JURNAL SAINS MATERI INDONESIA (JUSAMI)

ISSN: 1411-1098 (print), 2614-087X (online) - I ' E;- ll'l

VOL. 24, ISSUE 2, 2023 _ - -
DOI: 10.55981/jsmi.2023.763 Jurnal Sains Materi Indonesia

ORIGINAL ARTICLE

Blending Process of Cellulose Nanofiber/Polyvinyl Alcohol (NFC/PVA) For Paper
Coating Application

N. M. Sudri*, Aniek Sri Handayani2®, Ratnawati?, A. A. Septevani®, M. E. Puspita4, Y. A. Husnil2, Y. Arifin5, A. N. Syabila2, and M. R.
Z. Qois’

"Industrial Engineering Study Program, Institut Teknologi Indonesia, Indonesia
2 Chemical Engineering Study Program, Institut Teknologi Indonesia, Indonesia
3Badan Riset dan Inovasi Nasional (BRIN), Indonesia

4Management Study Program, Institut Teknologi Indonesia, Indonesia

5PT Bukit Muria Jaya, Indonesia

ABSTRACT - This paper describes how to make films using polyvinyl alcohol (PVA) and  ARTICLE HISTORY
nanofiber cellulose (NFC). In this study, different NFC and PVA ratios were varied. To achieve ideal
condition during the film making process, several characteristics, including as density and viscosity,
have been investigated using Taguchi method. The results showed two main outcomes. To obtain
optimal viscosity, the NFC/PVA ratio factor is 5/95, the volume/volume ratio is 10%, and the
sonication time is 7 minutes. For optimal density, several conditions can be used, including a
NFC/PVA ratio of 10/90, volume/volume ratio of 3%, and a sonication time of 5 minutes. The KEYWORDS
experimental results confirmed the average viscosity response of 129.99 + 13.33 and the S/N ratio  Experimental design
of -42.64 + 0.56. The experimental results of the Taguchi method were -42.64 + 0.56 and the SIN  viscosity

ratio was -42.92 + 0.67. Meanwhile, the response data for the Taguchi methodal density averaged Density

at 1.042 £ 0.013 and the S/N ratio was -0.365 £ 0.104. For the results of the experimental condition ~ Efficiency

were 1.126 + 0.015 and the S/N ratio of -1.031 £ 0.124.From these data, it can be concluded that ~ Taguchi method
there is an increase in the average and variability which indicates that the blending process is

getting better with the use of NFC.
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INTRODUCTION

The government's commitment through the Coordinating Ministry for Maritime Affairs and Investment of the
Republic of Indonesia in the 2030 Sustainable Roadmap is getting a target for reducing 70% of plastic waste in 2025
and reaching net zero in 2040. In 2021, Indonesian Statistic Bureau (BPS) reports that Indonesia produces 66 million
tons of plastic waste and 9 out of 10 garbage found in the oceans is food and beverage packaging waste. Packaging has
a 5-10% of product value and generates 40% of household waste. The problem is then created. The use of food
packaging made from plastic makes issues in waste that are difficult to degrade. An 80% of plastic ends up in the soil
and causes environmental problems. The challenge is raising the use of environmentally friendly materials in packaging
which has characteristics like fossil packaging. However, the use of that materials has a limitation in the mechanical and
barrier properties. The use of biopolymers as a food packaging material is constrained by costs and low characteristics
and cannot be compared with materials from fossils.

Nanocellulose has been developed as a cheap and environmentally friendly material which has been tested and
proven to be used as a gas and moisture barrier. Due to the merits possessed by cellulose, it increases the use of this
type of material, including its effectiveness in the specific surface area and strong hydrogen bonds. Thus, this makes it
difficult for cellulose to be passed by other molecules. This property makes cellulose a potential barrier to gas and water
vapor in packaging. Nanocellulose can be classified as Nanofiber cellulose (NFC) or Nanocrystal Cellulose (NCC).
NFC has diameter particle between 20 and 50nm and length between 500 and 2000nm, while NCC has short stick-
shaped crystalline nanoparticles with a diameter ranging from 5 to 50 nm and a length between 100 and 500 nm [1].
Nanocrystal cellulose (NCC) has high crystallinity, causing the density on the surface of the paper to be small.
Nevertheless, NCC still has weaknesses in surface bonding with paper. The strength of paper depends mainly on the
strength of the fibers themselves, fiber length, fiber orientation distribution, contact area between fibers, and the
strength and number of hydrogen bonds in the matrix. NFC generally achieves its function for the strength enhancement
of paper by increasing the bonding area of the sheet [2]. Nano fibrillated cellulose (NFC), commonly obtained by
mechanical treatment, presents an entangled network structure with flexible, longer, and wide nanofibers [3] Hence,
another natural polymer matrix is required to cover these weaknesses, such as polyvinyl alcohol (PVA). PVA is a
natural polymer derived from environmentally friendly vinyl acetate. PVA is an ideal polymer to be composed/blended
with NFC as their hydrophilic nature due to the presence of OH group and PVA can form hydrogen bonds with NFC
due to the presence of (—OH)/alcoholic group [4].
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NFC/PVA film is a product created as a paper coating material or as a liquid coater to be applied to paper media
(paper coating) [1]. In the blending process in producing NFC/PVA solutions, which will later be used as paper
coatings or as a coater liquid to be applied to paper surfaces, manufacturers certainly expect to reach efficiencies in the
NFC or PVA usage as a raw material. To achieve efficiency in the use of these raw materials, the viscosity and density
levels must be as minimal as possible yet still fulfill the requirements. This can be done by looking for several factors
which affect the viscosity and density. In previous study conducted by Ratnawati et al., the viscosity of NFC/PVA
nanocomposite was 32.55cp for PVA 10% and NFC 2% [5]. NFC/PVA film is a product created as a paper coating
material or as a liquid coater to be applied to paper media (paper coating) [1]. In the blending process in producing
NFC/PVA solutions, which will later be used as paper coatings or as a coater liquid to be applied to paper surfaces,
manufacturers certainly expect to reach efficiencies in the NFC or PVA usage as a raw material. To achieve efficiency
in the use of these raw materials, the viscosity and density levels must be as minimal as possible yet still fulfill the
requirements. This can be done by looking for several factors which affect the viscosity and density [6]. Thus, the
blending process can be more optimal according to the optimum viscosity and density, including with the experiment
using the Taguchi method [7].

This study is to utilize the Taguchi method and varied several controlling parameters to discover the dominating
factors as well as determine the optimal combination of the parameters to achieve optimum results supported by
experimental and statistical analyses [8].

EXPERIMENTAL METHOD
Materials and Instruments

In producing NFC/PVA film, natural raw materials were used, such as microfiber cellulose (MFC) from empty palm
oil bunches [9]. MFC was converted into NFC with physical treatment. The other ingredients were polyvinyl alcohol
(PVA) and ultrapure water. The equipment used for producing this product included IKA T25 Digital Ultra Turrax,
IKA C-MAG HS7 Hotplate Stirrer, Hielscher UP400St, HAAKE Viscosimeter 6 plus, pycnometer, thermometer,
stopwatch, and coating tools.

TAGUCHI EXPERIMENT PLANNING

DEFINE RESPONSE VARIABLES, FREE
VARIABLES,NOISE FACTOR, AND CONTROLFACTOR

CALCULATE THE DEGREE OF FREEDOM

ORTHOGONALARRAY DETERMINATION

IMPLEMENTATION OF THE TAGUCHI EXPERIMENT

CREATE MAIN EFFECT GRAPH

CALCULATE ANALYSIS OF VARIANCE (ANOVA)

SETTING PARAMETER DETERMINATION

CALCULATE CONFIDENCE INTERVAL

CONDUCTING CONFIRMATION EXPERIMENTS

Figure 1. Design of experiment Taguchi method flow chart

Method and Procedure

Design of Experiment (DOE) is a test which is widely used to design an experiment to find out the response and
characteristics of a factor to the tester's variables. The number of tests to be performed is optimized by DOE, in addition
to establishes a connection between independent variables and the empirical model and, in the end, yields the
experimental data's optimum responses [10]. The experimental design of the Taguchi method is a method in which
quality is measured based on the deviation of the characteristic against its target value [11]. The Taguchi method is a
technique used by the engineer for improving productivity during the development stage. Thus, the quality of the
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product or experiment can be produced rapidly at an optimal cost [12]. In this study, Taguchi method is used in the
blending process. The blending process (using IKA C-MAG HS7 Hotplate Stirrer tool) is one of the stages in the
manufacture of NFC Film products, where PVA and NFC solutions were mixed to become a coater liquid. This
experimental design was carried out to optimize the level of viscosity and density (viscosity measurement using the
HAAKE Viscosimeter 6 plus tool and density measurement using a pycnometer).

The process flow in this study is represented in Figure 1. The initial stages, include determining the response
variables, noise factors, and control factors, then calculating the degrees of freedom, and choosing an orthogonal
matrix. After the initial stage, experiments with the Taguchi method were carried out through a blending process
between NFC/PVA. The experimental data (viscosity and density data) were processed statistically, in the form of
average values, S/N ratios, main effects, and analysis of variance (ANOVA). ANOVA is used when obtaining the result
of the F-ratio value of each factor. It is necessary to test the hypothesis to determine whether these factors affect the
viscosity and density or not [13]. In the ANOVA calculation, if F counts are greater than the F table, then the
independent variable affects the control variable. However, if the F count is smaller than the F table, the independent
variable has no significant influence on the control variable. The final stage is to calculate the percentage contribution
for determining the optimal of parameter settings, confidence intervals, and the test confirmation stage.

In this study, the response variables were viscosity and density in the NFC/PVA solution. For the noise factor, it is
necessary to carry out a compositional analysis to find out whether there are metal elements or other materials. Table 1
is the setting of the current conditions used in the blending process for the making NFC/PVA solutions.

Table 1. Control factors of the initial conditions of the blending process

Parameter Code Factor Settings

NFC 5

A — —
PVA 95
Vi

B AL 3%
VPVA

C Temperature 50°C

D Sonication time 5 minutes

To determine variations in level settings, the NFC/PVA ratio, volume/volume ratio, and sonication time were
determined, while the temperature was not varied and was set at 50°C (see Table 2) [14].

Table 2. Setting the Taguchi parameter of the blending stage

Parameter code Factor Level 1 Level 2 Level 3
A NFC 20 5 10
PVA 20 95 90
Vi
B S 3% 5% 10%
VPD’A
C Sonication Time 5 minutes 7 minutes 10 minutes

The degrees of freedom are calculated to determine the orthogonal array as a determinant of the number of
experimental designs [15]. In this study, 6 degrees of freedom are tested using the formula Vs = (number of levels-1).
Based on the results of the degree of freedom, the orthogonal array chosen was Lo with Lo(3%) [13]. To create
orthogonal array L(3%) use Minitab 19 software. The selection of the orthogonal array is presented in Table 3.

Table 3. Orthogonal arrays

Factor
Experiment A B C
Number NFC Vare Sonication
PVA Vova time
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
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The next step is calculating the confidence interval. Which serves to find out the highest and lowest values where
the average value and the S/N ratio are correct to cover a certain percentage of confidence. The calculation of the
confidence interval on the mean value and the S/N ratio for the viscosity and density response data is presented as
follows. The variables used are [16]:

(1) Calculating Predictions. The calculations are in the following:

(i) Predicted average value for the viscosity response data: 7 + ( A2 — ¥) + - + - (B37)(C2¥) 1)
(ii) Predictability values for viscosity response data: ¥ + ( 42 — ¥ ) + - + - (B3¥)(C2¥) (2)
(iii) Predicted average values for density response data: ¥ + ( A3 — ) + - + - (B1y)(C1y) (3)
(iv)Predicted variability values for density response data: 7 + ( A3 — ) + - + - (B1y)(C1y) (4)

(2) Calculate the Prediction of Confidence Intervals using the following Equations and Variables:
(i) Nesr is the Number of effective observations.
_ number of experiment

(ii) DoF is the Degree of Freedom, calculated using Nes = 1+ number of DoF Q)

(iii) Cl is the Confidence Interval

1
Neff

(iv)MSe is the Mean Squared Error, calculated using Cl = JF(O,US; 2;6) x MSe x (6)

RESULTS AND DISCUSSION

In the first step, the NFC/PV A blending experimental data was already obtained from the experiments which have
been carried out. In this experiment, only 1 replication is used due to raw material limitations. The data will be averaged
and calculated the S/N Ratio. Signal-to-noise ratios is the key technologies utilized in resilient design. A set of well-
balanced tests using the signal to noise ratio, which is a log function of the desired output and emphasizes variation in
quality measurements, allows for simultaneous consideration of numerous design parameters [17].Following the
orthogonal array of 9 experiments, the implementation of the Taguchi method was carried out according to the
combination of the predetermined level. Data from Taguchi method were processed to calculate the mean and the S/N
ratio. The following is a calculation table for the viscosity and density response data presented in Table 4 and Table 5.

The S/N Ratio formula used S/N Ratio =-10 log (iﬁ,ft:ly?). @)

Table 4. Recapitulation of mean value calculation and S/N ratio value for viscosity response data

Experiment Number Viscosity Mean  S/N ratio
1 330 330 -50.37
2 310 310 -49.83
3 340 340 -50.63
4 160 160 -44.08
5 160 160 -44.08
6 140 140 -42.92
7 230 230 -47.23
8 200 200 -46.02
9 170 170 -44.61

Sum 2040 -419.78
Average 226.67 -46.64

The average result from the viscosity response data according to the calculation was 226.67, while the S/N ratio
result was -46.64. The average result from the density response data, from 9 experiments according to the calculation,
was 1.058, while for the mean of S/N ratio result, was -0.486. Furthermore, the main effect curve based on the mean
value is created and presented in Table 4. For the viscosity and density response, data are presented in Figure 1 and
Figure 2. The main effect curve serves to determine the magnitude of the influence of each level from each factor on the
response variable. The two main effect curves can be tabulated into the response table, as shown in Table 6 and Table 7.
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Experiment Number

Table 5. Recapitulation of mean value calculation and S/N ratio value for density response data

Density Mean  S/N ratio
1 1.044 1.044 -0.374
2 1.066 1.066 -0.555
3 1.068 1.068 -0.571
4 1.074 1.074 -0.62
5 1.056 1.056 -0.473
6 1.054 1.054 -0.457
7 1.052 1.052 -0.44
8 1.05 1.05 -0.424
9 1.054 1.054 -0.457
Sum 9.518 -4.372
Average 1.058 -0.486
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Figure 2. Main effect graph for the average values of viscosity
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Table 6. The average response of the viscosity of the NFC/PVA solution to the factor
Mean

A B C
Level 1  326.67 240.00 223.33

Level 2 153.33 223.33  213.33
Level 3 200.00 216.67 243.33

Based on the Table 6, this experiment refers to the use of smaller is achieving better results. The reason for using
the smaller characteristics is to save NFC raw materials. The success in obtaining the minimum viscosity and density
values will less the use of NFC raw materials. It leads to choose the smallest average viscosity level of each factor. The
optimal rate of each factor is the point that has the smallest value [18], [19]. The red circle on Figure 2 and Figure 3
show the chosen minimum point since it is the smallest value of each factor. For the optimal level viscosity response
data, several points are obtained:

Q) factor A is level 2, which is 153.33.
(ii) factor B is level 3, which is 216.67.
(iii) factor C is level 2, which is 213.33.

Data in Table 6 will be used to carry out confirmation experiments and obtain the lowest viscosity value. If a
combination of each level of factors is used, it will be able to reduce the viscosity level.

Table 7. The average response of NFC/PVA solution density to factors
Mean

A B C
Level 1 1.0593 1.0567 1.0493
Level 2 1.0613 1.0573 1.0647
Level 3 1.0520 1.0587 1.0587

Based on Table 7, this experiment refers to smaller is better, which leads in choosing the smallest average density
level of each factor. The optimal rate of each factor is the point that has the smallest value [20]. The red circle on the
Figure 4 and Figure 5 show the chosen minimum point since it is the smallest value of each factor. For the density
response data, the optimal level for factor A is level 3, which is 1.0520. For factor B, the optimal level is 1, which is
1.0567. For factor C, it is level 1, which is 1.0493. In addition, the chosen data in Table 7 will be used to confirm the
experiments to obtain the lowest density value. If a combination of each level of factors is used as in the Table 7, it is
predicted that it will be able to reduce the density level.

For the main effect graphs made based on the data in Table 5 for viscosity response data, the main effect graphs
based on the S/ N ratio value can be presented in Figure 3 and Figure 4 as follows.
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Figure 4. Main effect graph for S/N ratio values of viscosity data
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Figure 5. Main effect graph for S/N ratio value density data

The two main effect graphs on Figure 5 and Figure 6 can be tabulated into the table, as can be depicted in Table 8
and Table 9 below.

Table 8. The S/N ratio of the viscosity of the NFC/PVA solution to the factor
S/N Ratio

A B C
Level 1 -50.28 -47.23 -46.44
Level 2 -43.70 -46.64 -46.17
Level 3 -45.95 -46.05 -47.32

Based on Table 8, the results of the influence of factors and levels used in the experiment can be obtained on the
variability of the density of the NFC/PVA solution. This experiment refers to smaller is better which means it is getting
lower, while the point that occupies the highest position on the graph in Figure 4 and Figure 5 [21] is the lowest value
of the main effect S/N ratio and also the chosen point. The selection of this point is to select the minimum level of each
factor. The optimal viscosity level response data at factor A is level 2 which is -43.70, at factor B is level 3 which is -
46.05, and at factor C is level 2 which is -46.17. Furthermore, data in bold will be used to confirm the experiments to
obtain the lowest viscosity value. If a combination of each level of factors is used as in the table above, it is predicted
that it will be able to reduce the viscosity level.

Table 9. Response of S/N ratio density of NFC/PVA solution to factor
S/N Ratio

A B C

Levell  -05002 -0.4781 -0.4182

Level2 05167  -0.4841 -0.5440
Level 3 -0.4403  -0.4950 -0.4950

Based on Table 9, is the lowest value of the main effect S/N ratio and is also the chosen point. The selection of this
point is to select the minimum level of each factor [22] For the density response data, the optimal level for factor A is
level 3 which is -0.4403, for factor B is level 1 which is -0.4781, and for factor C is level 1 which is -0.4182. Next, data
in bold will be used to confirm the experiments to obtain the lowest density value. If a combination of each level of
factors is used as in the table above, it is predicted that it will be able to reduce the density level [23].

Analysis of Variance (ANOVA)

After understanding the level combination of factors, the data were processed using the ANOVA. Analysis of
ANOVA is a multivariate analysis technique which serves to distinguish the average of more than two groups of data
by comparing their variance [20]. The ANOVA calculation functions to analyse the contribution between variables.
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Thus, the accuracy of the model estimates can be determined. Furthermore, after conducting ANOVA, hypothesis
testing was carried out to prove that there was a significant influence of all factors on the observed response variables.
The following is the processing of data with ANOVA against the average value for viscosity and density response data.
The data used for processing ANOV A analysis comes from Table 4 and Table 5 and the results were presented in Table
10 and Table 11.

Table 10. ANOVA results for mean values in viscosity response data
Source DS SS MS F-ratio

A 2 48267 24133 543
B 2 867 433 9.75
C 2 1400 700 15.75

Error 6 267 444
Entire 12 50800

Table 11. ANOVA results for mean value in density response data

Source DF SS MS F-ratio
A 2 0.000145 0.000072 1.804
B 2 0.000006 0.000003 0.077
C 2 0.000358 0.000179 4.461

Error 6 0.000241 0.000040
Entire 12 0.000750

Before the hypothesis test was carried out, it is necessary to understand the F table and compared it with the
calculated F-ratio. Based on the definition, Ho = Factor which has no effect on the response variable. Meanwhile, Ha =
Factors influencing the response variable. According to the F test, if F < F in the table (V1, V>) is calculated, Ho is
accepted and the Ha is rejected. On the other hand, if F > F table (V1, V>) is taken, Ho is rejected and Ha is accepted.

In this study, the assumption of the alpha (a)) value of 5% (or o = 0.05) was used. This calculation receives only
5% of the possible error. V1 had 2 of the free variable value minus one and V;had 6 since the error was calculated with
6 degrees of freedom [24]. Therefore, the F table is 5.14. The comparison of the F-ratio with the F table and hypothesis
test results is in the following:

(i) Factor A: F-ratio (5.43) > 5.14. Thus, Ho is rejected, and Ha is accepted.
(if) Factor B: F-ratio (9.75) > 5.14. Thus, Ho is rejected, and Ha is accepted.
(iii) Factor C: F-ratio (15.75) > 5.14. Thus, Ho is rejected, and Ha is accepted.
From the above calculation, it can be concluded that factors A, B, and C have a significant effect on the percentage of
viscosity of NFC/PVA solutions. For the density response data, the comparison of F-ratios with the F table and
hypothesis test results are as follows.
(i) Factor A: F-ratio (1.804) < 5.14. Thus, Ho is accepted, and Ha is rejected.
(ii) Factor B: F-ratio (0.077) <5.14. Thus, Ho is accepted, and Ha is rejected.
(iif) Factor C: F-ratio (4.461) < 5.14. Thus, Ho is accepted, and Ha is rejected.
By the above results, it can be stated that factors A, B, and C have no significant effect on the percentage of the density
of NFC/PVA solutions.
Table 12. ANOVA results for S/N ratio variant value in viscosity response data

Source DS SS MS  F-ratio
A 2 67.07 3353 430.83
B 2 207 1.04 1331
C 2 215 1.07 13.79

Error 6 0.47 0.08

Entire 12 7175

Table 13. ANOVA results for S/N ratio variant values in density response data

Source DS SS MS F-ratio
A 2 0.0097 0.0049 1.802
B 2 0.0004 0.0002 0.082
C 2 0.0241 0.0121 4.481

Error 6 0.0162  0.0027
Entire 12 0.0504
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The following is the data processing with ANOVA on the variant value of the S/N ratio for viscosity and density
response data. The data used for processing using ANOVA comes from Table 4 and Table 5 and the results were
presented in Table 12 and Table 13.

The comparison of the F-ratio with the F table and hypothesis test results for viscosity response data is in the

following:

Q) Factor A: F-ratio (430.83) > 5.14. Thus, Ho is rejected, and Ha is accepted.
(i) Factor B: F-ratio (13.31) > 5.14. Thus, Ho is rejected, and Ha is accepted.
(iii) Factor C: F-ratio (13.79) > 5.14. Thus, Ho is rejected, and Ha is accepted.

Thus, it can be concluded that factors A, B, and C have a significant effect on the percentage of viscosity of NFC/PVA
solutions in terms of the value of the S/N Ratio.
For the density response data, the comparison of F-ratios with the F table and hypothesis test results are as follows:

(M Factor A: F-ratio (1.802) < 5.14. Thus, Ho is accepted, and Ha is rejected.
(i) Factor B: F-ratio (0.082) < 5.14. Thus, Ho is accepted, and Ha is rejected.
(iii) Factor C: F-ratio (4.481) < 5.14. Thus, Ho is accepted, and Ha is rejected.

Therefore, it can be concluded that factors Am B, and C have no significant effect on the percentage density of
NFC/PVA solutions in terms of the value of the S/N Ratio.

The next calculation is the percentage of contribution for the average value and S/N ratio of viscosity and density
response data. After the condition of the influential and significant factors has been known, it is necessary to determine
the percentage of contribution from each factor, namely factor A, B, and C. This calculation uses the results of data
processing from ANOVA. The calculation for the average value is below, where the viscosity and density response data
obtained comes from Table 10, Table 11, Table 12, and Table 13. The equation used for getting this matter is SS" factor
= S8S"a=SSa— (VaVe), where SS" factor or SS"A is the sum of the pure squares of factors and V factor is the degree of

freedom on factors. The equation to determine the % contribution p is p = S:;:::: X 100%.

Three sources of variation in the results are described in the other/error term in the last row of the ANOVA tables:
uncontrollable factors, factors that were not taken into account during the trials, and experimental error [25].

The percentage of contribution serves to find out how much the percentage of the contribution influences the
control factor on the response variable. The results of the percentage of contribution to the average value and S/N ratio
for viscosity and density response data are presented in Table 14.

Table 14. Contribution percentage results

Factor
Value Responses A B c
Average Viscosity  98.84%  1.53% 2.58%
J Density ~ 8.61% -9.87% 37.05%
. : A . >
S/N ratio  Viscosity  9325%  267%  2.77%

Density 8.56%  -9.81% 37.18%

After going through the previous stages, the setting parameters of the NFC/PVA ratio in the mixing
volume/volume ratio and the duration of the sonication time are determined (see Table 15). This stage is performed to
find out the parameters of the viscosity setting and density of the NFC/PVA solution for the efficiency of NFC raw
materials. The setting parameters for each factor in the viscosity and density response data are presented in Table 15.

Table 15. Blending process parameters

Parameter Factor Optimal Level Value
5
NFC/PVA ratio —
Viscosity . 95
Volume/volume ratio 10%
Sonication Time 7 minutes
. 10
NFC/PVA ratio —
Density . 90
Volume/volume ratio 3%
Sonication Time 5 minutes

The determination of the above parameters can minimize the level of viscosity and density to be more efficient in
the use of NFC raw materials during the blending process. The confidence interval is the highest and lowest value
where the average value and S/N ratio are correct and will be covered by a certain percentage of confidence [5]. The
calculation of the confidence interval at the average value and S/N ratio for viscosity and density response data can be
presented below. The variables used are:

(3) Calculating Predictions. There are four types:
(i) Predicted the average value for the viscosity response data: 7 + ( A2 — 7) + - + - (B37)(C27)
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(i) Predictability values for viscosity response data: 7 + ( A2 — 7 ) + - + - (B3¥)(C2y)

(iii) Predicted average values for density response data: ¥ + ( A3 — ) + - + - (B1¥)(C1y)

(iv) Predicted variability values for density response data: 7 + ( A3 —7) + - + - (B1y)(C17)
(4) The Prediction of Confidence Interval with Equations and Variables used, respectively,

Ny = 2ummber of experiment oy ) — JF[0,0E; 2:6) x MSe X ——

1+ number of DoF Neff

Table 16 shows conclusions from the interpretation results of experiments which have been carried out for
viscosity and density response data.

Table 16. Prediction response results based on parameters for density response data

Responses  Value  Predictions Interval
. . Average 129.99 116.66 < p predictive < 143.32
Viscosity . -
S/N ratio -42.64 -43.2 < p predictive < -42.08
i Average 1.042 1.03 < p predictive < 1.06
Density . -
S/N ratio -0.365 -0.47 < p predictive < -0.26

The results of the average value confidence interval and S/N ratio in this viscosity and density response data will
later be used for the validity of the optimal level value at the time of confirmation of the experiment.

Confirmation of the experiment is the final stage in the Taguchi method. In this stage, an experiment was carried
out to verify the conjecture in the determination of the experimental variables. The number of replications at the
confirmation stage of the experiment must be greater than the replication of experiments that have been carried out
previously. The results of the experimental confirmation of the viscosity and density response data are as follows.
Subsequently, the results of the experimental confirmation are used to calculate the confidence interval with the
equation 5 and 6.

Table 17. Result of experimental confirmation
Viscosity Level of Density Level of

Experiment Experimental Results Experimental Results
1 140 1.136
2 140 1.124
3 140 1.118
Mean 140 1.126
S/N ratio -42.92 -1.031

Based on the calculation of the confidence interval results at a 95% confidence level for the Taguchi method, it is
compared with the confidence interval in the confirmation experiment. The average in the confirmation experiment is at
the experiential confidence Taguchi. The results of the confidence interval are presented in Table 18.

Table 18. Interpretation of NFC/PVA solution viscosity level results

Experiment Value Unit Predictions Optimization

sy Tauineod e T 5% 198213
Viscosity Confirmation Experiments Vﬁ;/iz:)a;?iiy mggz ) 4124 32 }éogg i508g7
Density Tagachi metrod Vadbiny  gmL 0365 036520100
Density Confirmation Experiments V’z;/igrbai?iiy g;mt 11%2361 11%%3 i %01123

Based on the interpretation of the calculation results as in Table 18, the variability of value shows that the process
is running better since in the combination of confirmation experiments (optimal setting parameters), the average
viscosity value obtained is around 124 to 156 mpa’s , respectively. On the other hand, the average viscosity value in
combination of Taguchi methods is obtained around 117 to 144 mpas respectively. In the combination of confirmation
experiments (optimal setting parameters), the average density value obtained is around 1.11 to 1.14 g/mL per sample.
Meanwhile, the average viscosity value in combination of Taguchi method is obtained around 1,029 to 1,055 g/mL
reviewed to this increment is due to a combination of factor levels which results in optimal output since it minimizes the
viscosity and density of the NFC/PVA solution. Therefore, the optimal setting parameters which have been previously
determined are proven to be valid.
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CONCLUSION

Based on the research and data processing obtained results, for viscosity response data, the optimal setting
parameter is obtained at the NFC/PVA ratio factor of 5/95, the volume/volume ratio of 10, and the sonication time of 7
minutes. Whereas, for the density response data, the optimal setting parameters were obtained at the NFC/PVA ratio of
10/90, the volume/volume ratio of 3%, and the sonication time of 5 minutes. The experimental confirmation results
obtained for the Taguchi method for viscosity response data are 129.99 + 13.33 on the average value and -42.64 + 0.56
on the value of the S/N ratio. For the experimental results, the confirmation results are -42.64 + 0.56 on the average
value and -42.92 + 0.67 on the value of the S/N ratio. Meanwhile, the response data for the Taguchi method of density
is 1.042 + 0.013 at the average value and -0.365 = 0.104 at the S/N ratio value. The results of the confirmation
experiment are 1.126 + 0.015 on the average value and -1.031 £ 0.124 on the value of the S/N ratio. Based on the
results of the experimental confirmation, it can be stated that there is an increase in the mean and variability. This shows
that, if a combination of optimum parameters obtained from the calculation results is used, the efficiency of using nano
fiber cellulose (NFC) raw materials is likely to succeed in reducing the level of viscosity and density.

ACKNOWLEDGEMENT

This paper was funded by the Matching Fund (Kedaireka) program from the Ministry of Education and Culture,
Research and Technology 2022 No. 141/E1/KS.06.02.2022 and the cooperation of PT. Bukit Muria Jaya-1TI with
No.001/PICS/R-ITI/V1/2022.

REFERENCES

[1] L. Spagnuolo, R. D’Orsi, and A. Operamolla. “Nanocellulose for paper and textile coating: the importance of
surface chemistry.” ChemPIlusChem, vol. 87, no. 8, p. €202200204, 2022.

[2] A.Li, D. Xu, L. Luo, Y. Zhou, W. Yan, X. Leng, D. Dai, Y. Zhou, H. Ahmad, J. Rao, and M. Fan. “Overview of
nanocellulose as additives in paper processing and paper products.” Nanotechnology Reviews, vol. 10, no. 1, pp.
264-281, 2021.

[3] D. Trache, A. F. Tarchoun, M. Derradji, T. S. Hamidon, N. Masruchin, N. Brosse, and M. H. Hussin.
“Nanocellulose: From fundamentals to advanced applications,” Frontiers in Chemistry, vol. 8, 2020.

[4] Md. Nuruddin, R. A. Chowdhury, R. Szeto, J. Howarter, K. Erk, C. Szczepanski, J. P. Youngblood. “Structure—
property relationship of cellulose nanocrystal-polyvinyl alcohol thin films for high barrier coating applications.”
ACS Appl. Mater. Interfaces, vol. 13, no. 10, pp. 12472-12482, 2021.

[5] Ratnawati, A. A. Septevani, A. Nurul, Y. Arifin, and A. S. H. Handayani. “Synthesis and characterization of
cellulose nanofiber/poly-vinyl alcohol (CNF/PVA) nanocomposites for gas barrier applications in paper
packaging.” Materials Today: Proceedings, 2023.

[6] F. Handoko and Y. Yusuf. “Synthesis and physicochemical properties of poly(vinyl) alcohol nanocomposites
reinforced with nanocrystalline Cellulose from Tea (Camellia sinensis) waste.” Materials, vol. 14, no. 23, 2021.

[71 A. A. Almetwally. “Multi-objective optimization of woven fabric parameters using Taguchi—Grey relational
analysis.” Journal of Natural Fibers, vol. 17, no. 10, pp. 1468-1478, 2020.

[8] V. Ganesan and B. Kaliyamoorthy. “Utilization of Taguchi technique to enhance the interlaminar shear strength of
wood dust filled woven jute fiber reinforced polyester composites in cryogenic environment.” Journal of Natural
Fibers, vol. 19, no. 6, pp. 1990-2001, 2020.

[9]1 R. Tan, F. Li, Y. Zhang, Z. Yuan, X. Feng, W. Zhang, T. Liang, J. Cao, C. F. De Hoop, X. Peng, and X. Huang.
“High-performance Bio composite polyvinyl alcohol (PVA) films modified with cellulose nanocrystals (CNCs),
tannic acid (TA), and chitosan (CS) for food packaging.” Journal of Nanomaterials, vol. 2021, 2021.

[10] G. Cibilakshmi and J. Jegan. “A DOE approach to optimize the strength properties of concrete incorporated with
different ratios of PVA fibre and nano-Fe,O3” Advanced Composites Letter, vol. 29, pp. 1-9, 2020.

[11] Krisno, S. W. Rizki, and. H. Perdana. “Simulasi aplikasi desain taguchi tiga level dalam proses bubut mesin.”
Buletin llmiah Math. Stat. dan Terapannya (Bimaster), vol. 07, no. 4, pp. 289-294, 2018.

[12] D. Anggraini, S. K. Dewi, and T. E. Saputro. “Aplikasi metode Taguchi untuk menurunkan kecacatan pada produk
paving.,” Jurnal Teknik Industri, vol. 16, no. 1, pp. 1-9, 2015.

[13] A. Sutoni, W. Setyawan, and D. Gunawan. ‘“Penerapan metode Taguchi dalam interaksi komposisi batako pres
terhadap kualitas daya serap dan daya tekan batako.” J. Telemat, 2018.

[14] M. R. S. Sousa, J. Lora-Garcia, M. -F. Lopez-Perez, A. Santafe-Moros, and J. M. Gozalvez-Zafrilla. “Operating
conditions optimization via the Taguchi method to remove colloidal substances from recycled paper and cardboard
production wastewater.” Membranes, vol. 10, no. 8, p. 170, 2020.

115 https://ejournal.brin.go.id/jsmi <



N.M. Sudri et al. | Jurnal Sains Materi Indonesia | Vol. 24, Issue 2 (2023)

[15] I. Soejanto. Desain Eksperimen dengan Metode Taguchi Edisi Pertama. Yogyakarta: Graha llmu, 2009.

[16] N. D. Steenis, E. van Herpen, I. A. van der Lans, T. N. Ligthart, and H. C. M. van Trijp. “Consumer response to
packaging design: The role of packaging materials and graphics in sustainability perceptions and product
evaluations.” Journal of Cleaner Production, vol. 162, pp. 286-289, 2017.

[17] S. K. Jha. “PARAMETRIC OPTIMIZATION OF TURNING PROCESS USING TAGUCHI METHOD AND
ANOVA ANALYSIS.” International Journal of Advances in Engineering & Technology, vol. 9, no. 3, pp. 2896—
301, 2016.

[18] S. Athreya and Dr. Y. D. Venkatesh. “Application of Taguchi method for optimization of process parameters in
improving the surface roughness of lathe facing operation.” International Refereed Journal of Engineering and
Science (IRJES), vol. 1, no. 3, pp. 13-19, 2012,

[19] S. Sukarman and A. Abdulah. “Optimasi parameter resistance spot welding pada pengabungan baja electro-
galvanized menggunakan metode Taguchi.” Dinamika Teknik Mesin, vol. 11, no. 1, pp. 39-48, 2021.

[20] F. Rachman, T. A. Setiawan, B. W. Karuniawan, and R. A. Maya. “Penerapan metode Taguchi dalam optimasi
parameter pada proses electrical discharge machining (EDM).” J Statistika, vol. 12, no. 1, pp. 7-12, 20109.

[21] P. W. Anggoro. “Aplikasi DOE untuk menentukan setting parameter pada proses pembuatan produk roll.” Media
Statistika, vol. 5, no. 2, pp. 105-118, 2012.

[22] F. Rachman, B. Wiro K., T. A. Setiawan, and P. Nurkholies. “Penerapan metode Taguchi untuk optimasi setting
parameter CNC milling terhadap kekasaran permukaan material.” Jurnal Teknologi dan Rekayasa Manufaktur,
vol. 2, no. 2, pp. 49-60, 2020.

[23] L. O. Fagbolagun and S. A. Oke. “The optimization of packaging system process parameters using Taguchi
method.” International Journal of Industrial Engineering and Engineering Management (IJIEEM), vol. 2, no. 1,
2020.

[24] W. H. Chen, M. C. Uribe, E. E. Kwon, K. Y. A. Lin, Y. K. Park, L. Ding, and L. H. Saw. “A comprehensive
review of thermoelectric generation optimization by statistical approach: Taguchi method, analysis of variance
(ANOVA), and response surface methodology (RSM),” Renewable and Sustainable Energy Reviews, vol. 169, p.
112917, 2022.

[25] R. K. Roy, Design of Experiments using Taguchi Approach: 16 steps to Product and Process Improvement, New
York: John Wiley & Sons, Inc., 2001.

Copyright © 2023 Jusami | Indonesian Journal of Material Science. This article is open access
@ @@@ article distributed under the terms and conditions of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License (CC BY-NC-SA 4.0)

116 https://ejournal.brin.go.id/jsmi <



