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CHAPTER 3

RESULTS

T ADPﬁxﬁﬂﬁmdﬂnﬂi&X;QfWQileQIEWMiQIihﬁﬁﬂﬂwlgﬂfhlgﬁg

The apparent density of the oil Palm midrib was

ierermined by the method in Section 2.1. The results are

~vosented in Table 7 below,

Table 7: The apparent density of oil palm midrib
and leaf blades

Wt. of wet Wt. of dry Apparentr Mean
sample (g) sample (g) density apparent
(g/cc) density
(g/cc)
uidrib 25.7 13.8 0.537
16.0 9.12 0.570
19.6 10.47 0.534 0.547
Ceaf 40.2 10.2 0.254
Coblade
36.6 9.4 0.257
46.7 9.9 0.212 0.241




The morphological properties of the oil Palm midrib,

i blade and petiole were determined by the method

.scribed in Section 2.4.

+« be seen in Plates 3 and 4.

Photomicrographs of the fibres

io 8: Morphology of the midrib, leaf blade and petiole
of the oil palm '

[d)

Midrib Leaf Petiole Trunk®
blade

:‘)E"*f'ifrage fib!‘e 1 .82i 0!892 1 . 71: 0 . 96

" {iameter (upm) 3.89%x10° 2.81x107°Y 5.82x10°

. sverage cell wall 11.24¢ 3 4,.58% -3 16.84¢ -3 20.0
‘hickness (pm) 3.88x10" 2.04x10 5.64x10
aeftficient of 72.0 41.4 76.0 67.7
~:a\s_‘::\pleness (X)
1:‘3;{91 PBtiO 0039 1‘41 0'32 0'50
F+lting power 116.3 80.5 76.9 32.5

Source:

:

Khoo and Lee (1985)
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DLATH 3 Photomicroaranh

(160 of ti
oll palm midrib (stained with safranin-o)

07T,ATT 43 Photomicrograph (160x) of the fibro Iron
oil »nalm leaf blade (sta;
safranin-o)




Table 9: Fibre dimensioas of th

: : e oil palm in ¢ i
with some agricuitural omparison

residues and wood plants

| Average Average

! . Length/

3 FIBRE l2ngth diameter Diageter

| {mm) {(um)

;“Qii Pa}m:

| Midrib 1.82 15.6 116

i Leaf blade: N D.89 11.0 81
(Fetigple) frond 1.59 19.7 81
Trunk 0.96 29.6 32

_ straws and Espartoﬁ 1.1-1.5 9-13 110-120

| Rice straw® 1.45 8.5 170

_ sralk and reeds’ 1.0-1.8 8-20 80-120

% Sugarcane tivres?® 1.7 20 85

§ Wwoody stalks with

| bast fibresé

. Woody stems# 0.2-0.3 10-11 <30

| Bast fibres 206-~-25 16-22 >500

| teaf fibres® 6-9 16-18 250-300

E Ramboos¥ 3-4 14 200

g coniferous woods® 2.7-4.6 32-43 750-90

" peciduous wocds® 0.7-1.6 20-40 <50

Source: * Khoo, 1989

** RXhoo and Lee, 198F

# Ibrahim and Fouad, 1973
(Data without symbols are obtained from this
investigation while the rest of the data with symbols

are used for comparison purposes. Please refer to
Table 8).




5.3 Chemical characterisation of the il palm midrib and
%7 & “ “ . I

The proximate chemical analyses of the oil palm midrib

sni teaf blade were determined by the methods in Sections

2,1 to 2.5.9.

Table 10 shows the results obtained as compared with
‘1o data of some monocotyledon species. For comparison, the
on the proximate chemical composition of the oil palm

cord and some Malaysian hardwood species are included

~.iether with the results in this study in Table 11.
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Table 10: Analytical comparison of the

some monocotyledon species
based on OD material).

0il palm with
(in percentage

ggaw material Ash Lignin Pentosan

a-Cellulose

E 01l palm:

C Midrib 0.7 24.5 22.3 44.7
| peaf plade 9.1 30.3 12.2 24.1
! ‘;"‘:unk 1:63 22'6 25.9 45‘8
§ straws and , o

| qrasses 6-8 17-19 27-32 33-38
| Bamboo” 1-3  22-30 16-21 50+

Source: # Khoo and Lee, 198%

* Casey, 1952




table 11: Analytical comparison of the
composition of the oil
hardwood species
material)

Proximate chemical
‘ rpalm to some Malaysian
(in percentage based on 0D

. Malaysian
i Leaf Frond® hardwoo
<hemical composition |Midrib |blade |(petiole)| species
zwaigture (%) 7.8 14.4 - -

(%) 0.7 9.1 4.48 0.03-2.11
lkali solubles (%) 23.1 51 | 33.3 2.60-24.5
ig;gahol—benzena (%) 6.5 15.9 8.3 0.60~11.6
ot water solubles (%)| 9.1 | 30.5 5.0 0.10-14.4
Cenin (%) 24.5 | 30.3 | 16.1  |12.70-34.2
ntosans (%) 22.3 | 12.2 23.4 4.20-20.7
%ﬁméwceilulose (%) 68.4 46.1 65.5 59.40-85.4
;ﬁfth‘CGLIUIOSe (%) 44.17 24.1 37.4 35.10-54.2

Source: & Khoo, 1989

* Khoo and Peh, 198¢
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The methods for determining the pulp

ing properties

are found in Sections 2.7.1, 2.7.5, 2.7.6 and 2.7.7

The pulping conditions and properties of the soda
pulps of the leaf blades are tabulated in Tables 12, 13

and V5.

Table 12: Pulping conditions and properties of the soda
pulps froe oil palm lcaves (whole)

. Active alkali (%) 20

| Ratio of liquor to OD material 1:7
Max. temp. (°c) 160
Time to max. temp. (hr) 1.5
Time at max. temp. 2
pH 10.14
Screened yield (X) 9.4
Screenings (%) -
Kappa no. 16.5

it
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. studics of Lhe ‘rulping _properiics. of Lhe
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The methods for determining the PULP NG Propert e

the sulphate pulps are found an Sections }

-
]

Fohoand 2.7
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The pulping conditions and praperties of the
clphate pulps of the miirdrib are tabulated in Tables 156
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Pulping conditions AT Lrone ot g o OVt he

e o g . ) sdi vkt e
pulps from ail palm et bijadges

y S -
Wi of OD sample | o) 500
Active alkali (%) 18
Ratio of liquor to

O material 71
Maximum temp. (V0) 160
Time to maximum

temp. (hr) Ioa
Time at maximum

temp. (hr) 2

pH 10,11
Screened vield (X) 8.9
Screenings (%) 0.04
Kappa number 2.z
Active alkali consumed (%) 16,4




i.5.2 studies . of  the bleaching conditions . and

oil mmlbhhg ~bleached sulphate pulps of

The bleaching conditions, yvield and brightness

were determined according to the methods in

sections D8, 2,705 and 2107 respectively, The

results of these studies are tabulated in Table 17

el Ows

Table 17: Details of bleaching cenditions tor
o1l palm mid-rib

&ﬂL;ﬂ number | o 2?.40
ihilorine on Ob pulp (%), 1st stage 5.00
divpochlorite on OD pulp (%), 3rd stage 1.30
field of bleached pulp on OD pulp (%) 9¢.00
Povn of vield on OD unbleached pulp (%) H.00
“rightness (%) ?97'0”




siudies. of the pulping condit;

ons . and erties ;
vouC opulps of oilipalm midrib broperties of the

Ihe methods for determining the pulping conditions of

fprng properties are found in Sections 2.7.1, 2.7.5

Seopulping conditions and properties of the NSSC pulps

stilated an Table 18 below.

sl 18: Pulping conditions and properties of the
NSSC pulps from oil palm mid-rib

LoNe () 10 11 12 13
1 0D sample (g) 300 300 300 300

cmioal charge:
um o sulphite (%) 4 8 12 16
iium carbonate (%) 6 6 6 6

!l liquor to

saterial 7:1 7:1 7:1 T
imum temp. (°C) 160 160 160 160

to maximum ‘ :
{hr) 1.5 1.6 1.5 1.5
‘e At maximum ‘ 3 .
thr) 2 2 2 2
6" 7’8 7’6 :.ﬁ
srened yvield (%) 60.7 57.0 56.0 52.0
; 3.9 d

reenings (%) 5.9 5.4

120.5 117.0 109.0

Lairia numbery 124.06

: ISSC pulps
“hotomicrographs of the unbeaten and beaten NS5U puljy

te seen in Plates 5 to 9.













hysical propertics of the pulps

P deraved {rom oil pals
midr

4.7.1  Evalualion of the physacal properties of the
nninhatgmyulpa-dcriyed:xxuaﬁgiinvainwnuaxxk

The physical properties were determined by {he
methods an Sections 2,106.1 1o

P 3 £ IO 1O Samples of the

Bandsheets are ancluded on this dissertation.

Tuble 19 present the results of the phvsical
properties of the sulphate pulps of oil palm midrib,
Pthe data an Table 13 s wraphically presented in

Pavdres 1 to 10,



P o . o . .
; . 4 ) . v ) - ST
ST, 4
. c L. . - . .
i oy . e
i ES ] E i Yl
Do oz o Tz - Sl
- . ol SR Sk . - AR i B v

e PR A

.. oo s - s e
L e o s . ‘. .
. o - f o B s ¥

. y o -

R -

-t o 3
N - e
v i S
»E i I

e R FP WO
£
EA
ok
i
g e

s e .




1

Wk

1at

60C

P Al bbb ddd b b dd bbb g b b s g L b s

Figure 1. Tear index of suiphate putp from
dlndmemcﬁbatduﬁwmﬁfunnun

[N A :A’
laar ingex {MNmfg‘

500 a00 SO JO0 %
FrRonees i (et

© Cook . v oUookd  * o Loomd T 00n 4 (Disscned

(15¢% {(16% (18% {(18%

Active Active Active Active

Alkall) Alvily) ainali)d Alhali)
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Figure 3 . T&nslle Index of suiphate pulp from
oil paim midrid at ditterent freeness
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Figure 4 . TEA index of sulphate pulp from
oll paim midrib at different freensss
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Figure 8 . Breaking length of suiphate pulp from
oll palm midrib at difterent freensss
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Figure 6 : Double foids of sulphate py
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Figure 7 : Stretch of sulphate pulp from
oll paim midrib at different freenees
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Figure 8 : Alr resistance of suiphate pulp from
oll paim midrib at difterent fresness

Air resistance (sec)

g

3

o R T T T s, s

o

Liiiiijl#illi\i,iiiiyj;kliiiiiliiéLiiliiiiL%
H ¢ i i

600 500 400 300 200 100

* Cook 2 + Gook & * ook d T Coow 4 (Dieacned;

(15% (16% (18% (18%
Active Active Active Active

Alkali) Alkalil) Alkalil) Alkalil)



100

Figure 9 : Beating versus freeness of sulphate puip
trom oil paim migrib
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Figure 10 : Tear index versus tenslle index
of sulphate pulp from oil paim midrib

| 2
lear index (MNm™/gq)

(&)
Y

N
W

b

(NS
(AN

Tensiie index (N.m/ql

+ Cook 4 7

(18%
Acti
Alka

ve
11)

(18%
Active
alkali)

Zook 4 {bisached)

oo ]



10¢

3.7.2  Evaluation of the Physical pr Lies ol ~

rom o1l palm midrib

The physical properties of the sulphate pulps of

a1l palm midrib were determined by the methods inp
Sectirons Z2.1001 to 2.10.6. samples of handsheets are

itncluded in this dissertation.

Table 20 presents the results of the physical

properties of the sulphate pulps of o1l palm midrib.

The data in Table 20 are graphically presented in

Frgures 11 to 14,
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Figure 11 Tear index of soda pulp trom
2l paim midrib at different freeness
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Figure 12 . Buret index of soda pul
. ; p from
oli paim midrib at different fresnses
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Figure 13 : Tensile index of soda pulp from
ol paim midrib at different freensss
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Figure 14 . TEA index of soca pulp trom
ol paim midrib at ditterent tresness
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Figure 18 . Breaking length of soda pulp from
oll paim midrib at ditterent freensss
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Figure 18 - Double foids of soda pulp from
oil paim midrib at difterent freeness
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Figure 17 . Stretch of soda pulp from
oll paim midrib at ditferent treensss
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Figure 18 : Alr resistance of soda pulp from
oll palm midrib at different freencss
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Figure 19 : Beating versus freeness of soda pulp
from oli paim midrip |
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3.7.3  LEvaluation of Lhe phys,

ApTvem. - cal propertica -
NSSC pulps of oil palm mi perties ol the

drab
The physical properties of the NSSC pulps were

determined by the methodys in Sections 2.10,1 te 2.10.6.

samples of the handsheets are included in this
dinsertation.

Table 21 presents the resuits of the physical
properties of the NSSC pulps of oil palm midrib,

The data 1n Table 21 are graphically presented in

Fragures 0 to 8.
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lear index (MN m-/g)

Figure 20 : Tear index of NSSC pulp from
oll palm midrib st differsnt freenses
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Figure 21 Burst index of NSSC pulp trom
oll paim midrid st different freensss
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Figure 22 . Tensile index of NSSC pulp from
oll paim midrid st difterent freensss
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Figure 23 . Breaking length of NSSC pulp from
ol paim midrib gt ditterent frosness
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Figure 24 . Stremh of NSSC pulp from
oll palm midrib at ditterent freeness
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Figure 26 - TEA index of NSSC pulp trom
ol paim midrib at ditterent freensss
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Figure 26 - Double foids of NSSC pup trom
Ol paim midrib at difterent freeness
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Figure 27 - Alr resiatance o NSSC pulp trom
Ol paim miarib at ditterent treenese
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Figure 28  Tear index versys tensile index
of NSSC pulp from oil paim midrib
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Figure 29 . Yield of NSSC pulp
trom oil paim midrib
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