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TOM TAT

(hé tao thanh cong hat lai Ag/Zn0 bang phuong phap quang vdi kich thudc
hat nano Ag tlt 5 - 20nm bédm vao cac hat nano Zn0. Diéu kién thai gian tong hop
hat lai khac nhau cho thdy su phén bd Ag/Zn0 ciing khac nhau va & thdi gian 8
gio' cho két qua hat phan bo dong déu. Cuing véi d6, nong do Ag/NO, phi hgp
nhdt 1 0,02 cho két qué 6n dinh. Két qua do BET cho thdy dién tich bé mat riéng
cla Ag la 147,7m%/g, dién tich bé mat riéng tuong ddi I6n. Hat lai khong bi
chuyén d6i vé mat khdi lugng ciing nhu khong xay ra hiéu Gng nhiét tai thoi
diém nhiét do dao dong tir 50°C dén 350°C. Viéc két hop céc hat lai nano Ag/Zn0
trong mang son mang lai hiéu qua diét khuan cao ddi véi vi khudn £.coli khodng
1,83log sau 24 gi6.

Tir khéa: C6ng nghé nano, son khdng khudn.

ABSTRACT

Successfully manufacturing Ag/Zn0 hybrid particles using optical method
with Ag nanoparticle size from 5-20nm attached to Zn0 nanoparticles. Different
hybrid particle synthesis time conditions show that the Ag/Zn0 distribution is
also different and at a time of 8 hours gives a evenly distributed particle result.
At the same time, the most suitable Ag/NO, concentration is 0.02 for stable
results. Bet measurement results show that Ag's own surface area is 147.7m%/q,
the specific surface area is relatively large. Hybrid particles are not converted in
terms of mass nor occur heat effects at a time when temperatures range from
50°C to 350°C. The combination of Ag/Zn0 nanoparticles in the paint film has a
high bactericidal effect on E.coli bacteria by about 1.83log after 24 hours.

Keywords: Nanotechnology, antibacterial paint.
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1. MG PAU

Cong nghé ché tao vat liéu nanocomposite la mét linh
vuc dugc nhiéu nha khoa hoc quan tam. Céng nghé nano la
cong nghé mdi, cé tinh doét phd va dang dugc st dung rong
rai trong nhiéu linh vuc [1, 5]. Trong ddi séng, cac san pham

Ung dung cdng nghé nano trong qua trinh ché tao phong
phu va da dang nhu céc thiét bi vién théng, thiét bi gia
dung, thiét bi y té..., dac biét cong nghé nanno dugc ting
dung phé bién trong linh vuc san xuat vat liéu xay dung [2,
3,4].

Nhimg nam gan day, tinh chat t6i uu cda vat liéu
composite st dung chat gia cudng vai kich thuéc micro da
dat d&n muc t6i han do tinh chat chung clia composite luén
la su hai hoa cua cac tinh chat riéng biét [7]. Trong d6, vat
liéu khang khudn cling dang rat dugc quan tam. Hién nay,
trong d&i séng, nano bac dugc biét dén nhiéu nhat vi kha
nang diét khudn cla vat liéu nay. Nhiéu linh vuc tu y té dén
san xuat hang tiéu dung da s dung nano bac nhu mét tac
nhan gitp cho cac san phdm tao ra c6 dugc kha nang chéng
khuén, giup cham séc va bao vé stic khde con ngudi [8].

Son nano c6 rat nhiéu uu diém nhu cé cac tinh chat hda
ly nhu @6 bén, nhiét d6 phan huy 16n, khong déc hai...[3,4]
két hop véi cac hat nano bac véi ZnO c6 kha néang khang
khuan, tao nén véat liéu nanocomposite khang khuén [6].

Chinh vi vay viéc nghién clu dé tao ra nhiing san pham,
vat liéu mai uu viét hon, phuc vu ddi séng con ngudi ciing
nhu Ung dung trong cdc nganh cong nghiép, hang tiéu
dung phd bién via c6 khd nidng khang khuén, gia thanh
san pham thap 1a hét sdc can thiét, dugc ngudi tiéu dung
quan tam.
2.HOA CHAT VA PHUONG PHAP NGHIEN CUU
2.1. Héa chat
ZnO: Ham lugng 99,5%; kich thudc < 100nm, Sigmar.

AgNO;: Ham lugng 99,5%; Sigmar.

Nhi tuong Acrylat, Bodex AA261T la polyme acrylat do
An D6 san xuét, 40%.

Phu gia phan tan Teric N9 (nonionic nonyl phenol
ethoxylat) - Huntsman.

Phu gia diéu chinh d6 nhét Natrosol 250 HHBR
(hydroxyl etyl xenlulo) - Hercules, An 6.

Phu gia pha bot Foamaster NXZ (dau khoang) - Cognis.
2.2. Phuong phap nghién ciu

* Ché'tao hat lai Ag/ZnO

Can 0,1g ZnO va cac néng dd cha AgNO, lan lugt tu
0,01M dén 0,04M cho vao trong c6c thay tinh chia 100ml
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nudGc cat roi cho céc thay tinh c¢é chda hén hgp ZnO va
AgNO; lén may khudy tir cé con khudy, khdy trong thai gian
khdo sét tir 6 gid dén 10 gid duéi anh sang clia dén UV. Bé
lang loc phan chat rédn phia dusi dem di say & 95 - 100°C
dén khi kho.

Mau hat lai do UV-VIS, TEM dé danh gia kich thudc hat,
kha nang phan tan cta vat liéu.

* Ché tao mang son

Cho lugng nudc theo tinh toan cung véi polyacrylat vao
thung khudy, bat may khudy chay véi t6c dé vira phai (600
vong/phut), d&€ may khudy chay 15 phut réi bé sung phu
gia pha bot, nano Ag/Zn0O, khudy tiép 15 phut. Cuéi cling
cho phu gia lam dac da dugc ngam véi néng dé 2% dén do
nhét téi da vao may khudy, khudy tiép véi cac khoang thoi
gian 75 phut r6i diing lai. Mau vat liéu dem di son 1én tam
kim loai hodc tdm kinh dé khé va én dinh trong 7 ngay sau
dé do tinh chat co ly, khd ndng khang khuén cla vat liéu.
3.YEU TO ANH HUGNG DEN QUA TRINH TONG HOP HAT
LAI Ag/ZnO
3.1. Anh huéng cta thai gian dén qua trinh téng hop
hat lai Ag/ZnO

Qua trinh téng hgp hat lai dugc tién hanh & cac khoang
thai gian khac nhau dé khao sat do hoat tinh cda hat lai. Két
qua vé kich thudc hat hat lai nhu bang 1.

Bang 1. Anh hudng clia thai gian dén qud trinh tong hop hat lai

Thei gian tong hop | Kich thudc hat hat A
hgt lai (gig) i li(om) | ~YPhanboAg/In0
6 Hat tao ra rat it Hattaorait
7 4-15 Phan tén chua déu
8 5-20 Phan tan dong déu
9 13-25 Cocum
10 16-30 Cocum

Chon thai gian cho qua trinh t8ng hgp hat lai la 8 gi¢
cho cac qua trinh khao sét tiép theo.
3.2. Anh huéng ciia ndng dé AgNO,

Phan ng dugc tién hanh & diéu kién c6 dinh cac yéu to
khac chi thay d6i néng d6 cta dung dich AgNO; lan lugt |3
0,01; 0,02; 0,03; 0,04(M)

Bang 2. Anh huding clia ndng do AgNO, dén qua trinh téng hop hat lai

ong do (M)

. v 0,01 0,02 0,03 0,04
Tinh chat
Kich thudc —hat | Hattao |, 5, 2040 | 40-60
nano bac (nm) raratit

h pa g Hat tao Phén tan Phén tan
B9 phan bo raratit | dongdéu dong déu Cocum
D6 én dinh Khong 16 dioh | Gndinh | Gndinh

: : on dinh

Két luan: Tu két qua khao sat lua chon nong d6 dung
dich AgNO, la 0,02M dé cho cac qua trinh khao sat tiép
theo.
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3.3. Két qua phan tich cau tric hat lai
3.3.1. Két quda XRD
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Hinh 1. Gin d6 nhiéu xa tia X

Khi so sanh két qua nhiéu xa clia mau Ag/ZnO téng hop
so v6i mau chua téng hgp hat lai ta thay cé su xudt hién
cla cac dinh c6 cudng d6 nhiéu xa yéu, tiéu biéu la sy xuat
hién cta dinh nhé trong khodng géc quét 20 tai vi tri 33°.
Nguyén nhan c6 thé la do su ngat quang thdi gian trong
qua trinh két tinh dan dén sy thay ddi nhiét dé lién tuc hay
su tang gidm ap suat trong thiét bi autoclave trong su6t
qua trinh két tinh.

3.3.2. Két qua BET

Pudng hdp phu ddng nhiét BET cta vat liéu Ag/ZnO
dugc biéu dién & hinh 2.

naha e A Surface Ares

Singhe paind surface area 3t pip"= 0240546612 141 3554 milg
BET Surface Area 147 6552 myyg

E-Plal Mictopare Area’ 37 OB4T my
1Pt Extarnal Surface Atea. 110 5705 mig

BJH Adsoeption cumulatve surtace ared of pares
batwean 1 7000 nm and 3000000 nm width. 107 4475 m%g

BJH Desorpbon cemulatve surface area of pores
batween 1 7000 nm and 1200 0000 nm wigth 113 5917 m%y

Pore Volume
\-Piol micrapore volume. 0.01511% cmig

BJH Assorplion curmdalive volume of pares
batwaan 17000 nm and 100.0000 nm width: 0 565385 o'y

BUH Desorplion
betwaen 17000 nm and 300

6 velume of pores
0000 o width' 0 518522 el

Pare Size
BJH Agsorption average pore width (4VIA): 21.0917 nm

BUH Desorplicn avesage poce width (4VIA] 18 2458 nm

Hinh 2. Dudng déng nhiét hap phu - gidi hdp N, & 77°K cta vat liéu hat lai
Ag/Zn0 quang
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Dién tich bé mat riéng ca Ag la 147,7m?/g. Do vay, gia
tri dién tich bé mat riéng cta vat liéu hat lai Ag/ZnO 1a
tuong d6i I6n. Nguyén nhan la do cac hat ZnO c6 d6 x6p
cao, cac hat Ag bam trén bé mat. Mao quan tao thanh do
cac hat hat lai sdp xép 1én nhau (day dugc goi la mao quan
ngoai) nén dién tich bé mat riéng tuong doi lén.

3.3.3. Két qua TEM

Hinh 3. Anh TEM ctia vét liéu hat lai Ag/Zn0 quang

Tu két qua cho thay cac hat c6 hinh dang la cac khéi da
dién c6 hinh thu khac nhau. Cac hat lai c6 kich thudc tuong
d6i déng déu va c6 ciu tric bé mat x8p hon. Tur day, c6 thé
nhan dinh dugc dién tich bé mat riéng clia hat lai dugc
tang lén la tuong d6i. Cac hat bac trong vat liéu hat lai dat
kich thudc nano vao khoang tu 5 - 20nm.

3.3.4. Khdo sdt khd ndng diét khudn caa hat lai
Ag/ZnO

TU hat lai nano Ag/ZnO téng hgp dugc, chidng toi da
tién hanh thd hoat tinh sinh hoc clia chat nay trén cac
chiing khudn vi sinh vat kiém dinh bao gém: vi khudn Gr(+):
Staphylococcus aureus (ATCC 25923), vi khudn Gr(-):
Escherichia coli (ATCC 25922), vi khuan Gr(-): Salmonella

4, TINH CHAT CO LY VA KHA NANG KHANG KHUAN CUA
MANG SON
4.1. Tinh chat co ly cia mang son

Céc tinh chat co hoc (d6 bén udn, d6 bam dinh, d6 bén
trdy xudc) thé hién dé bam cda son hay do bong tach cua
I6p mang son dudc xac dinh theo cac TCVN déu dat tiéu
chudn. S6 lugng mau la 4 mau/1 tinh chat.

* D6 bdm dinh

D6 bam dinh clia I6p mang son dugc xac dinh theo cac
TCVN 2097:1993 déu dat tiéu chuén. S6 lugng mau la 4
mau/1 tinh chat.

Béng 4. Két qua do do bam dinh cla vat liéu Ag/Zn0

Hamlugnghatlai | Kétqua "

m trong I.TI;:I (g';/g) dg Hién tugng

1 1,8.10° Diém 1 Vit cdt hoan toan nhan,
khong bong tréc

2 3,5.10° Piém 1 Vit cit hoan toan nhin,
khong bong tréc

3 5,2.10° Piém 1 Vit cit hoan toan nhin,
khong bong tréc

4 6,9.10° Piém 1 Vit cit hoan toan nhin,
khong bong tréc

Sau kiém tra mau theo TCVN dung chéi I6ng mém quét
nhe thi khéng co hién tugng bong tréc son, vét cat hoan
toan nhan. Biéu nay ching to I6p phd c6 d6 bam dinh rat
tét, dat diém 1.

*Dé bén uén

D6 bén ubn cla I6p mang son dugc xac dinh theo cac
TCVN 2099:1993 déu dat tiéu chudn. S6 lugng mau la 4
mau/1 tinh chat.

Bang 5. Két qua do do bén udn cla vat liéu Ag/Zn0

typhimurium (ATCC 14028).
Bang 3. Hoat tinh sinh hoc ctia mau hat lai nano Ag/Zn0

m Ham qunﬂg hat lai Két qua do Hién tuong
trong mau (g/g)

1 1,8.10° Diém1, Khong xudt hién vét
1 mm tdm mau ntit, bong troc

2 3,5.10° Piém1, Khong xudt hién vét
1mm tam mau niit, bong tréc

3 52.10° Diém1, Khong xudt hién vét
1 mm tdm mau ntit, bong troc

4 6,9.10° Piém1, Khong xuat hién vét
1mm tim mau niit, bong tréc

Hiéusé D, - d,, (mm)
i D, Dudng kinh vong vé khuan (mm),
";29 d, = 8 Budng kinh giéng (mm)
(mg/mL) | Staphylococcus | Escherichia Salnonella
aureus coli tyhimurium
Sang Toi Sang | Téi Sang Téi

0 0 0 0 0 0 0
8 2 0 7 2 2 3
16 2 2 8 4 4 6
40 4 4 8 6 7 8

Sau qua trinh thd phat hién cGa ho chi ra rang mét
lugng nhé bac c6 thé ting cudng dang ké hoat ddng
khang khudn. Hoat déng quang héa cla vat liéu nano
Ag/ZnO cing c6 thé goép phan ting cudng hoat déng
khang khuén.

TU bang 5 thdy 4 mau déu dat tiéu chudn 1theo TCVN
2099-1993. Diéu nay ching o6 I6p phi c6 do bén uén tét,
khong bi gay hodc tach khoi vat liéu khi bi uén theo khung
ban vuéng co6 chiéu day 1mm va phép do nay dugc do 3
lan/mau.

* D6 trdy xudc

Do tray xudc cla I6p mang son dugc xac dinh theo cac
TCVN 10239-1:2013 déu dat tiéu chuan. S6 lugng mau 1a 4
mau/1 tinh chat.
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Bang 6. Két qud do do tray xudc cla vat liéu Ag/Zn0

Bang 7. Kha nang diét khudn cia mang son véi cac chiing vi sinh vat khac
nhau

11 Ham lugng hat lai trong Khéi lugng qua ning
mau (g/g) (g)

1 1,8.10° 950

2 3,5.10° 950

3 52.10° 950

4 6,9.10° 950

Két qua do cho thay mang son khong bi tray xudc hay
cb hién tugng nuat gay khi st dung khéi lugng cao nhat la
950g. Diéu nay ching to I6p phd ¢ do tray xudc tét.

4.2, Két qua anh TEM ctia mang son

Mé&u vat liéu nano composite gilfa son va hat lai nano
Ag/Zn0O dugc chup TEM bé mat cat. Vat liéu hat lai 0,01M
Ag/Zn0 sau khi do TEM, ta thay cac hat lai phan tan tot va
khong cé bé mat phan chia pha.

Hinh 4. Anh TEM ciia vat liéu hat lai 0,01M Ag/Zn0
4.3. Két qua do phan tich nhiét ca mang son

Két qua phan tich nhiét cho thay, khoang nhiét do tu
50°C - 310°C khoéng thay cé su chuyén déi vé khéi lugng va
hiéu Ung nhiét AgNO;-ZnO bén, én dinh. Trong khoédng
nhiét dé ti 310°C - 400°C bat dau thdy c6 su gidm manh
khéi lugng. Tt 407°C - 460°C thi su gidm khdi lugng dién ra
rat it va trén 470°C thi dudng TG gan nhu ndm ngang
chiing t6 phan ng nhiét phan két thuc.

DTA (V)
t
P
Camrected delta m (mg)

rem:::amre {'C] 420
Hinh 5. Anh phan tich nhiét cta vt liéu hat lai 0,01M Ag/Zn0
4.4. Két qua do khang khuan ctia mang son

Vat liéu nano composit va hat lai nano Ag/ZnO dugc
tién hanh do khang khuin. Két quad do kha nang khang
khuan dugc thé hién trén bang 7.
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Ham Sau24hu Hoat tinh khang
Iugng hat (CFU/em?) Log10 khuan
lai tron
mau (g /3) E. coli auf;us E. coli auf;us E. coli auf;us
Mau c6
1,8.10°g | 1.9%x10* [2.0x10*| 4.28 430
In0 - -
1,8.10° | 2.8x10% [ 2.5x10% | 2.45 2.40 1.85 1.9
3,5.10° | 2.8x10% | 2.5x10% | 2.45 2.40 1.85 1.9
52.10° | 2.7x10% | 2510 | 2.43 2.40 1.83 1.9
6,9.10° | 2.6 x10% | 2.5 x10% | 2.42 240 1.83 1.9

Hoat tinh khang khuan ctia mang son c¢6 va khéng cé
hat lai danh gid ma khong can chiéu xa anh séng. Sau 24
gi® U, déi véi mau chi c6 ZnO s6 lugng té bao song sét clia
E. coli da tang lén dang ké tu 4,0.10° CFU/cm? lén 1,9.10*
CFU/cm? Tuong tu, s6 luong té bao séng sét cla S. aureus
cling tang dang ké tu 4,1.10° CFU/cm? 1én 2,0.10* CFUcm?
sau 24 gi¢ U déi vai cdc mau chi ¢ nano ZnO. Nhiing két
qua nay chi ra rang mang son khéng thé hién hoat tinh
khang khuan chéng lai c vi khuén E. coli va S. aureus. Trong
trudng hgp sé hat lai Ag/ZnO tang lén, s6 lugng té bao
s6ng sét nam trong khoang tir 2,8.10* CFU/cm? dén 2,6.107
CFU/cm? sau 24 git. Do dé, viéc két hgp cac hat lai nano
Ag/Zn0 trong mang son mang lai hiéu qua diét khudn cao
d6i vdi vi khudn E. coli (khodng 1,83log sau 24 gi®). BPang
chu y, ham lugng hat nano trong nén mang son dao déng
tUr 18 - 69ppm. Tuy nhién, cdc mang son thu dugc van thé
hién hoat tinh khang khuén cao.

5. KET LUAN

Qua qud trinh nghién cdu nhém nghién cldu da thu
dugc cac két qua thuc nghiém nhu sau:

- Da ché tao thanh cong hat lai Ag/ZnO bdang phuaong
phap quang véi kich thuéc hat nano Ag vao khoang 5 -
20nm bam vao céac hat nano ZnO. Mau da dugc xac dinh
cdu truc thong qua phuong phap TEM, BET, X-Ray, UV-Vis.
K&t qué da chiing minh viéc téng hap hat lai nano Ag/ZnO
da thanh céng. Qua trinh th{r hoat tinh khang khuan cho
thdy hat lai c6 khd niang khang khuan Staphylococcus
aureus, Escherichia coli, Salmonella typhimurium ca trong
mai trudng t6i va moi trudng anh sang.

- Da ché tao thanh cong I6p ph polyacrylat ¢ chia hat
lai nano Ag/Zn0. Két qua nghién cttu hinh thai, cau trdac va
bé mat vat liéu cho thdy cac hat nano Ag/ZnO hinh thanh
tuang d6i dong nhat, phan bé trong I6p mang, khéng cé
bé mat phan chia pha.

- VGi két qua clia d6 bam dinh, d6 bén uén va dé tray
xudc cho thay I6p phi cé d6 bam dinh va d6 bén uén rat
tét, dat diém 1. D trdy xudc véi khéi lugng 9509 khong tao
vét trén bé mit.
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Hoat tinh khang khudn cia mang son c6 hat lai danh
gia trong trudng téi va trudng sang déu cé kha nang khang
khuan.
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