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ABSTRACT:In this study, the effects of alkalinity and cooking time (residual lignin content) on the 
mechanical strength of Kraft pulp/polypropylene composites were studied. For this purpose, hornbeam 
wood chips were converted to Kraft pulp at three different alkalinities (15, 20, and 25%) and three 
different cooking times (60, 90, and 120 min). The residual lignin contents of these pulps were determined 
according to the TAPPI standard. Kraft pulp was mixed with polypropylene (PP) at 50% weight ratios. The 
amount of maleic anhydride (MAPP) coupling agent was fixed at 4 per hundred compounds (phc) for all 
formulations. The results indicated that the tensile strength, tensile modulus, flexural strength, and 
flexural modulus were increased by increasing the alkalinity and cooking time; however, the notched 
impact strength decreased.  
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INTRODUCTION 

 
Lignin is widely distributed throughout the cell walls of wood, but it is highly deposited in the middle lamella 

region and its typically present at 20-30% in wood (Woodhams et al. 1984). Lignin is a branched heterogeneous 

aromatic polymer formed of phenylpropane units linked together primarily by -O-4 arylether linkages (50 to 60% of 
all linkages). Lignin is characterized by the presence of different functional groups, such as phenolics, methoxyls, 
aliphatic alcohols, aldehydes, ketones, and ethers (Zakis 1994). Sinapyl alcohol, coniferyl alcohol, and p-coumaryl 
alcohol are involved in the biosynthesis of hardwood lignin (Bonawitz 2010). In wood, there is a chemical 
connection between lignin and hemicelluloses. Because the lignin structure is both polar and nonpolar, lignin can 
cause more compatibility between polymer and wood flour in WPC materials. Lignocellulosic materials are polar by 
nature, whereas polymers are nonpolar by nature. Thus, a good connection between these two phases does not 
accrue in normal conditions (Behrooz et al. 2010). 

Lignin is one of the major components of all natural fibers has poor reinforcing effects in composites when 
used alone. The removal of lignin from cellulosic fibers could help to improve the mechanical properties of natural 
fiber-plastic composites in two ways: by increasing the stronger and stiffer cellulose content at a given fiber 
fraction, and by improving the adhesion between the two phases of the composites through the elimination of the 
less chemically reactive lignin component (Karimi et al. 2006).  Rozman et al. (2000) prepared acid lignin base 
using the Klason method as a coupling agent in coconut fiber-polypropylene composites. The results showed that 
the composite materials had better physical and mechanical properties than the control samples. Karimi et al. 
(2006) reported that delignified fibers improvement the tensile strength and tensile modulus, whereas the hardness 
of composites was unaffected by delignification. Delignified fibers also exhibited better water absorption resistance. 
Notched impact strength was higher for delignified fiber composites, but it was reduced at higher delignification 
levels. Beg and Pickering (2007) reported that residual lignin content decreased with progressive washing and 
bleaching. Fiber with higher amounts of residual lignin content led to composites with lower tensile and impact 
strengths and increased degradability when subjected to accelerated weathering testing.  

The aim of this study was to investigate the influence of pulping condition variables such as the alkalinity 
and cooking time on the physical and mechanical properties of Kraft pulp/polypropylene composites. 
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MATERIALS AND METHODS 
 
Materials 

Several discs from hornbeam (Carpinus betulus) logs were obtained from the Sari region (Mazandaran 
Province, Iran) and then converted into chips. The chips were 20 mm in length and 4 mm thick, on average. The 
Kraft pulp of hornbeam wood was used as a filler material. The polymer matrix used in this study, PP, was supplied 
by Arak petrochemical industries (Arak, Iran) and had a melt flow index of 8 g/10 min and a density of 0.92 g/cm

3
. 

Composite profiles consisted of PP and Kraft pulp at 50% weight ratios. Polypropylene grafted with maleic 
anhydride (MAPP) with a melt flow index of 64 g/10 min as the coupling agent was acquired from Solvay Company, 
Belgium. The amount of coupling agent was fixed at 4 per hundred compounds (phc) for all formulations. The 
chemical materials used for cooking liquor include of Na2S and NaOH were supplied by Merck Co. (Frankfurt, 
Germany). 
 

METHODS 
 

Kraft pulping  
Having prepared wood chips of certain dimensions, the moisture content of the samples was determined. 

The variable factors were alkalinity (15, 20, and 25%) and cooking time (60, 90, and 120 min), while the constant 
factors were cooking temperature (170 °C), sulfidity (25%), Pressure 7 bar and the ratio of cooking liquor to dry 
weight of samples (7 to 1). At the end of the pulping process, the complete dry weight of the pulp sample was 
calculated after rinsing, drying, and calculating the moisture content. The Kappa number of the pulp was found 
based on the T236 om-99 standard. The results of cooking tests on the Kraft process demonstrated that three 
treatments, namely (a) 15% alkalinity and 60-min cooking time; (b) 15% alkalinity and 90-min cooking time; and (c) 
15% alkalinity and 120-min cooking time, were not and strong enough. Therefore, these treatments were not 
sufficient to transform the wood chips into Kraft pulp. Thus, the T222 om-02 standard was used to determine the 
lignin content of these three treatments. The fibers obtained from alkalinities of 15, 20, and 25% were converted to 
flour at different times using a ball mill. The results of experiments on the Kraft pulp (Fig. 1) showed that by 
increasing the cooking time and the alkalinity, the Kappa number value was decreased. This can be attributed to 
the greater concentration of chemicals and thus higher rate of lignin-removal reactions. Meanwhile, the same trend 
was seen for the cooking time and may be due to the increased delignification at longer cooking times (Vaziri et al. 
2009). 
 

 
Figure 1. The effects of alkalinity and cooking time on the residual lignin in Kraft pulp 

 
Processing of the composites 

Before sample preparation, the Kraft pulp was dried in an oven at 70 ± 2 °C                until it reached a 
constant weight. The mass ratio of Kraft pulp to polypropylene (PP) was controlled at 50:50% by weight for all 
blends. The amount of coupling agent was fixed at 4 per hundred compounds (phc) for all formulations. The mixing 
was carried out with a co-rotating twin-screw extruder (Model T20, 1990, Dr.Collin GmbH, Germany), with its barrel 
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temperature ranging from 140 to 160 
0
C at six zones, from feeding zone to the die zone, at a screw speed of 110 

rpm. First, the polypropylene was fed to the mixing chamber, and after 2 minutes the PP was melted. Then, the 
coupling agent was added, the melting process of MAPP took in 3 minutes.  At the fifth minute, the Kraft pulp was 
fed into the chamber, and the total mixing time was 13 min. The compounded materials were then ground using a 
pilot-scale grinder (WIESER, WGLS 200/200 Model). The resulting granules were dried at 105 °C for 4 h. Test 
specimens were injection molded according to ASTM D3641standard by an injection molder at a molding 
temperature of 185 °C and injection pressure of 3 MPa (Eman machine, Aslanian Co, Iran). Finally, specimens 
were conditioned at a temperature of 23 °C and relative humidity of 50% for at least 40 h prior to testing according 
to ASTM D 618. 
 
Mechanical properties 

The flexural and tensile tests were conducted according to ASTM D 790 and       D 638, respectively, using 
an Instron machine (Model 1186, England); the tests were performed at crosshead speeds of 5 mm/min. A Zwick 
impact tester (Model 5102, Germany) was used for the Izod impact test. All samples were notched at the center of 
one longitudinal side according to ASTM D 256. 
 
Statistical analysis 

The statistical analysis was conducted using Statistical Package for Social Science (SPSS, Version 16) in 
terms of one-way analysis of variance (ANOVA). The average values were compared and classified using the 
Duncan test at a 95% confidence level. 
 

RESULTS AND DISCUSSION 
 
Mechanical properties  

Results of analysis of variance (ANOVA) indicated that the alkalinity, cooking time, and their interaction 
effects had a significant influence on the flexural strength, tensile strength, flexural modulus, tensile modulus, and 
impact strength of Kraft pulp/polypropylene composites (Table 1).  
 

Table 1. F-value (in analysis of variance) of the results of kraft pulp/polypropylene composites 
Treatments alkalinity (A) cooking time  (B) A ×B 

Flexural strength 1346.775 
**
 144.125 

**
 19.989

**
 

Flexural modulus 1550.014 
**
 183.951

**
 3.670 

*
 

Tensile strength 673.432 
**
 87.635 

**
 5.362 

**
 

Tensile modulus 559.877 
**
 65.427 

**
 3.261 

*
 

Impact strength 1187.814 
**
 226.185 

**
 26.270 

**
 

**
 and 

* 
were significant at 0.01 and 0.05 

 
Impact Strength 

Table 2 shows the effect of alkalinity and cooking time on the impact strength of Kraft pulp/polypropylene 
composites. This property decreased with increasing alkalinity and cooking time. The highest impact strength was 
observed for 15% alkalinity and 60-min cooking time; whereas the lowest impact strength corresponded to 25% 
alkalinity and 120-min cooking time. However, notched impact strength decreased with increasing alkalinity and 
cooking time. Izod impact energy is the energy required for crack propagation. The size and dispersion of filler 
particles in the matrix can affect the properties of the composites. Small well-dispersed particles generally lead to 
better properties. Small particles can block crack propagation and result in impact toughening. Particles with higher 
aspect ratios have high stresses at the fiber ends that can cause failure under impact (Beg and Pickering 2007). 
 
Flexural and Tensile strength  

The influence of alkalinity and cooking time on the flexural strength, flexural modulus, tensile strength, and 
tensile modulus of Kraft pulp/polypropylene composites is shown in Table 2. The tensile and flexural properties 
increased with increasing alkalinity and cooking time. The highest flexural and tensile strengths were observed for 
25% alkalinity and 120-min cooking time, whereas the lowest mechanical strength corresponded to 15% alkalinity 
and 60-min cooking time. An increase in mechanical strength meant that the stress was successfully transferred 
from the PP matrix to the fibers. Delignified fibers transferred the stress better than the original fibers. This 
phenomenon resulted in a higher flexural and tensile strength due to the improvement of the adhesion and the 
nature of the fiber/matrix interface. It was expected that cellulose would have a better chemical reaction with the 
coupling agent compared with lignin due to a higher concentration of hydroxyl groups. Therefore, the elimination of 
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lignin from the fibers by higher alkalinity and cooking time improved interfacial bonding, which resulted in 
improvements in mechanical strength (Karimi et al. 2006; Beg and Pickering 2007). 
 

Table 2. The effects of alkalinity and cooking time on mechanical properties of composites 
Cooking time Alkalinity (%) Flexural 

strength 
(MPa) 

Flexural 

module (GPa) 

Tensile 

strength 
(MPa) 

Tensile 

module (GPa) 

Impact 

strength (J/m) 

60 15 23.67 2.56 35.27 4.35 31.57 

20 26.21 2.83 41.57 4.72 25.32 
25 28.61 3.12 44.14 5.03 21.38 

90 15 24.61 2.66 36.62 4.41 27.42 

20 26.90 2.88 42.25 4.83 23.82 
25 30.17 3.26 45.43 5.28 20.45 

120 15 25.38 2.77 39.26 4.58 25.60 

20 27.73 2.99 43.18 4.94 22.83 
25 32.39 3.35 48.04 5.38 19.42 

 
CONCLUSION 

 
Increasing the alkalinity from 15 to 25% (decreasing residual lignin content) increased the values of 

modulus of elasticity, modulus of rupture, tensile strength, and tensile modulus by 21.7, 19.6, 23.6, and 6.17%, 
respectively; the notched impact strength decreased by 27.5%. Increasing the cooking time from 60 to 120 min 
(decreasing residual lignin content) increased the values of modulus of elasticity, modulus of rupture, tensile 
strength, and tensile modulus by 7, 8.8, 7.7, and 5.6%, respectively; and the notched impact strength decreased by 
13.3%.  
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