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Abstract

In this research, the raw material Grevillea robusta is used for the production of pulp and paper
through ethanol-alkali pulping processes. Grevillea robusta is available in all parts of the
southwestern, particularly Jimma, Bonga Ethiopia. The raw material of Grevillea robusta was
characterized after pre-treatment. The central composite design, response surface methodology
was used for the data analysis, and four independent variables such as temperature, ethanol
concentration, active alkali and pulping time were considered for the optimization process.
Independent variables were ranged from 120°C-200°C, 30 min-230 min, 5 % -25 %, and 15 % -
75 % for a factor such as a temperature, pulping time, active alkali, and ethanol concentration
during the experiment. In this analysis, four responses (dependent variable) of pulp were also
analyzed, such as pulp yield, brightness, whiteness, and kappa number. The pulp and paper
produced have been characterized by standard methods. Besides, there were four dependent
variables obtained within the range of 34.68%-58.31%, 45.56%-72.49 %, 15.78%-37.18 %, and
11.2-18.9 for pulp yield, brightness, whiteness, and kappa. The dependent variable was
significantly affected by all independent variables and its p-value was less than 0.05. The
optimized process variable was 159.73°C, 41.17 %, 16.79 %, and 132.26 minutes for
temperature, ethanol concentration, active alkali, and pulping time. Optimized results for pulp
yield, brightness, whiteness, and kappa number were 57.79 %, 71.30 %, 28.46 %, and 18.48
respectively. The desirability of the optimized outcomes was 0.8511.

Keywords: Grevillea robusta; pulping process; optimization; characterization; response
surface methodology.

Introduction

Paper is a sheet of material made up of cellulose material. Pulp and paper are produced
from various plants by further processing of cellulose content obtained from grass, woods, or
vegetable sources obtained from the water. The most abundant component of the native wood
matrix is cellulose, a polysaccharide that is desired for pulp and paper production [1]. Paper
production is the first time in East Asia, particularly in recent China around 105 BC. The paper-
like item that was produced at that time is called the papyrus [2]. Paper, was originally
manufactured in single sheets by hand, the paper is now produced by the use of complex and
large machines, some making reels 10m wider, running at 2000m per minute and reaching about
six thousand tons per year [3]. The first leading country in the pulp and paper industry is China
and followed by United States [4]. The daily consumption of paper is increasing at an unparalleled
rate. To answer to this demand, it is important to search for different plant species. When paper
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used for various documents, books, exercise books, and newspapers is produced in hard copies
for different individuals around the world, the demand for paper increases [5].

Grevillea robusta is growing to the height of 5 to 40m it is a fast-growing and evergreen
tree that is found in most parts of Ethiopia. It is very tall and has dark grey barks also its leaves
are fern-like structures and it’s around 30cm long [6]. It is a flowering plant, a taxonomy of
species Grevillea robusta is under the domain of Eukaryota, and Genus of Grevillea [7]. The
grevillea robusta tree can be used and produce fiber for pulp and paper industries under relatively
short rotation; can grow adequately in a wide range of ecological conditions and sites among
others [8]. Therefore, in our country, this Grevillea robusta is particularly available in the Oromo
region, the Amara region, the South region, and the Tigre region. The other significance of this
project is the development of pulp and paper from this plant in our country [9]. This helps to
minimize the quantity of pulp imported from abroad. Besides, this will improve our country's
economy as well as mitigate problems related to the production of pulp and paper [10]. High
focus is put on afforestation in the sense of the new Millennium Development Goals in Ethiopia.
In 2020, approximately 5 billion trees were planted in Ethiopia during the season. During the
reforestation process, Grevillea robusta is a highly planted tree in Ethiopia. It accounts for
approximately 50% of the total trees planted [11].

For this study, Design of expert (\VV.11) software that used for improvements of products
and process helps to achieve the interaction effects of each of the variables, 2D graphics and 3D
plots. The central composite design (CCD) of the surface methodology was used to evaluate the
experimental results. The general objective of this study is to optimize the modeling and pulping
variables (namely temperature, the concentration of ethanol, the concentration of alkali, and
cooking time) to obtain the optimum pulp yield for paper production using the response surface
methodology. Using five levels, four variables, and a total of thirty experiments was carried out.
By using the combination of the above factors the four responses were obtained such as yield,
kappa number, brightness, and whiteness of pulp and paper. The temperature was adjusted at
120°C, 140°C, 160 °C, 180 °C, and 200 °C for this study. These values were selected based on the
literature review of previous documents. The ethanol concentration formulation was 15%, 30%,
45%, 60%, and 75%. The concentrated sodium hydroxide( alkali concentration) was diluted to
the concentration of 5 %, 10 %, 15 %, 20 %, and 25 %. The pulping time means that the raw
material or sample has been digested during a given period inside the autoclave digester. It’s was
adjusted at 30 minutes, 80 minutes, 130 minutes, 180 minutes, and 230 minutes. Finally, the
results like yield, kappa number, brightness, whiteness, and other responses of pulp were analyzed
by using response surface methodology.

Materials and methods

A hand saw was used to reduce the size of the stem on the basis of the length required.
The axes used to minimize large-sized into small size. Crusher was used to turn the grossly sized
sample into a fine-sized sample. The crucible, mortar, and pistil were the other components used
during the experiment. The muffled furnace was used to determine the ash content of the sample.
Digital weighing balance was used for one experiment to calculate the sample weight. In addition
to assessing the moisture content, a digital oven or drier was used to drying purpose. The
autoclave digester has been used to convert large materials, such as cellulose, into pulp
components. The Erlenmeyer flask was used for holding sample. For filtration purposes, the filter
paper was used. A water bath, beaker, heating mantle, measurement cylinder, and cellulose
extraction thimble, Glove, sieve, blender unit, bucket, molding frame, pulp screen, and filter
fabric were additional equipment needed during experiments.

The chemicals and reagents used in this analysis were: caustic soda (NaOH), sodium
sulfate (NaSQOa), hydrogen peroxide (H.0), distilled water, sulfuric acid (H2SOs), sodium
carbonate (NaCOs), chlorine dioxide (CIO,).
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The kraft pulping is a pulping process used to make wood pulp by using different chemical
such as ethanol, sodium hydroxide, and other. Kraft pulping were conducted at Jimma University
Institute of Technology, School of Chemical Engineering laboratory and the other part of Kraft pulping
as well as characterization of parameters of pulp were done at chemistry department, JUCAV post-
harvest laboratory and school of mechanical engineering lab. In this study, different experiments was
done. The first experiment was the production of basic pulping methods i.e. pulping relate to ethanol-
alkali pulping. In the second experiment were done thirty experiments based on ethanol alkali pulping.
The third experiment was characterizing parameter by using the results of the first experiment done
by the ethanol alkali pulping that is one type of kraft pulping process.

In this analysis, the raw material Grevillea robusta was transported to the School of
Chemical Engineering laboratory in the sample preparation section from the area of its
availability in the southwestern parts of Ethiopia around Jimma city. The first debark method was
performed, which indicates that the bark of Grevillea robusta was removed for further processing
by using an axe. With the use of a laboratory scale jaw crusher, the reduced samples were also
changed to the finest powder. The crushed sample was screened using a mesh analysis. Again,
the gross samples were recycled. The sample was prepared by proportion of the sample to the
liquors or solvents. The fine powder of the prepared sample was placed in the Erlenmeyer flask
of 500ml. The solution of prepared sodium hydroxide and ethanol was stored in this Erlenmeyer
flask according to the formulation prepared on the basis of the surface response mythology
process. Based on its procedure, the autoclave digester of 15L stainless steel was adjusted and
the temperature was controlled by thermostats.

The pulp produced was characterized and distinguished by the use of different
standard methods. The raw material was washed to remove adhering materials from the sample
using hot water. Then, to reduce the moisture content of the sample, it was placed in the oven at
105°C for 32 hours. This sample was then ground to a suitable size by the jaw crusher and
separated using 40 to 60 mesh sizes. This means that the sample went through the size of 60 mesh
and was kept on a 40 mesh sieve. The raw material characterization was conducted by the
American Society for Research and Materials (ASTM) and Technical Association of Pulp and
Paper Industries (TAPPI) in Table 1 [14-18].

Table 1. ASTM and TAPPI methods used for Grevillea robusta characterization

Components to be characterized Standards for each characterization
Holocellulose in extractive powder TAPPI standard T 9m-51

a-cellulose holocellulose TAPPI T 203

B-cellulose TAPPI T 203

Ash content ASTM D 1102-84

Lignin ASTM D 1106-56

Hot water solubility TAPPI T 207

Coldwater solubility TAPPI T 207

Alcohol-benzene solubility ASTM D 1106-56 [14-20]

Pulp and paper characterization

The pulp produced was characterized by kappa number, brightness, whiteness, tensile
strength, tear stress and viscosity . Various methods are used to characterize the pulp produced in
this experiment, such as (TAPPI) and (ASTM). Using the yield formula of equation (1), the yield
of the pulp produced was determined. Brightness is the diffusive reflectance of blue light from
the pulp pad that should pass through a different band of lights at a wavelength of 457 nanometers
it was determined by TAPPI T 452. Kappa number was characterized by using standard methods
of TAPPI 236 cm-85 [15]. The moisture content was measured and determined by TAPPI T 550.
The viscosity of the pulp and paper was measured and standardized by using TAPPI T 402.
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. mass of pulp Obtained
Yield(%) = - x 100% (D
Intial mass of sample

Pulping process of grevillea robusta

The Grevillea robusta pulping laboratory experiments were performed in a 15L-sized
stainless steel autoclave digester with heater, temperature and pressure controller. The
optimization process was carried out with temperature control thermostats in a 100mL stainless
steel oil bath. Sodium hydroxide, ethanol and distilled water were used for the preparation of
solvents for pulping process. The solution of active alkali and ethanol is also measured in
the proportion to the solid load of the sample. Thus, the solvents to solid ratio was 10:1(10ml of
solvent was needed for 1 g of the solid load). The proportion of ethanol to active alkali
concentration was one to one. The sample of prepared ethanol, alkali, and a solid sample of
grevillea robusta was placed in the Erlenmeyer flask and then put into the autoclave digester then
the temperature was adjusted. Other variables, must be controlled during pulping process in the
autoclave as shown in Table 2 and four factors were vary as shown in Table 3.

Table 2. Constant parameters the same throughout the experiments

Constant parameters Its values for all experiments
Pressure in bar 8 bar
The proportion of liquor and solid load 10 ml for each 1g of solid load

Pressure for all experiments at 8 bar was controlled during the pulping process.
Temperature is directly linked to the pressure from various literature reviews, which ensures that
temperature increases and the pressure also rises proportionally. [12]. Thus, during the autoclave
digestion process, the pressure was controlled.

Table 3. The experiments were carried out at different point of independent variable

Parameters Five levels of each factor
Temperature 120°C, 140°C, 160 °C, 180 °C, and 200 °C.
Ethanol Concentration 15 %, 30%, 45%, 60%, and 75%.
Alkali Concentration 5%, 10%, 15%, 20%, and 25%.
Cooking Time 30 minutes, 80 minutes, 130 minutes, 180 minutes, and 230 minutes.

Pulp and paper characterization

ASTM and TAPPI techniques have been used to characterize the pulp and paper
produced. . According to this study, the kappa number, brightness, whiteness, viscosity, tensile
strength, and tear resistance of the pulp and paper characterized.

Table 4. Characterization of pulp and paper

Parameters used Methods of characterization
Tensile strength TAPPI tests T-404 and T-494
Tearing resistance Edge-tearing strength (T-470)
Kappa number TAPPI 236 cm-85
Viscosity TAPPI T230 om-94
Brightness TAPPI 525 om-92
Whiteness TAPPI 560 and T 562 [14-18]

Experimental design

To evaluate the experimental effects, design of expert (v.11) software was used to analyse
response surface methodology. The response surface methodology is the best technique used
to optimize the process variable. It was used to evaluate the factor that had a better effect on pulp
yields. This helps to assess which factor was influence the yield significantly. To determine linear,
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interaction, and quadratic relationships between independent and dependent variables during pulp
and paper optimization, to answer such questions the response surface methodology (CCD) was
chosen. Based on equation (2), the CCD generates 30 data points, including 16-factor points,
8-axial points, and 6-points as a center.

N=2"+2n+n, (2)

Where N is the number of experiments was carried out, n is the number of the
independent variable, and nc is the number of replicates used to check the above-conducted
experiment was either correct or not.

n n n-1 n
Y=b0+Zbixi+Zbiixi2+Z Z bi]-xij (3)
i=1 i=1

i=1 j=i+1

Where Y is predicted responses for pulps yields, brightness, whiteness, and kappa
numbers. The n implies that the number of independent variables used for pulp optimization. The
coefficients like by, bi, bii, bjj are constant coefficients, first-order (linear) coefficients, second-
order (quadratic) interaction coefficients, and second-order (quadratic) non-interaction
coefficients.

Bleaching, molding, and sheeting process of the pulp

After the pulp was made, various bleaching techniques such as chlorine dioxide,
extraction or washing, oxygen, hydrogen peroxide, ozone and chelate wash were used to bleach
the pulp produced. The molding process was also carried out to provide the pulp with an
appropriate thickness.

Results and Discussion

The raw material or chemical composition of Grevillea robusta has been characterized, the
results obtained during laboratory tests have been presented, and the pulp produced has been
characterized by various standard methods, such as the Technical Association of Pulp and Paper
Industries (TAPPI) and the American Society for Testing and Materials (ASTM).

Raw material characterization

As shown below in Table 5, study of the chemical composition of Grevillea robusta.
(ASTM D 1102-84) methods have been used to determine the quality of ash. Compared to other
plant species such as Bambusa vulgaris bamboo, globulus,Yushania alpine, Eucalyptus globulus
bark, Yushania alpine, and other species of plants, then Grevillea robusta has very low ash
content. The ash content of the wood depends on a number of factors, such as the type of tree or
shrub (i.e. bark or outer cover, wood or stem, leaves), the type of fuel used during
characterization, the type of soil planted or the surrounding area [13]. For this study, the content
of ash for Grevillea robusta was 0.79, much lower than the ash content of Eucalyptus globulus
wood and Eucalyptus globulus bark, Yushania alpine, Bambusa vulgaris, with values of 0.42,
1.96, 2.2, and 2.3 reported by the results [14-16]. The lignin component for gravillia rubusta was
measured using standard methods ASTM D 1106-56 and the lignin value obtained from the
experiment was 22.35. Holocellulose is the key ingredient used for pulp processing and the
TAPPI standard T 9m-51 was used to evaluate the paper and its value was 80.12. This value
means that there was a high amount of cellulose in gravillia rubusta. o and -cellulose have been
measured using standard TAPPI T 203. The findings were 46.38 and 19.12 respectively. Normal
TAPPI methods were used to determine the solubility of hot water and the solubility of cold
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water . Its value was found to be 4.23 and 2.87, respectively. The solubility wood sample was
higher in hot water than in cold water. This was due to molecules are moving around faster in hot
water than cold. The solubility of the solid sample was lower than that of the hotter [16]. The
overall extractive value for this experiment was 3.38, which constitutes alcohol: benzene, alcohol,
hot water; the values shown in Table 5 are 3.98, 0.56 and 0.84, respectively.

Factors affecting the yield and another parameter of the pulping process

From the literature, the method of pulp and paper optimization is affected by multiple
factors. Table 6 shows that the optimization pulping process is influenced by different factors,
such as temperature, ethanol concentration, active alkaline loading, cooking time, types of plant
specious used, and other factors affecting the optimization process. The research work published
in 2014 on Eucalyptus globulus has three factors that affect the optimization process of pulp and
paper products like temperature, cooking time, active alkali concentration, and the detailed
information is shown in table 6. In 2018, another research on the optimization process for pulp
and paper production from Ensete Ventricosum was affected by four different factors such as
temperature, cooking time, active alkali concentration, and ethanol concentration. Besides this,
in 2020 the research work on Yushania alpine (bamboo) the optimization of the pulping process
was carried out its production process was affected by four different factors that are temperature,
cooking time, active alkali concentration, and ethanol concentration.

Table 5. Chemical composition of Grevillea robusta characterizing in laboratory scale

Components to be characterized Standards for each Values Obtained
characterization

Holocellulose in original wood TAPPI standard T 9m-51 80.12
a- holocellulose original wood TAPPI T 203 46.38
B-cellulose in original wood TAPPI T 203 19.12
Ash content ASTM D 1102-84 0.79
Lignin ASTM D 1106-56 22.35
Hot water solubility TAPPI T 207 4.23
Coldwater solubility TAPPI T 207 2.87
Total extractives

Alcohol-benzene (1:2) proportion ASTM D 1106-56 3.98
Alcohol ASTM D 1106-56 0.56
Hot water ASTM D 1106-56 0.84
Total 3.38

Table 6. The factors significantly affect the yield of pulp and paper

Type of raw material used and the research conducted

Factors Eucalyptus globulus En§ete Yush_anla Grevillea
Ventricosum alpine robusta
Temperature(°C) 143-177 130-170 140-220 120-200
Cooking time (min) 40-140 30-150 120-200 30-230
Alikali- concentration (%) 12-28 0-20 10-30 5-25
Ethanol concentration (%) - 20-60 30-70 15-75
Neiva et al., [14] Berhanu et Aklilu, [15] currentstudy
al.,[18]

Response surface methodology

The response surface methodology for the central composite design matrix is shown in
Table 7. From equation (2) the number of variables is four and the total number of experiments
is 30. This total experiment is divided into three main parts: the factorial design, the axial run,
and the central one. The factorial design consists of 16 experiments, the axial run consists of 8
experiments and is represented by its formula 2x4, and finally the center run has a 6 experiments.
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Central composite design for pulp and paper optimization process

The results obtained from the laboratory experiment were shown in Table 7. The results
were obtained by using a combination of decoded variables. The coded variable is a variable that
is assigned in a symbol and the decoded variable is a variable that has full names [19]. The four
independent factors namely: temperature (Tem.), ethanol concentration (Eth.), alkali
concentration (Alkali), cooking time (Time) used to determine the dependent variable like
yield(Y), kappa number (KpN), brightness (Bright.) and whiteness (White.).

From Table 7 the dependent variable like yield(Y), kappa number (KpN), brightness
(Bright.), and whiteness (White.) is shown. These values obtained were analyzed by using
analysis of variance (ANOVA). The experimental results were analyzed by using the level of
significance (o value) at 5%. From Table 8 the F-value and p-value for models are listed. The p-
value helps to determine the significance and non-significance of all single factors as well as the
interaction factors. The p-value obtained for pulp yield, brightness, kappa humber, and whiteness
for all models was much less than 0.0001. Besides this, the lack of a fit model for the yield of
pulp, kappa numbers, brightness, and whiteness were 0.6880, 0.2396, 0.9810, and 0.4793
respectively. For all responses, the p-value were less than the level of significance (a value) this
indicate that the models are accepted [20]. But the lack of a fit model for all response was greater
than the level of significance. Thus, it is not significant.

Table 7. The experimental results obtained for coded and decoded variables

Run Coded variable Decoded variable Dependent variable
A B C D Tem(c) Eth. Alkali  Time Y (%) KpN Bright. White.
(%) (%) (min) (%) (%)
1 101 1 1 140 60 20 180 4246 2093 57.12 26.61
2 0 0 0 O 160 45 15 130 5831 36.72 7131 26.55
3 101 -1 1 140 30 10 180 4545 2435 68.34 19.12
4 0 0 0 O 160 45 15 130 5799 365 7215 26.22
5 0 0 0 O 160 45 15 130 58.3 37.05 71.86 26.82
6 0o - 0 0 160 15 15 130 4472 241 62.21 28.64
o
7 0 0 0 « 160 45 15 230 3489 17.99 60.01 27.31
8 1 1 1 1 180 60 20 180 36.39 16.72  55.56 35.12
9 10101 1 140 30 20 180 4553 2232 62.82 28.08
10 1 -1 1 -1 180 30 20 80 40.61 20.76 51.01 36.21
11 0 0 0 -« 160 45 15 30 3794 23.01 4558 26.02
12 -« 0 0 O 120 45 15 130 4461 2513 59.69 17.32
13 1 101 1 180 30 20 180 39.08 18.73 58.01 37.18
14 1011 -1 140 30 20 80 4591 2491 53.79 27.83
15 11 -1 1 140 60 10 180 4181 2472 6154 16.67
16 0 o O O 160 75 15 130 3959 2198 53.79 24.53
17 1 10101 180 30 10 180 40.59 1991 60.74 27.81
18 0 0 0 O 160 45 15 130 57.85 36.81 7201 26.54
19 0 0 o O 160 45 25 130 4859 2314 5549 35.89
20 1 1 — 180 60 20 80 39.45 18.76  48.87 34.34
21 101 -1 -1 140 30 10 80 4573  27.12 60.29 17.78
22 o o0 - 0 160 45 5 130 50.01 27.81 63.78 17.14
o

23 0 0 0 O 160 45 15 130 5823 372 7245 26.42
24 11 -1 -1 140 60 10 80 4332 2697 5499 15.78
25 101 R 140 60 20 80 44.09 22.61 48.74 24.99
26 1 -1 -1 -1 180 30 10 80 4198 2195 5481 26.98
27 1 1 -1 -1 180 60 10 80 3991 2152 5234 2491
28 1 1 -1 1 180 60 10 180 37.21 19.43 57.78 25.81
29 0 0 0 O 160 45 15 130 58.02 36.98 7221 26.42
30 o 0 O O 200 45 15 130 34.68 15.73 52.61 35.58

From Table 8 the model analyzed by using central composite design was highly significant
this indicates that the regression of data fitting between experimental results and predicted values
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were in a good agreement. From Table 9 fit statistics data results of standard deviation, Mean,
C.V (%), R?, adjusted R?, predicted R?, and Adeq Precision were obtained. The results obtained
for a standard deviation for pulp yield, kappa number, brightness, and whiteness were 0.1718,
0.0924, 0.2702, and 0.2106 respectively. The coefficient of variation obtained for the responses
was 0.3808, 0.6067, 0.4524, and 0.7934 respectively. According to Owolabi et al.,[21]. the
standard deviation and coefficients of variation were very low the data is accepted. For this study,
the CV and standard deviation were low and acceptable with the good agreements. According to
Owolabi et al., [21], the adjusted R? and predicted R? are in a good agreement below a 20%
variance. The results of the modified R? and the expected R? were in the percentage of deviation

given above.
Table 8. the F-value and p-value for models, factors, and response

Source Yield of pulp Kappa number Brightness Whiteness
F -value F -value F -value F -value
value p value p value p value P

Model 4003.2 < 0.0001 1364.1 < 0.0001 1760.9 < 0.0001 5905.1 < 0.0001
A-Temp. 49039 <0.0001 5877 < 0.0001 1038.9 <0.0001 1095.2 < 0.0001
B-Eth. 1313.2 <0.0001 13.93 0.0020 1410.0 <0.0001 585.7 < 0.0001
C-Alkali. 39.95 < 0.0001 218.32 < 0.0001 1512.8 < 0.0001 11985 < 0.0001
D-Time 487.33  <0.0001 1027.0 <0.0001 4213.4 <0.0001 96.89 < 0.0001
AB 5.70 0.0306 89.12 < 0.0001 140.89 < 0.0001 - -
AC 72.22 < 0.0001 16.68 0.0010 93.83 < 0.0001 - -
AD 50.43 < 0.0001 110.7 < 0.0001 41.34 < 0.0001 - -
BC 16.13 0.0011 61.9 < 0.0001 411 0.0609 - -
BD 59.93 < 0.0001 122.4 < 0.0001 7.45 0.0155 - -
CD 1.10 0.3114 289.5 <0.0001 22.53 0.0003 - -
A? 19865. < 0.0001 3794.0 <0.0001 5883.4 < 0.0001 - -
B2 14839 < 0.0001 3881.8 < 0.0001 4588.6 < 0.0001 - -
C2 4537.8 < 0.0001 2455.6 < 0.0001 3578.1 < 0.0001 - -
D2 27410 < 0.0001 5739.9 <0.0001 8641.4 <0.0001 - -
Lack of Fit 0.7276  0.6880 0.0615 0.9998 0.2160 0.9810 1.15 0.4793

Factors such as A, B, C, D, AB, AC, AD, BC, BD, CD, A? B? C? and D? has been
significant on the pulp yield, brightness, kappa humber, and whiteness of the pulp. The suggested
model was quadratic versus two-factor interaction for pulp yield, brightness, kappa number , and
brightness, but the suggested model was linear for whiteness. Factors such as A, B, C, D, AB,
AC, AD, BC, BD, A?, B?, C? and D? have significant effects, and the CD factor has minor effects
on pulp yield. In addition, the Kappa number was influenced by both the single factor and the
interaction results. The brightness was influenced by both single factors and interaction effects,
excluding BC interaction effects. Only the whiteness of the pulp was affected by single factors.
Since the suggested model was liner, the interaction results had no or negligible effect on
whiteness. From Table 9 the R2 values for pulp yield, kappa number, brightness, and whiteness
were 0.997, 0.998, 0.993, and 0.998 respectively. The R2 is approached to one, the experimental
results and predicted values had a good fitting [35]. For this analysis, the findings were
approached to 1 therefore the data had good fittings and were highly acceptable.

Table 9. Fit statistic analyzed yield of pulp, kappa number, brightness, whiteness

Fit statistic Yield of pulp Kappa number Brightness Whiteness
Std. Dev. 0.1718 0.0924 0.2702 0.2106
Mean 45,1083 15.23 59.73 26.5540
CV.% 0.3808 0.6067 0.4524 0.7934
R? 0.9997 0.9987 0.9993 0.9989
Adjusted R? 0.9994 0.9976 0.9988 0.9987
Predicted R? 0.9989 0.9941 0.9983 0.9984
Adeq Precision 192.6679 114.91 137.8842 248.17
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By combining single variables, interaction effects, and individual interaction effects, the
model equation represents pulp yield, kappa number, brightness, and whiteness. Model equation
(4) was used to explain the pulp yield. The insignificant variables of the model equation have
been removed. The constant number for the yield model equation was 58.12, which implies that
the equation intercepts points. The plus sign indicates that the variables are directly related to the
pulp yield, while the negative sign indicates that the optimization process was inversely related.
All variables have coefficients; A, B, C, D, AC, AD, BD, C?, A%, B?and D? had a negative
relationship with the pulp yield. The yield of pulp had a positive relationship with the interaction
effects of AB and BC. Similarly, the kappa number has an intercept of 36.88 from equation (5).
Also, kappa number had a negative relationship with A, B, C, D, BC, A2, B?, C?, and D?. Kappa
number had positive relationship with AC only. Factors such as A, B, C, AD, BD, CD, C?, A?,
B2, D? had a negative relationship with the paper's brightness as shown from equation (6). The
brightness has an intercept at a point was 72. The other variables, such as D, AB, AC, and CD
have positively related to the paper's brightness. The whiteness of the paper had a posetive
relationship with A, C, and D. whiteness had a negative relationship with B from equation (7).

Y(%) =58.12 —4.91 A—1.27B — 0.2217C — 0.7742D + 0.20504B
— 0.73004C — 0.6100AD + 0.1725BC — 0.3325BD — 18.49 A2 (4)
—4.00 B2 —2.21 C? — 5.43 D?

K =18.75—-2.894 — 0.0704B — 0.2788C — 0.6046D — 0.4362AB + 0.1888AC
+ 0.4863AD — 0.1819BC — 0.2556BD — 0.3931CD — 4.35A* (5)
—1.10B? — 0.8745C* — 1.34D?

B =72.00-356A4—2.07B —2.15C + 3.58D + 1.604B + 1.31AC — 0.8687AD

— 0.1844BD + 0.3206CD — 15.83 A2 — 3.50 B2 — 3.09 C? (6)
—4.80 D?
W =26.55+9.004 —1.04B +4.71C + 0.423D (7)

The actual and predicted value of an independent variable

Figs. 1 and 2 show the actual value and the expected value of each dependent variable
(response) obtained. The actual and expected pulp yield values are shown in Fig. 1(a). Real and
expected values are strongly aligned with each other in this figure, with an R? value of 0.997. Fig.
1(b) shows that the actual versus the predicted values for the kappa number and its R? value is
0.998. From Fig. 2(a) the actual versus predicted values for brightness and its R? value was 0.993.
In Fig. 2(b) actual versus predicted values for whiteness and its R? value was 0.998. For all
responses such as pulp yield, brightness, kappa number and whiteness, their R? values were 0.997,
0.993, 0.998 and 0.998 respectively. all responses have high R? values. This R? value represents
a slight or negligible difference between the real experimental values and the predicted fit value.

A 3D representation of the yield of the pulp is shown in Fig. 3(a) and (b). The yield of
pulp obtained in the 3D representation ranged from 34.68-58.31. The maximum yield achieved
was 58.31 percent in the 3D representation of Fig. 3(a) and (b). This was done at a temperature
of 160°C, a 45 percent ethanol concentration, a 15 percent alkali charge, and a pulping time of
130 minutes. The difference between the shapes of the graph between Fig. 3 (a) and (b) was the
changing and the constant variables during the experments.
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Fig. 3. 3D representation of pulp yield:
a) at varying cooking time and ethanol concentration but temperature at 160°C and active alkali at 15;
b) at varying active alkali and temperature but ethanol concentration 45and cooking time at 130 min.
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The 3D representation of the kappa number was shown in Fig. 4. The kappa number
obtained for this analysis was 11.2-18.9 percent in Fig. 4(a) and (b). The maximum kappa number
was obtained at a temperature of 160°C, at the ethanol concentration of 45%, at the alkali charge
of 15%, and at a pulping time of 130 min. From Fig. 5 the 3D representation of brightness was
shown. The 3D diagram in Fig. 5 (a) and (b) represents the brightness of the pulp. From the 3D
representation the brightness value obtained between 45.58 and 72.47 percent Fig. 5 (a) and (b).
This maximum brightness value was obtained at an ethanol concentration of 45 percent, a
temperature of 160°C, a pulping time of 130 minutes, and at 15 percent alkali charge. The Fig. 6
represents the 3D plot of whiteness. For this study the whiteness obtained was ranged between
15.78 and 37.18% from Fig. 6(a) and (b). The maximum whiteness for this study was 37.18%
this obtained at a temperature of 200°C, at ethanol concentration of 45%, at alkali charge of 15%,
and at cooking time of 130 min.

Kappa number
Kappa number

Fig. 4. 3D representation of kappa number:
a) at varying temperature and ethanol concentration but cooking time 130 min and active alkali at 15;
b) at varying active alkali and cooking time but ethanol concentration 45and temperature at 160°C.

e
I" 9% 2N
s

0o

Brightness (%)
Brightness (%)

D: Cooking Time (min) s A: Temperature (0C)

a) b)
Fig. 5. 3D representation of bright ness:
a) at varying temperature and cooking time but active alkali 15 % and ethanol concentration at 45%;
b) at varying active alkali and ethanol concentration but temperature of 160°C and cooking time at 130 min.
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whiteness (%)
whiteness (%)

Fig. 6. 3D representation of whiteness:
a) at varying temperature and ethanol concentration but active alkali 15 % and cooking time at 130 min;
b) at varying active alkali and temperature but cooking time of 130 min and ethanol concentration at 45%

Yield of pulp

The yields p-values for all single factors were much less than 0.0001 for temperature,
pulping time, ethanol concentration, and active alkali. The p-value is less than the level of
significance (a-value) then the variables has a signficant influence on the response according to
Behera et al., [34]. From Table 7 the values for yield, kappa number, brightness and whiteness of
the pulp was observed. The pulp yield obtained in this study ranged from 34.68-58.31 percent.
The pulp yield obtained in bamboo species (Yushania alpine) was 36.32-55.76 percent. Thus, the
current study has higher yield than the yields obtained from bamboo species (Yushania alpine)
that performed by Aklilu [15] and the yield obtained from giant reed stem (Arundo donax L.) was
40-50.6% that reported by Shatalov et al., [22]. The yield obtained from Grevillea robusta in this
study was comparable results with the yield obtained from Eucalyptus globulus wood that has the
yield of 46.6-58.2% [14]. Also, yield of Grevillea robusta was comparable yield with the olive
tree trimmings which has a yield of 44.2-58.9% reported by Jiménez et al., [23], the yield
obtained from Bambusa procera acher that has a yield of 48.1-58.6 % performed by Vu et al.,
[24]. Grevillea robusta has a fewer yields compared with Eucalyptus globulus bark that has the
yield of 45.0-59.3 % performed in the study of Neiva et al [14], the yield of cardoon (Cynara
cardunculus L.) stalk that has a yield of 44.5-62.0% that was done by Shatalov and Pereira [25],
and the pulp yield obtained from Enset fibers that has the yield of 60.3-86.60% in the study of
Berhanu et al., [18]. From Fig. 1(a) the actual versus predicted values for pulp yield has the R?
value of 0.997. The predicted and actual values fitted well that means its R? value was approached
to one [26]. From equation (4) the model equation for yield implies that the four factors such as
temperature, ethanol concentration, active alkali charges and pulping time have inverse relation
with the pulp yield obtained. As the delignification reactions at high temperatures are too rapid
however, the condensation of lignin and the hydrolysis of carbohydrates are retarded. As the
pulping time was continues to increase and the temperature increases, the pulp yield decreases.
That have been noted in Enset fibers and giant reed stems [18]. The 3D representation shown in
the Fig. 3 (a) and (b) the yield obtained was 34.68-58.31%. The pulp yield significantly affected
by single factor as well as interaction effects. The standard deviation and CV (%) obtained for
yield of pulp were 0.1718 and 0.3803. The lower value of standard deviation and CV (%)
indicates that all values obtained during the experiment are cloth the mean obtained from all data.
The value of CV (%) is less than one indicates that the standard deviation value is less than that
of the mean [27]. The sum of square values and F-values for temperature, ethanol concentration,
alkali charges, and pulping time were shown in Table 8. The temperature had the most significant
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effects on the yield it’s F-value was 4903.99, followed by ethanol concentration, pulping time
and active alkali charges ( see Table 8). The higher value of sum of square and F-value indicates
that factors affects the response higher than the lower value of sum of square and F-value [28].

Kappa number

Kappa number shows the content of lignin or the ability of the pulp to bleach. Its value is
ranged from 1 to 100 [29]. For this study the kappa number obtained from Grevillea robusta was
11.2-18.9 from Table 7. This pulps kappa number obtained from Grevillea robusta was
comparable with the kappa number obtained by ethanol-alkali pulp from bamboo species
(Yushania alpine) that ranged from 11.3-17.3 Aklilu, [15], also compared with bamboo pulp
kappa number ranged from 11to 20 lies in the accepted limits of ethanol-alkali pulping that
obtained by Neiva et al., [14]. Kappa number for this study was less than that of Eucalyptus
globulus from wood that was ranged 8.8-51.1 and from bark was 10.9-63.4 that suggested by
Neiva et al., [14]. The actual versus predicted values for kappa number was shown in Fig. 1(b).
The actual results were plotted on a 45 ° line, whose values was arranged on inclined straight
line, starting from the origin. Its acquired R? value was 0.998. From equation 5 the kappa number
has inverse relationship with temperature, ethanol concentration, active alkali, and pulping time.
When temperature, ethanol concentration, active alkali, and pulping time were increased the
kappa number was decrease and vice versa. The 3D representation of kappa number in Fig. 4 (a)
and (b) the results obtained in 3D was ranged from 11.2-18.9. The kappa number most
significantly affected by temperature that means its F-value was 5877.00, and then followed by
pulping time, alkali charges, and ethanol concentration( see table 8). Its standard deviation and
coefficients of variation for kappa number obtained were 0.092 and 0.607 this shows a fewer
variability of the results obtained( see Table 9).

Brightness of the pulp

The actual versus predicted values for brightness is shown in Fig. 2(a). The actual value
was dotted along the predicted value of straight line. For the brightness the R? value was 0.993,
it suggesting a good correlation between the predictors and the actual variable [30]. From
equation (6) the brightness of pulp has inverse relation with temperature, ethanol concentration,
and alkali charges but it has direct relationship with the pulping time. When temperature, ethanol
concentration, and alkali charges increase above certain point the brightness of the pulp was
decrease whereas the cooking time increase the brightness of the pulp was increase. From Table
8 the p-value (p <0.0001) for all single factor that is less than the level of significance that is 0.05.
From the F-value the pulping time has the most significant effects on the brightness of the pulp,
followed by alkali charges, ethanol concentration, and temperature(see Table 8). The 3D
representation of brightness was shown in Fig. 5 (a) and (b). The maximum brightness obtained
was 72.49%. the maximum results was obtained at temperature of 160°C, ethanol concentration
of 45%, and alkali charges of 15%, and pulping time of 130 min. The experimental results from
Table 7 the brightness obtained was 45.56-72.49%. The brightness obtained from this study has
comparable results with the pulp produced from ethanol-alkali delignification from bamboo
species especial from Yushania alpine 45.3-68.3% reported by Aklilu, [15], also comparable
results with eucalypt pulps brightness that ranged from 67-70% reported by Vazquez et al., [31].
Pulp brightness obtained in this study was greater than the brightness analyzed from giant reed
stems ranged from 21.44-58.3% that performed by Shatalov and Pereira, [25]. The brightness
obtained from G. robusta was less than the brightness obtained from E. ventricosum ranged from
46.9- 74.6% that were done by Berhanu et al., [18].

Whiteness of the pulp

The predicted and actual value of whiteness of the pulp was shown in Fig. 2(b). The R?
(coefficients of determination) was 0.998. This signifies that the experimental results and
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predicted values are fitted well. From Table 8 the p-values for all single factor was less than
0.0001 this indicates that temperature, ethanol concentration, and alkali charges, and pulping time
has significant effects on the whiteness of the pulp. The whiteness of the pulp has a positive
relationship with temperature, alkali charges and pulping time as shown from equation (7), that
implies that one of the variables increased from those variable was increase the whiteness of the
pulp. But for ethanol concentration, the reverse was true. The 3D representation of whiteness in
the Fig. 6, the obtained results was ranged from 15.78-37.18%. The maximum result obtained
was 37.18%. This maximum result of whiteness was obtained at temperature of 200°C, ethanol
concentration of 45%, and alkali charges of 15%, and pulping time of 130 min. The whiteness of
the pulp obtained from E. ventricosum ranged from -1.3-62 was greater than the yield obtained
from G. robusta suggested by Berhanu et al., [18]. The standard deviation and CV% obtained for
whiteness was very low which signifies 0.2106 and 0.7934 respectively.

Optimization process variable and the responses

From Table 10 the optimized results for all process variables such as temperature, ethanol
concentration, alkali charges, and pulping time were 159.73, 41.17, 16.79, and 132.26
respectively. At these process variables the optimum yields obtained was 57.79, the optimum
kappa number obtained was 18.48, the optimum brightness obtained was 71.30, and the optimum
whiteness obtained was 28.46. From Fig. 7 the desirability of each parameter and responses were
obtained. The desirability for all process variables such as temperature, ethanol concentration,
alkali charges, and pulping time were one. But desirability for yield of pulp, kappa number,
brightness and whiteness were 0.978, 0.946, 0.957 and 0.592 respectively. The yields of pulp,
kappa number, brightness have a good desirability but whiteness has a desirability of satisfactory.
But the combined desirability for all factors was 0.85 that is a good desirability.

Table 10. Optimization process variable as well as responses of pulp

No. Independent variables Dependent variable
Temperature Eththanol Alkali Pulping Yield Kappa Brightness Whiteness
Concentration  Concentration Time Number
1 159.73 41.17 16.79 132.26  57.79 18.48 71.30 28.46
Desirability

ATemperature
B:Ethanol Concentration
CiAlkali Concentration
D:Cooking Time

Yield 978085

Kappa number .oh6258
Brightness 257401

whiteness

Combined

0.000 0.250 0.500 0.750 1.000

Solution 1 out of 1

Fig. 7. The Desirability of optimized process variable, responses and combined desirability
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Pulp and paper characterization

Before the pulp and paper characterization the pulp and paper was bleached by using
different reagents [32]. There are three simple stage such as H>O, sequential treatments, QPPP
methods of treatments like Q-chelating treatment and P-hydrogen peroxide the consecutive
bleaching methods without considering oxygen pre-delignification of pulp bleaching. Those three
stages were used to bleach the pulp and paper obtained. The ash content paper implies that there
may be the residue of chemicals left during manufacturing, at a time of transporting the raw
material, pulp through pipe and machinery. The pulp produced from G. rubusta was characterized
by physical, chemical and mechanical perspective. Properties of paper like the pulps gamma,
thickness, burst, tensile, tear, ash content, copper number, pentose, hydrochloric acid solubility,
hydrofluoric acid solubility, denier, tenacity for both wet and conditioned were tasted( see Table
11). From Table 11 the physical characterization obtained results for Grammage was 65.41 g/m?,
and thickness was 0.14 that is comparable results reported by Aklilu [15]. The chemical properties
for pulp produced were ash content 0.041, hydrochloric acid solubility was 102 ppm, hydrofluoric
acid solubility was 43 ppm, and pentose was 2.01%. The mechanical properties of pulp and paper
was characterized denier was 1.43 g/den , tenacity for both wet and conditioned werel.28, and
2.26 respectively. In addition to this mechanical properties like burst, tensile, and tear were
characterized its value were 4.6, 49.73, and 13.4 respectively.

Table 11. Produced pulp characterization

Test type conducted Units used for measurement Obtained results
Chemical properties

Ash content % 0.041
hydrochloric acid solubility Ppm 102
hydrofluoric acid solubility Ppm 43
copper number, Ppm 0.36
Pentose % 2.01
Physical properties

Grammage g/m?2 65.41
Thickness Mm 0.14
Mechanical properties

Denier g/den 143
Tenacity

Wet g/den 1.28
Conditioned g/den 2.26
Burst kPa m? 4.6
Tensile kN m/kg 49.73
Tear N m?/kg 13.4

This property like burst, tensile, and tear characterized was comparable result that reported
by Neiva et al., [33].

Conclusion

The higher pulp yield was obtained from G. robusta by combining various parameters.
The response surface methodology, that is central composite design was used in evaluating the
interaction effects of all parameters. For yield, kappa number and brightness, the quadratic model
was used, while for whiteness, the linear model was used to evaluate the results. The temperature
has the most significant effects on the yield and kappa number of the pulp. Beside, the most
significant effects was the pulping time for brightness and and concentration of alkali for
whiteness. The optimum yield, kappa number, brightness, and whiteness were 57.79%, 18.48,
71.30%, and 28.46% respectively. These optimum results were obtained at 159.73°C, 41.17%,
16.79 %, and 132.26 minutes respectively. For this analysis desired outcome of combined
desirability was 0.85. The pulp and paper produced was characterized by physical properties,
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mechanical properties and chemical properties. The most common physical properties like
grammage and thickness was characterized, its value was 65.41 g/m? and 0.14 mm respectively.
Mechanical properties like burst, tensile, tear, and tenacity for both wet and conditioned were
determined and its value were 4.6 kPa m?, 49.73 kN m/kg, 13.4 N m?/kg, 1.28 g/den, and 2.26
g/den respectively. Characterization of pulp and paper was comparable to the different studies
conducted earlier.
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