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Abstract— Some outstanding features in the use of pervaporation technology are light, low maintenance, low energy consumption,
and eco-friendly. The optimization of membrane mechanical propertiesisvital to determine the strength of the membrane against the
force which comes from outside and is unfortunately destructive, one of which istensile strength. The purpose of this research isto
find out the best combination of alginate and chitosan concentration, which produces polyether sulfone-biopolymer based
pervaporation membrane with optimal tensile strength. Several membrane compositions have been prepared and varied in a way to
obtain optimal membranes. The modeling and optimization method, which was applied by the researcher is the Response Surface
M ethodology (RSM). In the Central Composite Design (CCD) design, the low level included for both factorsis 2% concentration, and
the high level is 4% concentration, with a total of 13 experimental designs. The result of the suggested model is a quadratic model.
While on the optimization result, the optimum solution result is from a combination of 3.25% alginate and 2.91% chitosan
concentration, which yield tensile strength value of 0.24 kgf/cm? with a desir ability value of 0.84. The validation results are withdrawn
from the three test samples resulted in an average tensile strength of 0.25 kgf/cm? wher e this value differed 1.2% from the predicted
results. The validation results are consider ed acceptable because the valueis still within the acceptable error threshold or below 5%.

Keywords— optimization; pervaporation membrane; response surface methodology; tensile strength.

fiber are widely used for gas separation [4], [5]. Alginate is a
I. INTRODUCTION hydrophilic ionic polymer, water-soluble and unstable in

Researchers continue to develop bioethanol for biofuels aqueous solutions. As a membrane, the alginate film coating

due to the abundant biomass availability as a raw material.'S C(_)n5|dered fragile and may decrease the flux if us_ed
[1]. Before it can be used, the process of separating anocontmuog_sly. Afterward, t_he chl_t_osan m_embrane has a high
purifying bioethanol are essential steps that must be passeff€'meability because of its ability to bind water and pass

because bioethanol as biofuel must have a purity of at Ieas?thanOI' despite some disanantages. Si.”.‘”af to alginates,
99.5%. The widely used technology at this stage is chitosan membranes are highly hydrophilic and can lose

conventional distillation [2]. Pervaporation (PV) is a stability in aqueous or acidic solution with a pH of 4, and

separation process using membranes with different pressurclé“"“’e Ic_)w mechanical str_engt.h.[6], [7]. Polyanionic alginate
from the driving force. The ability of pervaporation to and chitosan are polycationic; if they are dissolved under the

separate azeotropic mixture is considered simple without thefight conditions, they can interact with each other through
addition of chemicals [3]. the amino group chitosan [8]-{10]. _
Membrane technology can act as a unit of separation The subsequent development is based on a composite

operations on different types of substrates with different end membrane having a non-porous thin selective layer above

products. Membrane technology plays a role in the processthe surface of a porous support layer [11]. The composite

of gas separation because of several advantages offeredpe_mbrane fo_ers_high permeability and mechanical _strength,
including the use of lighter tools, lower maintenance, low While selectivity is determined by a non-porous thin layer

energy consumption, and low cost. Membranes made of[12]' [13]. Polyethgrsulfong (PES) is ;elected as membra}ne
polymers and copolymers in the form of flat film or hollow support because it has high mechanical strength, chemical
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and thermal selectivity, and excellent film formation [14]- tensile strength. The materials used in this study are as
[16]. The use of chitosan and alginate as a non-porous layefollows: 1) Polyethersulfone (PES): as the main material of
is based on its hydrophilic properties, good film adhesion the membrane where the PES membrane will be supporting.
capability, strong adhesion to support, biocompatibility, and PES used is a 3-mm white clear granule obtained from
its chemically modifiable nature due to amino-group goodfellow.com, United Kingdom; 2) Alginate: as a
chemicals in chitosan and amine groups in reactive alginatesfeedstock in which the alginate used is white powder sodium
Characterization of mechanical properties is essential toalginate; 3) Chitosan: as the raw material of the porous
determine the strength of the membrane against the forcenembrane. Chitosan used is a yellowish-white powder; 4)
which comes from outside, which is destructive to the Glacial acetic acid: as a chitosan solvent, where this acetic
membrane (tensile strength). Tensile strength is theacid has a concentration of 100%; and 5) N-Methyl-
maximum force that can be retained by the film during Pyrrolidone (NMP): as a solvent for making PES membrane.
measurement. Tensile strength is influenced by plastic The NMP used has a concentration of 99.5%.
material added in the film making process. i

Meanwhile, the elongation percentage during breaking isA- The Making of Porous Membranes
a change in the maximum length of the film before = The making of porous membranes used PES as the main
disconnection [17], [18]. Modeling is needed to explain the ingredient dissolved with NMP. The concentration used was
relationship between input and output, and optimization is 13% with 15 grams PES dissolved with 100 ml NMP. The
needed to get expected results that are the right combinatiosolution was homogenized with a magnetic stirrer for 3-4
of inputs to produce the optimal output [19]-[21]. hours or until homogeneous at room temperature. After
Optimization needs to be done to get the value of alginatereaching a homogeneous condition, the solution was printed
and chitosan concentration to produce the optimum tensileon a 9 x 13 cm glass plate. The molded solution was kept at
strength. Optimization with conventional methods takes aroom temperature for 24 hours for the coagulation process.
long time and is expensive [22]. In using conventional After the solution was left untreated, a solid membrane
methods in a one-time experiment, only one variable iswould form. The next process was continued by washing the
varied so that one variable with another is not known clearly. membrane with distilled water to remove the remaining
Each variable is assumed to be independent with each otheMP. A porous membrane had the potential to separate
therefore, a lot of gradual testing is considered important, molecules of similar size to each other. Separation occurs
and there were many variables involved in the study. Thethrough differences in solubility and diffusivity. This
optimization process normally takes a long time at a high membrane was used for pervaporation and gas separation.
cost [23]. Many researchers have conducted membranel' he non-porous membrane was less thamfin size.
?Sgﬂ;glﬁié&é'es by using response surface methodologyB' The Making of Selective Porous Membrane

Therefore, the optimization procedure can be conducted Selective porous membranes are made from a mixture of
easily by applying RSM (a model for studying the factors alginate and chitosan. The composition of the alginate
that affect the response simultaneously without many solution consists of 1 gram of alginate dissolved in
experiments). The optimization technique with RSM was 100 ml of distilled water. Subsequent alginate solution could
performed to get the best solution from a combination of Stay overnight to remove the froth in the solution.
variables such as alginate with chitosan concentration. InMeanwhile, for chitosan solution consists of 1 gram of
this research, PES polymers were used as the main rav¢hitosan dissolved with 98 ml of distilled water and 2 ml
material for pervaporation membrane makers with mixed glacial acetic acid. Alginate and chitosan solutions are then
alginate and chitosan coatings. Several membranemixed and are printed on a glass plate containing the PES
compositions have been prepared to obtain optimummembrane. The membrane can be said to be porous if it is
membrane surfaces. The use of an optimization method with0.1-10um in size and is commonly used for microfiltration
RSM is used to obtain an optimal concentration of alginate and ultrafiltration. The tested membranes are 27 pieces
and chitosan so that the membrane has optimal tensilevhere each membrane is printed on a glass plate (90 mm x
strength value. The purpose of this research is to model and20 mm). The membrane tensile strength measurement is
optimize the concentration of alginate and chitosan on thecarried out by clamping the membrane on both sides and is

tensile strength of the PES-alginate-chitosan membrane. ~ drawn to break with a certain tensile strength.
For the optimization process, the surface response

II. MATERIALS AND METHODS method is used with a Central Composite Design (CCD)

Thi h ducted in the Laborat fE ddesign with two factors. The two factors are alginate and
IS research was conducted n the Laboratory of F00d -yigsan  concentration presented by percent. Each

and _ Agricultural F_’roducts Prqcess_ing Technology, concentration used was 2% as low level and 4% as the
Department of Agnculturgl E_nglneerlng, Faculty (.)f highest level, presented in Table 1. The choice of low
Agricultural Technology, Universitas Brawijaya, Indonesia. concentration was 2%, and the high concentration was 4%

The tools _used in this study are as fOIIO\.NS: 1.) Magne_ztic because in the previous study the best membrane was
stirrer (Daihan Lab T_e(_:h): as a magnetic_stirrer during membrane having alginate and chitosan concentration
mixing and homogenizing mate.r|als, 3) D_|g|tal Scales respectively of 3% so that 3 is taken as the middle value
(Mettler PM460, The Netherlands): as a material mass 9aUg&: 1o the low value is the middle value -1 and the high

4) Glass plate: as a plate for casting; 5) Oven (MMM ; : - -
i ) value is the middle value +1. At this stage, the highest value
Medcenter / Ecocell 55): to dry the membrane; and 6) in the preliminary study is incorporated into the Design

Universal Testing Machine (Immada / ZP-200N): to test the
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Expert 10.0 software. A research treatment based on af 3%, which produces a tensile strength of 0.2875. In a
combination of CCD design is then performed. The result of study with alginate and chitosan concentrations of 3%, each
the tensile strength test of the membrane was inserted intmf column 9 to 13 yields tensile strengths ranging from
the response table resulting in the optimal value. RSM 0.2094-0.2875 kgf/cfa This occurs because the same
analyzed the best response model and generate the optimaloncentration of alginate and chitosan is 3%; thus, it

point of the response.

produces similar tensile strength value. The details of the
research results with RSM are presented in Table 2 below.

TABLE |
DESIGN OFCCD TABLE Il
Name of RESEARCH RESULT WITHRSM
. i i A +

concentration Unit | Low | High alpha alpha Coded Actual Response

Alginate o Alginate Chitosan Tensile
A concentration % 2 4 1.586 4.414 Sid X1 X2 Concentration | Concentration Strength

i (%) (%) (kgf/cm?)

B (C::r']té’;rirr‘aﬂon % |2 |4 1586| 4.414 —T—
1 | 1000 1.000 2 2 0.0406
C. Results of Strong Tensile Membrane Testing 2 | 1.000 1600 4 2 0.2158

Optimization - '

Characterization of mechanical properties needs to be 3 | 1.000 | 1090 2 4 0.1688
done to determine the strength of the membrane against4 | 1.000] 1.000 4 4 0.1625
forces that come from outside, which can damage thg 5 1"114 0.000 1.585 3 0.0188
mhemdprane. Th; closer thr:a memlbrar|1e st_ructrl]Jre, meat:ung thats T 72121 0.000 1414 3 0.0719
the distance between the molecules in the membrane fis_~" ' T - 3 1585 0.0781
tighter, having a strong tensile strength. The tensile strength 1414
of the membrane can be seen from the valueoati defined 8 | 0000 1414 3 4414 0.0094
as the strong value of strained membranes at breakirg9 0.000] 0.000 3 3 0.2281

ditions andStrokedefined as the strain strength at the 10 | 0.0001 0.009 3 3 0.2875
con ! 1€ g 11 | 0.000] 0.000 3 3 0.2094
time of brea_\klng condltlon_ possessed by the membrane [29]75 T 0.0001 0.000 3 3 0.2281
When testing the tensile strength of the membrang, 13 | 0.000{ 0.000 3 3 0.2375

elongation occurs, angtrength at brealappears, where the
formula is can be seen in equation 1 [30]:
_ Fv)
T Am?)

RSM analysis with CCD has several statistical models to
analyze the research data. The model offered is linear model
with the equation of Y 30 + B1X; + B2X,, two factor
interaction model (2FI) with equation of y 6 + p1X; +
B2X, + B3XX,, quadratic model with equation model of Y
= BO + B1Xy + P2X, + B3X42 + BAX, + P5X X, and the
@) cubic shape model. The model has selected that best suits the

optimum response based on the Sequential Model of Sum of

The elongation calculations are shown in equation 2. E isSquares, Lack of Fit Tests, and Model Summary Statistics.
elongation or Strain is formulated by an increase in length The sequential model sum of square suggests a quadratic
that occurs (dL) compared to the initial length (Lo). In model.
tensile strength testing, the membrane is clamped and is Meanwhile, the Cubic model is a model which is not
connected to a computer-style sensor; the pEs-A|ginate-rec0mmended with Aliased descriptions. The selection of
Chitosan Membrane tested has a dimension of 80 mm and &he appropriate Sequential Model Sum of Squares statistic
width of 40 mm. The tensile force has a direction from model has a p-value less than alpha (p <5%), which has the
bottom to top; the membrane layer is clamped with a sense the model has an error of less than 5%. The P-value on
clamping system on both sides of the width in opposite quadratic vs 2FI of 0.0183 is less than 0.05 or 5%. It can be
directions. said that the quadratic model is the best and is recommended.
The second model selection is the Lack of Fit Tests or
inaccuracy testing. The model is considered to be a
statistically insignificant model. The model's inaccuracy is
. : acceptable if the P-value is greater than 5% (P> 5%). Based
90 mm wide, and 3 mm thick. The use of the RSM method on the results, the best P-value suggested is 0.0253, where

in this research is to find out the optimum point on the h drati del hi | di h
tensile strength of the PES-alginate-chitosan membrane witht. € quadratic model owns this value. According to the
literature, the good P-value should be above 0.05, but since

two factors: alginate and chitosan concentration. Data on the ost of the P-value is 0.0253 and no other option is better,

research results are presented in Table 2. The result ofﬂe quadratic model can be suggested as the best one

tensile strength shows that the lowest value of tensHeACCording to Myers [32], the program still chooses the

strength is in column 8 with a concentration of alginate and .
chitosan are 3% and 4.414%, respectively, which yields quadrauc quel as the_recommended model because the
' ' ' cubic model is declaredliased or is not recommended by

0.0094 kgflcm. Then the highest tensile strength is on the the proaram. The cubic model is also less supportive of
10" column with the concentration of alginate and chitosan program. PP

(1)

where the pull force (N), is influenced by the cross-sectional
area (M) affecting the Stress N /4{B81].

e=2L%100%
Lo

I1l. RESULTS ANDDISCUSSION
Optimized membranes have dimensions of 120 mm long,
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designs using two variables; therefore, the suggested modegireater than 5%, the P-value of chitosan concentration is
is quadratic. also 0.9073 where this value is more than 5%. The Lack of

The next model is the Summary Statistics Model, where Fit row or P-value inaccuracy is 0.0253 or 2.53%, indicating
the determination of the model used is based on the standarthat the value is significant. This shows that the quadratic
of deviation and the maximum ?Rvalue [33]. The model is the most appropriate model suggested by RSM.
parameters seen are the lowest deviation standard, thé&rom the analysis done by RSM the polynomial equation is
highest R-square, the highest Adjusted R-square, the highesbbtained which consists of order model two in the form of
Predicted R-square and the lowest PRESS [32]. Thecoded and actual, RSM equation for optimization of the
suggested model of RSM of a quadratic model having atensile strength of membrane in coded factors is shown in
standard deviation value of 0.065, which is considered as theequation 3:
smallest. The quadratic R-square value is 0.7278, a value
that is greater than the linear R-square and 2FI. The value of
R-square quadratic model of 0.7278 shows the two factors,
which are alginate and chitosan concentration influencing
the diversity of response by 72.78%.

Meanwhile, the rest of 27.22% is influenced by other where Y is the tensile strength response, X the
factors such as the drying process and alginate and chitosanoncentration of alginate (coded),, Xs the chitosan
grade. The adjusted R-square value serves &s Rconcentration (coded).
generalization in the population due to the population  While the equation in actual factors is shown in equation
estimation element in it. The quadratic model has an 4:

Adjusted R-square value of 0.5334, the highest value. The

next is the PRESS value used to indicate the prediction of Y (tensile strength) (kgf/cm2) = -1.53462 +

the squared sum error of the model of 0.19 in the quadratic (0.59127xx1) + (0.56284xx2) — (0.045325xx1xx2) {4)
model, which is not the lowest value when compared to the (0.070804xx12) — (0.071604%xx22)

linear model of 0.18 and the 2FI model of 0.17. In the

Predicted R-square, the value of the quadratic model is -where Yensie srenginjS the tensile strength response (kgflcm
0.7563, which is larger than the linear and 2FI models, but isx; is the actual concentration of alginate (%)isxthe actual

not larger than the value of the cubic model. Since the valuechitosan concentration (%).

of the standard deviation of the lowest quadratic model is

compared to other models, then the R-square value is also The predicted value of tensile strength compared with the
high although it is still not higher than the R-square value of actual results is presented in Table 3. The accuracy of the
the cubic model, then the Adjusted R-square value of themodel is known from the comparison of actual research
guadratic model shows the maximum value, then thevalue with the model prediction value presented in Fig. 1.
guadratic model is the model suggested by RSM. This is byThe model's accuracy is known from the comparison of the
research conducted by Razali [34], which states that theactual value to the predicted value of the model. The actual
cubic model isaliasedor is not recommended to be used. value is scattered around the line. Some values are close to

Thus, the quadratic model is the most appropriate modelthe line and away from the line. Figure 1 has a standard
for determining the tensile strength response of the PES-deviation value of 0.065 and arf Ralue of 0.7278. This
biopolymer membrane. Based on all model selection shows if the value of Ris closer to the value of 1, then the
analysis from three models, which are the Sequential Modelbetter the value of Rof 0.7278, showing that the results are
of Sum of Square, Lack of Fit Tests, and Model Summary quite good although there are still many actual values which
Statistics. It explains the relationship between chitosan andare far enough from the prediction value.
alginate concentration to the tensile strength of PES-
alginate-chitosan membrane; the quadratic model is the
proper one because it shows consistent results. Meanwhile,
the cubic model, which at some points has a better value

Y = 0.24 + (0.030xX)— (0.00275xX%)— 3
(0.045%x%,xX,) — (0.071x%%) — (0.072x%?) (3)

TABLE IlI
DATA OF RESEARCH RESULT AND TENSILE STRENGTH PREDICTION

than the value in the ql_Jadratic model is not recommended_ by| g4 (%)Alginaté_\duaé%) e Reﬁponse.
RSM because the cubic model is not suitable for the design Concentration | Concentration | Actudl | Predicted
model with two factors. 1 2 2 0.0406 0.023
The quadratic model, as a suggested model, is then| 2 4 2 0.2158 0.17
analyzed by using Analysis of Variance (ANOVA) to find 3 2 4 0.1688 0.11
out the relationship between several variables, which are ‘51 1285 g 8'3?32 8'822
alginate and chitosan concentration. The results of ANOVA —5 2414 3 0.0719 014
shows whether the model has significant value on the results| 7 3 1.585 0.0781 0.099
of the study in describing the results of the research. Based| 8 3 4.414 0.0094 0.091
on the results of ANOVA, it is known that the model is not 9 3 3 0.2281 0.24
significant because the value of F shows the number of 3.74 10 3 3 0.2875 0.24
: . 11 3 3 0.2094 0.24
and P-value of 0.0572 which means that there is an —3 3 3 02281 024
opportunity of 5.72% F value to haveoise This 13 3 3 0.2375 0.24

significance occurs because the value of alginate
concentration has a P-value of 0.2239 where this value is
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This study employs two variables, which are alginate and
chitosan concentration used for the PES-biopolymer
membrane tensile strength response. The membrane tensile
strength graph obtained from RSM is presented in Fig. 2 and

0.29

0.2175

3. Figure 2 is a plot of a two-dimensional contour plot which
is a cross-section of the three-dimensional curve. Contour
plots are used to analyze inter-factor effects on responses
[32]. The contour plot shows that the concentration of
alginate and chitosan significantly influences the tensile
strength of the PES-biopolymer membrane. The outer line 400
on the graph shows the lowest response value, and the more
inward trend shows, the higher the response value. While
Fig. 3 is a three-dimensional graphic image depicting the
form where optimization
maximum results, interpreted by the effect of interaction

parabolic

obtained

Y s et s

s

0.145 p ;:;;;4;:,;:,;0,:0,:.: Do
22 ,,;;, 206290 %% 'o,:.'o,o <>

206520290 XX
R207%05%000 02000000 %
0,209

Tensile strength

~_—~ 250 A:Alginate Concentration
2007200

Fig. 3.Graphic of tensile strength in 3D

between alginate and chitosan concentration, which is

quadratic to the tensile membrane pull response of PES-
biopolymer. The higher the tensile strength of the PES-
biopolymer membrane, the membrane shows a better result
where the tensile membrane of the PES-biopolymer pull
response has maximized optimization with a mountain-

shaped chart.

Fig. 1. Comparison of actual and prediction value from membrane tensile
strength of PES-Biopolymer

Predicted

Predicted vs. Actual

029

022

0.07

0.00 |

Actual

029

TABLE IV
THE CONSTRAINT FOR RESPONSE OPTIMIZATION

Criteria Goal L ower limits | Upper limits
Alginate Concentration In range 2 4
Chitosan Concentration In range 2 4

Tensile Strength Maximizg 0.0094 0.2875

In the preliminary study which has been done, the best
treatment obtained is the concentration of alginate of 3% and
chitosan concentration of 3%. Therefore, the middle level is
3%; the lower limit is 2%, and the upper limit is 4%.
Alginate and chitosan concentration have an in-range
objective, where the objective is to find out the right
combination based on the alginate concentration level and
the given chitosan concentration of 2, 3, and 4%. Therefore,
it cannot be determined if the combination of alginate and
chitosan concentration should be higher or lower. The tensile
strength response of the desired PES-biopolymer membrane
is higher or maximize. Thereafter, an optimal solution is
presented in Table 5.

Tensile strength

B: Chitosan Concentration

Optimization in this research aims to determine the bes
treatment value to produce the optimum response value. Th

/} 168894,

0.0957822

"N

0.0592262

0.132338]

3.00

A: Alginate Concentration

Fig. 2.Contour graphic ofensile strength response

TABLE V
OPTIMAL SOLUTION BASED ONRSM
Alginate Chitosan Tensile Desirability
concentration concentration Strength
3.247 2.909 0.242 0.836 Selected

The optimum point with the best response obtained is the
combination of alginate concentration of 3.247% and the
chitosan concentration of 2.909% which yields a tensile
strength of 0.242 kgf/ct The resulting desirability value is
0.836 in which according to Laluce [35]. The value of
desirability value is 1 is indicated a perfect response, and if
the desirability value is 0 then the response should be
discarded. Therefore, it can be said that the selected response
with the desirability value of 0.836 is considered quite good.

From Fig. 4 and 5, blue areas are indicating unwanted
areas having low desirability values. The graph of
desirability presented by Fig. 5 shows that the desirability
value is in the orange area indicating that the red area is

tgetting better. The value of the resulting desirability is 0.836
which means that this research has a level of accuracy of
83.6%.

response optimization criteria are adjusted to the constraints
in Table 4.
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Desirability Thus, it can be stated that the coating of chitosan alginate
affects the increasing membrane tensile strength.

TABLE VI
RESULT OF PREDICTED VALIDATION AND ACTUAL MODELRSM

0.442

2 ) Optimum Value | Tensile Strength (kgf.cm™)
g Variable of RSM Prediction Actual
é o | Predicton  0.836 Alginate 3.047

c i 0, .

& Concentratlon (%) 0.242 0.245
£ Chitosan 2909

° Concentration (%) )

m

The previous research on the morphology and
performance of the chitosan membrane found that 1% of the
chitosan membrane with a larger pore size may cause
membrane structure to become brittle. Tensile strength at

A: Alginate Concentration break increases alongside with chitosan concentration.
Fig. 4. Interaction desirability of alginate and chitosan concentration Chitosan membrane with 4% and 5% concentration has big
towards tensile strength membrane in contour form tensile strength. This happens because the tight structure

The validation of the optimum model generated by RSM is CaUSes the distance between molecules in the membrane
needed to test the accuracy of the model in describing the?€coming tighter, which creates a large tensile strength.
actual state. Validation is conducted by comparing the Yhile in this optimization research, the membrane is made
predicted results with the results presented in Table 6. Thelfom alginate and chitosan mixture with a maximum
actual tensile strength value of the membrane is 0.245C0Ncentration of 4.414%. However, it also does not yield
kgflcm? with the alginate concentration of 3.247% and Maximum tensile strength due to the properties of alg_mate
chitosan concentration of 2.909%. This figure is obtained @hd chitosan that are complementary (unless the mixture

from the average of three membrane samples with the samdetween alginate and chi.tosan must be balanced). Research
concentration, where the results of the tensile strength of theV@S conducted by Habiba [36]. The effect of chitosan
four samples are 0.284, 0.1625, and 0.2906 kgf/Gnod concentration resuIFs that if more chltogan is added_then the
validation results appear when the value is strong with theV&lue of compressive strength or tensile tends to increase,
prediction of an actual error rate of less than 5%. While the indicating that chitosan as mixing biopolymer tends to

results obtained, the error rate is 1.2%, where the results caf[’créase the value of compressive tensile strength on certain
be said to be valid. formulations. It is because chitosan can form a hydrogen

bond between chains, so the membrane becomes denser. The
study was conducted by Amri [37] about alginate membrane
as membrane hemodialysis found that a higher concentration
of alginate solution causes higher membrane strength. This
research result also presents that heavier membrane raises
tensile strength. From previous research [10], [38], [39], it
can be seen that a higher concentration of alginate and
chitosan concentration produced a large tensile strength.
Therefore, the research conducted and the referred research
400 400 is valid. This study used alginate concentration of 3.247%
and chitosan concentration of 2.909% producing a predictive
A: Alginate Concentration tensile strength value of 0.242 kgffcmnd an actual value

of 0.245 kgf/cr.

Desirability

B: Chitosan Concentration

Fig. 5. Interaction desirability of alginate and chitosan concentration IV. CONCLUSION
towards tensile strength membrane in 3D form .
The research result shows a model that explains the

The result of optimization from tensile strength of the relationship between chitosan and alginate concentration and

PES-biopolymer pervaporation membrane (with optimum tensile strength of thg PES-alginate-chitosan membrane.
value of tensile strength of 0.242 kgffemith the actual ~ Based on the analysis of the three models, which are
result of 0.245 kgf/ci) shows that the influence of chitosan Sequential Model Sum of Square, Lack of Fit Tesmtsl
alginate coating on PES membrane is quite strong althoughModel Summary Statisticthe best model suggested is the
PES membrane is mechanically strong enough. This is dueduadratic model as it shows consistent results. The result of
to alginate and chitosan have good adhesiveness, good filnPptimization of the tensile strength of PES-biopolymer
formation, biocompatibility, and easy to modify [2]. Pervaporous membra_ne with Response Surface Me_thodology
Compared to the control group, PES membrane, without(RSM) shows the optimum value of 3.247% for alginate and
chitosan alginate coating which has an average value of2.909% concentration for chitosan with an optimum tensile
tensile strength of 0.2114 kgf/&nis still found to be lower ~ Strength response value of 0.242 kgficnFrom the

than the tensile strength of PES membrane of 0.245 kgf/cm validation which is conducted with an experimental method,
with 3.247% alginate and chitosan concentration of 2.909%. the researcher obtains the value of tensile strength of 0.245
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kgf/lcm? where the results are 1.2% different from the
predicted RSM.
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