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Trong nghién ciru nay, cac hat nano ZnO-Ag da duwoc ché tao thanh cong bang phuong
phap ddng két tha, tao ra cu truc wurtzite dn dinh v&i hat cé dang luc giac, kich thuéc
dong déu khodng 20-25 nm. Trén co s& do, nanocomposite ZnO-Ag/alginate dugc tong
hop theo nhiéu ti 1é khac nhau, trong d6 két qua phan tich quang phd chirng minh vat liéu
thu dworc gilr nguyén tinh chat dac trung clia ca ZnO-Ag va alginate. Dac biét, vat liéu thé
hién hoat tinh khang khuidn manh dbi v&i vi khuan Escherichia coli va Staphylococcus
aureus, v6i dwdng kinh vong khang khuan 1an Iwot dat gia tri tbt nhat 26 va 30 mm trong
khodng nghién ctru. Cac két quad nay cho thay vat lieu ZnO-Ag/Alg khéng chi cé tinh
twong thich sinh hoc ma con mang lai kha nang diét khuan vuot troi, mé ra trién vong (rng
dung trong xt ly va kht tring nwéc nhiém khuan.

Alginate, nanocomposite, vat liéu khang khuén, nano lai ZnO-Ag.

In this study, ZnO-Ag nanoparticles were successfully synthesized via the co-precipitation
method, forming a stable wurtzite structure with uniform hexagonal particles of
approximately 20—25 nm. Based on these nanoparticles, ZnO-Ag/alginate nanocomposites
were synthesized at different ratios, in which spectroscopic analyses confirmed that the
obtained materials retained the characteristic properties of both ZnO-Ag and alginate. In
particular, the materials exhibited strong antibacterial activity against E. coli and S. aureus,
with inhibition zone diameters reaching the best values of 26 and 30 mm, respectively,
within the studied range. These results demonstrate that ZnO-Ag/alginate materials not
only possess biocompatibility but also provide outstanding antibacterial capability, opening
up prospects for their application in the treatment and disinfection of contaminated water.

Antibacterial material, alginate, nanocomposite, ZnO-Ag hybrid nanoparticle.

1. GIO1 THIEU

Tai nguyén nudc & Viét Nam dong vai tro
thiét yéu cho doi séng va phat trién kinh té -
xa hoi, song hién dang chiu stic ép nghiém
trong tir 6 nhidm, khai thac qua mirc va bién
d6i khi hau. Mdi nim ca nudc phat sinh
khoang 25 triéu tin chat thai ran sinh hoat,
trong d6 Ha Noi thai ra 6.000 tdn/ngay véi ty

1& chon lap toi 90%, con TP. H6 Chi Minh
khoang 70%. Hon 80% khu cong nghiép chua
c6 hé théng xur 1y nudc thai dat chuan, dan
dén tinh trang 6 nhiém tai nhiéu song hd, cb
thé ké dén nhu song Nhué, séng To Lich, Vin
Chuong... Khoang 62% dan sb sinh séng &
néng thon - noi ha tang xir 1y con han ché -
khién nguy co dich bénh tir nguén nudc 6

TAP CHi KHOA HOC & CONG NGHE . SO 51 - 2025

47



KHOA HOC & CONG NGHE

nhiém ngiy cang gia ting [4, 5].

Bén canh 6 nhiém hoa hoc, 6 nhiém vi sinh
vat cling dic biét dang lo ngai. Két qua khao
sat 15 hod ndi thanh Ha Noi giai doan 2021-
2023 cho thdy ndng do E. coli va tong
Coliforms
(IngentaConnect, 2024). Cac vi khuan gay

vuot chuan hang trim lan
bénh nhu E. coli, Salmonella, Vibrio cholerae
va Shigella phd bién trong nudc thai chua xur
1y, d& 1ay lan qua sinh hoat, san xuét va nong
nghi¢p [1]. Theo WHO (2022), nuéc khong
an toan gay ra khoang 505.000 ca t
vong/nim do bénh tiéu chay, khang dinh tinh
cap thiét cua viéc xir 1y va quan 1y ngudn
nude sach [4]. Nhiéu phuong phap khir tring
nudc thai hién nay nhu chlorine, ozone, tia
UV hay dién hoa da dugc ap dung. Tuy nhién,
chlorine tuy hiéu qua nhung c6 thé tao ra san
phém phu doc hai nhu THMs va HAAs, trong
khi ozone va tia UV an toan hon nhung chi
phi cao va han ché vé hiéu qua xir Iy lién tuc
[8, 9]. Xu hudéng mdi tap trung vao vat lieu
nano, dic bi¢t 1a nhiing hé c6 nguén géc sinh
hoc va than thi¢én mdi truong, vira dam bao
hi¢u qua khu trung vira giam tac dong thu
cap.

Alginate - mot polysaccharide ty nhién chiét
Xuét tlr tdo nau - c¢6 wu diém nodi bt vé tinh an
toan sinh hoc, kha nang phan huy va tuong
thich sinh hoc. Ddc biét, alginate da duoc
chimg minh c6 kha nang khang virus, nhat 1a
v6i cac virus ¢6 mang bao nhd co ché twong
tac dién tich am, song lai gan nhu khéng c6
hoat tinh khéng khuén, 1am han ché ung dung
trong y sinh nhu bang gac, k§ thudt mo hay
bao quan sinh hoc. Do d6, két hop alginate
voi1 céc vat ligu nano nhu Ag, ZnO, déng hoac
carbon dugc xem 14 chién luoc hiéu qua dé
tao ra vat li¢u lai vura ¢6 tinh khang virus vira
¢6 tinh khang khuan.

Trong sb d6, ZnO nano dwoc danh gia cao
nho hoat tinh khang khuén rong trén ca vi
khuan Gram (+) va Gram (). Khi két hop voi
bac, ZnO—Ag cho hiéu qua vuot troi nho su
phéi hop gitta tinh quang xtc tac ctia ZnO va
kha ning khang khuin manh cia Ag. Cac
phuong phap téng hop nhu sol-gel, dong két
taa, thuy nhi¢t hay sinh hoc xanh cho phép
kiém soat kich thudc, hinh thai va mutc do pha
tap Ag", tir 46 diéu chinh tinh chat vat liéu.

Viée két hop ZnO-Ag véi alginate 1a hudng di
trién vong nhim tao ra nanocomposite vira
mang tinh khang khuan manh, vira duy tri dic
tinh khang virus va an toan sinh hoc. Bén
canh Ung dung trong y sinh, cac mang hodc
hat composite ZnO-Ag/Alg con dugc nghién
ctru trong xir 1y va khir khuan nuée nho kha
nang hap phu chét hiru co, phan tan hat nano
déu va tiéu diét vi khuan gay bénh [8-10].
Nho nhitng vu diém ndy, hudng nghién ciru
vé composite ZnO-Ag/alginate dang mo ra
nhiéu trién vong méi, dugc tng dung rong rii
trong nhiéu linh vuc.

2. NGUYEN LIEU VA PHUONG PHAP
2.1. Nguyén liéu va héa chat

Kém axetat (Zn(CH3COO),.2H,0, > 99 %),
bac nitrat (AgNOs;, > 99 %), axit oxalic

(H,C,04.2H,0, > 99,5 %) dugc cung cp boi
Sigma Aldrich.

2.2. Téong hop nano lai ZnO-Ag béng
phwong phap dong két taa

Quy trinh téng hop ZnO-Ag bang phuong
phap ddng két tia dugc tién hanh nhu sau:
Hoa tan 11,002 gam Zn(CH3COO),.2H,0
bang 250 mL nudc, thém tiép 0,115 gam
AgNO;, khudy co trong 15 phut duoc dung
dich (1); hoa tan 6,3 gam H,C,04.2H,0 vao
250 mL nudc duge dung dich (2). Tron dung
dich (1) va dung dich (2), khudy co & tc do
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cao nhét trong vong 90 phat. Loc, rira ldy
phan rin cta hdn hop bang may loc hit chan
khong, sy & 100°C dén kho dugc chét dang
ran. Nung chét ran thu duoc & 450°C trong 3
gio, dugc san phém Ia bt min.

2.3. Tong hop vat lieu nanocomposite
Zn0O-Ag/alginate

Hoa tan 0,2 gam (CcH7NaOg)n béng 20 mL
nuéc cat. Thém mot lwong ZnO-Ag lan luot 1a
0,02 gam; 0,1 gam; 0,2 gam va 0,4 gam tuong
mg véi ti 1& m(Alg): m(ZnO-Ag) trong 4 mau
lan luot 1a 0,1%; 0,5%; 1%; 2%. Hon hop
dugc khudy bang may khudy tir trong 30 phut,
roi mang di phan tin trong méy ly tdm 15
phut, thu duoc hon hop c6 mau xam tim, sanh.
Nhé hon hop trén vao dung dich CaCl, 0,3M
thu dugc cac hat tron. Ngdm hat trong dung
dich CaCl, 0,3M trong 24 tiéng. Sau d6, mang
hat di rira nhiéu 1an bang nuéc cat dé loai bo
tap chat. Hat duoc siy bang phuong phéap
d6ng kho trén thiét bi Epsilon 1-4LSC (Christ,
Pric) & -40°C trong vong 2 tiéng.

2.4. Cac phwong phap nghién ciru dac
trwng cua vat liéu

Pho hong ngoai (IR) dugc ding pho bién dé
xé4c dinh céc lién két ddc trung trong phén ti.
Miu dugc do trong ving 400-4000 cm ™, két
qua biéu dién dudi dang % truyén qua theo sb
song, sau khi hiéu chinh pho nén khong khi.
Phuong phap kinh hién vi dién tir quét phat xa
truong (Scanning Electron Microscope, SEM)
dugc sir dung dé xac dinh hinh thai bé mit va
kich thuéc hat cia cac vat liéu ché tao.
Phuong phap nhidu xa tia X (XRD) dung dé
xéc dinh dung dé phan tich pha (kiéu va luong
pha c6 mat trong mau), 6 mang co sd, cau tric
tinh thé, kich thudc hat.

Kich thuée tinh thé trung binh duoc tinh theo
cong thirc Debye-Scherrer:

L (09.1)

~ B.cosb )

Trong do: 20 1a vi tri cia dinh, don vi rad; B 1a
do rong nura chiéu cao vach nhiéu xa cuc dai,
don vi rad; d 1a kich thudc tinh thé trung binh,
don vi nm; A =0,154056 nm [16].

2.5. Phwong phap xac dinh hoat tinh
khang khuan

Hoat tinh khéang khudn cua vat liéu
nanocomposite ZnO-Ag/Alg dugc danh gia
trén vi khuan Escherichia coli (G-) va
Staphylococcus aureus (G+) bang hai phuong
phap: khuéch tan giéng thach va tiép xitic tryc
tiép.

Phwong phdp khuéch tan giéng thach

Phuong phap nay sang loc ban dau dé chon
vat liéu khang khuén t6t nhat. Dich vi khuan
(105 CFU/mL) dugc cdy 1én thach, sdu giéng
dugc duc trén mdi dia, cho 0,1 g nano ZnO-
Ag hodc nanocomposite ZnO-Ag/Alg (ndng
d6 khac nhau), nudc cat lam ddi chimg, 0 &
37°C trong 24 gio, do duong kinh vong vo
khuén dé danh gia hoat tinh khang khuan.

Phuwong phdp tiép xiic truc tiép

Kha ning kho khuan cua nanocomposite
ZnO-Ag/Alginate duoc danh gia bang
phuong phap tiép xuc truc tiép vé6i E. coli [11,
12]. Dich vi khuan (102, 103, 105 CFU/mL)
duoc tron voi 1 g vat liéu trong 100 mL dung
dich, khudy 200 vong/phit trong thoi gian xac
dinh, sau d6 pha lodng, cdy thach va u & 37°C
trong 24-48 gio.

Mat d6 vi khuan sau xu 1y dugc tinh theo
cong thuc sau:

(CFU e CFU) _@m

N
D¢

(2)

mL

Trong d6: N 1a téng s CFU/g (mL) miu co
chat dem di phan tich, A 1a s6 CFU trung binh
trén mdi dia peptri & d6 pha lodng nhit dinh,
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V 1a thé tich miu ciy trén mdi dia petri
(V=100 uL), D¢ 14 d6 pha lodng mau (10 lan).

Hiéu suat khang khuian duoc tinh theo cong
thirc sau:

H(%) = (1 - %) x 100 (3)

Trong do6: N la mat do vi khuén sau tiép xuc,
A la mat d6 vi khuan ban dau.

Céc thi nghiém dugc 1ap lai ba lan va déng
thoi khao sat anh huong ciia mat do vi khuan
va thoi gian tiép xuc.

3. KET QUA VA THAO LUAN

3.1. Nghién ctru thanh phan, ciu tric nano
Zn0-Ag

Két qud phan tich phé nhiéu xa tia X (XRD)

Pho nhiéu xa tia X cia mau vat liéu ZnO-Ag
sau khi nung & 450°C trong 3 gid dugc thé
hién trong Hinh 1. C4c dinh nhiéu xa thu duoc
cho thdy mau don pha ZnO, véi cac peaks dic
trung cua goc tan xa (26) = 31,7° (100), 34,4°
(002), 36,2° (101), 47,5° (102), 56,6° (110),
62,8° (103), 66,4° (200), 68,0° (112) va 69,1°
(201), phu hop véi cac cong bd trudc day
[14]. Céc vi tri dinh nay phu hop véi cdc mat
tinh thé twong tmg trong ciu trac luc phuong
wurtzite cia ZnO. Diéu nay cho thdy qua trinh
pha tap Ag vao ZnO khong lam thay d6i cau
trac tinh thé ban dau cia ZnO, dong thoi
khang dinh ring mang tinh thé lyc phwong
wurtzite duoc duy tri 6n dinh sau khi nung va
pha tap.

Bén canh cac dinh nhiéu xa ctiia ZnO, trén phé
con quan sat thay cac goc tan xa (20) cua bac
kim loai (Ag’) 1a 38,1; 44,3 va 77,4. tuong
g v6i cac mit tinh thé (111), (200), (220) va
(311) cua Ag kim loai 1ap phuong tdm dién
[13]. Su xuat hién cac dinh nay cho thay bac
t6n tai trong mau ¢ dang pha riéng biét, khong
hoa tan hoan toan vao mang tinh thé ZnO.

PHONG HOA PHAN TICH

12n0-Ag
| PDF 01-071-6424 ZnO Zincite, syn
| PDF 03-065-2871 Ag Sikver, syn
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Hinh 1. Phé XRD cuia ZnO-Ag.

Bac c6 thé phan bd dudi dang hat nano hodc
cum phan tr nam trén bé mit hodc gilia cac
hat ZnO, gop ph'?m tao nén cac dac trung tinh
chat ciia vat lieu ZnO-Ag. Piéu nay khang
dinh két luan dugc rat ra tir phd IR khi bac c6
tuong tac yéu véi nguyén tir oxygen & trong
vat liéu.

Ap dung phuong trinh Debye-Scherrer tai vi
tri goc 20 = 36,37° (101) ghi nhan FWHM =
0,55293 rad, tuong ung tinh dugc kich thude
tinh thé trung binh 17,85 nm.

Xdc dinh hinh thai cdu tric cka nano
Zn0O-Ag

Hinh 2. Anh SEM mau ZnO-Ag téng hop
bang phwong phap dong két taa
v&i do phéng dai 20.000 lan

Anh FE-SEM (Hinh 2) cho thiy céc hat nano
c6 dang tua hinh luc giac, véi kich thude dao
dong trong khoang tir 20 dén 25 nm, kha phu
hop voi kich thude tinh theo Debye-Scherrer
& két qua phd XRD. Ngoai ra, ta co thé quan
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sat thiy su phan bd kha dong déu cua cac hat
cu cia Ag® trén bé mat ZnO, véi su chénh
léch kich thudc giita cac hat khong dang ké.
biéu nay da khéng dinh sy c6 mat cua Ag
trong vat liéu.

3.2. Vat
Alginate

lieu nanocomposite ZnO-Ag/

Két qud phan tich phé hang ngogi (FT-IR)

Két qua ghi ph6 hong ngoai cua mau alginate;
Zn0-Ag; ZnO-Ag/Alg duoc hién thi & Hinh 3.
C6 thé thay, trén pho ZnO-Ag, mot van hap
thu & cac sb song 3447 cm™ va 1631 cm™ lan
luot dac trung cho dao dong hoa tri va dao
dong bién dang ciia nhém —OH. Dao dong cua
lién két Zn—O xuét hién van hép thu ¢ 445 cm’!
[13]. Sy hién dién cua van phd nay cho thay
su hién dién cua lién két giita kém va oxygen
trong mau phan tich, dic diém ciu trac dién
hinh ctia phan tir ZnO. Ngoai ra, dao dong dac
trung cta lién két Ag—O dugc quan sét trong
khoang 700-900 cm™ [13]. Cac van dic trung
cia nanocomposite ZnO-Ag/Alg gan nhu
khong thay d6i nhiéu, chung to su c6 mat va
on dinh cua chat mang alginate trong vat liéu
nanocomposite. Viéc dich chuyén cua van hap
thu & khoang 445 cm™ trong phd IR cua vit
licu ZnO-Ag lén céc s6 song cao hon trong
cac vat liéu composite trong khoang tir 488 —
551 cm™, gép phan 1am bén vat liéu ZnO-Ag.
Diéu nay duoc giai thich do alginate c6 nhiéu
nhom chirc nhu —COO~ va —OH ¢6 kha nang
tuong tac véi bé mat hat ZnO-Ag théng qua
lien két hydrogen hoac phéi tri ion kim loai,
nhitng twong tac nay cé thé lam bén lién két
Zn-O [15].

Phé XRD ctia mau ZnO-Ag/Alginate cho thay
cac dinh dic trung clia ZnO céu triic wurtzite
va Ag céu trac lap phuong tim mit, khing
dinh sy hinh thanh dong thoi ciia ca hai pha
tinh thé trong composite. Nén alginate thé
hién tinh chat vo dinh hinh thong qua dai tan

xa rong ¢ vung goc thap. Cac dinh pic c6 su
dich chuyén nhe vé goéc 20 c6 thé do anh
huéng cua su twong tac gifta nano véi nén

alginate.
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1 2 \J
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H Vi 2338 g
9_\0, 1% ZnO-Ag/Alg @
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Hinh 3. Ph6 héng ngoai ciia ZnO-Ag, alginate
va vat liéu nanocomposite ZnO-Ag/alginate

PHONG HOA PHAN TICH

1 Zn0-Ag/Alginate
1 PDF 01-071-6424 Zn O Zincite, syn
¥ PDF 03-065-2871 Ag Silver, syn
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Hinh 4. Phd XRD cua ZnO-Ag/Alginate

Hinh 5. Anh SEM mau ZnO-Ag/Alginate

Quan sit anh SEM (Hinh 5) ciia mau
composite chira 10% nano ZnO-Ag cho thiy
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cac hat nano ZnO-Ag duoc phan tan kha dong
déu trén nén alginate, khong xudt hién nhiéu
hién twong két tu 16n. Kich thuéc hat twong
ddi déng nhét, tao bé mat phu kha lién tuc,
cho thdy su tuong tac tot giita hat nano va
nén polymer, gip hinh thanh cdu trac
nanocomposite on dinh.

3.3. Hoat tinh khang khuan cua vat liéu
Zn0-Ag/Alg

Pharong phép khuéch tan giéng thach

Hoat tinh khang khuan cua cac vat liéu duogc
danh gia bang phwong phap khuéch tan giéng
thach trén vi khuan E. coli va S. aureus. Két
qua trong hinh 6 cho thay sy hinh thanh cac
vong vo khuan véi duong kinh thay d6i theo
ham lugng ZnO-Ag trong nanocomposite.

(b)

Hinh 6. Vong vé khuan cua E.coli (a) va S.aureus (b)
cutia cac mau Zn0-Ag (1); 0,1% ZnO-Ag/Alg (2);
0,5% ZnO-Ag/Alg (3); 1% ZnO-Ag/Alg (4);

2% ZnO-Ag/Alg (5)

Két qua xac dinh duong kinh vong khéng
khuan dugc trinh bay trong Bang 1. Vat li¢u
nano ZnO-Ag tao vong vo khuan véi dudng
kinh 15 mm, trong khi ZnO-Ag/Alg tao vong
16n hon, n6i bat mau 0,1% dat 26 mm (ting
1,7 1an so v6i mau nano lai). Tuy nhién, khi
tang ham luong ZnO-Ag 1én 0,5-2% lam
duong kinh vong giam dan. Vi S. aureus, ta
cling quan sat thdy xu hudng twong tu: viéc bd
sung ZnO-Ag vao thanh phan nanocomposite
lam ting kha ning khang khuan cia vat liéu

(gap 3,5-3,75 lan).

Bang 1. Pwong kinh vong vé khuén déi véi ching
E.coli va S.aureus cua vat liéu nanocomposite

Zn0O-Ag
Vong khiang (mm
ST Mau thir E. cogli Sfu(treul
1 | ZnO-Ag 15,0 8
2 10,1% ZnO-Ag/Alg 26 20
3 10,56% Zn0O-Ag/Alg 24 28
4 | 1% ZnO-Ag/Alg 22,5 30
5 | 2% ZnO-Ag/Alg 22 26

Két qua tr Bang 2 cho thdy, vat liéu
0,5%Zn0-Ag/Alg duge xem 1a thich hop nhat
trong khoang nghién cuu khi kha nang khang
ca hai ching vi khudn Gram am va Gram
duong dat gia tri tot nhat. Nhu véy, alginate
gitip tang hidu qua khang khuan hon han nano
lai & dang thuan, do kha ning tao gel phan tan
hat nano, duy tri kich thudc nho, ting tiép
xtic, dong thoi thiic ddy hinh thanh cac gbc
oxy héa manh (*OH, O,") va giai phéng Ag’,
pha huy mang, protein va DNA cua vi khuan
[15]. MAau vat liéu 0,5%Zn0O-Ag/Alg dugc lua
chon cho céc thi nghiém tiép theo.

Phuong phap tiép xuc truc tiép

Vit liéu 0,5%Zn0O-Ag/Alg dugc thtr nghiém
kha nang tinh khang khuan theo phuong phap
tiép xuc truc tiép voi chung dai dién 13 E.coli.
Két qua xac dinh mat do vi khuén sau khi xir
Iy va hiéu suit khang khuan dugc trinh bay
trén Bang 2.

Bang 2. Hiéu suét loai bé vi khuan E.coli (CFU/mL)
cua vat liéu 0,5%Zn0-Ag/Alg

Mat dé E.coli (CFU/mL) Hiéu
Ban déu | Sau xirly | Bitiou digt | SvAt (%)
1,6x10° 0 1,6x10° 100
2,3x10° | 2,0x10" | 2,2x10° 99
5,0x10° | 2,5x10° | 4,9x10° 99,5
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Két qua cho thy, v6i mat do vi khuan E.coli
12 10> CFU/mL hiéu suét loai bé vi khuan cua
vat liéu ZnO-Ag/Alg dat duoc gia tri gﬁn nhu
hoan toan. G mat d¢ vi khuan ban dau la 10’
va 10° CFU/mL thi hiéu sut khang khudn 1én
dén 99%. Kha ning diét khuan cua vat liéu co
thé dugc giai thich 1a do lugng ion Ag* va cac
gbc oxy hoa manh (nhu *OH, O,") duogc giai
phoéng trong qua trinh tiép xuc. Nhimg tac
nhan nay gdp phan tryc tiép vao viéc pha huy
mang té bao va ciu trac ndi bao cua vi khuan,
tir 46 nang cao hiéu qua khang khuén tong thé
cua vat liéu.

Trong diéu kién thuc té, mau vat lidu co thé
duoc tng dung trong xur ly nudc thdi cong
nghi¢p, voi gidi han E.coli cho phép theo
QCVN 40:2011/BTNMT la 3000 CFU/100 mL
v6i loai A [2]. Vat liéu 6 thé dap Gmg yéu cau
xtr Iy nude thai cong nghiép, nhung can cé
thém khao sat dé diéu chinh cac thong s ly
héa vé ngudng phu hop. Vat liéu tuy thé hién
hiéu qua khir khuan cao, nhung chi dap tng
duoc quy chuin dau ra nudce sinh hoat khi mat
d6 vi khudn dau vao thip (dudi khoang
10* CFU/mL). Khi mat d6 vi khuan ban dau
cao hon, du hiéu suit khéng khuin van dat
trén 99%, nhung luong vi khuén con lai vuot
qua giéi han 1 CFU/100 mL theo quy chuan

sinh hoat [3]. Pé dap tng chuan nghiém ngat
cua nudc sinh hoat theo thong tu 41/2018/TT-
BYT, can téi wu thém vé diéu kién xur 1y hodc
két hop véi cic phuong phap hd trg nhim
dam bao mat do vi sinh vat sau xu 1y duoi
1 CFU/100 mL.

4. KET LUAN

Céc hat nano ZnO-Ag duoc téng hop thanh
cong voi dang hinh luc giac, kich thude dong
déu ¢& 20-25 nm, di duoc bd sung vao thanh
phén ché tao vat liéu nanocomposite ZnO-
Ag/Alg. Vit liéu ZnO-Ag/Alg thé hién hoat
tinh khang khudn dbi véi chung E.coli va
S.aureus voi dudng kinh vong khang khuan
trong khoang 26-30 nm. Vit liéu 0,5%ZnO-
Ag/Alg thé hién kha ning khang khuan t6t
nhat trong khoang nghién ciru ddi vé6i ca hai
ching Gram 4m va Gram dwong. Cac két qua
thu duge budce dau rat kha quan, vat liéu ZnO-
Ag/Alg c6 trién vong phat trién thanh vat liu
¢6 tinh khang khuan, Gmg dung trong xir 1y
khir tring nude nhidm khuan.
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