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Hanocepeopo 0aeno uzsecmno Kak 6blcokoihpekmugHnoe oe3unguyupyrouiee cpeocmao,
CHOCOOHOE 0ZPAHUYUEAMb POC U YHUYMONCEHUE MHOZUX U008 niaecenu u daxmepuii. Hanoce-
Pebpo MOMHCHO CUHMEIUPOBAMY PAZHBIMU CROCODAMU, 8 3A6UCUMOCIU OM Ueau U mpedosanuil
ucnoavioeanus. Hanocepebpo mosxncno oucnepzupoeams 6 pacmeopax uiu HAHOCUMb HA HOCU-
menu 014 paznuynelx npumenenui. OOHAKO 6 PACMEope HAHOUACMUNbL cepedpa Hacmo azpezu-
PYIOm, CHUMICAsL RPU IMOM C60I0 AHMUOAKMEPUATILHYIO aKmueHocmy. Ymodvl nosvicumsy anmu-
OaKkmepuanbHy0 GKMUGHOCHb HAHOCEPEOPA U 00eCnEeUUmb 603MONCHOCHY MHOZOKPANHO20 60C-
CMAHOGNEHUA U NOGMOPHO20 UCNOJIb308AHUA, 4 MAKICE 603MOICHOCHY XOPOUIO OUCHEPZUPO-
6AMbCA 6 PA3IUUHBIX MAMEPUANAx, HAHOcEPedPo uacmo Hanocam na nocumenu. B smom uccne-
006aHUU OBLIO CUHMESUPOBAHO HAHOCEPEOPO HA ROGEPXHOCIU YEOSIUMA C NOMOU{BIO MAKUX Me-
mo008, KaKk xumuueckoe goccmanogienue ¢ nomouipio NaBH 4, N2Hi unu mepmuueckoe 6occma-
noenenue npu 350 °C. Honwvt Ag" adcopoupyromcesa na yeonume 44 no mexanuzmy uonmnozo 0o-
MEHa, a 3amem ¢0CCHMAHACIUGCAIOM CA PA3TUYHBIMU Memodamu. Pe3ynivmamul nokasanu, umo npu
soccmanoenenuu Ag* 0o Ag® xumuueckumu peazenmamu nanouacmuywl cepeépa pacnpedens-
I0MCcsA Ha NOBEPXHOCMU Yeouma bojiee pagHOMEPHO, YeM HPU MePMULECKOM 60CCIAHOGIEHU.
Cooepircanue cepebpa na nOBEPXHOCMU UEOIUMA NPU 60CCHIANHOGIEHUU ZUOPAZUHOM NPUMEPHO
6 3 paza eviuie, uem npu 60CCMaHoseHUU 6opzuopuoom Hampus. Ileonum, cooeprcauwjuii
Hanocepeopo, 0d.1a0aem cnOCOOHOCHIbIO 00€33aPajicuéams KUeUHYI0 NAN0YKY ¢ KOHYeHmpa-
yueii > 5 mo/mn. Obpazey Ag02/Z, ¢ komopom Ag* 00 Ag° soccmanosnen zudpazunom, oonadaem
Hauayuwieil anmuobdaxkmepuaivhoi akmuenocmoio npomue E.coli no cpaguenuio ¢ ocmansnvimu
obpasyamu. Juamemp cmepunvrnozo Koabya npu Konyenmpayuu 20 me/mn cocmaegnaem 9 mm.
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Nano silver has long been known as a highly effective disinfectant, capable of limiting the

growth and eliminating many types of mold and bacteria. Nano silver can be synthesized by many
different methods, depending on the purpose and requirements of use. Nano silver can be dispersed
in solution or carried onto carriers for different applications. However, in solution, silver nanopar-
ticles often tend to bind together, reducing antibacterial activity. In order to promote the antibacte-
rial ability of nano silver and be able to recover and reuse many times, as well as to be able to
disperse well into different materials, nano silver is often put on the carriers. In this study, nanosil-
ver was synthesized on the surface of a zeolite by simple methods such as chemical reduction with
NaBHa4, N2H4 or thermal reduction at 350 °C. Ag* ions are adsorbed onto 4A zeolite by ion ex-
change mechanism, then reduced by different methods. The materials were morphologically ana-
lyzed by XRD, SEM, EDX methods. Results showed that the method of reducing Ag* to Ag°® on
zeolite surface by chemical agent produce more evenly distributed silver nano-sized particles than
the thermal reduction method. The silver content on the zeolite surface of the hydrazine reduction
method is about 3 times higher than that of the sodium borohydride reduction method. The highest
content of silver nanocarrying to zeolite. Zeolite bearing nano silver has the ability to disinfect
against E.Coli with a concentration of > 5 mg/ml. The Ag02/Z sample reducing Ag* to Ag° by Hy-
drazin has the best antibacterial ability against E.coli compared with the remaining samples when
the diameter of the sterile ring at the concentration of 20 mg/ml is 9 mm.

Key words: zeolite, nano silver, antibacterial material

INTRODUCTION

Nano silver has long been known as a highly
effective disinfectant, capable of limiting the growth
and eliminating many types of mold and bacteria. Nano
silver can be synthesized by many different methods,
depending on the purpose and requirements of use.
Synthesis methods of nanosilver can be divided into
two main groups, chemical and physical methods.
Chemical methods are often used such as chemical re-
duction [1-5], substitution reaction [6], electrochemis-
try [7], etc. Physical methods are commonly used such as
physical evaporation [8], thermal decomposition [9, 10],
electromagnetic microwave radiation [11], and so on.
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Among the above methods, chemical reduction and
thermal decomposition are the methods with the sim-
plest manufacturing process.

Nano silver can be dispersed in solution or car-
ried onto carriers for different applications. However,
in solution, silver nanoparticles often tend to bind to-
gether due to Van der Waals forces, reducing antibac-
terial activity. In order to promote the antibacterial
ability of nano silver and be able to recover and reuse
many times, as well as to be able to disperse well into
different materials, nano silver is often put on the car-
riers. One of the commonly used carriers is zeolite,
which is a medium capillary material with a uniform
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capillary system and many other outstanding proper-
ties [12-15]. Silver nano-bearing zeolite is mainly
made by impregnation, ion exchange between cations
in the structural framework of zeolite and Ag* ions in
solution [16-20].

In this study, zeolite bearing nano-silver was
fabricated by impregnation, then using different reduc-
tion methods to convert silver ions to silver nanoparti-
cles, such as chemical reduction with NaBHa, N2H.
and physical reduction (decomposition by heat). The
material was then subjected to structural analysis to
evaluate the ability to form silver nanoparticles on ze-
olite and evaluate its antibacterial activity.

MATERIALS AND METHODS

Material
AgNOs, Zeolite 4A, NaBH., made in China,
are used directly in the experiments without further pu-
rification.
Fabrication of nanosilver- bearing zeolite
Nanosilver-bearing zeolite is produced by dif-
ferent methods with and without chemical reductants.
Before reducing Ag* to nanosilver Ag®, zeolite must
adsorb Ag"* on its surface, through direct ion exchang-
ing or indirect through NH4* ions. The synthesis of na-
nosilver-bearing zeolite is carried out specifically as
follows:
e Reduction by sodium borohydride:
Neutralize 1kg Zeolite (pH~ 10.6) to pH=6in
1.3 L of distilled water using 2M nitric acid HNOj3 so-
lution. Add 17.5 g silver nitrate AgNOs and stir at 60 °C
in 2 h, leave to settle overnight, filter through blue-
band filter paper to collect Ag*/Z deposit. Then, Ag*/Z
was washed three times with distilled water and dried
in an oven at 100 °C to completely dry, finally obtain-
ing Ag*/Z powder.
Reduce Ag* to Ag° by sodium borohydride
with the reaction below:
2Ag* +2NaBH, — 2Ag° + H, + BoHg + 2Na* (1)
Ag*/Z powder was added to 0.1M NaBH, so-
lution, gently stirred for 30 min, then settled, filtered
with blue-band filter paper and washed three times
with distilled water. The product is then completely
dried at 100 °C, denoted Ag01/Z.
e Reduction by hydrazin
The synthesis of Ag*/Z is similar to the above,
just replacing sodium borohydride with hydrazine. The
reaction goes as follows:
4AQ" + NoHs + 40H™ — 4Ag® + N, +4H,0  (2)
Ag*/Z powder was added to 50 ml of 25% hy-
drazine solution, stirred for 4 h at 70 °C, then let stand
overnight for the powder to settle at room temperature.
The product was filtered with blue-band filter paper,
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washed 3 times with distilled water and dried at 100 °C
until constant weight. The sample is denoted as Ag02/Z.

e Thermal decomposition:

The method is based on the same principle as
above but differs in the process of exchanging Ag* ions
on the zeolite surface and the reduction process does
not use chemicals but uses heat. The principle behind
the process is as follows:

Adsorption of NH4* ions on zeolite surface:

NaZ + NHsNO3 — NHsZ + NaNOs 3)

Exchange Ag* ions with NH,* ions on zeolite

surface:

Ag* + NH4Z — AgZ + NH,* (4)
Then calcined at high temperature so that Ag*
changes back to Ag’.

The specific manufacturing process is as fol-
lows: The zeolite powder is added to NHsNO3 solution
with a solid-liquid mass ratio of 1:20, then magneti-
cally stirred and heated at 80 °C for 4 h. Then, the mix-
ture was filtered through blue-band filter paper and
dried at 80 °C for 12 h. Repeat the above steps three
times to obtain NHs" adsorbed zeolite, denoted as
NH4Z. To adsorb Ag* ions onto zeolite, we continue to
add NHZ to 0.1 M AgNOs solution, gently shake at
100 v/p for 2 h, then filter it through blue-band filter
paper and wash it 3 times with distilled water, then dry
at 100 °C. Repeat the above steps 3 times to obtain
Ag*/Z. Heating Ag*/Z at 350 °C for 4 h, obtaining the
material denoted Ag03/Z.

Structural analysis

The zeolite powder and zeolite bearing na-
nosilver were morphologically analyzed and structur-
ally characterized by modern physicochemical meth-
ods. Fe-SEM field emission scanning electron micros-
copy and energy dispersive X-ray spectroscopy were
performed on the Hitachi S4800 instrument (Japan).

Test for antibacterial activity by agar perfora-
tion method

Prepare bacterial culture medium (MHA).
Then, the MHA medium was autoclaved and poured
into petri dishes with a volume of about 15 ml to create
agar surfaces.

Preparation of test strains: Inoculate the test
strains of bacteria into sterilized bacterial growth me-
dium (TSB). Incubate at 37 °C for 6-8 h for bacterial
strains to activate and proliferate. Determine the bacte-
rial cell density by optical densitometry at 625 nm, the
bacterial density must reach ~ 106 CFU/mI. This bac-
terial density will be fixed to proceed to use for the an-
tibacterial activity test of the test sample.

Preparation of test substances: Using a pi-
petteman, accurately aspirate 100 pl of the prepared
bacterial solution into a petri dish containing MHA
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medium, spread the bacteria evenly over the agar sur-
face of MHA medium with a glass spreader.

Wait for the agar surface to be relatively dry,
proceed to punch holes of 6mm agar. Use a pipetteman
to accurately aspirate 50 pl of the test substances into
the agar holes. Operations must be carried out under
sterile conditions.

Incubate these petri dishes for 24 h at 37 °C,
observe the results based on the size of the antibacte-
rial ring. If the sample has an antibacterial ring, it in-
dicates that the test substance is resistant to the test
strain of bacteria.

RESULTS AND DISCUSSION

Character of nanosilver-bearing zeolite

The elemental composition on the surface of
zeolite and zeolite bearing nanosilver was analyzed by
X-ray energy dispersive spectroscopy. EDX spectra of
zeolite (Z0) and zeolite bearing nanosilver were syn-
thesized by different methods: reduction with NaBH.
(Ag01/2), reduced by N2H4 (Ag02/Z), reduced by heat
(Ag03/Z) are shown in Fig. 3.1.

The results of Fig. 1 show that the composition
of zeolite consists of 4 main elements: oxygen, sodium,
aluminum, and silicon, peaks appear with relatively
strong intensity at energy levels of 0.525keV (O),
1.041, respectively. keV (Na), 1.5 keV (Al) and 1.739 keV
(Si) and absolutely no trace of the element silver.
Meanwhile, the EDX spectrum of Ag/Z has a peak at
position 2.98 keV, indicating the presence of silver in
the composition of Ag/Z. The peak at the 3 keV posi-
tion of the Ag03/Z sample is higher than that of
Ag02/Z and Ag01/Z, thereby predicting that the Ag
content on the surface of the heat-reduced sample is
higher than that of the chemical reduction. Mass and
atomic percentages are also determined and presented
in Table 1 below.

The results are shown in Table 1 shows that the
mass % of silver atoms on samples Ag01/Z, Ag02/Z

and Ag03/Z are 1.6 %, 4.44% and 7.7%, respectively.
Thereby, we can see that the Ag03/Z heat reduction
sample has the highest Ag content, but this method will
consume more energy than other methods. Of the two
chemical reduction methods, the reduction with hydra-
zine is more efficient than the reduction with NaBH4
with ~3 times higher silver content. To evaluate in
more detail, we analyze other methods such as SEM,
XRD and investigate the antibacterial activity of the
material.
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keV
Fig. 1. Energy-dispersive X-ray spectroscopies of Z0, Ag01/Z,

Ag02/Z, Ag03/Z samples
Puc. 1. DHepromucnepcuoHHas PEHTTEHOBCKAsA CIIEKTPOCKOITUHI
o6pasuos Z0, Ag01/Z, Ag02/Z, Ag03/Z

To better observe the surface structure and size
of silver particles formed on the zeolite surface, field
emission scanning electron microscopy can be used.
Figure 2 shows the surface morphology of zeolite and
zeolite bearing nanosilver at 30,000x magnification.

Observing the surface of zeolite in Fig. 2, we
can see that silver nanoparticles have formed on the
surface of zeolite in all samples Ag01/Z, Ag02/Z,
Ag03/Z. In which, the method of reducing Ag* to Ag° by
chemicals such as NaBH4 (Ag01/Z) and N2H4 (Ag02/Z)

Table 1
Elemental composition on zeolite surface
Tabauya 1. JneMeHTHBIH COCTAB NOBEPXHOCTH LEOJIUTA
Z0 Ag01/z Ag02/Z Ag03/Z
Element o % number | | % number % number % number
b mass % mass % mass % mass
of atoms of atoms of atoms of atoms
) 55.53 66.76 52.1 63.07 49 60.9 57.17 70.6
Al 14.09 10.04 15.2 10.90 15.41 11.35 15.78 11.56
Si 14.56 9.96 15.3 10.55 15.14 10.72 15.26 10.73
Na 15.83 13.24 12.3 10.36 11.76 10.17 0.13 0.11
N 0 0 3.5 4.84 4.25 6.04 3.96 5.59
Ag 0 0 1.6 0.29 4.44 0.82 7.7 1.41
Total 100 100 100 100 100 100 100 100
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gives silver particles with nano size < 100 nm. Silver na-
noparticles on the surface of the Ag02/Z sample have
a thicker density and are distributed quite evenly,
which is also consistent with the results of elemental
composition analysis by X-ray energy dispersive spec-
troscopy. Ag03 does not use chemicals, but uses heat
at 350 °C to create silver nanoparticles appearing in
clusters from 0.2-1 pm, not evenly distributed on the
surface, but mainly forming between the slits of the
boundary of the zeolite particles. This result shows
that, reducing Ag* to Ag° on zeolite by chemical agent
gives silver nanoparticle size smaller and more evenly
distributed than thermal reduction method. Therefore,
chemically reduced samples were selected to analyze
the crystalline phase composition by X-ray diffraction
spectroscopy.

The crystalline phase composition of zeolite
bearing nanosilver was analyzed by X-ray diffraction
and compared with the crystalline phase of the original
zeolite. X-ray diffraction patterns of Z0, Ag01/Z,
Ag02/Z are shown in Fig. 3.

o " ‘ KL 5.0kV 5.1mm x30.0k SE(M) 2 1.00um
Fig. 2. SEM images of Z0, Ag01/Z, Ag02/Z, Ag03/Z
Puc. 2. COM mzobpaxenus odap3uos Z0, Ag01/Z, Ag02/Z,
Ag03/Z

IMS-NK

Through Fig. 3 we see that Z0 zeolite appears
characteristic peaks at diffraction angles 20: 10,2°;
12.5°; 16.2°; 24.1°; 27.2°; 30° and 34°. With samples
Ag01/Z, Ag02/Z, in addition to typical peaks of zeo-
lite, there are also characteristic peaks of silver crystals
at diffraction angles of 38°, 44°, and 64.4°, proving that
in the composition of Ag01/ Z, Ag02/Z appeared silver
crystals. From the size of the semi-spectral width of the
silver peak at the 38° diffraction angle, we can calcu-
late the silver crystal grain size based on the Scherrer
formula. The results after calculating we calculate that
the Ag crystal size of the Ag01/Z sample is 22.4 nm,
and that of the Ag02/Z sample is 21.7 nm. Thus, the
size of silver particles reduced by chemical method on
the nanoscale zeolite surface is in the range of 22 nm.
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Fig. 3. X-ray diffraction pattern of Z0, Ag01/Z, Ag02/Z
Puc. 3. Penrrenorpamma obap3uos Z0, Ag01/Z, Ag02/Z

Table 2
Sterile ring size for E. coli
Tabnuya 2. Pazmep crepuiibHoro koJibua s E. coli

Test concentra- | Diameter of sterile ring
tion (mg/ml) [(mm) of Gram (-) Esch-
erichia coli

Sample
name

No.

20.0 0
1 Z0 5.0
1.25
20.0
2 | Ag0l/z 5.0
1.25
20.0
3 | Ag02/z 5.0
1.25
20.0
4 | Ag03/z 5.0
1.25

O|0O|N[([ON|O|O|O(N|O|O

Thus, from the analysis results of X-ray energy
scattering, scanning electron microscopy and X-ray
diffraction, we can identify the method of reducing Ag*
to Ag® on zeolite surface by chemical agent produce
more evenly distributed silver nano-sized particles
than the thermal reduction method. The silver content
on the zeolite surface of the hydrazine reduction
method is ~3 times higher than that of the sodium bo-
rohydride reduction method. To evaluate the bacteri-
cidal effect of the material, samples of Ag0l/Z,
Ag02/Z and Ag03/Z were tested with E. coli and com-
pared with the original zeolite.

Antibacterial activity test results

The antibacterial ability against E.coli bacteria
of the material was investigated by the agar perfora-
tion method. Samples were tested with concentra-
tions 1.25 mg/mL, 5 mg/mL and 20 mg/mL.

The results in Table 2 show that the antibacte-
rial ring has not appeared in all the samples, showing
that at the concentration of 1.25 mg/ml zeolite carrying
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nanosilver has not shown the antibacterial effect. The
sterile ring has begun to appear for samples Ag02/Z,
and samples Z0, Ag01/Z and Ag03/Z do not appear an-
tibacterial rings. Thus, at a concentration of 5 mg/ml,
the sample Ag02/Z has promoted its bactericidal abil-
ity, but the sterility ring width is still small, and the
samples Z0, Ag01/Z and Ag03/X have not been able to
Kill bacteria at high concentrations.

Continuing to increase the concentration of
substances to 4 times, equivalent to 20 mg/ml, we ob-
tain the sterile ring image shown in Fig. 4.

Fig. 4. Test image for E.coli sterility determination of samples
Z0(a); Ag01/Z (b); Ag02/Z (c); Ag03/Z (d) at a concentration of
20 mg/ml
Puc. 4. TecroBoe u3obpaxeHue crepmwibHOCTH 06pasios Z0(a);
Ag01/Z (b); Ag02/Z (c); Ag03/Z (d) B kormenTpamuu 20 Mr/mia
s E.coli

The image of the agar plate in Fig. 4 shows that
the antibacterial ring was present on all the zeolite sam-
ples bearing silver, and the normal zeolite sample did
not appear one. This proves that at the concentration of
20 mg/ml, all zeolite samples carrying silver nanopar-
ticles reduced by chemical methods and heat treatment
have antibacterial ability. However, the diameter of the
sterile ring of sample Ag02/Z is larger than that of the
other two samples.

Thus, zeolite itself does not have antibacterial
ability when at all concentrations it does not show
antibacterial ring. All zeolite samples carrying na-
nosilver showed antibacterial activity at the concen-
tration of 20 mg/mL. Sample Ag02/Z has the best an-
tibacterial activity against E.coli compared with the
other samples when the diameter of the sterile ring at
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the concentration of 20 mg/ml is 9 mm, the samples
Ag01/Z and Ag03/Z have the highest concentration of
9 mm. The sterile ring is less than 7 mm. At a lower
concentration of 5 mg/ml, only the Ag02/Z sample was
antibacterial with an antibacterial ring diameter of 7 mm,
while the remaining samples did not have a sterile ring.

This result is also consistent with the conclu-
sions drawn from the results of structural analysis of
the material. The Ag02/Z material with silver nanopar-
ticles reduced by N2H4 has a rather small Ag particle
size, uniform distribution on the zeolite surface and a
rather large content, which has the best antibacterial
ability. Meanwhile, sample Ag03/Z has more silver
concentration but uneven distribution, silver particles
cluster together with large size, so the bactericidal ef-
fect is not high.

CONCLUSION

The zeolite bearing nano silver was synthe-
sized by adsorbing Ag* ions on the surface, then reduc-
ing Ag* to Ag° by different methods using chemical
reducing agents and thermal decomposition. The re-
sults of the structural morphology analysis show that
the chemical reduction method for silver particles has
nano-size and is more evenly distributed than the ther-
mal reduction method. The content of nanosilver on
the zeolite surface of the hydazine reduction method
is ~3 times higher than that of the sodium borohydride
reduction method.

The zeolite samples bearing nanosilver were
tested for resistance against E.coli strains by agar per-
foration method and compared with the original zeo-
lite. The concentrations examined were 1.25 mg/mL,
5 mg/mL and 20 mg/mL. The results show that zeolite
has no antibacterial ability; All zeolite samples carry-
ing nano silver showed antibacterial activity at the con-
centration of 20 mg/ml. The Ag02/Z sample reducing
Ag* to Ag® by Hydrazin has the best antibacterial abil-
ity against E.coli compared with the remaining sam-
ples when the diameter of the sterile ring at the concen-
tration of 20 mg/ml is 9 mm, the largest is 9 mm, and
the Ag01/Z samples. The sodium borohydride-reduced
Z and the heat-reduced Ag03/Z have a sterile ring of
less than 7 mm. At a lower concentration of 5 mg/ml,
only the Ag02/Z sample was antibacterial with an an-
tibacterial ring diameter of 7 mm, while the remaining
samples did not have a sterile ring.
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