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Abstract

Chemical pulping of kenaf fiber is comparatively new. In this study, bast, core, and whole
stalk kenaf fibers were pulped using a soda-AQ pulping process and various pulping
conditions. Handsheets were evaluated for density, Canadian standard freeness,
brightness, opacity, smoothness, and tensile, burst, and tear indexes and strength. The
results indicate that commercially viable pulp can be produced from kenaf using 12%
NaOH, 0.15 AQ, and 2 h of cooking at 160°C.

Introduction

Over the past 100 years, soft- and hardwood pulping processes have been refined, wood
pulping chemistry has been thoroughly studied, and commercial processes have been
optimized to produce high quality papers at low prices. Changes in the wood resource
have prompted researchers to explore whether fibers other than wood could be used for
papermaking. Kenaf (Hibiscus cannabinus L.) is an annual row crop identified by the
U.S. Department of Agriculture as a viable replacement for trees in the pulp and
papermaking process. While the cultivation of kenaf is still in its infancy, kenaf is
attracting much interest because of its apparent environmental and economic benefits.

The increased commercial interest in using kenaf as a raw material for pulp and paper has
led to the identification of its potential benefits. Two major benefits identified to date are
high yield and low lignin content. The low lignin content of kenaf is reflected in lower
pulping chemical and energy consumption and lower bleaching requirements. These



characteristics have been documented and quantified in both mechanical and chemical
pulping processes (Atchison 1987, Horn et al. 1992).

In this paper, we present the second in a series of studies on kenaf pulping. The first
study focused on kraft pulping of kenaf (Han et al. 1997). The purpose of the second
study was to establish certain baseline data for minimum soda-AQ chemistry on kenaf
bast, core, and whole stalk fibers. Soda-AQ pulping chemistry was used because of its
potentially lower environmental impact when compared to kraft pulping chemistry.
Nonwood fiber soda pulps have been shown to have good yields and properties. In our
experiment, the pulps were not bleached.

Methods

Pulping was carried out in stainless steel pulping bombs with dimensions of 64 mm in
diameter and 360 mm in height (approximately 1,100 cc of volume). Purity of the core
and bast fibers was 90% to 95%, rather than l00%, to simulate commercial pulping. The
bast fiber bundles were chopped to about 25 mm long and the core fibers were reduced to
pass through a 10-mm screen.

Treatment was the same for bast, core, and whole stalk fibers. Three bomb reactors (one
reactor each for bast, core, and whole stalk fibers) were placed inside a rotating digester to
heat them and to keep the liquor in contact with the fibers during cooking. The ratio of
cooking liquor to solids was 6:1. Pulping conditions are shown in Table 1. The cooking
temperature was ramped to 150°C or 160°C in 30 min and maintained for 1.5 to 2 h of
cooking. When cooking was finished, warm water was slowly introduced through the
digester to lower the digester temperature. Black liquor was collected by filtering through
a 20-mesh screen. All cooked fibers were washed thoroughly and disintegrated at 7,000
rpm. Pulp was then washed through filtration. Six different sets of experiments were
carried out in various pulping conditions (Figure 1).

Results and Discussion

Pulps were made into handsheets at the Forest Products Laboratory. Data on percent
yield, percentage of clumps, and kappa number are shown in Table 2. Data on optical and
physical properties of handsheets are shown in Table 3 and summarized in Table 4. Table
4 shows data for only pulping condition 5 (12% NaOH, 0.15% AQ, and 2 h cooking at
160°C). Table 5 compares soda-AQ pulping results for kenaf to results of our previous
kraft pulping study (Han et al. 1997).

For all pulping conditions, core fibers absorbed more cooking liquor than did bast and
whole stalk fibers. Kenaf could not be cooked if the active alkali was less than 12%, even
when the temperature was raised from 150°C to 160°C. Two different sets of
experiments using 10% active alkali were conducted for 2 h at different temperatures.
These experiments showed that cooking with 10% active alkali is not suitable for kenaf
soda pulping.



Cooking for 2 h using 12% active alkali with 0.15% AQ and raising the temperature to
160°C yielded good quality pulp from kenaf bast fiber. Pulp obtained from core and stalk
fibers showed bundles of fibers, indicating that cooking was incomplete. Two sets of
experiments were conducted at 160°C using 0.15% AQ, 12% active alkali for bast fiber,
and 15% active alkali for core and stalk fibers. Cooking time was reduced from 2 to 1.5 h.
These conditions yielded good quality pulp and required less time and less chemicals even
though the temperature was increased by 10°C. In all experimental conditions, much foam
was produced during fiber disintegration. Less foam was produced during disintegration of
stalk fiber than core fiber. Disintegration of bast fiber did not produce foam. The results
indicate that the minimum soda-AQ pulping condition for kenaf pulping is 12% NaOH,
0.15% AQ, and 2 h cooking time at 160°C (condition 5).

Conclusions

The results of this study indicate that good quality pulp can be obtained from kenaf.
Thus, kenaf provides a good raw material substitute for wood fiber. The quality of paper
from core and bast pulp is quite different. Paper produced from core fibers is thin and
dense, whereas paper produced from bast fiber is thicker, lighter, and generally stronger.
The kappa number of bast paper is strikingly lower than that of core paper, and bast
produces high pulp yields. It is not clear whether core and bast fibers should be pulped
together or separately.
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Table 1. Pulping conditions

Parameter Value
Cooking temperature 150-C or 160-C

Cooking time 1.5 or 2.0 h

Caustic charge 10%, 12%, or 15%

AQ charge 0.15% or 0.30%

Table 2. Laboratory pulping results for kenaf fibers
Fiber type N a O H  A Q Cooking Temp Yield
and pulping (%) (%) time (°C) (%)
condition (h)

Clumps Kappa
(%) number

Core
1
2
3
4
5 46.7 68
6
7

Bast
1
2
3
4
5
6
7

Stalk
1
2
3
4
5
6

15 0.30 2.0 150
10 0.30 2.0 150
15 0.30 2.0 150
10 0.30 2.0 160
12 0.15 2.0 160
15 0.15 1.5 160
15 0.15 1.5 160

15 0.30 2.0 150
10 0.30 2.0 150
15 0.30 2.0 150
10 0.30 2.0 160
12 0.15 2.0 160
12 0.15 1.5 160
12 0.15 1.5 160

15 0.30 2.0 150
10 0.30 2.0 150
15 0.30 2.0 150
10 0.30 2.0 160
12 0.15 2.0 160
15 0.15 1.5 160

49.9 50.1
55.3 44.8
51.2 48.8
61.4 38.6
53.3
48.8 51.3
48.8 51.2

77.8 22.2
68.7 31.3
63.4 36.6
63.7 36.3
60.9 30.1
63.9 36.1
61.5 38.6

52.3 47.7
65.6 34.4
52.2 47.8
67.3 32.7
55.4 44.6
50.2 49.8

42
–
50
–

32
–

16
–
18
–
16
16
–

35
–
39
–
67
26

7 15 0.15 1.5 160 51.1 48.9 –



Table 3. Optical and physical properties of handsheets from kenaf pulp



Table 4. Pulping results for core, bast, and whole stalk fibers

Property Core Bast Whole stalk

Density, kg/m2 572.2 503.0 535.2

Caliper, mm 0.118 0.131 0.128

Elongation, % 0.62 1.81 1.19

Tensile strength, kN-m/g 1.90 3.00 2.61
ISO brightness 12.6 25.0 14.6

Bursting strength, kPa 64.7 166.0 134.4
Tear resistance, mN 331.9 942.1 648.6

% yield 53.3 60.9 55.4

Clumps, % 46.7 30.1 44.6

Kappa number 68 16 67

Table 5. Properties of paper from soda-AQ and kraft pulping1

Soda-AQ Kraft
12% NaOH, 0.l5%AQ 20% Na2S, 16% NaOH

Property Core Bast Core Bast
Density, kg/m 572.2 503.0 914.8 565.8

Caliper, mm 0.118 0.131 0.074 0.122

Elongation, % 0.62 1.81 2.45 2.29
Tensile strength, kN-m/g 1.90 3.00 7.38 5.09

ISO brightness 12.6 25.0 20.8 24.6

Bursting strength, kPa 64.7 166.0 384.9 322.2

Tear resistance, mN 331.9 942.1 227.3 1385.2
1Kraft data from Han et al. 1997.



Figure 1. Flowchart for kenaf pulping by soda-AQ chemical process.

FLOW CHART FOR KENAF PULPING BY SODA-AQ CHEMICAL PROCESS
(Kenaf bast, kenaf core and whole kenaf stalk)
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