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ABSTRACT

The mechanical and physical properties of kraft pulp sheets made from palm
pressed fibre were improved by the latex. The experimental results suggested that the kraft
cooking process with the effective alkali of 25% on dried wood basis, cooking temperature of 160
°C and cooking time of 90 minutes provided the best yield (21% d.b.) and tensile strength (1.086
kN/m). Tensile strength of the kraft pulp sheets (400 gsm) without latex coating and coating with
the NR compound and the composite SBR latex were 3.411 kN/m, 1.284-1.293 kN/m and 1.504-
1.508 kN/m, respectively. Elongation at break of the kraft pulp sheets (400 gsm) without latex
coating and coating with the NR compound and the composite SBR latex were 20.06%, 3313.08-
3336.12% and 2234.01-2248.51%, respectively. The water absorption of the kraft pulp sheets
(400 gsm) without latex coating and coating with the NR compound and the composite SBR latex
were 105 g/mz, 9.00 g/m2 and 7.33 g/mz, respectively. The mixing of virgin kraft pulp and OCC
recycled pulp at the ratio of 1:1 contributed the good properties of molded pulp making. The
compression strength of the molded pulp without latex coating and coating with the NR
compound and the composite SBR latex were 221.47 N, 427.63 N and 524.20 N, respectively. G
values of the molded pulp without latex coating and coating with the NR compound and the
composite SBR latex were 33.87, 30.87 and 37.89, respectively. The energy absorption of the
molded pulp without latex coating and coating with the NR compound and the composite SBR
latex were 4.231 I, 6.472 J and 4.978 J, respectively. It can be concluded that the mechanical
propertics and water resistance of pulp sheets and molded pulp of package cushion can be

improved with the coating of NR compound and the composite SBR latex.
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Table 1. Appearance of oil palm.

Category Dura Tenera Pisifera
1. Thickness of shell (inm.) 2-8 0.5-4 very slim
2. Palm fibre absent present present
3. Oil palm fruit / bunch (%) 60 60 unfruitful
4. Mesocarp / oil paim fruit (%) 60-65 60-90 92-97
5. Shell / 6il palin fruit (%) 25-30 815 very slim
6. Palm kernel / oil palm fruit (%) 4-20 3-28 3-8
7. Palm oil / mesocarp (%) 50 50 30
8. Palm oil / bunch 18-19.5 22.5-25.5 25-30
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Figure 4. Cross section of oil palm fruit.
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4.2.2.3 n5zUUMIFa W6 (Sulphite Process)
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4.3.1 Pressure injection process
£ A inicetion 5] &
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& w ara A Su < 4 @ LR o
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4.3.2 Suction meulding process
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4 c:g N T . . =S e .3 =W & v a
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[ A4 - Y e a te oo
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4.4 auDANINGVRIHANH U NHB U]
4.4.1 ANHUAUMUUTINA (Compression strength)
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4.4.2 ANUEIUNMUUIINTSUND (Impact strength)
ATNATUNTHLTINTZUNA HAWE anveinsalumsdumiuus snszunni
~ 3 A @ w o a e o A
anugussgamelusseznaidug Sueasdrodadnuel G Burgess, 2002) Sndasasibe
1 a1 Y] ) f s e g4 A KA
fugdiimanudnmuusinszmndesuaashadasaaidodugihiuiianuansalums

ar £ o {
AadtusInTzunn 148 Famanudumuussnssimnannsod o ldonaums 1 uag 2

Deceleration
G= “‘—g"— (1)

2 1 w =4 4 3 e 1 ]
G 719 wmﬂ’mmmimmmmﬂTﬂmﬂiﬂumamﬂummumwmmmmmn

ot g a = = =3
!,Lﬁﬂuuﬂ 'N‘UENTﬁﬂ Llﬁzﬂzﬁﬂuﬂﬂ“ﬂﬁcﬂ [ anﬁﬁj'ﬂ fJuELTJﬂQﬂ'J']lHTJﬂﬂnﬂ']

Velocity change

Deceleration = ] (2
Time

T 4 v A 1 1w .
g Ao A atlesnis e TTuea9ves lan&allaunify 386.4 infsec’ 130 32.2

fi/sec” U5 9.81 m/sec” (Burgess, 2002)

4.4.2.1 N3093§8IAMUITINTZUND (Accelerometer)
A A oar o3 A& A w Aq et |
oo dausenszunniluniesiiota (Sensor) #1l¥aaAusenszunnlu
1 o &Y A s A s wa | . ] T =]
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agvhfifanszualith nansuaes deid lidedunioeiauasvoedyarafezmanse
1 1 & ar ' ar o 3 o T
owAwnnszunnld Fednvazvounioslodausinszunnuaznisfadeninisl T s
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//—N, stoe] housing

| stie] l
MgRa o

wipul I -y 3 d:rectmn

¥ignal ™ ik ceramin  g| Of hock
plug
}-&';.'-
fase P strface accelerometes

is mowned on

Figure 8. Accelerometer

n: Burgess (2002}
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drop

Figure 9. Setup of Accelerometer

M Burgess (2002)

4.4.2.2 TYYINNIINTZUND (Shock pulse)
doygrausanszunndiunsuoasanuduiuiszniieanuinie
ATUNUI (Acceleration or Deceleration) furmifanisannszunnedeiundy Taooz
UARIALTINTTUNNGFA (Peak G), T IFUMsANASZUNA (Shock duration) SaT ST
i‘ﬂgEJ‘HLE‘]JENﬁﬁ‘l’iuﬂ‘1]’lﬂmiﬁf]ﬂ5$Llﬂﬂ%u§uq¢1m§ﬂ§$ﬂﬂu§u (Velocity change) f19 Figure 10

(Burgess, 2002)
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Y /_.//E‘
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impuct rebound

%1— shook duration ——b{

Figure 10. Shock pulse

At : Burgess (2002)
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AISUND (Shock pulse)
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V; fie avmEaluvaenszunn (The impact velocity)

Uy o AMS 1AM IAIZUNN (The rebound velocity)
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NSZUAR (Impact velocity) Auisad i ldunaunisi 4
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4.4.3 MIGATUNAINY (Energy absorption)
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4.4.4 msg]ﬂci‘f’mh (Moisture absorption)
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124 msadadulofigangil 160 uay 170 esneradoa thiae 60 uag 90 117

12,5 diensufmuanat Hadefingalduuazunsedaniazeasunuanaihy
dafiefidadniiuazmsmilonn (AR 9919 Figure 11)

1.2.6 AinmytlSurapandn (vield)

1.2.7 ﬁ1msﬁugﬂmimﬁﬂmﬁau 100 nFudemNunsUA NR TR MauIla

NHOWMHUAZN NN

Palm pressed fibre

v

Add NaOH and Na,§ solution with sulfidity 40%

Effective atkali 20 and 25% (w/iw)
Wood and liquor ratio 1:6 (wiv)

v

Temperature 160 and 170 °C for 60 and 90 minutes

!

Screening fibre and washing

!

Diried

l

Caleulate pulp yield

l

Making pulp sheets with 100 gl'm2 and testig physical properties

Figure 11. Kraft cooking process of palm pressed fibre.

ATWHUNIINADBALUY Completely Randommized Design (CRD) Iagfiilasof

=0
)
=
—
‘ae
b

1. i1 effective alkali 2 33A1 fim $pUAZ 20 1Az 25
2. geingi lumsanin 2 53AU Ais 160 uaz 170 eermuraiGesd

3. szgzna lumsadadule 2 s2dv Ao 60 uaz 90 17




22

14 b
T 9. o o o 3 o ey
UAASEANTINATBITIHIIUIY 3 41 Ll'ﬂ'lm'lil'ﬂ‘ﬂﬁﬁﬂﬁﬁﬂﬁﬁﬂ'}ﬁﬂ'lﬂ.ﬂ'ﬁ‘llmz

N0 15U AT (ASTM D 2244) ANUAIUNIULTIAS (TAPPI T 494 om 88) Iflasalaenan1e

<4

] 3
hahgaluieasiledy saudaumanaaesanuainty 24 minaase shnisdadenanieg

.

finnganlumsadadulolasfivisannaguamveudulouazilSnananiaudaning

anaduluiieldinu luddude 'l
o ¥
2. MSASHING
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) o o ar dy Y o qrey a oA K 3/
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TUAUNET, 2549) LAAIAT Table 2

Table 2. The formulation of the composite SBR latex.

Dry weight (phr)
Materials
1" Formula {(R1) 2" Formula (R2) 3" Formula (R3)
SBR (Buna 20) 40% DRC 100 100 100
China clay dispersion 50% 50 50 50
Wood rosin dispersion 50% 25 50 75
Sulphur dispersion 50% 75 75 75

2 = a
1 fSegan Tuaumes (2549)

Sed ] Z P= : _F 4 o ooy L=
WmanswninesaeuludnomhnsFuansvaladudinlady
s
o at '3 = = ar
2.1.1 wiamhendunanedd laSuihn ladunauaaniiangasda Table 2

T 5 3 L
2.1.2 Thushen wesdinasniiongg aslunSestlunauniudidy uaneda Figure 12
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Styrene-butadiene rubber 250 g (100 phs)

|

Add 50% China clay dispersion

l Stirring 3 minutes

Add 50% Wood rosin dispersion

l Stirring 30 minutes

Add 50% Sulphur dispersion

l Stirring 30 minutes

The composite SBR lalex

Figure 12, Preparation of the composite SBR latex.
A lSeyay1 Suaumas (2549)
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2.2 MIMIBUHIEIAOUNIA

) b4
a ot r=:3

=3y t:?i 3 ar ar Qrey o oar o A gt
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M55 TUA Feonsegaimendaiwnneunnan 1 lumsmdeuaen lvesgudasuma

a

a9 lasligaIinisndnad Table 3

Table 3. The formulation of the NR compound.

Materials Dry weight (g)
Natural rubber HA 60% DRC 167.0
Potassium hydroxide 10% 3.0
Potassium laurate 20% 1.0
Sulphur dispersion 50% 1.0
Wing stay L dispersion 50% 1.0
Zinc oxide dispersion 50% 0.8
ZDEC dispersion 50% 1.5

i : quiteensaam (2546)
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as L= 3 J
FEmamIsheneurnnid
3
2.2.1 Wiomhenstupauasningasas Table 3

3 v ¥ 1
2.2.2 Thishow uesdnenswiinnes aslumSesilunaumuddu uaasd Figure 13

Matural rubber HA 60%

l Stirring for 1 minute

Add Potassium hydroxide 10%, Potassium laurate 20%,

Sulphur dispersion 50%, ZDEC dispersion 50%

and Wing stay L dispersion 50%

l Stirning for 3 minutes

Add Zinc oxide dispersion 50%

l Stirning with low speed for 2 hours

Testing with chloraform until given 2.5

l

The NR compound

Figure 13, Preparation of the NR compound.
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Figure 14. Palm pressed fibre after cleaning.
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Figure 15. Cooking digester.
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Figure 16. Disintegrator,
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Figure 17. Pulp sheet machine.
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Figure 18, Digital scale.
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Figure 19. Pulp mold.
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Figure 20. Hot air oven at 70 °C.
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Figure 21. Oven at 105 °C.
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Figure 22. Moisture analyzer.
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Figure 23. Color analyzer.
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Figure 24, Universal material testing machine.
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Figure 25. Drop test machine.
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Figure 26. Thickness scale.
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Figure 27. Accelerometer and software program,
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Figure 28. Chemicals dispersor,
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Figure 29. Ball mill.
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Figure 30. Homogenizers.
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Figure 31. Free falling dart impact test machine.
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Table 4. Some chemical properties of palm pressed fibre compared with the other fibres.
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fibre (Jiménez et. (Alonso, (Jiménez er. | (Jiménez et
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(% d.b.) et al., al., 1998) Alonso, Alonso,
2005) (% d.b.) (% d.b) 1976) 1976)
(% d.b.)
(% d.b.) (% d.b.) (% d.b)
Moisture 5.20 3.08 8.27 9.83 7.33 7.36 7.27
Ash 4.20 349 7.22 15.39 2.30 0.53 0.45
Cold-water
solubility 10,30 12.83 11.44 16.53 7.32 2.52 1.58
Hot-water solubility 15.20 16.09 13.80 16.57 848 2.88 1.95
1% soda solubility 40,20 39.21 30.04 46.94 34.01 12,62 9.94
Ethanol-benzene
extractables 5.53 4.87 1149 1.40 3.24 1.28 1.75
Cellulose 34.60 41.14 59.04 - - 66.01 81.53
Lignin 18.40 20.27 18.94 2523 18.01 20.60 27.54
Pentosan 8.88 19.17 2048 22,52 22.15 21.23 13.07
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Figure 33. Percent yield of palm pressed fibre cooked with Kraft process.
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Tensile strength (kN/m)

Figure 34, Tensile strength of palm pressed fibre cooked with Kraft process.
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Table 5. Some properties of Kraft pulp of palm pressed fibre.

< jol [ ] (=) o] < (o] o
v o & & o v & &
Q o o o o <o (] <o
Title = 5 = = s = S 5
S S S S e 7 I ]
A ] S 1] o~ & o o~
Chemical compaositions
Moisture content 3.41 2.47 2.71 3.12 2.63 2.44 2.16 2.82
Lignin 13.61 13,01 1279 1242 877 8.54 946 9.23
Celiulose 58.07 5740 607t 60.13 6011 61.52 63.15 62.17
Color evaluation
L* 50.11 5056 50.58 50,82 S51.75 5234 5122 350.61
a* 542 538 534 550 424 421 4,42 4.45
b* 1415 14.28 1411 1398 1341 13.4F 13.15 1347

L= T .é ﬁ c:'. =] 3/ : =) d! (= :
3. ﬂ’Iﬁ'mﬁﬂulmzﬂﬂﬂﬂﬂ!m‘u!ﬂBﬂl‘l—!gl"mﬂﬁf)ﬂﬂ’aﬂu1ﬂ‘l\1ﬂﬂui%‘lﬁﬂcﬂﬁﬂﬁﬂﬂ1ﬂ141£l1&

ar d W oA A =
gunsnzralasuidniadu

ﬁ’mtimwim@"m‘fugﬂifmﬁﬂ 400 nfusemseas AR AAB G eI
ﬂml'Iw%?w’fiaﬂﬁﬂmm?wwﬁ’ms*:xﬁﬁ‘lm’%‘uﬁam”lﬂ%uqmehm Hdnpazilsinguand
Figure 35 $491nm3naasdnu L‘Tmnﬂ@n11'1ﬁwf‘ﬁaﬂ%‘mmmﬂmaﬁ'\uﬂﬂ:ﬁﬂ%‘%‘uﬁaﬁw‘lﬂ
Bugasi 1 ﬂ:‘lﬁﬁ’ﬂumzﬂsmgﬁﬁﬁqﬂLﬂasﬂ?ﬂuﬁ’nqmﬁ 2 4a 3 MUEI9Y (1aAdAa Figure
35) gty ldanuhmetausiietugifindoudauiinenon Tnandandavini:
nsfunsealaiuda ladugasd 1 %ﬁ%‘é’uﬁwﬁwﬁﬁﬂmmnﬁimmnqm‘ﬁ 2 uag 3 il
‘ﬁ%’uﬁ?%;ﬂizllﬁzﬁﬁﬂﬁmgﬁlﬂﬁﬂﬂﬁﬂ1ﬂ1ﬁﬂ‘i’lﬂ§]ﬂg‘ ioennanumunsalunisfisa
‘ﬂm'mmﬂﬁlmifwwﬂauiw'iﬁﬂémﬁmmﬂﬁ’%mqﬁamﬁzﬁﬁ‘lﬂ%’uﬁam‘lﬂ%mwiazqmﬁm'm
uangeRuR T 130189 wood rosin dispersion Tuusag gastianummnd ety Mty
531909 wood rosin  dispersion Tuihonsdanseialaiudaanladusnniy sl

Jq Oy o & = oy Qs d ¥ A o ¥ A a
Uswwmvesresomaluihoreney Indndandanniendunszvalasuiiarlasmiy




43

2 . e . . . ar =t vy < < A g e
WNTUTFUNY WonIRTL 11 wood rosin dispersion Faflan In lundlusssilszney Taoiivthi

o

']d_l 2 o A g Ao Y a =y = Y e 1 P @
§ uﬁ’l‘jﬁﬂuiﬁﬁ\?ﬂ’.}“ﬁﬂﬂuﬁ"]lﬂﬁ!‘n3’]Ti'ﬂlﬂﬁﬁﬂ‘ﬂﬂl$Fl'ﬁiqili%ﬂuﬂ?ﬁu']ﬁ]ﬁﬂﬂ'mcﬂﬁﬂﬁ'ﬂ'ﬂﬂﬁlfﬂ-ﬂ

Py -=§ - :; s & | oy =
saey Inandandnnnihmsdunszia lasuiie ' ladu

Figure 35, Appearance of the composite latex coating made from SBR rubber of each formula.
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Table 6. Some properties of pulp sheets coated with the composite SBR latex.
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Figure 40. Tensile strength of pulp sheet coated with the NR compound,
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Figure 42. Burst strength of pulp sheet coated with the NR compound.
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Table 7. Some properties of pulp sheets coated with the NR compound.

Color evaluation

Conditions Water absorption (g/m2)
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Table 8. G value of molded pulp with and without the latex coating.

Height
Sample G value Physical appearance
(inch)
Commercial product 15 40.63 £2.26 Broken egg.
No coating 15 33.88 +0.57 No broken egg.
The composite SBR latex coating 15 37.89£0.75 No broken egg. .
The NR compound coating 15 30.87 4 1.50 No broken egg.
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Figure 48. The relation of acceleration and shock duration of molded pulp coated with the NR

compound.
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Table ¢ ung Figure 49

Table 9. Gravitational potential energy of molded pulp with and without the latex coating,

Gravitational
Height
Sample Order  potential energy Physical appearance
{inch)
Q)
i
18 2 2.240 No broken.
3
1
24 2 2.987 No broken,
3
1
Commercial product 28 2 3.485 No broken.
3
1
29 2 3.610 A fow cracks.
3
1
30 2 3.734 Broken.
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Table 9. Gravitational potential energy of molded pulp with and without the latex coating. (Cont.)

No coating

30

1

2

3.734

No broken.

32

3.982

No broken,

33

4,107

A few cracks.

34

4.231

Broken,

The composite SBR

latex coating

34

4.231

No broken.

38

4.730

No broken.

39

4.852

A few cracks

40

4978

Broken.
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Table 9. Gravitational potential energy of molded pulp with and without the latex coating. (Cont.)

1

40 2 4,978 No broken.
3
1

46 2 5.725 No broken.
3
1

The NR compound
50 2 6.223 A few cracks,
coating

3
1

51 2 6.347 A few cracks.
3
1

52 2 0.472 Broken.
3
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Figure 49, Gravitational potential energy of molded pulp coating with the latex.
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Table 10. Weight of molded pulp.

Sample Weight (g.)

Commercial product 35.06 £0.20

No coating 35.06 £0.41

The composite SBR latex coating 60.47 £0.48

The NR compound coating 76.100.28
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Figure 51. SEM of no coating molded pulp made of palm pulp. (Mag. 200X)
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Table 11. Apparent density of molded pulp.
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Sample

Appearance density (gsm/mm)

Commercial product
No coating

OCC recycle

319.67 £ 2.54
86.08 £2.48
560.32 £ 26,26
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Figure 52. SEM of no coating molded pulp made of OCC recycle pulp. (Mag. 150X)
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Figure 53. SEM of no coating molded pulp made of OCC recycle pulp. (Mag. 200X)
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Figure 55. SEM of molded pulp

coating with the composite SBR latex. (Mag. 150X)
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Figure 56. SEM of molded pulp coating with the composite SBR latex. (Mag. 500X)
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Figure 57. SEM of molded pulp coating with the NR compound. (Mag. 35X)
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Table 12, Percent yield of palm pressed fibre extracted with Kraft process.

Weight of the
Initial
. test specimen _ Total ) Average
Conditions weight screenin Yield (%)
g g o
after extraction content (%)
(g)
(®

20-160-60ﬁl“ 500 25.56 19.53 45.09 9.018
20-1 60-60_2Igd 00 27.1 17.77 44,88 8.976 9.50+0.86
20-160‘60_3“’ 500 25.68 26.90 52.58 10.516
20-1 70—60___1“ 500 19.15 28.00 47.15 9.420
20-1’]’0-60__2mi 500 29.10 18.43 47.53 9.506 9.4410.05
20-170-60_3“1 500 25.24 21.73 46,97 9.394
2()-160-90__1Sl 500 2212 38.21 60.33 12.066
20_160_9(‘.'“251 500 56.42 25.83 76.25 15.250 13.47+1.62
20-1 60-90ﬁ3"i 500 46.57 18.93 65.50 13,100
20-!70‘90ﬁlg 500 54,03 24.26 78.29 15.658
20-1 ’)‘0-90ﬁ2nd 500 40,70 26.95 67.65 13,530 16.0012.66
20-17(}-90*3“i 560 59.81 34.33 94,14 18.828
25-160-60_1“ 500 24.41 26,77 51.18 10.236
25~160-6[3_2mJl 500 22.40 24.57 46.97 9.394 10.3741.06
25-]60-60__3Irl 500 2151 36.00 57.51 11.502
25-170-60__1* 500 34.10 45.75 79.85 15,970
25~17’.’)-60_2“'j 500 36.72 36.01 72.73 14.546 15.93£1.36
25-1 7‘3~60_3"I 500 39.70 50.64 86.34 17.268
25-160-90_]5‘ 500 50.02 58.07 108.09 21.618
25-160-90_2:hl 500 71.05 39.57 110.62 22,124 21.10x1.35
25-1 6()-90ﬁ_3rCI 500 40.77 57.04 97.81 19.562
25-170-90__151 500 52.43 34.77 87.20 17.440
25-]7{)-90_211d 500 48.63 41.40 90.03 18.606 18.2140.88
25-170-90_3rfl 500 5042 39.50 95.92 19.184




Table 13. Tensile strength of palm pressed fibre extracted with Kraft process.
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Conditions Tensile strength (kN/m) Average (kN/m)
20-160-60__ 1" 0.762
20-160-60 2™ 0.668 0.706£0.05
20-160-60_ 3" 0.689
20-170-60 1" 0.610
20-170-60_ 2™ 0.716 0.685+0.06
20-170-60 3" 0.728
20-160-90 1% 0.614
20-160-90 2™ 0.818 0.709:0.10
20-160-90_ 3" 0.696
20-170-90 1" 0.701
20-170-90 2™ 0.831 0.7430.07
20-170-90 3" 0.696
25-160-60_ 1% 0.847
25-160-60 2™ 0.881 0.850:0.03
25-160-60_ 3" 0.820
25-170-60__1* 0.814
25-170-60_ 2™ 0.811 0.820:0.01
25-170-60 3" 0.835
25-160-90 1" 1.130
25-160-90 2™ 1.066 1.086:0.03
25-160-90  3“ 1.062
25-170-90 1% 0.906
25-170-90_ 2™ 0.876 0.91010.03
25-170-90 3" 0.948




Table 14. Some physical and mechanical propertics of pulp sheet coated with the composite SBR

latex.
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Tensile strength

Average Thickness  Coating weight
Conditions {kN/m)
e - 4 (kN/m) (mm) ()
1* Formula / 15 sec. 0.650 0.708 0.698  0.685 1.007+0.030  1.613+0.008
1" Formula / 30 sec. 0.875 1282 1.204 1.120 1,105£0.012  1.798+0.007
1¥ Formula / 1 minute. 1.504 1.512 1496  1.504 1.216+0.024  1.831+0.012
1" Formula /2 minutes.  1.498 1.508 1511  1.505 1.263+0.018  1.846+0.009
1" Formula/3 minutes.  1.514 1494 1518  1.508 1.287+£0.017  1.855+0.003
2" Formula/ | minute. 1452 1476 1481  1.469 1.216+0.019  1.827+0.004
2" Formula/2 minutes.  1.443 1446 1444  1.444 1.250+0.006  1.838+0.003
2" Formula/3 minutes. 1507 1.500 1486  1.497 1.266+£0.005  1.845+0.001
3" Formula / 1 minute. 1.468 1476 1474 1472 1.216x0.010  1.826+0.003
3" Formula /2 minutes, 1480 1469 1.474 1474 1.248+0.006  1.840+0.001
3" Formula/3 minutes. 1469 1.484 1.488 1.480 1.25610.004  1.858+0.003
Control 3.401 3.443 3390 3411 0,743+0.018  0.87940.023

Table 15. Some physical and mechanical properties of pulp sheet coated with the NR compound.

Tensile strength

Thickness Coating weight
Conditions (kN/m) Average (KN/m)
P o 2 (mm) (g)
1 minute. 1.296 1.288 1.295 1.293 1.750+0.017 2.52340.088
2 minutes. 1.277 1.284 1.291 1.284 1.758+0.011 2.599+0.041
3minutes. 1283 1292 1294 1.289 1.772£0.014 2.65240.032
Conirol 3401 3443 3.390 3411 0.743+0,018 0.879+0.023




Table 16. Percent elongation at break of pulp sheet coated with the composite SBR latex.
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% Elongation at break

Conditions - o 1 Average (%)
1¥ Formula / 1 minute. 2264.25 2233.07 223744 2244 .92+16.88
1¥ Formula / 2 minutes. 2243.08 222430 2234.66 2234.0129.40
1" Formula / 3 minutes. 2241.64 225232 225158 2248.51+5.96
2™ Formula / 1 minute. 2233.87 224518 225237 2243,8049.32
2™ Formula / 2 minutes. 223942 223402 223495 2236.1342.88
2" Formula / 3 minutes. 223499 224121  2240.37 2238.85£3.37
3" Formula / 1 minute. 2240.95 2240.53  2231.66 2237.7145.24
3" Formula / 2 minutes. 2243.78  2241.85  2239.08 2241.5742.36
3" Formula / 3 minutes. 2239.35 2236.53  2258.91 2244.93+12.18
Control 18.70 21.20 20.30 20.06+1.26

Table 17. Percent clongation at break of pulp sheet coated with the NR compound.

% Elongation at break

Conditions , p ; Average (%)

1’ 2" 3"
1 minute. 3350.23 334745 3310.67 3336.12+22.08
2 minutes, 3324.66 331747 3297.13 3313.08+14.27
3 minutes. 329134 3314.53 3356.71 3320.86+33.14

Control 18.70 21.20 20.30

20.06+1.26




Table 18. Burst strength of pulp sheet coated with the composite SBR latex.
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Burst strength (kg/cmz)

Conditions . i 4 Average (kg/cmz)
1” Formula / 1 minute, 5.6 6.1 5.9 5.8640.25
1* Formula / 2 minutes. 5.8 5.7 6.0 5.8340.15
1" Formula / 3 minutes. 5.7 5.7 5.8 5.73+0.05
2™ Formula / 1 minute. 5.7 5.6 5.8 5.700.10
2™ Formula / 2 minutes. 58 6.0 5.8 5.86+0.11
2™ Formula / 3 minutes. 6.0 5.7 59 5.86+0.15
3" Formula / 1 minute. 5.7 6.2 5.7 5.8640.28
3" Formula / 2 minutes. 5.8 5.8 59 5.8320.05
3" Formula / 3 minutes. 5.8 5.8 5.7 5.76+0.05
Control 5.8 6.1 6.1 6.00+0.17

Table 19. Burst strength of pulp sheet coated with the NR compound.

Burst strength (kg/cmz)

Conditions r - o Average (kg/om’)
1 minute, 6.1 6.0 6.0 6.03£0.05
2 minutes, 6.2 6.1 6.1 6.13+0.05
3 minutes, 6.2 6.2 6.0 6.13+0.11
Control 5.8 6.1 6.1 6.00+0.17




Table 20. Compression strength of molded pulp.

Compression strength (N)

Conditions e a 5 Average (N)

Recycle pulp 267.52  256.74  263.82 262.69+5.47

Commercial 14837  148.63 147.23 148.0740.74
Recycle pulp : Palm pulp

50:50 22142 22560 21740 221.4744.10

40:60 204.00  191.00 196.20 197.0646.54

30:70 180.00  178.50 184.00 180.8342.84

Table 21. Compression strength of molded pulp coated with the latex.

Compression strength (N)

Conditions

Average (N)

Ist 2nd 3rd
Non-coated 22142 225.60 217.40 221.47+4.10
Commercial 148.37 148.63 147.23 148.07+0.74
Coating with the composite SBR latex 526.06 521.57 524.98 524.2042.34
Coating with the NR compound 428.20 42650 428.20 427.6310.98
Table 22. G value of molded pulp coated with the latex.
G Value
Conditions ) . . Average
r 2’ 3
Non-coated 33.44 34.53 33.67 33.88+0.57
Commercial 42.13 38.03 41.74 40.63+2.26
Coating with the composite SBR latex 38.67 37.17 37.84 37.89%0.75
Coating with the NR compound 29.47 3244 30.70 30.87+1.49




Table 23. Gravitational potential energy of molded pulp coated with the latex.
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Gravitational potential

Conditions encrgy (J) Average (I)
1" 2 3"
Non-coated 3.734 3.734 3.734 3.734
Commercial 4.231 4.231 4.231 4,231
Coating with the composite SBR latex 4.978 4,978 4.978 4.978
Coating with the NR compound 6.347 6.347 6.347 6.347

- 4 o
JAHHIN A Nﬁﬂ‘lﬁ'.l!ﬂi181’iﬂ'31mlﬂ‘§ﬂ‘§?uﬂwﬁﬂﬂ

Table 24. Resulting from analyzed variation of percent yield of palm pressed fibre extracted with

Krafl process.

ANOVA
% yield
Sum of
Squares df Mean Square F Sig.
Between Groups 3890.367 7 55.624 27.586 .000
Within Groups 32.262 16 2.016
Total 421.629 23
% yield
Duncan
N Subset for alpha = .05
Factor 1 2 3 4 1
2 3 9.44000
1 3 9.50333
5 3! 10.37733
3 3 13.47200
8 3 15.92800 | 15.92800
4 3 16.00633 | 16.00533
8 3 18.21000
7 3 21.10133
Sig. 455 054 079 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmaonic Mean Sample Size = 3.000.
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Table 25. Resulting from analyzed variation of tensile strength of palm pressed fibre extracted

with Kraft process.
ANOVA
Tensile strength
Sum of
Squares df Mean Square F Sig.
Between Groups 387 7 055 16.412 000
Within Groups 054 16 .003
Total 440 23
Tensile strength
Duncan
N Subset for alpha = .05

Faclor 1 2 3 4 1

2 3 68467

1 3 70633

3 3 70933

4 3 74267 74267

6 3 82000 82000

5 3 84933

8 3 81000

7 3 1.08600

Sig. 276 122 089 1.000

Means for groups in homogeneous subsets are displayed,

a Uses Harmonic Mean Sample Size = 3.000.
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Table 26. Resulting from analyzed variation of tensile strength of pulp sheet coating with the

composite SBR latex.

ANOVA
Tensile strength
Sum of
Squares df Mean Square F Sig.

Between Groups 10.039 9 1115 | 7136.526 .000
Within Groups 003 20 000

Total 10.042 29

Tensile strength
Duncan
N Subset for alpha = .05

Factor 1 2 3 4 5 1

2.2 3 1.44433

21 3 1.46967

3.1 3 1.47267

3.2 3 1.47433

3.3 3 1.48033 1.48033

23 3 1.49767 1.49767

1.1 3 1.50400

1.2 3 1.50567

1.3 3 1.50867

4.0 3 3.41133
Sig. 1.000 .350 105 .338 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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"Table 27. Resulting from analyzed variation of tensile strength of pulp sheet coating with the NR

compour,
ANOVA
Tensile strength
Sum of
Squares df Mean Square F 3ig.
Between Groups 10.136 3 3.379 | 15276.349 .000
Within Groups 002 8 000
Total 10.138 11
Tensile strength
Duncan
N Subset for alpha = .05
Factor 1 2 1
2 3 1.28400
3 3 1.28967
1 3 1.29300
4 3 3.41133
Sig. 497 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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Table 28. Resulting from analyzed variation of percent elongation at break of pulp sheet coating

with the composite SBR latex.

ANOVA
% Elongation
Sum of
Squares df Mean Square F Sig.
Between Groups | 13320357.343 9 1480039.705 |  21172.282 .000
Within Groups 1398.082 20 69.905
Total 13321755435 29
% Elongation
Duncan
N Subset for alpha = .05
Factor 1 2 1
4.0 3 20.06667
1.2 3 2234.01333
22 3 2236.13000
341 3 2237.71333
2.3 3 2238.85667
3.2 3 2241.57000
21 3 2243.80667
1.1 3 2244.92000
33 3 2244 93000
1.3 3 2248.51333
Sig. 1.000 .080

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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Table 29. Resulting from analyzed variation of percent elongation at break of pulp sheet coating

with the NR compound.
ANOVA
% Elongation
Sum of

Squares df Mean Square F Sig.
Between Groups | 24552171.393 3 8184057.131 18273.783 000
Within Groups 3582.863 8 447.858
Total 24555754.256 11

% Elongation
Duncan
Subset for alpha = .05

Factor 2 1

4 3 20.06667

2 3 3313.08667

3 3 3320.86000

1 3 3336.11667

Sig. 1.000 237

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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Table 30. Resulting from analyzed variation of burst strength of pulp sheet coating with the

composite SBR latex.

ANOVA
Burst strength
Sum of
Squares df Mean Square F Sig.
Between Groups 193 9 021 .837 592
Within Groups 513 20 .028
Total 707 29
Burst strength
Buncan
Subset for
alpha =
N .05
Factor 1 1
2.1 3 5.7000
13 3 57333
3.3 3 5.7667
1.2 3 5.8333
32 3 5.8333
1.1 3 5.8667
2.2 3 5.8667
2.3 3 5.8667
31 3 5.8667
4.0 3 6.0000
Sig. .061

Means for groups in homogeneous subsets are displayed.
& Uses Harmonic Mean Sample Size = 3.000.
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Table 31. Resulting from analyzed variation of burst strength of pulp shect coating with the NR

compound.
ANOVA
Burst strength
Sum of
Squares df Mean Sguare F Sig.
Between Groups 042 3 014 1.133 392
Within Groups 100 8 013
Total 142 11
Burst strength
Duncan
Subset for
alpha =
N .05
Factor 1 1
4 3 6.00000
1 3 6.03333
2 3 6.13333
3 3 6.13333
Sig. 207

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.




Table 32. Resulting from analyzed variation of compression strength of molded puip.

ANOVA
Compression
Sum of
Squares df Mean Square F Sig.
Between Groups 22330.932 4 5582.733 283.519 000
Within Groups 196.908 10 19.691
Total 22527.840 14
Compression
Duncan
N Subset for alpha = .05
ltems 1 2 3 4 5 1
2 31| 148.0767
5 3 180.8333
4 3 197.0000
3 3 221.4733
1 3 262.6933
Sig. 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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Table 33, Resulting from analyzed variation of compression strength of molded pulp coating with

the latex.
ANOVA
Compression
Sum of
Squares df Mean Square F Sig.
Between Groups | 209780.547 4 74945.137 | 11263.520 .000
Within Groups 66.538 10 6.654
Total 299847.085 14
Compression
Duncan
N Subset for alpha = .05
Factor 1 2 3 4 5 1
1 3| 1480767
2 3 221.4733
5 3 231.5667
4 3 4276333
3 3 '524.2033
Sig. 1.000 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsels are displayed.
a Uses Harmonic Mean Sample Size = 3.000.




Table 34. Resulting from analyzed variation of G value of molded pulp coating with the latex,

ANOVA
G Value
Sum of
Squares df Mean Square F Sig.
Between Groups 167.199 3 55.733 27.046 000
Within Groups 16.485 8 2.061
Total 183.684 11
G Value
Duncan
N Subset for alpha = .05
items 1 2 3 4 1
3 3 30.8700
1 3 33,8800
2 3 37.8933
4 3 40,6333
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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