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1. Introduction

Kenaf is an annual herbaceous plant,
Malvaceae family, Hibiscus genus. This
plant has strong adaptation to climate
and soil, with growth circle of
approximately 120 - 130 days and high
yields. In the past Kenaf was used
primarily as a source of coarse textile
fibers for the manufacture of twine,
carpet backing, burlap, and other
related products. In the early 1960s,
researchers bégan to study kenaf as a
source of pulp fiber for paper in the
United States”. Since then, it was
internationally acknowledged®® that
kenaf is the best raw-material suited for
papermaking among the non-woody fiber

resources.

Kenaf stalks are made up of two different
parts, bast and woody core, which differ
from greatly in fiber morphology and
chemical constituents. Those different
characteristics make different pulp sheets.
From viewpoint of future paper needs,
intensive investigations were performed of
pulping of potential annual crops for
papermaking'®. Besides its chemical
pulping, thermomechanical pulping (TMP
process)™®*® and chemithermomechanical
pulping (CTMP process)' have been
reported. Nevertheless little is known of
precise chemicals treatment effects in
chemimechanical pulping. This study was
carried out to understand the factors
influencing to the optical properties of
paper sheets made from kenaf
chemimechanical pulp (CMP).

(26)

2 . Materials and Methods

Raw material of kenaf (Hibiscus
cannabinus), which was from Huinan,
China, was cultivated and harvested at the
university farm of Chungbuk National
University. This samples were separated
to bast and woody core parts. Whole stems
and woody cores are cooked with 3% of
NaOH and 4 to 10 % of Na,SO; at 130T or
140C for 30 min. to 60 min. and refined
with laboratory disk refiner at room
temperature. It had single disc with
diameter of 12, rotating at 3,000rpm by a
45KW motor driving. The pulps were
bleached with bleaching reagents, such as
hydrogen peroxide, sodium borohydride,
sodium thiosulfate and peracetic acid,
using one stage or two stage bleaching.
Paper sheets were made from 100% CMP,
and mixed pulps from stem and core wood
pulps. The sheets were evaluated for the
optical properties, such as brightness,
opacity and scattering coefficient according
to KS and Tappi Methods.

3. Results and Discussion

3.1 General characteristics

Kenaf has strong adaptation to climate
and soil, with a growing circle of
approximately 120 - 130 days. This plant
grows 1.5 to 3.2 m of the height and 2 - 4.8
cm in diameter. Kenaf stem is made up of
two kinds of different fibrous part, bark
part and woody core, which are greatly
different in fiber morphology and their
chemical constituents as in Table 1. The
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bast fiber is long with high ratio of length
to width, whereas the fiber of woody core is
short and wide. The weight ratio of bark
part to woody core is about 36 to 64. The
lignin content of bark is low, cellulose
content high, hemicellulose low, whereas
lignin content of core wood is high,
holocellulose and ash contents lower.

3.2 Optical properties of CMP sheet

Different paper has different ability of
reflecting, transmitting and absorbing,
thus
characteristics. The optical properties of

exihibiting different optical
paper include gloss, brightness, color,
opacity and scattering coefficient.
Scattering coefficient of paper is indirect
proportion to weight specific sheet surface

Increasing fiber to fiber bonding area, for
example, beating, addition of starch,
polyacrylamide strength aids, or increasing
apparent density, for example,
calendering, have scattering coefficient
decreased. Addition of additives can
enhance scattering coefficient. According to
different usage and printing purpose, there
is different specification of optical
properties. High opacity is essential to the

printing quality of papers.

Table 2 illustrates changes of absorption
(K) and scattering (8) coefficients after
bleaching kenaf pulps. When brightness
and scattering coefficient of the sheet are
constant, opacity increases with the
increasing of sheet density. If density varies
a little, they have a linear relationship.

areas, inside and outside, inverse When sheet density .and scattering
proportion to the density of paper. coefficient are constant, opacity
Table 1. Fiber morphology and chemical constituents
Bast part Woody core Pine wood
Fiber length 0.65-6.05 0.40-1.40 2.25-5.06
i ength, mm
° (2.86) 0.83) (3.61)
Fib dth 8-34 125-57.5 36.3 - 56.7
width,
o m (16) (32) (50)
5-8 3.6-38 early wood 3.8 -
Wall thick .
2 A lckness, fm 6.5 (8.7 late wood 8.7
Chemical composition, %
Holocellulose 80-84 77-18 71-74
Lignin 12-14 22-23 26 -29
Pentosan 14-15 17-19 8-10
Ash 3-4 1-2 0.3

* () is average value.
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Table 2. Changes in optical properties after bleaching

1 2*
Before After Before After
bleach bleach bleach bleach
Brightness, % 45.6 53.3 31.8 339
Scattering Coefficient, m*/kg 39.6 40.5 479 40.8
Absorption Coefficient, m/kg 4.7 2.6 19.8 13.3

* a little decayed

increase, while brightness decreases. If
there were slight change in brightness,
these two also could be linearly related.
Therefore, inadequate brightness
increase will lead to decline of opacity
resulting in unsatisfactory products. For
example if unbleached pulp would be
met the specification for some uses of
paper sheet, we should adopt bleached

pulp, because of lower opacity.

When grammage and brightness are
constant, opacity increases as scattering
coefficient increases. If scattering
coefficient changes little, they also have
linear relationship. Pulp beating increases
thus

scattering coefficient and opacity. The

apparent density, lowering

relationship between opacity and
scattering coefficient of woody core CMP
is illustrated in Table 3.

There is no doubt that opacity is a
function of absorption coefficient and
scattering coefficient of paper. Not like R ,
opacity is only function of adsorption
coefficient(K)/scattering coefficient (S), as
well W(grammage), and K+2S. K and S
have same effect on opacity. When
grammage of paper is constant, increasing
K or S will improve opacity of paper when
absorption coefficient is less than 4 m/kg,
opacity declines dramatically as K value
decreases as in Fig. 1.

The smaller K value is, the more opacity

declines. Under average conditions

Table 3. Relationship between opacity and scattering coefficients of woody core pulp

Scattering Coefficient, m*/kg 56.2 484 48.2
Opacity, % 89.1 875 87.3
Freeness, "SR 3 45 55
App.arent density, g/cm" 0.38 045 0.48

(28)
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Fig. 1. The effect of scattering coefficient on paper
opacity

scattering coefficient influences opacity
gently. This explains why paper from
groundwood pulp has very high opacity. It
also explains why paper of small
absorption coefficient having high
brightness is difficult to get high opacity.
Fig. 2 gives the relationship between
absorption and

opacity, scattering

coefficients of the core pulps.

The relationship between opacity,
absorption coefficient and scattering
coefficient from core pulp was shown in
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Fig. 2. The effect of absorption coefficient on paper
opacity :

Table 4. Table 5 shows printing opacity (C)
of whole stem pulp and Tappi opacity(Cos).
Compared to wood pulps, kenaf contains
higher hemicellulose and lower lignin
contents, as well as more fibrous fines
fractions and non-fibrous components.
Therefore, optical properties could be
decreased further by those features of
kenaf pulps. Factors which significantly
affect optical properties of kenaf pulps are
sources, storage periods, raw material
status, and different parts of kenaf (whole
stem, bast fiber, and woody core).

Table 4. Relationship between opacity, absorption coefficient and scattering coefficient of woody core pulp

Scattering coefficient, m/kg 48.8 55.0 41.7 455
Absorption coefficient, m/kg 2.8 4.0 13.2 19.7
Opacity, % 9.1 92.8 97.7 99.3
Brightness, % 541 51.7 36.3 329
Journal of Korea Tappi Vol. 29, No.2, 1997 (29)
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Table 5. Printing opacity and Tappi opacity of whole stem pulp

Brightness(Rs1), % 31.8 33.9 405 456 487 53.3
Ro (550nm) 41.5 455 574 61.7 65.9 70.5
Printing opacity(C),% 99.2 977 92.3 914 87.3 86.4
Tappi opacity{Cogw),% 97.8 U3 854 84.9 80.0 80.1
Table 6. The effect of storage periods on optical properties of unbleached whole stem pulp
.Storage ( half year | < one year | { half year | ) one year
. Whole stem 549 - 57.0 456
Brightness, % Core - 56.8 - 51.7
. Whole stem 91.3 - 914 914
Opacity. % Core - 92.0 92.8 92.8
Table 7. Comparison of optical properties between whole stem and woody core pulps
Unbleached Bleached
Whole stem Core Whole stem Core
Freeness, "SR 45 41 43 40
Grammage, g/m? 50.9 484 49.3 50.6
Brightness, % 45.6 51.7 53.3 54.1
Opacity, % 914 92.8 86.4 90.1
Scattering coefficient,m?/kg 396 55.0 40.5 488
Absorption coefficient,m/kg 4.7 40 - 26 2.8

Table 6 represents the effect of storage
time on optical properties of unbleached
whole stem pulp. Brightness of whole stem
pulp stored less than half year is about 9 -
11% higher than that of the pulp from over
one-year stored. Core pulp also shows 5%
higher than that of latters stored over one

(30)

year, and resulted in just same tendency
as formers. Therefore, using kenaf stored
for about half year (bark remains as light
green, and core part shows opalescence)
may obtain satisfactory optical properties
from the pulp.

Kenaf is composed of bark portion and
woody core. As mentioned before, bark
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Table 8. Effect of sulfite pulping conditions on optical properties of kenaf pulps
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Pretreatment Optical properties
NaOH | Na,SO; |Max.temp.|Brightness| Opacity |Scatt.Co.| Abs. Co.
% % T % % nt/kg m’/kg
Woody Core 3.0 4.0 140 50 9 49.3 5.1
Woody Core 3.0 6.0 140 51 9% 59.3 6.5
Woody Core 3.0 8.0 130 53 9% 53.7 50
Woody Core 3.0 10.0 130 56 9% 50.7 5.6

portion weighs 35 - 40% of whole weight.
Its fiber is slim and long, having a high
ratio of the cell wall thickness to lumen
diameter. Whereas core fiber is short
and wide, having lower ratio of the cell
wall thickness to lumen diameter.
Lignin content in bark is lower than
that of core part, and holocellulose
content in bark portion is much higher
than in core wood. Therefore pulps of
whole stem and woody core notably exhibit
different optical properties as shown in
Table 7. Brightness, opacity and scattering
coefficient of whole kenaf bleached and
unbleached CMP are lower than those of
woody core.

Chemical pretreatment affects physical,
mechanical and optical properties of the
pulps. Also variables such as chemical
charges, cooking temperatures, and
cooking times have striking influence on
optical properties of CMP as shown in
Table 8.

In preliminary experiments (data are not
shown), when NaOH concentrations are
2% and 3%, pulp brightness approaches or
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exceeds 50%, and opacity exceeds 90%.
When NaOH is below 5%, whether whole
stem pulp or woody core pulp. its
brightness is below 40%. When Na,SO;
concentration is 4%, and NaOH increases
from 3 to 5%. brightness of woody core
pulp subsequently drops from 50% to 40%.
Therefore NaOH concentration should not
exceed to 3%.

Brightness of kenaf pulp increases
with increasing of NaOH the Na,SO;
concentrations. The more concentration
of Na,S0O;, the greater extent brightness
Whereas
scattering coefficient obtain their
highest values at 6% Na,SO, addition.
High pretreatment temperature have

increases. opacity and

brightness, scattering coefficient and
opacity decrease. The experimental
results show that appropriate NaOH and
Na,SO; addition, 130-140TC for 0.5 -1 hr
little
properties of kenaf pulps.

have influence on optical

Bleaching of pulp affects mainly paper

pulp
brightness which leads to decrease

opacity. Bleaching increases

31
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Table 9. Effect of bleaching agents on the optical properties

Bleaching | Bright-| Scatt. | Absorp. | Opacity Color
Source ness Coeff. Coeff.
agents % m/kg m/kg % L a b
Unbleached 586 490 346 91.3 854 2.40 760
3% H0: 74.1 - - 81.5 - - -
1% NaBH. 66.3 472 2.90 88.6 88.8 1.55 430
4% CH:.COOOH | 645 5.1 2.14 90.0 89.7 2.60 9.92
1% NasS3:04 65.2 66.2 2.45 92.7 90.0 1.90 794
Whole | 3% H0:- 76.1 - - 80.9 93.6 0.10 5.22
stem 1% H:0:
1% NaBHs- 74.9 - - 75.7 - - -
3% H:0:
3% H:00- 74.1 - - 74.3 - ~ -
1% NaBHa
3% HoOr 75.9 - - 81.1 - - -
1% NasS:04
Unbleached 49.6 63.5 4.75 954 86.0 -0.55 14.02
3% Hz0: 63.7 - - 88.7 - - -
1% NaBH. 58.9 67.8 2.62 93.1 89.8 -0.87 9.87
4% CH:COOOH | 57.0 - - U5 - - -
1% NasS:0s 56.1 82.2 352 959 89.2 -1.23 14.8
Woody | 3% H:0- 66.8 - - 88.1 - - -
core 1% H02
1% NaBH«- 65.2 - - 82.6 - - -
3% HO:
3% H0s~ 64.7 - - 81.2 - - -
1% NaBH.
3% H0r 65.7 - - 88.9 - - -
1% NazS:0.

absorption coefficient. When scattering
little,
absorption coefficient results in decreasing

coefficient varies decreased
of opacity. Therefore it is wise to use the
pale—colored kenaf raw material of short
storage time to produce paper product with
other pulp, thus meeting brightness
specification of the paper what we need. If

(32)

the specified brightness does not meet, the
pulp must be bleached. Bleaching agents
affect the optical properties of the pulp.
There are two kinds of bleaching agents
used for bleaching pulp. One is oxidizing
agent, for example, hydrogen peroxide,
oxygen, ozone, and peracetic acid, etc.. The
other is reducing chemicals, such as

Journal of Korea Tanni Vol 29 Na 2 1697



Kenaf WISHHH T2 58 A2 Folo B3H 54

sodium Dborohydride and sodium
thiosulfate, etc.. The most widely used
bleaching agent for mechanical pulp is

hydrogen peroxide.

Table 9 shows the effect of various
bleaching reagents on the optical property
of the sheet, using one stage or two stages
bleaching. Bleaching agents have different
effects on optical properties of kenaf pulps.
Hydrogen
borohydride have better brightening effect
than sodium thiosulfate and peracetic acid,
but the former greatly reduces the opacity,

peroxide and sodium

and the latter affects opacity slightly, even

Table 10. Effect of additives on the optical properties

having trend of increasing opacity which is
related to their
increasement. At almost same brightness

lower brightness
level, opacity of bleached pulp with sodium
thiosulfate and peracetic acid is higher
than that of bleached pulp with hydrogen
peroxide and sodium borohydride. This is
mainly because hydrogen peroxide and
sodium borohydride have little effect on
scattering coefficient of the pulp, and even
have the tendency of increasing scattering
coefficient.

Concerned to improvement of optical
pulp properties by filler addition, as shown
in Table 10, precipitated calcium carbonate

Retent-

No. Addition| R€ Bright | Scatt. |Absorp. Opacity
Additives o ion ness Coeff. Coeff. o Remarks

% % % w/kg | m/kg %.

1 0 64.0 49 1.47 845 1-10:wood

2 Tale 5 63.1 46.5 1.28 84.2 pulp 20%

3 10 629 472 1.34 85.0 added

4 15 64.1 474 1.16 84.0

5 Precipitated 5 66.0 53.9 1.45 87.1 2-10:

6 CaCOs 10 66.7 634 148 894 ampho.-

7 15 675 65.8 1.38 89.8 starch

8 Organic 5 63.7 57.1 1.92 895 1.5%

9 synthetic 10 64.7 60.3 1.72 89.5

10 additive 15 66.2 65.8 1.71 90.6 11-18:

11 5 4.2 579 412 521 92.2 100% stem

12 Talc 10 716 59.2 452 512 93.0 pulp +

13 15 69.8 604 50.2 4.80 93.6 0.8% cat.

14 .. 5 73.5 60.2 465 481 929 starch

Precipitated
15 10 70.9 61.9 50.6 491 93.8
CaCO:s

16 15 68.7 63.7 54.0 497 944

17 Inorganic 10 72.2 61.0 422 5.02 922

18 synthetic 0 57.0 39.2 4.11 89.9

additive
Journal of Korea Tappi Vol. 29, No.2, 1997 (33)
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and organic synthetic additives give the
best effect, talc second, while inorganic
synthetic additives somehow poor. The
particle sizes of precipitated calcium
carbonate and organic synthetic additives
are observed as below lgm by optical
microscope. Some particle sizes of
inorganic synthetic additives are above 100
#m, and have much crystalline water, not
easy to disperse in pulp slurry. Filler
having small partile size and homogenous
distribute on the surface of fiber provides
more interface for light reflectance, and
increased light scattering coefficient
drastically. Increased number of interface
makes less fiber-fiber hydrogen bonding
area, thus sheet strength would be poor.

4 . Conclusions

The kenaf bast fiber is long with high
ratio of fiber length to width, whereas the
woody core fiber short and wide. The
weight ratio of bast to woody core is about
36 to 64. Bast fiber has low lignin, high
cellulose, and low hemicellulose contents,
whereas core wood has higher lignin, and
lower holocellulose and ash contents.

The optical properties of kenaf
chemimechanical pulp (CMP) are
inflienced by raw materials, its chemical
compositions, fiber morphology, storage
time, parts of the kenaf stalk, chemical
treatments and additives. The lower lignin
and higher hemicellulose of kenaf fibers
than woody core fibers have adverse
influence on opacity and absorbency of the
paper sheet. When sheet apparent density

(34)

and scattering coefficient are constant,
opacity increases, while brightness
decreases. When grammage and brightness
are constant, opacity increases as
scattering coefficient increases. Beating
increases sheet apparent density because
of short fiber length and more fine fibers of
woody part, thus lowering scattering
coefficient and opacity. On the other hand,
the sulfite pulping condition may reduce
the opacity and light absorption of the
kenaf pulp sheet.

Bleaching increases pulp brightness
which leads to decrease absorption
coefficient. When scattering coefficient
varies little, decreased absorption
coefficient results in decreasing of opacity.
Bleached pulp with hydrogen peroxide and
: better
brightening effect than sodium thiosulfate

sodium Dborohydride have

and peracetic acid, but the former greatly
reduces the opacity, and the latter affects
opacity slightly, even having trend of
increasing opacity which is related to their
lower brightness increasement. Addition of
filler provides enhanced more interface for
light reflectance, and enhanced drastically
light scattering coefficient.
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