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Bing phwong phap chiéu xa, bac nano da dwoc tong hop hiéu qua trén nén zeolite (Agnano/Z). Trude tién,
bac ion duge dwa vao mang luéi zeolite bang phan Gng trao doi ion tao Ag'/Z, sau d6 chiéu xa gamma
Cobalt-60 trong dung dich etanol dé tao Agnano/Z. Cac nhan t6 dnh huwéng dén qua trinh tao bac nano
nhu: ty 1¢ giita Ag'/Z va dung dich etanol, lidu xa hép thu... déu dwoc nghién ciru va lwa chon. Ham lwong
bac trong Agnano/Z dwgc xac dinh va cac dic trung ciia ching dwoc phén tich biang pho cue tim (UV-vis),
pho nhiéu xa tia X, anh chup hién vi dién tir TEM, SEM... Hoat tinh khang khuin ciia Agnano/Z duoc
nghién ciru trén vi khuan Escherichia coli (E. coli). Két qua cho thay, cé6 dén 98% s té bao E. coli bi tiéu
diét khi lic 0,5 g Agnano/Z trong 100 ml huyén phui chira 10° té bao E. coli/ml. Ngoai ra, sau khi phdi tron
Agnano/Z véi nhua polypropylen (PP), sin pham nhua PP/Agnano/Z c¢6 kha niing ti¢u diét hoan toan cac
té bao E. coli trén bé mit. Véi két qua d6, Agnano/Z cho thiy tiém ning ing dung 16m trong linh vuc nhua

khang Khuan.
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Chi sé phén logi 2.5

Pat van de

Ngay nay vat liéu nhya dugc st dung rat rong rai
trong nhiéu linh vuc khac nhau, cac loai nhya phé bién
la polypropylen (PP), polyethylen (PE), polystyren
(PS), polyvinyl chlorid (PVC)... [1]. Trong sé d6, PP
1a polyme nhiét déo duoc khai thac rong rdi nhat vi né
c¢6 nhiéu vu diém: trong lugng nhe, khang hoa chét,
chi phi thip, d& gia cong va co thé tai sir dung [2]. Tuy
nhién, cling nhu cac loai nhya khac, nhya PP khong
c¢6 kha ning khang khuan nén vin con han ché tmg
dung trong mdt s6 linh vuc. C6 rat nhiéu cach dé tich
hop dic tinh khang khudn cho nhya nhu bo sung truc
tiép cac chat diét khuan bay hoi hodc khong bay hoi
vao trong nhua, phu cic chat diét khuan 1én bé mat
nhya, ¢6 dinh cac chat diét khuan 1én nhya bang lién
két ion hodc lién két hoa trj... [3]. Trong d6, tdc nhan
diét khuan tir bac (¢ dang ion hodc nano) thu hiit dwoc
nhiéu su quan tam cua céac nha khoa hoc do bac c6 cac
dac tinh vuot troi nhu: kha nang diét khuén manh, phé
rong va dac biét 1a co tinh bén nhiét va hoat luc kéo
dai. Trong linh vuc cong nghiép nhua, bac ion dugc
str dung pho bién nhét so véi cac ion kim loai ¢6 tinh

diét khuan khac nhu dong ion va k&m ion [4]. Nham
on dinh trong qua trinh phdi tron vao trong nhura, bac
ion thuong duoc gin trén cac chat mang khac nhau,
trong d6 co zeolite [3, 4]. C6 nhiéu phuong phap khac
nhau dé tich hop kha ning diét khuan cua bac 1én chat
nén zeolite, pho bién 1a: bac ion Ag* duoc trao ddi vao
trong mang ludi zeolite [5, 6] va bac nano duogc tong
hop tryc tiép trén nén zeolite bang phwong phap khur
hoa hoc [6-8]...

Trong nghién ctru ndy, bac nano trén nén zeolite
4A (Agnano/Z) duoc ché tao bang phuong phap chiéu
xa tia gamma tir ngudn Co-60, hiéu qua diét khuan E.
coli cuia vat liéu va kha nang st dung nhu tac nhan diét
khuan trong nhya PP ciing dugc nghién ctru.

Noi dung nghién ciu
Nguyén liéu va héa chit

Bac nitrat (AgNO,), etanol, acid nitric, zeolite 4A
va nhya PP dugc st dung co Xuét xu tir Trung Qué)c.
Nuée cat ciing dugc sir dung trong thi nghiém. Moi
truong nudi cdy Luria Bertani cua Hang Himedia co
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STUDY ON THE FABRICATION
OF SILVER NANOPARTICLES IN
ZEOLITE FRAMEWORK BY GAMMA
IRRADIATION FOR APPLYING
AS ANTIBACTERIAL AGENT FOR
PLASTICS

Summary

Usingtheirradiation method,silver nanoparticles
have been effectively synthesised into the zeolite
framework (Agnano/Z). Firstly, silver ions
have been introduced into the porous zeolite
framework by ion-exchange reaction for creating
Ag'/Z, then irradiated in ethanol solution by
gamma Cobalt-60 for forming Agnano/Z. The
conditions of theirradiation process such as: ratio
of Ag*/Z to ethanol solution, irradiation dose...
have been also investigated and chosen. The
silver content in Agnano/Z has been determined
by ICP-AES and characterized by ultraviolet-
visible spectroscopy, powder X-ray diffraction,
transmission electron microscopy (TEM),
scanning electron microscopy (SEM)... The
antibacterial activity of the Agnano/Z has been
investigated against Gram-negative bacteria
Escherichia coli by both: quality and quantity
tests. The results have shown that Agnano/Z
possesses a high antibacterial property, namely
the bactericide effect and can kill more than 98%
of E.coli bacteria for shaking 0.5 g Agnano/Z in
100 ml of E. coli suspension containing about
10° CFU/ml. After mingling Agnano/Z with
polypropylene plastic (PP) for the final silver
content of about 100 mg/kg, PP/Agnano/Z has
exhibited the ability to eliminate most of the
bacteria on its surface. In conclusion, providing
and maintaining the vigorously antimicrobial
activity in Agnano/Z plastics is promising to be
applied in antibacterial plastics.

Keywords: antibacterial plastics, E. Coli, gamma
irradiation, silver nanoparticles, zeolite.

Classification number 2.5
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xudt xt tir An Do. Gidng vi khuan E. coli ATCC 6538
dugc cung cép bdi Truong Pai hoc Khoa hoc Tu nhién
Tp Ho6 Chi Minh va bao quan tai Phong thi nghiém vi
sinh (Trung tam Nghién clru va Trién khai Cong nghé
Burc xa, Vién Néang lugng Nguyén tir Viét Nam).

Phwong phap
Ché tao zeolite c¢é chira bac ion (Ag*/Z):

Ag'/Z dugc ché tao tir bac nitrat va zeolite 4A béng
phuong phap trao dbi ion theo quy trinh cua tac gia
Ding Tu Suyén [9], quy trinh tém tit nhu sau: 1050 g
zeolite 4A duoc khudy déu trong 1,3 lit nudc cit, trung
hoa bang dung dich HNO, 2M dén khi pH = 6. Hdn
hop nay dugc bo sung tr tir 17,5 g AgNO, va khuay
déu ¢ nhiét d6 60°C trong 2 gio, dé ling qua dém, thu
phan ling Ag'/Z. Sau d6, Ag*/Z dugc rira sach bang
nude cat va say kho trong ti sdy ¢ 110°C dé kho hoan
toan, cudi ciing thu dugc bot Ag'/Z va sir dung cho cac
thi nghiém tiép theo.

Ché tao bac nano trén nén zeolite (Agnano/Z):

Ag'/Z c6 ham lugng bac ~ 10000 mg/kg dugc cho
vao dung dich etanol 10% voi ty 1€ Ag*/Z:etanol 1a 1:5.
Hdn hop duoc chiéu xa bang ngudn Co-60 ¢ cac liéu
xa hap thu khac nhau tir 20-60 kGy, suét liéu 3,2 kGy/h
tai Vién Nghién ctru Hat nhan. San phém sau khi chiéu
xa duoc ria sach béng nudc cit, séy kho va do phé
UV-vis.

Phdn tich dac trung cua bac nano trén nén zeolite:

Anh huong ctia lidu xa dén kha nang hinh thanh bac
nano trén nén zeolite dugc danh gia thong qua két qua
do phd UV-vis. Ham luong bac cia Agnano/Z duoc
phan tich béng ky thuat ICP-AES. Sy hién di¢n cua
bac trén zeolite con dugc xac dinh thong qua phd tan
sic nang luong tia X (EDX). Pic trung hinh dang va
kich thudc hat cia Agnano/Z dugc xéac dinh thong qua
két qua chup anh SEM, TEM.

Ché tao vt liéu nhua PP-Agnano/Z diét khudn:

Agnano/Z c¢6 ham luong bac ~ 8000 mg/kg
(Agnano/Z 8k) duogc lwa chon dé phdi tron vao nhya
PP. Qua trinh phéi tron dugc thuc hién béng may dun
hat nhya DSE 20 Brabender Germany tai Trung tam
Nghién ctru va Trién khai Cong nghé Bic xa. San
pham hat nhya sau khi dun c6 ham lugng bac ~ 100
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mg/kg (PP-Agnano/Z 100) dugc ép thanh tim va duoc
danh gia dac tinh khang vi khuan E. coli.

Pdnh gid hiéu qua diét khudn:

Vi khuén E. coli dugc xem 1a vi sinh vat chi thi cho
su 6 nhiém trong nudc va la vi khuan mé hinh cho céac
thi nghiém trén vi khuén [10]. Trong nghién ctru nay,
E. coli ATCC 6538 dugc lya chon 1a dbi tugng thir
nghiém trong cac thi nghiém danh gid hi¢u qua diét
khuan.

Khao sat hoat tinh khang khuan ctia Agnano/Z:
hoat tinh khéng khudn cta Agnano/Z 8k dugc khao
sat boi cac phuong phap: dinh tinh va dinh lugng. Thi
nghiém dinh tinh hi¢u qua diét khuan dugc tién hanh
theo phwong phap vong vo khuén: dia gidy vo tring (¢
1 cm) duge phu boi bdt Agnano/Z 8k va dat trén dia
thach méi truong LB da dugc trai vi khuan E. coli, i
qua dém & nhiét d6 37°C va quan sat vong vo khuan.
Thi nghiém tuong tu dugc tién hanh véi mau zeolite
dung 1am ddi chung.

Trong thi nghiém dinh lwong hiéu qua diét khuan:
0,5 g zeolite va 0,5 g Agnano/Z 8k dugc tiép xuc truc
tiép v6i 100 ml moi truong LB ¢d nhidm E. coli (~
10° CFU/ml) trong 5 phut va sb té bao E. coli sdng sot
trong mdi trudng dugc xac dinh bang phuwong phép trai
dia va dém khuan lac. Ngoai ra, hoat tinh khang khuan
ctia Agnano/Z & cac lidu lugng khac nhau ciing duoc
nghién ciru: 1an luot 0,34 g, 0,5 g va 0,68 g Agnano/Z
duogc cho vao cac binh c6 chtra 100 ml LB nhiém E.
coli, lac trong 5 phiit va xac dinh s6 vi khuan séng sot
trong moi truong.

Hiéu suét khang khuén duoc xac dinh theo cong
thire: n(%) = (N,-N)x100/N,, trong d6 N, N lan luot
la s0 vi khuan E. coli trong moi truong trudce va sau khi
tiép xtic voi mau thi nghiém (CFU/ml) [11].

Panh gia hoat tinh khang khuan cia miu nhuya
PP-Agnano/Z 100: mau nhya dugc khao sat hoat tinh
khang khuan bang phuong phap vong vo khudn cua
nhom tac gia Pang Van Pha va cac cong sy (2013)
[12]. Mau nhwa PP-Agnano/Z 100 hinh tron, duong
kinh 1,5 cm, day 2 mm duoc tiép xtic v&i vi khuan E.
coli (10" CFU/ml) va dé khoé ¢ nhiét d6 phong trong
diéu kién vo trung, sau d6 dat 1én moi truong thach
LB, u qua dém ¢ 37°C va quan sat sy xuét hién cia
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khuan lac trén mau nhya. Thi nghiém tuong tu dugc
tién hanh voi mau nhya PP dung 1am ddi chimg.

Két qua nghién ciu
Ché tao bac nano trén nén zeolite

Hinh 1 cho thay, khi chiéu xa Ag'/Z véi ndng do
Ag" ~ 25 mM trong diy lidu xa tir 20-60 kGy, phd
UV-vis s& xut hién dinh hip thu trong diy budc song
tuong ung 455-429 nm, hi¢n tugng nay hoan toan
khong xay ra & mau Ag*/Z chua chiéu xa. Khi lidu xa
hép thu ting, cudng do hap thu tai cac dinh ciing ting
va tai liéu xa 50 va 60 kGy, cudng d6 hip thu cua cac
dinh gan nhu 6n dinh. Theo cic cong trinh nghién ctru
cua Ramnani va cac cong su (2007), bac nano s€ cho
dinh hap thu dic trung trong khoang budc soéng 390-
450 [13]. Vi vay, pho UV-vis trong hinh 1 d ching
t6 bac nano di dugc tao thanh trén nén zeolite béng
phuong phap chiéu xa. Thong qua két qua nay, liéu xa
hép thu 50 kGy duogc lya chon dé ché tao bac nano trén
nén zeolite cho cac thi nghiém tiép theo.
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Hinh 1: phé UV-vi:v cdq mau Ag'/Z dwoc chiéu xa
o cdc lieu hap thu khac nhau
Két qua phan tich ham lugng bac bang phuong phap
ICP-AES cho théy, mau bac nano Agnano/Z dugc ché
tao bang con dudng chiéu xa gamma c6 ham luong bac
~ 10000 mg/kg.

Anh chup SEM, TEM ciia mau Agnano/Z duoc thé
hién trong hinh 2. Anh SEM cho thiy cé su bién doi
cAu trac bé mit cua zeolite sau khi gin bac nano. Tur
anh TEM, kich thudc hat trung binh ctia bac nano trong
Agnano/Z dugc ude lugng trong khoang 5-30 nm.
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Hinh 2: anh chup SEM (A) va TEM (B) ciia Agnano/Z

Tir phd XRD trong hinh 3, kich thudc hat trung
binh ctia Agnano/Z dugc tinh toan bang cach st dung
dinh 26 = 38,11° theo cong thurc cua Debye-Scherrer:
t = 0,94/Bxcos® duogc trinh bay trong nghién ctru cua
Jiang va cac cong sur (2007) [14]. Két qua tinh toan cho
thiy, kich thudc hat trung binh cta bac nano trén nén
zeolite 1a ~ 27 nm. Piéu nay phu hop véi két qua wdc
lugng kich thudce hat trung binh cua bac nano tir anh
chup TEM.
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Hinh 3: ph6 XRD ciia zeolite va Agnano/Z

Két qua phan tich phd tin sic nang luong tia
X (EDX) trong hinh 4 cho thdy, thanh phan cau tao
cta zeolite gdm 4 nguyén td chinh: oxy, natri, nhém
va silic, cung mot lugng nhoé kali, nhung hoan toan
khong c6 diu vét ctia bac. Trong khi d6, phd EDX cua
Agnano/Z co6 xuét hién dinh tai vi tri 3 keV, ching to
¢6 su hién dién cua bac trong thanh phﬁn cAu tao cua
Agnnao/Z. Trong nghién cuu ctua Klemenci¢ va cac
cong su (2010) [15] va cia Gusseme va cac cong su
(2010) [16], phd EDX ciing dugc sir dung dé xac minh
su hién dién ctua bac nano trong céac mau cellulose va
polyvinylidine flouride.
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Hinh 4: phé EDX ciia zeolite va Agnano/Z
Hiéu qud di¢t khudn
Hoat tinh khang khudn cia Agnano/Z:

Két qua tht nghiém dinh tinh hoat tinh khang
khuén ctia Agnano/Z thé hién trong hinh 5 cho thay,
chi ¢6 mau Agnano/Z tao duoc vong vo khuan, trong
khi mau ddi chimg (PC) va mau zeolite déu khong co.
Diéu nay chimg t6 Agnano/Z c6 hoat tinh khang khuan
d6i v6i E. coli va hoat tinh khang khuan d6 1a do tac
dung cua bac nano, con zeolite hoan toan khong co
kha nang diét khudn. Trong nghién ctru cia Shameli
va cong su (2007), phuong phap vong vo khuan ciing
dugc st dung dé dinh tinh hiéu qua diét khudn cua bac
nano trén nén zeolite [7].

Hinh 5: thir nghiém vong vé khudn ciia zeolite va Agnano/Z

Két qua tinh hiéu suit diét khuan ctia Agnano/Z
dugc thé hién trong hinh 6, 7. Két qua cho thay,
Agnano/Z c6 hiéu suét diét khuan cao (98,57%) va khi
tang ham luong Agnano/Z tiép xtic v&i huyén phu E.
coli (tir 0,34-0,68 g) thi hiéu suét diét khuan ciing ting
(tir 69,64-99,21%). Ngoai ra, khi lic zeolite voi huyén
phu E. coli, mat do vi khuén sau khi lic cling gidm
xudng dang ké (38,43%), nguyén nhan la do zeolite
c¢6 kha nang hap phu manh, trong qua trinh lic, cac
té bao E. coli s& bam dinh trén nén zeolite, do d6 sb
luong té bao E. coli pha 1ong ctia huyén phu s& giam
xudng. Hién tuong nay ciing di xay ra khi lic PE vai
khong voi huyén phu E. coli trong cong trinh nghién
ctru cua nhom tac gia BPang Van Phu va cac cong su
(2013) [12].
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Hinh 6: hiéu qua diét khuén E. coli cia Agnano/Z so voi zeolite
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Hinh 7: hiéu qua diét khudn Ecoli ciia Agnano/Z ¢ cac ham lwong khdc nhau

Hoat tinh khang khudn ciia nhwa PP-Agnano/Z:

Két qua thir nghiém hoat tinh khang khuan cia
nhya PP-Agnano/Z bang phuong phap vong vi khuan
duoc thé hién trong hinh 8. Két qua cho thiy, sau khi
tiép xuc v6i huyén phu E. coli, khong c6 khuan lac nao
xuét hién bam trén bé mit nhua PP-Agnano/Z, trong
khi trén bé mat miu nhua dbi chung PP xuét hién rat
nhiéu khuan lac. Diéu nay chimg t6, sau khi tiép xuc
voi PP-Agnano/Z céc té bao E. coli trén bé mat da bi
ti€u diét hoan toan.

Hinh 8: két qud thir nghiém vong vi khudn ciia mau nhwa PP va PP-Agnano/Z

Két luan

Bing phuong phap chiéu xa gamma, bac nano da
duogc téng hop hiéu qua trén nén zeolite co kich thudc
hat ~ 27 nm va hiéu suét diét khuan E. coli (10° CFU/
ml) dat trén 99%. Ngoai ra, sau khi phéi tron vao nhua
PP, hoat tinh ctia Agnano/Z van dugc duy tri va c6 kha
nang diét vi khudn E. coli hiéu qua. Bac nano trén nén
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zeolite ¢o loi thé 1a & dang rén d& dang phdi tron vao
cac loai nhya nhung van duy tri hoat tinh khang khuan
cao, hira hen c6 tiém ning ting dung 16n trong viéc
thay thé céc tac nhan diét khuan hién c6 trong linh vyc
cong nghiép nhya.
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