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ABSTRACT

In this study, spherical Ag nanoparticles (Ag NPs) with sizes of 8 — 12 nm
as an antibacterial additive for indoor waterborne architectural coating
have been successfully synthesized by chemical reduction method. This
simple and environmentally friendly process is performed with a reducing
agent and a protective agent that is glucose (concentration of 0.4%) and
hydroxypropyl methylcellulose (HPMC_concentration of 0.01%),
respectively. Next, nano silver solution was added to the paint before
adding the emulsion resin. This method maintains the chemical and
physical properties of the paint while enhancing the antimicrobial ability
from nano silver in the paint. The effectiveness of nano silver as an
antibacterial additive for emulsion paints was evaluated on Escherichia
coli and Bacillus subtilis using an antibacterial ring method, respectively.
The results showed that the emulsion paint was bactericidal with the nano
silver content of 0.1 — 0.5 ppm in the paint. The antimicrobial effect of
nano silver in the emulsion paint was maintained for a minimum period
of 30 days.

TOM TAT

Trong nghién citu nay, hat nano Ag (AgNPs) hinh cau voi kich thuée tir 8
— 12 nm da dwoc tong hop thanh cong bangphuongphap khit héa hoc dé
lam phu gia khdng khudn cho son nhii twong noi that. Phiong phép don
gidn va than thién véi méi truong nay dwoc tién hanh véi tac nhan khir va
chdt bao vé la glucose (nong dj 0,4%) va hydroxypropyl methylcellulose
(HPMC voi néng do 0,01%,). Tié}) dén, dung dich nano bac dwoc cho vao
son triede khi thém nhwa nhii twong. Phwong phép ndy van duy tri cc tinh
chat Iy héa ciia son, dong thoi van thém kha ndng khdng khudn cia nano
bac trong son. Hiéu qua ciia nano bac véi vai tré phu gia khing khudn
cho son nhii twong dwoc thir nghiém lan luot trén Escherichia coli va
Bacillus subtilis thong qua phwong phdp vong khang khudn. Két qua cho
thdy son nhii twong cé kha nang diét khudn khi ham heong nano bac trong
son 1a 0,1 — 0,5 ppm. Hiéu qua khdng khudn ciia nano bac trong son nhii
twong dige duy tri trong khoang thoi gian toi thiéu la 30 ngay.

1. MO DAU

Hién nay, nhiém tring bénh vién (NTBV) &
nudc ta ndi riéng va thé gidi ndi chung dang 1a mot

thach thic 16n cho cac bénh vién vi ti 1& nhiém
khuan ngay cang cao. Tai Hoa Ky, Trung tam Kiém
soat va Phong ngura dich bénh wéc tinh c¢6 khoang
1,7 trigu ca NTBV, gop phan gay ra 99.000 ca tir
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vong mdi nam (Boev & Kiss, 2017). Nguyén nhan
XUt phat tir tit ca c4c loai vi sinh vat, bao gém ca vi
khuan va cac loai nim. Két qua cudc khao sat bénh
vién duogc tién hanh tai chau Au cho thdy nhiém
tring tir cac loai vi khuan Gram am udc tinh chiém
khoang 2/3 trong s6 25.000 ca tir vong mdi nim
(Sharma et al., 2009). NTBV c6 thé gay viém
phodi nang, nhidm tring dwong tiét nidu, mau va cac
b6 phan khéc cua co thé. Nhiéu loai kho diéu tri véi
thudc khang sinh. Ngoai ra, cac vi khuan dé khang
khang sinh c6 thé l1am viéc diéu tri trd nén phuc tap.
NTBV lam ting kha nang dé& khang cua thudc vi
bénh vién la noi tép trung sur dung cac khang sinh
trong diéu tri, dac biét dbi voi cac bénh nang, do vay
céc vi khuan co diéu kién tiép xtc véi nhiéu loai
khéang sinh va cac khang sinh méi (Klasen, 2000;
Pauksch et al., 2014). Bénh c6 thé lan truyén tir cac
nhan vién y té, ciing nhu cac dung cu y té khdng
duogc sat trung ky, khan trai giwong, hoac ca tu
khong khi. Nhiém tring ciing c6 thé lan truyén tir
cac bénh nhan khac nhau. Trong mot sé truong hop,
cac vi sinh vat c6 nguon géc tir da caa bénh nhan,
xam nhap vao trong co thé sau khi giai phiu. Mac
du bénh nhan cé thé da nhiém bénh tir chinh da cua
minh, viéc nhiém triing van duoc coi la NTBV vi né
phét trién trong moi truong chim soc suc khoe
(Sharma et al., 2009).

Mot trong nhiing cach kiém soét nhiém triing
va phong ngua tai bénh vién la phai lau chui, tay
ué va vé sinh céc bé mat moi trudng bénh vién, trong
d6 c6 ca l6p son noi that trong phong bénh. Son noi
thit ngoai cong dung dé bao quan, gilip cac bé mat
hoan thién c6 d¢6 nhin min cao, my quan véi mau
sic da dang, tuoi dep, c6 tudi tho cao, c6 do che phu
t6t, d& dang thi cong,... ma con gitp tang tinh an
toan vé sinh trong qua trinh s dung. Hién nay, tir
thuc tién v& NTBV, mot sé hang son di nghién ctu,
van dung va dua vao trong thanh phan cia son cac
phu gia khang khuan giGp kiém soat, hd tro ngin
chan su lay lan, va tai lay nhiém cua cac vi khuan
ngay trén bé mat cac bire trdng nha ¢ va moéi trudng
sinh hoat.

Céc phu gia khang khuan ké trén kha da dang,
bao  gom  chlorothalonil ~ (CTL),  zinc
pyrithione (ZPT), 3-iodopropargyl-nbutylcarbamate
(IPBC), 2-n-octyl-4-isothiazolin-3-one (OIT), 4,5-
dichloro-2-(n-octyl)-4-isothiazolin-3-one (DCOIT)
va carbendazim (CBZ) (Dileep et al., 2020; Zuniga
& Cortes, 2020). Trong sb d6, cac loai son c6 chira
cac hat nano bac (AgNPs) cho thiy hiéu qua khang
khuan tt, ¢ kha nang tiéu diét ca vi khuan Gram
dwong va Gram am cu thé nhu 14 Staphylococcus
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aureus va Escherichia coli. Tuy tinh chit khang
khuan cia AgNPs chua duoc hiéu 16 va day da,
nhung mot s6 nghién ciru da chung minh rang
AgNPs gan vao mang té bao vi khuan lam thay doi
tinh tham va lam rdi loan chtc nang ho hip cua
mang té bao va tir d6 lam vi khudn bj tiéu diét
(Ahamed et al., 2010; Bruchez et al., 1998; Cui et
al., 2001). Nhiéu nghién ctru da dugc céng bd vé
viéc két hop AgNPs vao son (Kumar et al., 2008),
thiét bi y té (Furno et al., 2004) va céc san pham
thwong mai khéac nham muc dich chu yéu 13 bao vé
sirc khdée ngudi sir dung.

AgNPs cd thé duoc tong hop bang nhiéu phuong
phap, nhu khir bang btrc xa UV (Liu et al., 2009), xir
Iy vi song (Wani et al., 2011), phan hay nhiét (Shim
et al., 2008), phuong phap dién phéan (Liu et al.,
2012), céy ion (Popok et al., 2005), khir héa hoc
(Khan et al., 2011; Vitulli et al., 2002),... Trong d6,
qua trinh khir hoa hoc 1a phuong phéap phd bién nhat.
Phuong phap nay khong chi doi hoi quy trinh va
thiét bi don gian ma con c6 kha niang tong hop céc
hat nano voi kich thude ddng nhat (Liu et al., 2010;
Raveendran et al., 2006; Sun & Xia, 2002). Tuy
nhién, hau hét cac qué trinh khir héa hoc thong
thudng déu st dung chat khir, chat on dinh va / hoac
dung méi doc hai (Fabrega et al., 2011; Jiang et al.,
2011; Liu et al., 2010). Trén co s¢ d6, muc dich cua
nghién cau nay 1a tong hop AgNPs bing phwong
phap than thién moi truong. AgNPs duoc tong hop
tir cac ion Ag* bang qué trinh khir mot giai doan
trong dung mdi nudc, sir dung chat 6n dinh la
hydroxypropyl methylcellulose (HPMC) va chat
khtr 1a glucose, déu la c&c tAc chat than thién vai moi
truong va 6 kha nang phan hiy sinh hoc. Ngoai ra,
qua trinh khong can sir dung thém bét ky chat xdc
tién nao. Tiép dén, AgNPs duoc dua vao son nhii
tuong véi tiéu chi khdng lam giam céc tinh chét ly
hoéa cta son, dong thoi van duy tri dugc kha ning
khang khuan cia AgNPs trong son. Hién nay son
nano bac thuong dwoc didu ché bang cach mua son
thanh phiam ngoai thi truong, sau d6 méi tron Vi
nano bac. Piéu nay 1am cho son thanh pham thuong
bi tach pha do khéng co6 tinh lién tuc gitra cac pha,
dan dén AgNPs chi hién dién trén bé mit sau khi son
va thuong bi rira trdi rat nhanh. Day chinh 1a nguyén
nhan chinh dan dén that bai trong cac nghién cuu
son ¢6 nano bac. Trong nghién ciru nay, dung dich
nano bac duoc cho vao son truéc khi thém nhya nhit
tuong, & giai doan nap nhya. Piéu ndy nhim dam
bao AgNPs hién dién trong toan b ciu triic cia son,
gitp ngén chan hién tuong tch pha va raa trdi trong
qua trinh hinh thanh va st dung mang son. Pay
chinh 1a diém khac biét rd rét va ciing 1a tinh méi


https://vi.wikipedia.org/wiki/Vi_khu%E1%BA%A9n_Gram_%C3%A2m
https://vi.wikipedia.org/wiki/Vi%C3%AAm_ph%E1%BB%95i
https://vi.wikipedia.org/wiki/Vi%C3%AAm_ph%E1%BB%95i
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cua nghién ctu nay. Hiéu qua cta nano bac véi vai
trd phu gia khang khuan cho son nhii tuong dwgc
thir nghiém lan luot trén Escherichia coli (E. coli)
va Bacillus subtilis (B. subtilis) thong qua phuong
phép vong khang khuan.

2. VAT LIEU VA PHUONG PHAP
2.1. Vatliéu

Hydroxypropyl methylcellulose (HPMC) duoc
cung Cap boi hdng Shin-etsu (Nhat Ban), vai cac
thdng s6 ky thuat nhu sau: d¢ nhét cua dung dich
2% (khéi luong) 1a 100.000 mPa-s (cps), do tai
20°C. Thanh phan methoxy l1a 19,0 — 24,0% va
hydroxypropyl la 4,0 — 12,0%. AI(NO3)3.9H0,
ascorbic acid, glucose, cung tién chat cua Ag la
AgNO; déu la dang thuong mai, ¢ xuat xt tir Trung
Quéc. Tat ca cac hda chat déu duoc sir dung truc
tiép va pha trong nuéc cat hai lan ma khong can qua
bat ky qua trinh tinh ché nao.

Céc hoa chit duoc sir dung dé diéu ché son nhii
tuong déu 1a céc hda chat cong nghiép duoc thuong
mai hoa trén thi truong. Nhya nhil tuong acrylic su
dung la loai Viscopol 2030 — Nuplex. Céc phu gia
bao gém: Orotan 1124, Strodex TH100, Drewplus
T4507A, Natrosol 250HBR (HEC), pHflex 110,
Ropaque Ultra va Texanol. Trong nghién cau nay,
son duoc str dung chat don va chat lam day 1a bot da
(CaCO0s), véi céc thong sb ky thuat 1a D50 ~ 4 pm,
D97 ~ 20 um, do tring > 98%, va cao lanh; ciing
chat tao do che phu Ia TiO, (Rutile) - R706. Chat
don va chat lam day déu la cac hoa chat co nguon
gbc tir Viet Nam.

2.2. Quy trinh thuc nghiém & phwong phap

nghién ciru

2.2.1. Quy trinh téng hep nano bac

Trong nghién ctu nay, cac hat nano Ag (AgNPs)
dugc téng hop bang phuong phép dung dich véi chit
bao vé 1a HPMC va glucose dong vai trd 1am chét
khtt. Quy trinh thyc nghiém dwoc tién hanh nhu sau:
dau tién, 0,01 g HPMC duoc thém vao 70 mL nuéc
cat hai lan. Hon hop dugc khudy tir va gia nhiét &
50°C cho dén khi HPMC tan hoan toan, thu dwoc
dung dich trong suét. Tiép dén, 10 mL dung dich
AgNO; 0,05 M dugc thém vao dung dich HPMC va
khuay lién tuc dé thu dwoc dung dich Ag*/HPMC.
Sau d6, 20 mL dung dich glucose 2% (khbi
lwong/thé tich) dugc thém vao dung dich trén (tong
thé tich dung dich phan @ng 1a 100 mL). Dung dich
dugc khudy lién tuc & 90°C trong 9 gid. Két thic
thoi gian, dung dich thu dugce c6 mau vang, dugc ky
hiéu la C318. Cuéi cung, dung dich ascorbic acid &
nong d6 25 ppm, duoc nhé tir tir vao dung dich C318
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v6i tbe @6 1 giot/3 gidy. Dung dich duoc khuéy
nhanh & téc do khoang 1.000 vong/phut cho dén khi
mau sic dung dich chuyén tir vang sang cam dén nau
den.

Kich thuéc va hinh thai cuia AgNPs dugce xac
dinh qua anh hién vi dién tir truyén qua (TEM) trén
thiét bi JEM 1400 (JEOL) véi thé gia toc 100 kV.
Mau do TEM dugc nho Ién trén ludi dong va phu
[én moét 16p carbon mdng, t1ep dén mau duogc siy
kho truée khi phan tich. Mau khd dang bot duoc
phan tich nhiéu xa tia X (XRD_D2 PHARSER,
Bruker), sir dung btic xa CuKo véi bude song A =
1,5406 A cing goc quét 26 tir 10° dén 80° vai bude
chuyén 0,02 °/phat. Phé hap thu UV-Vis cua dung
dich dugc do tai nhiét d6 phong bang méay quang
phd UV-VIS-NIR-V670 (Jasco), trong ving budc
s6ng tir 200 — 800 nm, véi tée d6 400 nm/phit. Su
6n dinh cua dung dich nano Ag sau khi téng hop
duoc xac dinh thong qua gid tri thé zeta dugc phéan
tich trén thiét bi Zetasizer Nano ZS (Malvern).

2.2.2. X&c dinh dé chuyén héa Ag* thanh Ag

Nong d6 cua nano Ag duoc tinh bang cach liy
nong d6 Ag* ban dau trir di ndng do ion Ag* con lai
sau qua trinh khir. Trong nghién ciru nay, nong do
Ag duoc xac dinh gian tiép thong qua viéc tach
Ag ra khoi dung dich keo bang céch keo tu, st
dung chit dién ly 1a mum AI(NO3)3.9H20. Phuong
phap tién hanh bao gom cac budc nhu sau: dau t|en
20 mL dung dich C318 dugc thém vao 30 g mudi
AI(NO3)3.9H,0. Tiép dén, hdn hop duoc khuiy nhe
trong thoi gian 90 phat. Két thac thai gian, hdn hop
dugc tién hanh ly tm ¢ 20°C véi toc do 15.000
vong/phut, thu dugc két tia mau xam va dung dich
sau ly tm trong suét. Mau dung dich ban dau C318
va dung dich trong sudt sau ly tam duoc tién hanh
phan tich phé hip thu nguyén tir (AAS) trén thiét bi
240FS AA - Agilent ¢ cung diéu kién. Két qua AAS
thu dugc tir mau dung dich ban dau C318, 13 tong
nong d6 Ag va Ag*. Két qua thu dugc tir dung dich
sau ly tdm la nong d6 Ag* trong dung dich chwa
chuyén hoa thanh Ag. Nhu vay nong do nano Ag
(ppm) thu dugc sau phan (ng dugc tinh theo cong
thuc (1)

Nong do nano Ag (ppm) = (Tong ndng do nano
Ag va Ag®) — (Nong d6 Ag?) 1)
2.2.3. Diéu ché son PLI6S

Son PLI65 duge diéu ché nhim dap ung theo
tiéu chuan caa son noi thit Viét Nam (TCVN
8652:2012). Thanh phan nhya nhii twong chiém
30% tong khéi lugng, TiO, chiém 15%. Day 1a 2
thanh phan chinh quyét dinh chét lwong va gia thanh


http://sharedresources.fredhutch.org/instruments/jeol-jem-1400-transmission-electron-microscope
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cua son. Thong thuong, son nhil turong ludn st dung
chat khang khuan (biocide), véi muc dich bao quan
son khoi tAc hai ciia vi khuan trong qué trinh luu tri.
Céc chat khang khuén thuong in da va gay doc cho
moi truong. Vi vay, trong cdng thirc cua son PLI6S
va son PLI65-Ag trong nghién ctru nay déu khong
sit dung cé&c chat dang nay, va duoc thay thé boi
dung dich nano Ag dugc tong hop nhu trinh bay &
phan trén.

Cong thire diéu ché son PLI65 duoc liét ké trong
Bang 1 va qua trinh diéu ché duoc chia thanh 3 giai
doan chinh, duoc thyc hién trén may tron — nghién
son Siemens (Hinh 1) bao gdm cac cong doan la
phan tan, nghién va nap nhua (let-down).

Giai dogn phan tan

Bang 1. Cong thire diéu ché son PLI6S
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Trong giai doan nay, dung dich bao gom dung
moi 1a nuée, chat hoat dong bé mat, chat hd tro phan
tan va chit phéa bot duoc khudy ¢ toc do thap dé
tranh tao bot nhung phai dam bao dung dich tao
thanh dong nhat. Pay 1a budc chuan bi cho giai doan
dua vao cac chat don va chét tao do phu dang bot
nhu CaCOs, cao lanh va TiOs.

Cac nguyén liéu dang rin dugc thém vao nhu da
liét ké ¢ Bang 1. Hon hop lic nay c6 do nhét thap
nén can thém vao nguyén li¢u tao dic dé tang do
nhot. Chét tao dic dwoc st dung la dang HEC
(hydroxyethyl cellulose), tén thuong mai Natrosol
250 HBR. Chét tao dic dugc phan tan vao nudc cho
thim w6t déu va truong nd, sau dé cho vao hdn hop
dé bat dau giai doan nghién.

I. Khudy & téc d thip, phan tan dén khi hén hop ddng nhit (100-150 vong/phiit)

STT Thanh phén Vai tro Pon vi Gia tri
1 Nuédce Dung méi g 200,0
2 Orotan 1124 Chat phan tan g 4,0
3 Strodex TH100 HbBM g 3,0
4 Drewplus T4507A Pha bot g 2,0
I1. Ting dan tdc do 800 — 900 vong/phut
5  Botda Chat don g 65,0
6  Cao lanh Chéat 1am day g 35,0
7 TiO; (dang rutile) Tao d6 phu, tring g 150,0
II1. Tao hén hop premix
8 Nudc Hoa tan chat tao dic g 30,0
9 Natrosol 250 HBR Chét tao dic g 5,0
10  pHflex 110 Tang pH g 1,0
IV. Tiing téc dd khuiy 3000 vong/phit. 20 — 30 phit. P min < 40 mm
11 Nudc Giai nhiét g 20,0
V. Nhiét d9 < 50 (°C), tbc d9 khuiy 350 — 400 vong/phiit dén khi hn hop dong nhit
12 Nuéc Giai nhiét va bu khoi lugng g 114,0
13 Viscopol 2030 Nhya nhil twong acrylic g 300,0
14 Texanol Tr¢ tao mang g 18,0
15 Ropaque Ultra Tao d6 bong g 30,0
16 pHflex 110 Tao pH g 1,0
17 Drewplus T4507A Pha bot g 3,0
18  Nudc Pha loang g 20,0
Cong g 1.000,0
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Hinh 1. My trgn — nghién son Siemens
Giai doan nghién

Sau khi chét tao dic duoc cho vao, téc do khudy
ctia hdn hop duoc tang dén khoang 3.000 vong/phuit.
Sau thoi gian khudy tir 20 — 30 pht, tdy theo kich
thudc ban dau cua cac nguyén liéu ran, hn hop
dugc kiém tra @6 min bang thudc do dd min (Hinh
2). Nho 1 giot dung dich 1én thudc ¢ noi c¢6 d6 sau
I6n nhat va kéo vé phia can nhat (vé phia trai nhu
trong Hinh 2).

thwéc do do min

| Vi tri dat mau

Hinh 2. Thuéc kiém tra d min caa son
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Quan st bing mét thuong s& thay hat phan b
trén thudc. Yéu cau caa son nhii trong theo TCVN
2091:2015 12 hat I6n nhét c6 dudng kinh khdng qua
40 pm.

Giai dogn ngp nhya (let-down)

Trong giai doan nay, hdn hop dugc giam toc do
khuay. Nhua nhii trong dwgc thém vao du lwong da
dugc cho theo cong thic trén Bang 1. Hoan tat viéc
thém céc nguyén lidu con lai & giai doan nay. Két
thiic qua trinh didu ché son PLI65 (Hinh 3). Son
dugc déy kin, luu trir & noi tranh anh sang chiéu truc
tiép, khd mat.

Son PLI6S

Hinh 3. Son PLI65 di dwge diéu ché

2.2.4. Diéu ché son PLI65 cé nano bac (PLIG5-
Ag)

Son PLI65-Ag dugc diéu ché theo quy trinh
tuong ty nhu didu ché son PLI65, v6i ndng do nano
Ag khéc nhau bao gom 0,1; 0,5; 1,0; 5,0; 10,0; 30,0
va 50,0 ppm. Dung dich nano Ag thém vao dugc bu
trir boi luong nuéce trong cong thire nham dam bao
tong khdi lwong son 1a 1.000 g. Hinh 4 1a hinh 4nh
clia son PLI65-Ag duge diéu ché ¢ cAc nong do Ag
khac nhau.


http://maydokhoahoc.com/news_detail.asp?new=1038&c%C3%A1ch-x%C3%A1c-d%E1%BB%8Bnh-d%E1%BB%99-m%E1%BB%8Bn-c%E1%BB%A7a-s%C6%A1n-vecni-v%C3%A0-m%E1%BB%B1c-in-tcvn-2091:2015--iso-1524:2013.htm
http://maydokhoahoc.com/news_detail.asp?new=1038&c%C3%A1ch-x%C3%A1c-d%E1%BB%8Bnh-d%E1%BB%99-m%E1%BB%8Bn-c%E1%BB%A7a-s%C6%A1n-vecni-v%C3%A0-m%E1%BB%B1c-in-tcvn-2091:2015--iso-1524:2013.htm
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Hinh 4. Son PL165-Ag dwoc diéu ché & cac nong do Ag khac nhau

2.2.5. Cac phwong phép thir nghiém tinh chdt
Cua son PLI65 va PLI65-Ag theo tiéu
chudn Viét Nam

TCVN 2102: 2008 Son. Phuong phép xac
dinh mau sac.

TCVN 2091: 2015 Son. Phuong phap xac
dinh @6 min.

TCVN 2097: 2015 Son. Phuong phép cit, Xac
dinh d6 bam dinh caa mang.

TCVN 2096-1: 2015 Son. Phuong phap xac
dinh d6 khd va thoi gian khé.

TCVN 10518-1: 2014  Son. Phuong phép xac
dinh ham lugng chat khong bay hoi.

TCVN 9879: 2013  Son.
dinh d6 nhot.

TCVN 8653-2: 2012 Son.
dinh do bén nudéec.

TCVN 8653-3: 2012 Son.
dinh d6 bén kiém.
TCVN 8653-4: 2012 Son.
dinh do rura troi.
2.3. Khao sat kha ning khang khuin ciia son
PLI165 va PLI65-Ag

Phuong phap xac

Phuong phép Xxac

Phuong phap xac

Phuong phap xac

Kha nang khang khudn cia son dwoc khao sat
bing phwong phap vong khang khuan. Quy trinh
khao sat dwoc tién hanh nhu sau: dau tién, thach
(agar) duoc tron voi moi trudng dé vi khuan phét
trién, nau soi dé nguoi. Vi khuan dugc tron vao agar
khi agar con dang dang long va khuay déu véi nong
d6 10° CFU/mL. 6 hdn hop agar vao dia petri
duong kinh 90 mm. Thir nghiém lan luot trén E. coli
va B. subtilis.

Péi véi mau son dang long
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Sau khi thach da dong, tién hanh tao giéng
(well). Son dugc d6 day vao giéng. Ghi nhan vi
khuan va tén mau. Day bang 1 dia petri khac va u
nhiét & 37°C trong 24 gio dé vi khuan phat trién. Sau
d6 miu dwoc quan sat bang mat va ghi nhan lai bang
hinh anh.

Béi Voi son khé

Dung gidy loc duong kinh 11 cm, son 2 16p bing
co lan cach nhau 30 phut. Mau duogc son ca 2 mit.
Sau 24 gio cat thanh hinh vudng nhé ¢6 canh 1 cm.

Mau sau d6 dé kho tu nhién trong 30 ngay, sau do
tién hanh thir nghiém do vong khang khuan.

Thach dugc chuan bi tuong ty nhu ddi véi son
dang long, mau dat 1én bé mat khi thach da dong.
Day bang dia petri, u nhiét & 37°C trong 24 gid dé
vi khuan phét trién. Sau d6 mau dugc quan sat bing
mét va ghi nhan lai bang hinh anh.

2.4. Khao sat kha ning phéng thich ion Ag*

cua son PLI65-Ag

Cac mau son PLI65-Ag v6i ham lugng nano bac
khac nhau duoc son 1én gidy loc va dé kho ty nhién
trong 30 ngdy. Sau d6 tién hanh xac dinh ham lugng
ion Ag* dugc phong thich trong moéi truong nudc &
thoi gian ngén tir 1 — 4 gio. Ham lugng ion Ag* dugc
xac dinh bang phuong phap phd hip thu nguyén ti
(AAS) trén thiét bi 240FS AA — Agilent.

3. KET QUA THAO LUAN
3.1. Tdng hgp hat nano bac (AgNPs)

Phé hap thu UV-Vis caa dung dich C318 va gian
dd XRD ctiia mau rén cd 1ap sau phan tng duoc hién
thi trén Hinh 5. Két qua phan tich phé UV-Vis (Hinh
5a) cua dung dich xuat hién miii hap thu & budc séng
400 — 420 nm, dac trung cho cong huong plasmon
bé mat cua AgNPs (Dong et al., 2014). Ngoai ra, ket
qua XRD (Hinh 5b) ciing xac minh sy ton tai ciu


http://maydokhoahoc.com/news_detail.asp?new=1038&c%C3%A1ch-x%C3%A1c-d%E1%BB%8Bnh-d%E1%BB%99-m%E1%BB%8Bn-c%E1%BB%A7a-s%C6%A1n-vecni-v%C3%A0-m%E1%BB%B1c-in-tcvn-2091:2015--iso-1524:2013.htm
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trdc tinh thé caa AgNPs thdng qua sy hién dién cua
cac dinh nhiéu xa tai cac gia tri 26 = 38,30°; 44,45°;
64,55° va 77,48° tuong tng vGi cac mat mang tinh
thé (111), (200), (220), va (311) trong cau tric lap
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phuong tdm mit (FCC) ciia AgNPs (JCPDS No. 87—
0717) (Dong et al., 2014). Ngoai ra, dinh nhiéu xa
rong con chi ra rang cac hat Ag thu duoc trong dung
dich la cac hat c6 kich thugc nano.

a b (111)
5 —
F 5
= L
g g
5 2
o 3
o (200)
(220) (311)
300 350 400 450 500 550 600 10 20 30 40 50 60 70 80
Bwdc song (nm) Goc 26 (do)

Hinh 5. Phé hap thu UV-Vis cia dung dich nano Ag (a) va gian dé XRD (b) cia nano Ag

s » »

£ "
Pudng Kinh (nm)

Hinh 6. Anh TEM & cac thang do khac nhau va sw phan bé kich thwéc cia AgNPs

Anh TEM cua mau C318 (Hinh 6) thu dugc cho
thdy cac AgNPs ton tai trong dung dich c6 mat do
cao va khoang cach giira cac hat twong dbi dong déu.
Diéu nay cho thay AgNPs trong dung dich c6 ham
lugng cao ma van khéng xay ra hién tugng tap hop
dan dén sa ling. Hon nira, thong ké vé kich thudc va
phan bé kich thudc cho két qua AgNPs co do da
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phan tan thap, ching té cac hat dong déu nhau va
phan bé trong khoang nho hon 15 nm. Céc hat kich
thudc trén 15 nm xuat hién khong dang ké. Nhu vay
c6 thé thay, quy trinh sir dung trong nghién ciru nay
hiéu qua trong viéc téng hop nano bac kich thudc 5
—10 nm.
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Hinh 7. Thé zeta cia dung dich nano bac

Tiép dén, dung dich C318 duoc do thé zeta nham
xé4c dinh d6 6n dinh cua dung dich keo Ag. Két qua
thé zeta (Hinh 7) cho thay hé keo bén va khong bj
tap hop. Céc hat keo mang dién duong va c¢6 16p ion
nghich 1a -37,21 mV. Thé zeta 4m hon -30 mV du
dé duy tri lyc day can thiét, gitr cho cac hat keo
khéng bi tu lai véi nhau.

Nhu vay, thong qua céc két qua phan tich trén,
da ching minh rang AgNPs da dwoc tong hop thanh
cong bang phuwong phap khtr héa hoc véi tAc nhan
khtr va chét bao vé than thién méi truong 1a glucose
(ndng d6 0,4%) va HPMC (ndng d6 0,01%). AgNPs
thu duoc ¢ dang hinh cau, kich thudc twong dbi
ddng déu tir 8 — 12 nm. Dung dich keo Ag sau phan
g c6 thé zeta pha hop dé duy tri d6 6n dinh, tranh
hién tuong két tu lai. Pay 1a nhirng két qua kha quan,
dugc tiép tuc sir dung dé didu ché son PLI65-Ag.

'l'." - -.'

Ham lugng cia nano Ag tao thanh sau phan (ng
duoc xac dinh bang phwong phép keo tu. Nong do
ciia Ag (ppm) cua dung dich C318 ban dau va dung
dich C318 ly tm sau qué trinh keo tu dugc phan tich
AAS cho két qua lan luot 1a 578,0 va 337,5 ppm.
Nhu viy ham lugng nano Ag duoc tinh theo cong
thace (1)

Ham lugng nano Ag = (Nong do Ag trong dung
dich C318) — (Nong d6 Ag mau dung dich ly tam
sau keo tu) x (32,96/20) = 22 ppm.

Trong do, 20 (g) 12 khéi luong dung dich C318
va 32,96 (g) Ia khéi lugng dung dich sau khi da tinh
thém lugng nuéc c¢6 trong 30 (g) mudi
AI(NO3)3.9H,0.

So hat

Dudng Kinh (nm)

Hinh 8. Anh TEM va phan bé kich thwéc AgNPs sau khi khir thém bing ascorbic acid
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Nhu vay, thdng qua viéc tdch nano Ag ra khoi
dung dich, sau d6 xac dinh ham lugng ion Ag* con
lai trong dung dich. Nong d6 nano Ag duoc xéac dinh
da loai bo 1a 22 ppm. Nhu vay, c6 thé két luan dung
dich C318 c6 nong do nano bac la khoang 22 ppm,
nong do ion Ag* con lai chua chuyén héa hét 1a hon
500 ppm.

Dung dich nano Ag can phai dua vao son & giai
doan trude khi cho nhya nhit twong acrylic, vai muc
dich ting kha nang phan tan trong son. Do d6 khoi
lrgng dung dich nano Ag chi chiém t6i da 10% khoi
luong son khi thay thé lugng nudc giai nhiét (cong
thire diéu ché son ¢ Bang 1). Vi vay dé diéu Che son
¢6 ham lugng nano Ag tir 5 ppm tro 1én, can thiét
phai tong hop dugc dung dich nano Ag & nong do
trén 50 ppm. Ngoai ra, can phai ¢am bao kich thuéc
hat twong d6i nho (< 20 nm) dé dat hiéu qua khang
khuan tot.

Trong nghién ctru nay, d6 chuyén héa Ag* thanh
Ag duogc gia tang bang cich st dung thém chat khu
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manh hon la ascorbic acid. Muc dich la téng hgp
dung dich nano Ag nong do khoang 500 ppm mavan
duy tri dugc su ton tai cua ion Ag trong dung dich.

Hinh 8 la anh TEM va phan bé kich thuéc hat
mau nano Ag nong d¢ cao sau khi khir bang ascorbic
acid. Két qua anh TEM cho thdy AgNPs c6 kich
thudc hat 1on hon cac mau & ndng do thap, dong thoi
xuat hién cac hinh dang bat thuong. Nguyén nhan
c6 thé 1a do hoat tinh khir cua ascorbic acid manh
hon so vai glucose lam cho viéc hinh thanh Ag dién
ra nhanh va khong dong déu.

3.2. Diéu ché son PLI65

Céc chi tiéu va két qua thir nghiém son PLI6S
cling nhu két qua do ty trong cua son duoc ligt ké
trong Bang 2 va 3. Tir cac két qua dénh gia trén da
cho thiy son PLI65 da dap tng hau hét céc tiéu
chuan vé son nhii tuong noi that theo tiéu chuan Viét
Nam.

Bang 2. C4c chi tiéu va két qua thir nghiém son PLI65

STT Tén chi tiéu Mirc quy dinh  Két qua Panh gia
1 Mau sic Theo mau chuan - -
2 DO min, pm, khong 16n hon 40 35 Pat
3 bo ba.rr; dinh Acua r’nang son trén nén vira xi mang — cat, 5 1 Pat
theo diém, khong 16n hon
Thoi gian kho, gio
R 1 2 b
4 -Kkho bé mat, khong I6n hon 0.25 at
- kho hoan toan (cip 1), khong 16n hon 5 2 DPat
S A A . ur K. 0
5 Hafn luc,n}g chat khong bay hoi tinh theo khoi lugng, %, 50 55 Pat
khong nho hon
6 DO nhét, Pas (do & diéu kién RV4, SP4) 20 -30 30 Dat
7 DO bén nude, gio, khong nho hon 250 400 Pat
8 bo bér} kiém,ﬂgi(‘y, trong dung dich Ca(OH); béo hoa, pH = 150 168 Pat
14, khong nho hon
9 D¢ rra tr6i, chu ky, khong nhé hon 450 3.000 Pat
Bang 3. Két qua do ti trong ciia son PLI6S
S6 thtr tw mau 1 2 3
Khéi luong (g) 63,9411 63,8232 63,8330
Ti trong (g/mL) 1,28 1,28 1,28
Ti trong trung binh mau (g/mL) 1,28

3.3. Didu ché son PLI65-Ag

Son PLI65-Ag dugc ché tao bing cach cho dung
dich nano Ag vao son trudc khi thém nhua nhii
twong. Su ¢6 mat caa dung dich nano Ag da c6 anh
huong dén mau sic cia son PLI65-Ag (Hinh 9).
Mau c6 ham lugng nano bac 0,1 ppm va 0,5 ppm
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cho két qua DEcme < 0,5; nghia la nam ngoai gioi
han phan biét mau sic cua mét thuong. O cac ham
lugng cao hon nhu 1,0; 5,0; 10,0 ppm s€ quan sat
thay su khéc biét v& mau. Trong truong hop nay mau
¢6 ham lugng nano bac cao sé ¢ su tang mau tir nga
vang dén nau.
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Tolerances:
DE5-10

DL* tal
2,60
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0.60
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060

0.60
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0.60
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1.00
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=3 |
0.10 2.00
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MNon-Ag
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95.22
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-0.16
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018
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024
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DC*
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0128
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DH*

-0.64 Y
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8716
103.97
72.36
75.29
77.20

DEcmec
1.61
1.30
1.05
0.50
043

PiF DI
Failed
Failed
Failed
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Pasze

>

Hinh 9. Mau sic va d¢ léch mau cia cac miu son PLI65-Ag
Bang 4. Nong d9 Ag* dwgc phdng thich ciia son PLI65-Ag xdc dinh bang AAS

Nﬁng dd nano Ag trong son PLI65-Ag (ppm) 0,1 0,5 1,0 5,0 10,0 30,0 50,0
1 gio 0,000 0,001 0,005 0,002 0,002 0,009 0,000
2 gio 0,002 0,004 0,003 0,002 0,002 0,001 0,001
4 gid 0,003 0,001 0,002 0,001 0,003 0,002 0,001
48 gio 0,005 0,009 0,021 0,045 0,055 0,153 0,426

Don vi: ppm.

Cac mau son PLI65-Ag v6i ham lugng nano Ag
khac nhau dugc khao sat kha nang phong thich ion
Ag* sau khi duoc son 1én gidy loc va dé khd tu nhién
trong 30 ngay. Nong do Ag* phong thich vao moi
truong nudce tir son duge xac dinh bang AAS véi két
qua duoc liét ké trong Bang 4. Két qua cho thay do
phong thich tang khi ham lugng nano Ag trong son
tang. Ag it bi phong thich trong moéi trudng nudc &
thoi gian ngén tir 1 — 4 gio. Trong khoang thoi gian
nay luong Ag thoét ra khoi mang son 1a khong tuyén
tinh theo thoi gian. O thoi gian dai hon nhu 48 gio,
Ag bi phong thich ra méi trudng nudce nhidu hon hian
& mau son c¢6 ham lugng Ag cao tir 1,0 — 50,0 ppm.

3.4. Kha ning khang khuin

Két qua khang khuan d6i véi vi khuan E. coli cia
son PLI65-Ag ¢ c&c nong do Ag khac nhau duoc
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hién thi trén Hinh 10. Hinh 10a va 10b xuit hién
vong khang khuan ¢ cac mau son PLI65-Ag long
chiing t6 son dang long c6 kha nang diét dugc E.
coli. Puong kinh tuy nho nhung cho thay kha ning
diét vi khuan E. coli caa nano Ag hiéu qua bén ngoai
ving dugc son. Nhu vay, son c¢d nano Ag & cac ham
lwong tir 0,1 — 10,0 ppm ¢ thé diét dugc E. coli tai
noi tiép xdc véi son. Hinh 10c va 10d khong xuét
hién vong khang khuan ¢ cac mau son PLI65-Ag
kho ching té son khi dd kho khong ¢6 kha nang diét
E. coli & cac ham lugng nano Ag trong son PLI65-
Ag tir 1,0 — 50,0 ppm. Nguyén nhan cua két qua nay
¢6 thé 12 do mau son PLI65-Ag chua kho mang con
ton tai ion Ag*, nén chinh ion nay co tac dung diét
E. coli. Mau son di khé mang khong c6 kha ning
nay do khong ton tai ion Ag* hodc nano Ag khdng
thé phan ly tao thanh Ag*.
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Hinh 10. Thir nghiém son PLI65-Ag trén E. coli
a) Son léng ¢ néng dé Ag 0; 0,1 va 0,5 ppm, b) ¢ néng dé Ag 1,0; 5,0 va 10,0 ppm,
¢) Son khé ne nhién trong 30 ngdy ¢ nong dg Ag 0; 0,1 va 0,5 ppm,
d) Son khé t nhién trong 30 ngay ¢ nong dé Ag 10,0; 30,0 va 50,0 ppm

Hinh 11. Thir nghiém son PLI65-Ag trén B. subtilis

a) Son léng ¢ néng dé Ag 0; 0,1 va 0,5 ppm, b) ¢ néng dé Ag 1,0; 5,0 va 10,0 ppm,
¢) Son khé ti nhién trong 30 ngay ¢ néng dé Ag 0; 0,1 va 0,5 ppm,
d) Son khé tw nhién trong 30 ngay ¢ néng d@é Ag 10,0; 30,0 va 50,0 ppm.

20
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Két qua khao sat dbi véi chung vi khuan B.
subtilis (Hinh 11) cho thay ¢ tat ca cac mau son khi
c6 nano Ag bat ké dang long hay kho déu cho thay
kha nang diét vi khuan nay so véi cac miu son
khong c¢6 nano Ag. Dbi voi cac mau son kho, vong
khéng khuan c6 dwong kinh 1én hon chung t6 higu
qua diét khuan tét hon so véi son ¢ dang long.
Nguyén nhan c6 thé Ia do lic nay khong ton tai ion
Ag" ma thay vao d6 1a sy ting ham lugng cta Ag
dang kim loai. Biéu nay cho thay rd kha nang diét
B. subtilis ctia nano Ag hon han ion Ag*. O Hinh
11c va 11d, duong kinh vong khang khuan cuaa son
¢6 ham lugng nano Ag 1,0 ppm va 5,0 ppm 16n hon
SO Vi son ¢6 ham lugng nano Ag trr 10,0 — 50,0
ppm. Nguyén nhén la do cac mau son c6 ham luong
nano Ag trén 10 ppm c6 thé da xay ra sy két tu cia
cac hat nano Ag lam cho kich thugc cua hat ting,
dan dén hiéu qua diét khuan kém hon.

Nhu vay, son nano Ag hi¢u qua trong viéc khang
B. subtilis, khéng hiéu qua trén E. coli. Trong mang
son kho, co ché khang khuan d6i vaoi B. subtilis 1a
do nano Ag, khang E. coli do ion Ag™.

4. KET LUAN

Trong nghién ctru nay, son nhii twong ndi that co
phu gia khang khuan 1a nano Ag, dap wng hau hét
cac tiéu chuan cua Viét Nam, da duge diéu ché va
thir nghiém thanh céng ¢ quy mé phong thi nghiém.
Dung dich nano Ag dugc cho vao son trudc khi
thém nhya nhii twong, vai tiéu chi khdng lam giam
céc tinh chat ly hoa cua son, ddng thoi van duy tri
dugc kha niang khang khuan ciia nano Ag trong son.
AgNPs hinh cau véi kich thudc tuong doi dong déu
tr 8 — 12 nm da duoc tong hop thanh cong bing
phuong phéap khir hda hoc, véi tac nhan khir va cht
bao vé than thién moi truong 1 glucose (ndng do
0,4%) va HPMC (ndng do 0,01%). Két qua budc
dau cho thay hiéu qua ciia nano Ag véi vai trd phu
gia khang khuéan cho son nhii twong khi ham luong
nano Ag trong son 1la 0,1 — 0,5 ppm. Hiéu qua khang
khuan ciia nano Ag trong son nhil twong dwoc duy
tri trong khoang thoi gian tdi thiéu la 30 ngay.
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