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ABSTRACT

Metal ion Cr (VI) is a type of heavy metal waste that is dangerous, so we need a method to reduce
the level of pollution. The separation method using a cellulose membrane is an effective method
to reduce the level of Cr (VI) metal pollution, by utilizing natural materials such as water hyacinth
plants which are known to contain high enough cellulose. The purpose of this study was to
determine the effect of concentration variations with time variations on the adsorption capacity of
Cr (VI) metal ions from Na-CMC modified cellulose membranes from water hyacinth (Eichhornia
crassipes) stems. This research uses experimental research methods, the steps that have been
carried out are sample treatment, extraction, bleaching, hydrolysis, Na-CMC modified cellulose
membranes. Data analysis was performed by sample characterization test using the FTIR
Spectroscopy method and for metal content analysis using the Atomic Absorption
Spectrophotometer (AAS) method. The results showed that there was an effect of concentration
variations and time variations on the adsorption capacity of Cr (VI) metal ions. At the concentration
variation with the largest adsorption capacity of 1.24 mg/gram occurred at a concentration of 30
mg/L and at the time variation the largest adsorption capacity of 0.917 mg/gram occurred at 30
minutes. The results respectively of FTIR showed functional groups O-H, C-H, and C-O in non-
modified cellulose and there was no significant effect after the addition of Na-CMC, as evidenced
by the similar FTIR spectrum without any shift or new peaks appearing.

Keyword: Chromium (VI), Water Hyacinth (Eichhornia crassipes), Cellulose Membrane, FTIR,
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INTRODUCTION metals contained in it exceed the threshold

) . and have very dangerous toxic properties,
The rapid development of industry and _ ] ) )
) ) which will later cause serious illness for
the rapid growth of the world's population have ] )
i ) ) ) humans if they accumulate in the body. The
led to an increase in the yield of toxic waste

_ ) _ ) metal ion Cr (VI) is classified as hazardous
materials discharged into the environment.

) o o and toxic (B3), because chromium is a type of
This waste material is difficult to control

o heavy metal waste that is difficult to
properly, so it will become waste that pollutes

] ) ) ) decompose and can accumulate in the body
the environment. This waste will cause serious

) ] ) and the environment [1]. Based on the
pollution to the environment if the heavy
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Regulation of the State Minister of the
Environment Number 3 of 2010, concerning
the quality standard of industrial estate
wastewater, it is stated that the maximum
concentration of Cr (VI) is 0.5 mg/L.
Considering the danger of Cr metal ion,
necessary to do a method to reduce the level
of pollution of Cr (VI) metal ion in the
environment [2].

The most common methods to remove
metals from wastewater include chemical
precipitation, coagulation, flocculation, reverse
osmotic, membrane filtration, evaporation, and
ion exchange [3]. The filtration method is a
method that has been developed to handle
heavy metal levels that exceed the threshold.
This filtering process can be done with
membrane technology. The advantages of
membrane separation technology include that
it does not require additional chemicals, can
be combined with other processes, and the
process takes place continuously. One of the
membranes currently being developed is the
cellulose membrane [4].

Cellulose can be obtained from
materials containing high purity cellulose. In
general, commercial production of cellulose
comes from wood, cotton, and high-quality
non-timber plant fibers, such as water
hyacinth stem fibers [5]. Water hyacinth has
the potential for good quality fiber and
cellulose because it has a high cellulose
content, which is around 60%, making it an
alternative potential raw material for the
manufacture of cellulose membranes.

Research [6] has succeeded in
isolating cellulose from water hyacinth. Water
hyacinth has a high absorption rate for

various dyes and heavy metals such as iron

(Fe), zinc (Zn), copper (Cu), chromium (Cr),
cadmium (Cd), manganese (Mn), mercury
(Hg) and arsenic. (As) [7]. Water hyacinth as
an adsorbent is able to adsorb chromium (VI).
However, until now there has been no
research that has found about chemical
modification of water hyacinth fiber to
increase the adsorption capacity of metal
ions [8].

Based on the above background, it is
necessary to conduct research to synthesize
Na-CMC modified cellulose membranes and
to determine the effect of the optimum
concentration and time to obtain the best
membrane performance in increasing the

adsorption capacity of Cr (VI).

METHODS

The tools used in this research are
socket set, knife, blender, analytical balance,
44 mesh sieve, filter paper, cloth, beaker,
measuring flask, measuring cup, funnel,
scissors, hot plate, universal pH, thermometer,
magnetic stirrer, stir bar, oven, petri dish,
stainless rod, Erlenmeyer, centrifuge, FTIR
and AAS. Research methods depend on the
research design used.

The main ingredients used in this study
were stems of water hyacinth (Eichhornia
crassipes) obtained from the area of
Karangrowo Undaan Village, Kudus
Regency, Central Java with criteria for stems
in good condition, fresh old condition, green
color, and not rotting, distilled water,
potassium dichromate (K,Cr207), ethanol
96%, toluene, 1% NaOH /v, and 3% sodium

hypochlorite, 5% hydrochloric acid b/, 2 M
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sulfuric acid, 99% Na-CMC, 99.5% potassium
hydrogen phthalate.

1. Research procedure
a. Membrane preparation

Water hyacinth stems were sorted,
selected water hyacinth stems were in good
condition, old, fresh, green, and not rotten.
Then cleaned and washed with running
water. Dry in the sun to dry. The dried water
hyacinth stems were reduced in particle size
by cutting and mashing with a simplicia
blender until they became fine fibers then

sieved using a 44 mesh sieve [9].

b. Determination of Water Content

Water hyacinth stem powder was
weighed as much as 2 g, put in a porcelain
cup, then in an oven at 105 °C for 2 hours.
Then it was put in a desiccator and weighed

until a constant weight was obtained.

c. Determination of Ash Content

Water hyacinth stem powder was
weighed as much as 2 g and put in a
porcelain dish, then in an oven at 600 °C for
1 hour. Then it was put in a desiccator and
weighed until a constant weight was

obtained.

d. Isolation of cellulose wusing the
soxhletation method

Water hyacinth stem powder was
weighed as much as 50 g and then carried
out soxhletation using 96% ethanol: toluene
in a ratio of 1:2 for 3.5 hours at 100 °C [10].
The result of this method is a brown solid and

produces a brown filtrate.

e. Bleaching

The brown fiber which still contains

impurities is bleached using a 500 mL 3% w/v

NaClO solution and heated over a water bath
at 80 °C for 2 hours while stirring to produce
white fiber [11].

f. Hydrolysis

In this process, 500 mL of 1% wl/v
NaOH solution was used and heated at 60 °C
for 2 hours, filtered, washed with distilled
water until the residue was neutral, and then
dried at room temperature for 2-3 days. The
final bleaching process was carried out with
500 mL 1% w/v NaClO solution at 75 °C for 3
hours, stirring occasionally, filtered. The
solids were filtered and washed with distilled
water to neutral pH using filter paper. Pure
cellulose powder is dried in a drying cabinet.
After dry cellulose powder was tested using
FTIR.

g. Preparation of non-modified and
modified Na-CMC cellulose membranes

The cellulose membrane synthesis
process consists of two stages, namely the
synthesis of non-modified and modified Na-
CMC cellulose membranes. Synthesis of
non-modified cellulose membranes was
carried out by weighing 2 grams of cellulose,
added with 20 mL of aqua de mineral, and
stirred homogeneously using a magnetic
stirrer for 1 hour. While the manufacture of
Na-CMC modified cellulose membrane by
weighing 2 g of water hyacinth stem
cellulose, then adding 20 mL of concentrated
sulfuric acid, then stirring for 30 minutes while
heated on a hot plate at 45 °C. Then 55 mg
Na-CMC was added and stirred for 20
minutes at the same temperature using a
magnetic stirrer. The solution formed was
poured into a petri dish that had been given a

plastic mold with a diameter of 7.5 cm and
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waited for it to dry. This stage is a
modification of the cellulose membrane to
obtain a high level of adsorption of heavy
metal Cr by forming complex compounds with
Na-CMC. After the dry membrane was tested
using the FTIR.

h. Preparation of Cr Solution

1) Preparation of standard solution of Cr
1000 ppm

A total of 3.7348 g of K,CrO, was put
into a 1000 ml volumetric flask, then diluted
with distilled water, then added with
Potassium Hydrogenphthalate (pH 3) to
obtain a standard solution of 1000 ppm Cr as
a stock solution. Next, a series of standard
solutions and calibration curves are made.
The absorbance of Cr (VI) metal standard
solution was measured using AAS analyst-

100 at a maximum wavelength of 545 nm.

i. Treatment and Analysis of Cr Metal
Absorption on Cellulose Membranes

1) Determination of Optimum Contact Time

As much as 0.5 g of cellulose was put
into an erlenmeyer containing 25 mL of Cr
solution with a concentration of 20 mg/L. The
solution was stirred for a contact time of 30, 45
and 60 minutes, then centrifuged at 2800 rpm
for 5 minutes. The precipitate is filtered and the
supernatant is measured. The metal content of
Cr in the solution after adsorption was
analyzed by AAS analyst-100.

2) Determination of Cr metal ion adsorption
capacity

A total of 0.5 g of cellulose into an
Erlenmeyer containing 25 mL of Cr metal
solution was made with various concentrations

of 10, 20, and 30 mg/L. The mixture was

shaken and then filtered and measured. The
content of Cr metal in the solution after
adsorption was analyzed by AAS analyst-100.

2. Data analysis

Determination of the optimum
concentration and contact time of Cr
adsorption can be obtained from AAS can be
calculated by [12]:
ge=((C1-C2))/W x V

Information:

ge : Adsorption capacity (mg/g)

C1: Initial concentration of metal (mg/L)

Cz: Final metal concentration (mg/L)

W: Mass of adsorbent (grams)

V: Volume of metal solution (L)

RESULTS AND DISCUSSION

1. Results of drying and making water
hyacinth stem powder

This research begins with the
preparation of water hyacinth stems by
removing the outer skin of water hyacinth
stems which contain a lot of lignin and other
impurities. After getting clean water hyacinth
stems, a size reduction process is carried out
through a cutting or chopping process. This
chopping aims to reduce the size, expand the
surface and reduce the volume of water
hyacinth. Furthermore, drying in the sun for
5-7 days. The drying process is carried out to
obtain simplicia that is not easily damaged so
that the simplicia can be stored for a long
time, the quality of the simplicia is maintained
and reduces the water content in the simplicia
[13]. The water hyacinth fiber preparation
process resulted in mass loss until the final
mass became 87.5% of the initial mass. The

dried simplicia obtained was then powdered
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using a simplicia blender and sieved with a 44
mesh sieve to obtain a fine powder. The
purpose of making fine powder and sieved
with a 44 mesh sieve is to increase the
surface area to speed up the extraction
process because increasing the surface area
will increase the contact between the powder
and the solvent [14].

2. Water hyacinth stem powder analysis
Determination of water content is a
parameter to determine the residual water
after the drying process. Excessive water
content can cause mold and mildew growth
so that it can reduce biological activity during
storage. In addition, the low water content
can increase the reactivity of cellulose
because the hydroxyl groups in water are
more reactive than the groups in cellulose.
Therefore, obtaining a high level of reactivity
requires a low water content so that the
substitution process can take place properly.
Determination of water content was carried
out 3 times replication, the results obtained
an average water content of 7.461%. This
indicates that the percentage of water content

in water hyacinth stem powder has met the

quality requirements is < 10% [15].

3. Analysis of ash content of water
hyacinth stem powder

In the study, the determination of ash
content was carried out by direct method,
namely burning the powder at a temperature
of around 600 °C for 3 hours. The ash content
produced from water hyacinth stem fiber is
9.205%. This indicates that the water
hyacinth stem powder does not meet the
requirements for ash content of SNI No.
0258-79,1989 for the adsorbent standard,

which is a maximum of 2.5%. The resulting
water hyacinth stem powder has an ash
content value that is far from the standard ash
content. This is because water hyacinth stem
powder contains relatively large amounts of
minerals and impurities. The more mineral
content, the lower the site or active group that
functions to bind Cr (VI) metal ions.
Therefore, the mineral content needs to be
removed so that the binding process will take
place optimally. This high ash content is
related to the function of water hyacinth

stems as a phytoremediator [7].

4. Cellulose insulation process

This process is carried out using the
soxhlet method, which functions to extract fat
or wax content (dewaxing process) and
remove extractive compounds contained in
water hyacinth stem powder (secondary
metabolite compounds other than lignin,
hemicellulose, and cellulose compounds) [6].
This process produces brown fibers and
produces a brown filtrate. Next is bleaching
using NaClO solution which functions to
remove hemicellulose and lignin compounds
more optimally. NaOCI in water will produce
hydroxyl ions and hypochlorous acid (HOCI)
which is a strong oxidizing agent so that the
degree of whiteness in a sample will
increase. The use of NaClO causes an
oxidation process that will later produce
cellulose [5].

The hydrolysis process using NaOH
solution aims to remove hemicellulose
compounds. In this process, there was a
change in color from the initially colorless
solution to dark brown and concentrated due

to the lignin and hemicellulose contained in
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the water hyacinth stem powder which had
been successfully degraded into monomers
and dissolved in NaOH. Base hydrolysis is
carried out to cut hemicellulose, so that it will
be cut from the main chain, namely cellulose.
In addition, the reaction with NaOH solution
will cause lignin to be degraded due to
breaking bonds [16]. The result of this
delignification process was washed with
distilled water until the pH was neutral. The
final bleaching process with NaCIO aims to
remove the remaining lignin that is still

contained in the water hyacinth stem powder.

5. Results of making cellulose membranes

In the process of making cellulose
membranes, it is done by making non-
modified cellulose membranes and modified
Na-CMC cellulose membranes. The modified
Na-CMC membrane produced a better
membrane than the non-modified membrane.
This can be seen in Figure 1 which shows
that the resulting membrane is not easily
brittle and quite elastic and the resulting
membrane is a transparent white membrane
like plastic. Meanwhile, non-modified
cellulose membranes without plasticizers
produce very brittle membranes and are
difficult to peel off from the mold. This is
because the added Na-CMC functions as a
increase the

plasticizer which aims to

elasticity of the membrane [17].

Figure 1. Modified Water Hyacinth Stem
Cellulose Membrane Na-CMC Wet
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B

Figure 2. Non-modified Dry Water Hyacinth
Stem Cellulose Membrane (A) and Na-
CMC Modified Dry Water Hyacinth
Stem Cellulose Membrane (B)

6. FTIR Analysis

Table 1. Test results of non-modified and
modified Na-CMC cellulose
membranes FTIR instruments

Wave Wave Frequency
Number Functio (cm™)

Z Number ; .
(cm™) (cm™) nal Library Intensity
Non Modified Groups (Sastrohami

modified djojo, 2001)
3343 3372 O-H 3500 — 3200 medium
2901 C-H 2900 — 2800 weak
1740 1737 C=0 1750 - 1730 sharp
1368 (-CH3) 1370 sharp
1216 C-O 1350 - 1000 sharp
Medium-
1166 C-H 1350 - 1000 sharp
1057 1042 C-O 1300 - 1000 sharp
C-H
885 alkena 1000 - 650 sharp
8
g
= \/ ----- N—ﬁ H\ [
2 N RRTA N\
|| |
I Y -
i [ |
4000 3500 3000 2500 2000 1500 1000 500

Wave Nwmber (cnr’)

Figure 3. FTIR spectrum of modified cellulose
powder (blue) and modified Na-CMC
cellulose powder (red)
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In Figure 3 and Table 1, it can be seen
that the FTIR spectra produced from non-
modified cellulose can be analyzed based on
the absorption of the stretching O-H group that
appears at around 3372 cm™ and has the C-H
stretching functional group that appears at the
absorption of 2901 cm™. And the C-O
functional group is seen in the 1350-1000 cm™
area which appears at a wavelength of 1216
cm™, the presence of functional groups O-H, C-
H, and C-O are the main groups of cellulose.
From the results of the spectrum above, it can
be said that in the water hyacinth stem cellulose
powder there is a cellulose compound.

As for the FTIR spectrum of Na-CMC
modified cellulose, it was observed that the
wave number 3343 cm™ was the OH group
which is a characteristic of cellulose where both
spectra showed the same wave absorption
range. The presence of a carboxyl group at a
wavelength of 1740 — 1720 cm™, namely at a
wave number of 1737 cm™. C-H functional
group In the absorption area of 1350-1000
cm™, namely at a wave number of 1166 cm™.
At a wave number of 1042 cm™ there is an
absorption area of 1300-1000 cm™ indicating
the presence of an ether formed, namely the C-
O group. The results of the functional groups
measured from the FTIR spectrum with each
absorption in a certain wavelength region
showed that no new functional groups were
formed after the addition of Na-CMC.

7. Results of Cr (VI) Metal lon Adsorption
with Variations in Concentration and
Time

The adsorption capacity of Cr (VI) metal
ions with variations in concentration and time
were carried out to determine which absorption

capacity was the best by using modified Na-

CMC cellulose. A total of 0.5 g of cellulose was
put in an Erlenmeyer 25 mL solution of Cr with
a concentration of 20 mg/L with a pH of 3. The
degree of acidity (pH) is one of the factors that
affect the adsorption process. Acidity affects
the ability of the charge on the active site or
functional group in which H* ions will compete
with cations to bind to the active site of the
adsorbent. The reason it was carried out at pH
3 was that the acidic nature was needed so that
the Cr (VI) sample solution formed ions in the
solution and nothing precipitated so that it could
be measured perfectly with AAS. Metals
contained in water if the pH is more acidic then
the solubility is greater, on the contrary if the
solution is more alkaline then the solubility is
getting smaller which is indicated by the
presence of a precipitate. The more acidic the
solution, the higher the ionization, on the
contrary the more alkaline it will precipitate. It is
clear that adsorption is better at high acidity
levels because at pH 3 there is greater
ionization and adsorption can occur if the metal
forms ions and will be bound by active groups
on the adsorbent. The adsorption capacity at

various times can be seen in Figure 4.
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Figure 4. Graph of Relationship between
Adsorption Time and Capacity
(mg/gram) on Na-CMC modified
cellulose membrane
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Figure 4 shows that the adsorption
capacity decreased from 30 minutes to 60
minutes. This shows that 30 minutes is the
highest time for Cr (VI) metal ion adsorption
with an adsorption capacity of 0.917
mg/gram. Then within 45 and 60 minutes of
experiencing saturation. The process of
releasing ions that have been bound to the
active group or have experienced saturation.
In research based on the determination of the
adsorption capacity value, the longer the
contact time, the lower the adsorption
capacity level. It is advisable to do a second
adsorption process with a sampling time of 10
minutes to ensure that the 30th minute is the
optimum minute.

As for the adsorption capacity, the
optimum concentration was also carried out
with the same process with variations in
concentrations of 10, 20, and 30 mg/L.
Determination of the adsorption capacity of
metal ions Cr (VI) was calculated at the
optimum time. In this study, the optimum time
obtained was 30 minutes. The largest
absorption of Na-CMC modified cellulose
occurred at a concentration of 30 mg/L, with
an adsorption capacity of 1.24 gram/gram.
Based on the results of determining the value
of adsorption capacity with variations in the
concentration of Cr (VI) metal, it shows that
the higher the concentration of Cr (VI) metal,
the more Cr (VI) metal that is able to bind to
the OH group of cellulose.

Figure 5 shows that the adsorption
capacity increases with increasing
concentration. This is related to the number
of active sites on the surface of the adsorbent
capable of binding the metal ions. If the

number of active sites is quite large

compared to the number of metal ions, the
adsorption capacity or absorption will be high
[18]. The mechanism of binding of Cr metal to

cellulose can be seen in Figure 5.

1.5
>
5 1.24
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O s 0.737
§20.5
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25
33 0.242
2 0
< 10 20 30
Concentration (mg/L)

Figure 5. Graph of the relationship between
concentration variations and
adsorption capacity (mg/gram) on Na-
CMC modified cellulose membrane
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Figure 6. Possible Interaction Between
Cellulose and Metal lons Cr (VI)

In Figure 6 the sign — is a coordinating
covalent bond and the sign is a covalent
bond. The interaction between cellulose and
Cr (VI) is possible due to a covalent bond
where the bond occurs due to the sharing of
electron pairs by the two bonding atoms and
coordination covalent bonds where bonds are
formed by sharing electron pairs from one
atom. bonded (O).

CONCLUSION

Based on the results of the tests that
have been carried out, it can be concluded
that the concentration and time affect the
adsorption capacity of Cr (VI). At the

concentration variation with the largest
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adsorption capacity of 1.24 mg/gram
occurred at a concentration of 30 mg/L and at
the time variation the largest adsorption
capacity of 0.917 mg/gram occurred at 30
minutes. The characteristics of the functional
groups of Na-CMC modified cellulose using
FTIR did not give a significant effect,
indicated by the absence of shifts or the

appearance of new peaks.

ACKNOWLEDGEMENT

Thank you to STIKES Cendekia Utama
Kudus and all those who contributed to this

research.

REFERENCES

[1] M. Fahrurrozi, and S.J. Santosa,
“Sistem Penurunan Kadar Krom (lll)
Limbah Cair Industri Penyamakan
Kulit Dengan Kombinasi Presipitasi
Menggunakan Natrium Hidroksida
Dan Adsorpsi Menggunakan Bagase
Fly Ash”. Asean Journal of Systems
Engineering, vol.1, no.2, 2013.

[2] N. Natalina, and H. Firdaus,
“Penurunan kadar kromium
heksavalen (Cr6*) dalam limbah batik
menggunakan limbah udang

(kitosan)”. TEKNIK, vol. 38, no.2,
pp.99-102, 2017.
DOI: 10.14710/teknik.v38i2.13403

[3] S. Mishra, and M. Joshi, “Premature
rupture of membrane-risk factors: A
clinical study”. International Journal of
Contemporary Medical Research,
vol.4, no.1, pp.146-8, 2017.

[4] N. S. Indrasti, Suprihatin, Burhanudin,
and A. Novita, “Penyerapan logam Pb
dan Cd oleh eceng gondok pengaruh
lonsentrasi logam dan lama waktu
kontak”. Jurnal Teknologi Industri
Pertanian, vol.16, no.1, p. 44-50, 2006.

[5] R. Richa, M. Metty, and P. Slamet,
“Sintesis selulosa diasetat dari eceng

(6]

(7]

(8]

9]

(10]

[11]

gondok (Eichhornia crassipes) dan
potensinya untuk pembuatan
membran”. Jurnal Teknologi Kimia dan
Industri, vol.2, no.3, pp.8-16, 2013.

M. T. Sundari, and A. Ramesh,
“Isolation and characterization of
cellulose nanofibers from the aquatic
weed water hyacinth—Eichhornia
crassipes”. Carbohydrate Polymers,
vol.87, no.2, pp.1701-1705, 2012.
DOI: 10.1016/j.carbpol.2011.09.076

E.S. Priya, and P.S. Selvan, “Water
hyacinth (Eichhornia crassipes)—An
efficient and economic adsorbent for
textile effluent treatment-A
review”. Arabian Journal of Chemistry,
vol.10, pp. S3548-S3558, 2017.
DOI: https://doi.org/10.1016/j.arabjc.2
014.03.002

J. B. Neris, F. H. Luzardo, P. F.
Santos, O. N. de Almeida, and F. G.
Velasco, “Evaluation of single and tri-
element adsorption of Pb?*, Ni* and
Zn?* jons in aqueous solution on
modified water hyacinth (Eichhornia
crassipes) fibers”.  Journal  of
Environmental Chemical Engineering,
vol.7, no.1, p.102885, 2019.
DOI: 10.1016/j.jece.2019.102885

R. Nafi'ah, and H. Fahmi, “Kapasitas
Adsorpsi Membran Selulosa Batang
Eceng Gondok (Eichhornia Crassipes)
Termodifikasi Na2-EDTA Dengan
Variasi Waktu Dan Konsentrasi Logam
Cr (VI)". Cendekia Journal of
Pharmacy, vol.5, no.1, pp.16-27,2021.
DOI: 10.31596/cjp.v5i1.120

L. M. Sugijopranoto, B. Nugraheni, and
R. Nafi'ah, “Uji Kemampuan Membran
Selulosa-Na:EDTA Dari Limbah Kulit
Jagung Dalam Mengikat lon Logam
Pb2* Pada Larutan Pb (NO3z)2". Media
Farmasi Indonesia, vol.11, no.1,
pp.982-992, 2016.

R. Nafi’'ah, and S. Primadevi, “Sintesis
Membran  Selulosa  Termodifikasi
Na:EDTA Dari Bagase Tebu Untuk
Adsorpsi Logam Pb”. Jurnal
Keperawatan dan Kesehatan
Masyarakat Cendekia Utama, vol.9, no.3,
pp.272-281, 2020.

DOI: 10.31596/jcu.v9i3.635


https://doi.org/10.14710/teknik.v38i2.13403
https://doi.org/10.1016/j.carbpol.2011.09.076
https://doi.org/10.1016/j.arabjc.2014.03.002
https://doi.org/10.1016/j.arabjc.2014.03.002
http://dx.doi.org/10.1016/j.jece.2019.102885
https://cjp.jurnal.stikescendekiautamakudus.ac.id/index.php/cjp/article/view/120/0
https://jurnal.stikescendekiautamakudus.ac.id/index.php/stikes/article/view/635/0

[12]

[13]

[14]

JKPK (JURNAL KIMIA DAN PENDIDIKAN KIMIA), Vol.6, No. 3, 2021, pp. 352-361 361

Y. Sang, F. Li, Q. Gu, C. Liang, and J.
Chen, “Heavy metal-contaminated
groundwater treatment by a novel
nanofiber membrane. Desalination,
vol. 223, no.1-3, pp.349-360, 2008.
DOI: 10.1016/j.desal.2007.01.208

N. U. Purwanti, S. Yuliana, and N. Sari,
“Pengaruh Cara Pengeringan Simplisia
Daun Pandan (Pandanus amaryllifolius)
Terhadap Aktivitas Penangkal”. Jurnal
Farmasi Medica/Pharmacy Medical
Journal (PMJ), vol.l, no.2, 2018.
DOI: 10.35799/pm|.1.2.2018.21644

H. Saadah, and H. Nurhasnawati,
“Perbandingan pelarut etanol dan air
pada pembuatan ekstrak umbi bawang
tiwai (Eleutherine americana Merr)
menggunakan metode maserasi’. Jurnal
ilmiah manuntung, vol.1, no.2, pp.149-
153, 2017.

DOI: 10.51352/jim.v1i2.27

[15]

[16]

[17]

(18]

Y. P. Utami, A. H. Umar, R. Syahruni,
and |. Kadullah, “Standardisasi simplisia
dan ekstrak etanol daun leilem
(Clerodendrum minahassae Teisjm. &
Binn.)”. Journal of Pharmaceutical and
medicinal sciences, vol. 2, no. 1, 2017.

M. Thiripura, A. Ramesh, and Atmaku,
“‘Isolation and Charactherization of
cellulose nanofibers from the equatic
weed water hyacinth - Eichhornia
crassipes”. Journal of Carbohydrate
Polymers, p. 87, 2012.

DOI: 10.1016/j.carbpol.2011.09.076

E. Bernard, and A. Jimoh, “Adsorption of
Pb, Fe, Cu, and Zn from industrial
electroplating wastewater by orange
peel activated carbon”. International
Journal of Engineering and Applied
Sciences, vol.4, no.2, pp.95-103, 2013.

F. Adam, J.N. Appaturi, Z. Khanam, R.
Thankappan, and M. A. M. Nawi,
“Utilization of tin and titanium incur-
porated rice husk silica nanocomposite
as photocatalyst and adsorbent for the
removal of methylene blue in an
aqueous medium”. Applied Surface
Science, vol.264, pp.718-726, 2013.
DOI: 10.1016/j.apsusc.2012.10.106


https://doi.org/10.1016/j.desal.2007.01.208
https://doi.org/10.35799/pmj.1.2.2018.21644
https://www.researchgate.net/publication/348918517_PERBANDINGAN_PELARUT_ETANOL_DAN_AIR_PADA_PEMBUATAN_EKSTRAK_UMBI_BAWANG_TIWAI_Eleutherine_americana_Merr_MENGGUNAKAN_METODE_MASERASI
https://doi.org/10.1016/j.carbpol.2011.09.076
https://doi.org/10.1016/j.apsusc.2012.10.106

