﬁmeni'i'ﬂymgzﬁuﬁwmnizmyﬁmm%a Scanning Electron Microscope (SEM)
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S

Figure 75. SEM of mixed pulpsheets. A = Mixed pulpsheets; B =Mixed pulpsheets with Cationic
starch and ASA; C = Treated pulpsheets with 70% H,SO,/15; D = Cationic starch and ASA

mixed papersheets and treated with 70% H,SO, /15.
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a =)

v - A P '
1 waeagdidanszideounaoulumumfgungil 600 osrwaIFod
I o a a o 9 A A a
Aunanlszna 3 ¥ 709 YaaIndwumudisotlssunm 30-45 win egamrginielumum
! Y o 1 ﬁ' J Y <3 = a Y
anasnen ualiieenninmurildlulaganiiusy Udeslmidusudigungiivios
Y o 3‘ o
HANFIWIHUD
Y Y Y
o [ [ =1 o [] 9 9 [
2. 1IW1190ASe AS9azlszuna 30 W uaznsziurude 1 au'ldnania
Y Y Y
Vo 9MIne 2 ASe Aaeonu lumnu 1-3 Haansu
Y [} Y 9)31 o { ] o Il 9 a a
3. adnedeld lahmilniudvendszaa 12 n¥uldludreagdida
dy A £ 1 :l o 9 ) Y o @ Y =2 o 9
nszideundoudanswaniminuds il lugaiuaunuaaiu udrvaiuduanm
Y

asgungliaus 137 600 ossraaiFon uaznsziuu@eanude 1-2

4. AunumlSunadnngas

A YA & L Ve
UFnaudhaalusosas Taeiimiin = 100 x —————
HINUNAIDYWLTUAU

a d 2 a A
3. msynszhfSinavaglaauazaniiv
Y A A d
aq 1n309NauazglnIal
o a £ 9 = 4 a aa
1. ginsalgarin)Sunausag lad $alsenouals Innesvia 600 Haaans
L4 ] Jq 9 Y
wazginsalaruuiuuazglnsallianuion
aa g a 9 Aa Aaa
2. A3FIIanUnTeIrHALNI ANUYTEIX 50 Haaaas
3. WIANITOWVYYYINA
4. gou'llih
5. 100
g
6. 10QAR AU
7. INTOITINATON 4 AU
8. 9% lnu
9. n3adasmiuduiooas 72

10. Decahydronapthalene

11. Acid detergent solution



114
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Tasd AFD = Acid detergent fiber (%’aﬂaz)
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MANUHIN Y

= =
MINIBNAIIAN
= ) w =)
1. mam3sunsalalasnassn (HCI) waznsadaif3n (H,S0,)
=
1.1 MSAe

Table 19. Volume (ml) needed Concentration HCI and H,SO,

Volume (ml) needed Volume (ml) needed
Normality of a solution Concentration HCI Concentration H,SO,
Approx. 12 N Approx. 36 N, 1.84 g/ml
0.01 0.83 0.30 (0.55g)
0.05 4.15 1.50 (2.76g)
0.10 8.3 3.00 (5.52g)
0.50 41.5 15.00 ( 27.6g)
1.00 83 30.0 (55.2g)

1.2 159 Standardization
1. %49 2-3 ANV Sodium carbonate
o = Y = Y
2. i lleuinnudou 105 + 5 esruadod Tugou
o Y I a o ) oy v o A Y Y A a o
3. Mlguluagiames vazraiivunnun 1 lndifed 0.01  Naaniu
A 9 a A
woeesn1Flums lamsa nnq 40 Hadwas
4. A Na,co, Taeldnia 0.1 N 19 Na,CO, 0.21 niu

9 v
5. A¥a18 Na,CO, 11AaU 50 aaans

o

o} Methyl red indicator 3 ¥i&/Q

3

Q

. lawsadisnsmaunsziingaga

8. Auasazareh ldedszdnse Tedldinamsguyds sunszisasazaie

yd A Ay
9. ’JNGI,WLEJ‘HVIQQ!‘H{]ZJWOQ

a

1 = 9
10. T sasioaudagagaganie

Q

Normality of HCI or H,SO, = Wt of Na,CO, (g) / 0.05299 * Titration Volume (ml)
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2. MN8N Methyl red  (0.1%) 1331015 50 ml.
2.1 MIAIL

1. %11 Methyl red $1491 0.05 A5 aza1e]u Ethanol U5uTinaslv1d so
2. 170’ & Houdu

3. MISIA3EN Phenolphthalein indicator solution (0.1%)1331015 50 ml.
3.1 MSn3YN

1. 111 Phenolphthalein $1%43%4 0.05 N34 aza1e1u Ethanol YSuTuas 1 1a
2. /013w Heudu

4. MIAIEN Thymolphthalein indicator solution (0.1 %)ﬂ%mm 50 ml.
4.1 MR8
1. 111 Thymolphthalein $1149% 0.05 A5W ava1elu Ethanol YSudTuas 14 14
50 Haaans
2. /U3 a Heudu
3.
5. M3IA38) Barium chloride solution; BaCl, (200 g/1. “r‘igﬂ 20%)
5.1 M8
4. 111 BaCl, $1u7u 20 N5 awluthndu U5/5as 1714 1000 Taddns
5. 1013 o gaingiiies
6. MIIATEN Formaldehyde (HCHO-35%) — neutralized with 1 M NaOH solution with
phenolphthalein indicator.
6.1 MSAIEN
1. 41 NaOH $117u 40 g, azaeTunindy 1511531105198 1000 ml.
2 v HCHO 37%  wlaman 1 ldanudud 3s% drevhindu U5

1511051714 100 ml. A rvaman HCHO 37% = 35’3‘% = 94.6 ml.
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6.2 M3 Standardization
1. 111 Phenolphtralein indicator ¥i#aa311 HCHO 35% 311474 3 Hea 11d7

vy { J 9
Tounsnaodie NaOH aulasusluddu

7. MN8N Potassium Permanganate ( KMnO,)
=
7.1 M3
v 9 v
1. 493.2 n§UV03 KMnO, tazazaie1uiingu 1 ans
S o
2. Tanudoudunar 1 ¥ Tus
Y < Py a

3. N509A29 Funnel taziny 1A Tuvadan

7.2 M3 Standardization

a =

1. 11 Sodium oxalate UMY 105 — 110 pasuvaFod Wunan 1 $21ua

U

o I a 4
2. mldduluediamos

3. 4 Sodium oxalate 41 0.3 + 0.01 g la@as1u Flask Y¥u1a 500 Yadans

a U a o o d {
4 @unsadayin 205 ml wdnihlddwnar 0w udai ldidun

o o S
5. aulddnnmu uaz lawsadae KMno, aunsgnsdsingdludasuy

6. TianuSoud 70 eeruwasod dyunh ladosnely (1l lamsanuga

oR
)
~

7. lawsaseaudagagd ( 1adsumy azdlsngiiune 30 uii)
Normality of KMnO, = Wt of Na,C,0, (g) / 0.067 * Titration Volume (ml)

8. M 3191383 Sodium Thiosulphate ( NaS,0,0.1N)
8.1 M3IAIEN
1. %4 NaS,0, ¥125 N3 uazazaglimilsmn co,

2. 1A Na,CO, 0.1 n5u uazl5u5mas v 14 1 das

Y 4
v a

3. @ana 13 24 $27u9nouN Standardization
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8.2 M35 Standardization

a =~

1. 41 Potassium dichromate mauﬁqmwgu 120 osruyaiEee (Hunal 4
F2Tug

2. #3 Potassium dichromate 11 0.2 + 31 831w Flask v11a 250 aaans uas
Usu5asidly 100 Taddns

3. 1A% 3.0 NN Potassium iodide

4. 1@y HCL Wuduaall 5 Tadans

5. s ldshduiud udadu B ludidaduna 10 wad

6. laasadivarsazale Thiosulphate Tagldhimdluiiududinnes 90gh
g 11209011382 Normality of NaS,0, (N) = WtofK,cr,0, (g) / 0.04903 * Titration Volume

(ml)

U A d a d.

9. InSENMIazAENIAFaTI5n 1.0 HoINeA %30 0.5 Tuaneans Jua1s)
v a A Y 9 £ A Y Y 1 @ d o
NNIAFANITAUTUTY (98%, 1.84 kg/L) FiAuduTWMINY 36 uosiia

Y
w30 18 Tuans Iaethdansa Wuduun 28.3 ml azareluiiwdrsudsinassdu 1000 Tadans

10.M3AIEN Acid detergent solution
%920 TN Y09 CTAB (Cetyl Trimethyl Ammonium Bromide) azanelu

v a Aa I'4 [ a I~ Aa Aaa
MIaraenIaFanITn AT udY 1.0 uesuea udrlsulsuasldidu 1000 Tadaas

11.M3tA38% Hydrochloric acid tinduiszana 1 M.
11 Hydrochloric acid 15u1a5 83 dadans wuasluiinaulsuias 1000

a Aaa 3 [ ' F% Y A I~ IS
uaaang m‘umsazmElmﬂan‘lﬂuelnmm’mmhmaﬂ’gﬂﬂ

12.MsMANMUINTUYD I3z 2183195814 Hydrochloric acid

1. 01 Sodium carbonate (Na,Co,) UFwaszanm 3 nsu luwaa (Plate)
~ a o o Qy Jq ¥ I3 .
Nguvgil 105 °C W 12 ¥ 1ue wagna 131du Ty Desiceator

v v 9
2. %3 Sodium carbonate (Na,Co,) NnIMminuuuou 151103 1.05 niu
9 [

ufintiming 14 (1.0502)

Y
3. azangluii USuas 50 adans
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4. vi8gA Methyl red U 3 viea adluarsarale Sodium carbonate (Na,Co,)
5. 91M3 Titrate A28 Hydrochloric acid #3803 IANa15ALa18 Hydrochloric
acid 3 on'13a31u Buret Tuindsinasisudu (lavesormeeenlivuaneudy)
6. ADY9 MEAT1ALa18 Hydrochloric acid 910 Buret 841111 Conical Flask
9 09/’ 1 o = I =
wiounyvgnaeanaunseniamsazaalasuuaiag
{ I [
7. @3y Water bath awansazanenlasuilu luiia
o & A Ay
8. NNBUNYUNYU10
9. K113 Titrate ADABEY HAR1TAZA18 Hydrochloric acid 910 Buret 81411 1u
qaj ' o § I 1
Conical Flask #3ausiavemananataunseiniansazatedsuiluduaioon
Y = 3 A
10.A1 11 Water bath auansazare/aguiluasuy

=] a . . ~ 9
1. Junnilsunasvesasazaie Hydrochloric acid 'l

13. MN8N Potassium dichromate (K,Cr,0,)
13.1 MSA3aN
. . A a =~ I o
1. ®U Potassium dichromate ngUnY 105 93FLs Ly o Lﬂunm 12 “lf’JTlN
v Y
2. %3 Potassium dichromate 114.9031 n5u azatelniwduvesnnluaiagil
FUWVLIA 1 AT
13.2 71591 Standardization
1. Unlaasazarelalasua 50 Haaaas 1d Flask vu1a 250 Haaans
v
2. 19111 50 Yaaans
3. AN Potassium iodide 3 N5
4. 1HN HCl WudY 5 Haaaas
< yq AA g A
5. humsazane B lundadluna 10 w1
6. lansadloa13aya1e11nT3 U Nas,0, 0.1 N

a & a a A A A A
7. L&o”mum'ﬂQL‘IJu’e)umﬂmﬂﬁmaﬁmafNL’iiJ%N

9
A o A

' = a A a A <
8. ulﬁ!@i@ﬁ@ﬂuﬂ\‘]ﬂqﬂq@ Lﬂaﬂu%’]ﬂﬁlﬁa@\uﬂuﬁu“ﬂu

Normality of K,cr,0, (N) = ml of NaS,0, * N of NaS,0, / Titration Volume (ml)
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14. M3tA38N Effective alkalinity of NaOH
14.1 M3A38U
1. 111 NaOH #33117m 120 g. azaneTningu 1501050031914 1000 mi.
2. louasn ansazats NaOH 151na3 5 ml. §aeriindulsun5uaslifld so
ml.
3. 1igA Thymolphthalein 314U 10 Hoa
4. fmslamsndne nsalalasnassn vwuansazate NaoH waewilu'liiia

5. aSuasveanialalasaassnie ldanms lawmsn

15.M3IIAIEY Active alkalinity of Na,S (Step I)
15.1 MR8
1. 191 Na,S $981191 200 g, azaneunina U5u151a51714 1000 mi.
2. lawsn #1502810 Na,S U51195 5 ml. Srnindu 511551714 30
ml. t1ag BaCl, 1/511¢15 20 ml.
3. 1igA Thymolphthalein 914U 10 viga
4. famslamsndae nialalasaaesn wudisazate Na,s iaewiln i

5. aSuasveanialalasaassniie ldanms lawsn

16.M131A38 Active alkalinity of Na,S (Step II)
16.1 MSIAILN
o ~ 9 o = 4 a .
1. U Wa‘lnulﬂmﬂ(Step 1) NINMMTANEINDAIINTLEN Formaldehyde solution
UIU 5 ml
2. 119@ Phenolphthalein 31171 10 voa
o 9 a d' I~ =1
3. M lamsndae nsalalasnasin auaisazais Na,S nlaswdludauy
4. alSuasveansalalasnaoinnme lanms lamsn

M9819MIAIUIUM Effective alkalinity in NaOH

EA of NaOH solution {a(m/v)x40} g/l. in terms of NaOH
when

Volume of HCL consumed at the end point in ml.

o
Il

m = Concentration of HCL solution in molarity.
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v = Volume of sample (NaOH) taken in ml.
40 = molecular weight of NaOH
EA of NaOH solution = 11.2 (525 40 = 89.68512

f0ENIMIANUIUN Effective alkalinity in Na,S

EA of NaOH solution 1a(m/v)x40} g/l. in terms of Na,S

when
a = Volume of HCL consumed at the end point in ml.
m = Concentration of HCL solution in molarity.
v = Volume of sample (Na,S) taken in ml.
40 = molecular weight of NaOH

EA of NaOH solution

6.1 (M) 40 = 48.84636
5

A29819MIAIUIUM Active alkalinity

AA of Na,S solution = {b(m/v)x40} g/l. in terms of NaOH
when
b = Total volume of HCL consumed at the end point in ml.
m = Concentration of HCL solution in molarity.
v = Volume of sample (Na,S) taken in ml.
40 = molecular weight of NaOH

1.00095

AA of Na,S solution = 11.7 (2522 40 = 93.68892
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v v
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5. mmiazma%’wﬁ’uaﬂuﬁmﬂaimamq LAYy INTIALTI IANUINAY

ay 9 =~ 3 AA a Aa aa
6. ‘VN]‘],'J 10 N (NUNUA) MUa1Taza1e KT uaaaas

= o . v . .
7. 1AW Starch indicator solution IAMIARIBT1TAZA1Y Sodium thiosulphate

MIMUIN
a = (b-c)m
0.1
Kappa Number = a *b (1+0.013(25-t))
m
&
D

a = US1N05U09 20 mol/l (0.2 N) voulosunanuualunileiaadns
b = UsasveaTmaenls ToFamlanldia Blank
¢ = UFmnasvealmaonls loFamlanldiadroe1a

n = anudutuvedTsden'ls Tosamaluniioe mole/l

13
o 7 3 1

m = Winvesiiedialumiiensuibenia
t = gungiivea)§nse lumsnaunad 5 uIN vieoIRm AT

d = factor for correction to 50 percent permanganate consumption, dependent on to

value of A

Table 20. The factor for correction to 50 percent permanganate consumption.

A 0 1 2 3 4 5 6 7 8 9

30 0958 0960 0962 0964 0966 0968 0970 0973 0975 0.977

40 0979 0981 0983 0985 0987 0989 0991 0994 0.996 0.998

50 1.000 1.002 1.004 1.003 1.009 1.011 1.013 1.015 1.017 1.019
60 1.022  1.024 1.026 1.028 1.030 1.033 1.035 1.037 1.039 1.042
70 1.044

111 : Aau/as91n Anonymous ( 1999)
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Table 21. Some mechanical and physical properties of papersheets made from Peach cedar and

Cattail pulps.
Ratio Properties
Pc:Ct BS TS TI CT(cobb,,) CA (8)
(% OD (Kgf/cmz)* (gf)* (Nm/g)* (g/mz)* 0 (min)*  1(min)*
weight)

100:0 2.84+0.10" 40.27+0.23" 40.64+1.21° 120.33+0.33°  68.52+0.23"  46.90+0.23"
90:10  3.22+0.13° 41.3320.28" 47.94+3.29" 103.73+0.005° 69.51+4.42" 40.29+7.51"
80:20  3.53£0.05° 42.93+0.28° 52.13+2.14° 103.1740.05° 66.20+4.48" 41.01+3.75"
70:30  3.460.12° 44.53:0.28" 53.62+1.80° 100.63+0.02°  66.95+3.02" 43.77+2.50"
60:40  3.68+0.19° 48.27+0.28° 57.51+1.39" 100.10£0.04° 70.62+4.13" 51.92+6.64"
50:50  3.87£0.06° 50.40+0.57" 57.79+2.26° 99.97+0.04°  81.49+5.86° 59.53+7.38"

0:100 4.24+0.06° 52.80+0.57° 66.89+0.96°  83.67+0.01°  77.88+1.71" 63.98+2.86°

All values are reported as mean (N > 5).
*The different superscripts in the same column indicate the significant differences (0<0.05).
Pc = Peach cedar, Ct= Cattail, BS = Bursting strength, TS = Tearing strength, TI= Tensile Index,

CT = Cobb Test, CA = Contact angle.
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Table 22. Some mechanical and physical properties of papersheets with alkenyl succinic

anhydride (ASA) and cationic starch.

Ratio of Properties

CS:

ASA BS TS TI CT(Cobb,,) CA(B)
(% OD (Kgf/cmz)* (gf)* (N.m/g)* (g/mz)* 0 (min)* 1(min)*
weight)

C

0:0  4.86£0.13" 51.20£0.07° 62.37£3.46"° 97.44+1.04° 77.05£1.44" 51.10+2.67°"

d

25:0  5.64+£0.03° 53.60£0.07 72.59+3.19° 94.05+2.99°  70.15+2.16°  60.35+0.13

c

50:0  5.7740.05° 54.40+0.63° 83.54+2.32° 88.94+1.39%°  72.90+1.73"  62.76+1.64"

c

75:0  6.41+0.05 5520£020° 87.37+221° 85.9242.40°°  83.7242.58"  73.48+2.48°

i

c

10:0  6.42£0.05° 55.20+020° 91.78+2.08" 85.56+1.25°°  83.94+0.86°  74.85+1.76°

0:2.5 432+0.10° 51.20+0.83" 70.27+0.86° 85.00+1.89  82.37+2.54°  71.76+2.79°
0:50 4.86+0.13° 52.3240.37° 74.87+0.62° 82.61+0.15°  96.74+1.44°  90.19+1.96"

C

0:75 4.68£0.06° 52.96+0.37° 79.46+0.59° 78.81+2.30°  99.54+1.95"  82.61+2.97"

c f

0:10  4.76+02° 53.07+0.74 80.13%0.67° 77.58+1.59° 101.88+1.32°" 85.28+1.97°

25:75 6.13£0.06°  60.00£0.65 9587191 61.75+2.26°  124.53+2.75° 122.57+2.28"
50:50 6.09£0.06° 59.84+0.05 96.31+0.65  62.79+3.24°  105.1242.56  97.01%1.31°
75:25 6.54£0.05 60.80£025  98.07+2.8'  43.10+£1.67° 124.38+1.87° 121.57+2.26"

All values are reported as mean (N > 5).
*The different superscripts in the same column indicate the significant differences (0<0.05).
CS = Cationic starch, BS = Bursting strength, TS = Tearing strength, TI= Tensile Index,

CT = Cobb Test, CA = Contact angle(8)
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Table 23. Some mechanical and physical properties of sulfuric acid treated pulpsheets.

Type of CA(B)
papersheets / BS TS TI CT(Cobb,,) 0 (min)*  1(min)*

Treated time (Kgf/cmz)* (gf)* (N.m/g)* (g/mz)*

(min)

Pulpsheet ~ 3.87#0.06°  50.40+0.5"  57.79+2.26"  69.97+0.04"  81.4945.86°  59.53+7.38°
30% H,S0,/ 15 4.00£0.10" 59.47+0.63"  56.74+4.83'  73.29+4.60°  56.56+3.02°  36.68+1.55"
30% H,S0,/30 3.36£0.41° 58.77+0.71'  56.51+2.03'  68.98+1.65"  57.83x1.64"  41.59+2.36"
30% H,S0,/ 45 3.04+0.13°  56.80:0.80°  54.50+2.50°  59.48+1.67"  59.11:1.66"  44.24+4.40"
50% H,S0,/ 15 3.78+0.08° 58.93+0.337 50.46+3.93° 68.18+2.01  57.15+5.12"  43.96+4.25"
50% H,S0,/30 3.26£0.05' 57.60+1.09°° 50.24+3.00° 67.56+1.01°  60.69+2.56™  44.966.17"
50% H,SO,/45 3.00£0.10° 57.33+0.68°  49.63+2.80" 62.76+1.19"  65.73+1.30"  52.83+1.46"
70% H,S0,/ 15 2.54+0.05° 56.16+0.37°  33.04£1.97°  57.99:449"  68.51+4.66°  57.23+1.18"
70% H,S0,/30 2.50+0.07° 52.85+0.38°  28.55+1.12°  65.35+1.46"  63.14+427™ 51.54+1.82"
70% H,S0,/45 2.10:0.05' 50.13:0.81"  22.15:0.98" 64.50+2.28"  64.44:0.81™"  5631+1.18"

All values are reported as mean (N > 5).

*The different superscripts in the same column indicate the significant differences (p<0.05).

BS = Bursting strength; TS = Tearing strength; TI= Tensile Index; CT = Cobb Test;

CA = Contact angle ()



Table 24. Some mechanical and physical properties of sulfuric acid treated papersheets.
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Type of CA(D)
papersheets / BS TS TI CT(Cobb,) 0 (min)* 1(min)*
Treated time (Kgf/cmz)* (gf)* (Nm/g)* (g/mz)*

(min)
Papersheet 6.54+0.05"  60.80+0.25° 98.07+2.8°  43.10+£1.67° 124.38+1.87'  121.57+2.26
30%H,80,/15  6.45:0.04°  70.52+0.23'  89.24+0.23'  52.02+0.05" 92.75+0.14  87.26+0.13'
30%H,80,/30  5.81£0.04°  69.83:0.21°  88.01£0.21"  57.21+0.08° 92.58+0.12"  84.610.10°
30%H,80,/45  5.50£0.11°  67.86:0.25°  87+0.18° 61.5240.10°  91.30+0.10°  82.590.12°
50%H,S0,/15  5.04:0.15°  69.92+0.15"  78.45:0.09" 61.59+0.13° 92.26:0.09°  86.02+0.11"
50%H,S0,/30  4.52:0.16° 68.59:0.16"  75.25:0.23°  60.97+0.12° 87.87+0.14°  83.02+0.13
50%H,80,/45  4.26£020"  65.32+0.13"  70.64£0.12"  56.17+0.20°  82.85+0.12°  77.150.12°
70%H,80,/15 3232025  5840+0.12°  50.0:0.09°  57.27+0.09° 45.92+0.12°  42.69+0.11°
70%H,80,/30  3.20+0.15°  55.1£0.14°  47.1x0.12°  64.62+0.12'  45.01x0.13°  41.230.14°
70%H,S0,/45  3.18£0.09"  52.310.15"  45.15+0.11"  63.78+0.11"  44.43:0.14"  41.01x0.13"

All values are reported as mean (N > 5).
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