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Tém tit

Hién tugng nhiém khuan khong khi trong nha dang dién ra & nhiéu noi, dic biét 1a trong bénh vién, trudng hoc va thu
vién. Tim kiém giai phap dé tiéu diét va han ché su phat trién cta vi sinh vat dang 1a van d& cép thiét. Trong nghién ctru
nay chung toi ché tao thanh cong gidy khang khuan dua trén gidy DO truyén théng cua Viét Nam tam nano Bac (Ag). Két
qua cho thdy gidy c6 kha ning khang lai su phat trién cta vi khudn Bacillus subtilis nhd vao nano Ag bam dinh tét va kha
dong déu. Nghién ctru ndy mo ra tiém ning ing dung méi cho gidy D6 nhu gidy trang tri khang khuan, hay bao bi thuc
pham va loc nude.

Tir khéa: gidy khang khuan, giay D6 phi Bac, gidy D6, nano Bac

Abstract

Bioaerosol is getting serious in many places, particularly in hospitals, schools and libraries. It is important to find
techniques to remove or inhibit the development of the microganism. This study sucessfully developed antimicriobial
paper based on Vietnamese traditional paper (Do paper) - and silver nanoparticles. The results show that silver-coated
Do paper inhibited efficiently the development of bacillus subtilis due to strong and stable binding of silver to the paper.
This paper can develop potential applications of Vietnamese traditional paper to antimicrobial decoration papers, food
packaging and wastewater treatment.
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1. Giéi thi¢u va cac loai con trung [2]. Pic biét 1a sy 6 nhiém

Khoéng khi trong nha bi 6 nhiém 1 van d¢ dang
ndi 1én & moi noi, tir nude dang phat trién cho dén
cac nude phat trién [1]. Khong khi trong nha bj
6 nhiém boi cac hat bui vo co, boi cac hoa chat,
khi thai, cac loai vi sinh vat (vi khuan, virus, nam)
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gay ra boi cac vi sinh vat trong moi truong khong
khi (bioaerosol) dang duoc cht tim nhiéu hon do
nguy co gdy bénh cia ching [1, 3]. Mot s6 moi
truong trong nha dic biét co nguy co 6 nhiém cao
bdi cac loai vi sinh vat nhu bénh vién [4], truong
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mam non [5], tiéu hoc [6], thu vién [7]. Trong
bénh vién va cac phong kham tu nhu phong nha si
thi nguy co 1y nhiém bénh do vi sinh vét rét cao
[8]. Zemouri va dong nghiép cho biét c6 khoang
55 loai vi khuan, 45 loai ndm, va 10 loai vi riit
da dugc tim thiy trong méi trudng bénh vién [8].
Con s6 vi khudn & phong nha si thi it hon, 16 loai
vi khuan va 23 loai nim. Tré em von chua phat
trién hoan thién va rat dé bi viém nhiém bénh do
vi khuan. Nghién ctru cho thdy do tré em tiép xtc
voi moi truong khong khi sat dudi dat (children
breathe zone) nén nguy co nhiém khuan cang cao
hon so véi nguoi 16n. Thu vién, noi chita nhiéu
tai liéu va 1 noi nhiéu ngudi lui t6i, ciing 13 moi
truong 6 nhiém boi vi sinh vat [7].

Vi viy, rat can cac giai phap kiém soat dé dam
bdo moi truong trong lanh va an toan. Hién nay
¢6 nhiéu cach thuc hién nhu lip dit hé thong
thong gio, loc khi, may diéu hoa, st dung hoa
chit diét khuén [2, 9]. Nhung céc giai phap nay
c6 gia thanh cao va c6 thé giy ra 6 nhiém tré lai
do céc vi sinh vat tich tu bén trong hé théng loc
va phat trién tré lai khi d6 4m cao [9]. Vi vy can
thém céc giai phap khac bd sung, co hiéu qua,
than thién moi truong va gia ré.

Nano Ag dugc biét dén rong rai voi tinh ning
diét khuan cao va hoat tinh hiéu qua v6i nhiéu
loai vi khuan, ndm mdec, vi rat [10 - 13]. Trén
thuc té, nano Ag da dugc sur dung trong nhiéu
san pham tiéu dung [14], y té [15] va trong linh
vue méi trudng [16,17]. Tir nam 1980 dén 2010
c6 trén 7500 bang phat minh sang ché lién quan
dén nano Ag, cac san pham nay chu yéu khai
théac tinh ning khang khuin ctia nano Ag [14].
Diéu nay cho thay tiém niang tng dung cia nano
Ag 13 rat 16n. Nghién ctru nim 2011 cho thiy
c6 khoang trén 300 san pham tiéu ding sir dung
nano Ag. Co ché khang khuan cua nano Ag dua
trén cac tuong tac cua nano Ag va ion Ag" voi
mang t& bao, DNA, hay cac thanh phan khac
bén trong t& bao sinh ra cac gdc tu do co tinh
pha huy cao [18].

Di c6 nhiéu nghién ctru hudng dén khai thac
tinh nang khang khuan ciia nano Ag dé cai thién
moi truong khong khi trong nha. Nghién ctru cua
Jung va ddng nghiép vé ma composite ctia nano
Ag va dng nano carbon 1én thiét bi loc khi cho
thiy kha ning diét khuan ting gip hon 30 l4n so
vé6i diéu kién loc khong str dung composite [19].
Nghién ctru cua Joe va cong sy v& ma nano Agva
Si0, 1én thiét bi loc khi cho thay kha nang khéng
vi rut trong khong khi 1a kha hi¢u qua [20]. Tuy
nhién, nhugc diém cua phuong phap ma tac nhan
khéng khuén, ndm va vi rtt 1én céc thiét bi loc khi
13 1am giam cong sudt loc khi, ting chénh léch ap
sudt giita hai bén mang loc va hé qua 1a ting tiéu
thu dién nang dé van hanh thiét bi [9, 17].

Do d6, tim kiém céac giai phap khac bd sung
dé vira dat muyc dich khang céc vi sinh vét trong
moi trudng khong khi vira tiét kiém ning luong
va than thién moi truong 13 can thiét. Nhu
nghién ctru cia Kumar va d@)ng su ché tao loai
son khang khuén sir dung nano Ag 1am tac nhan
[21]. Son duoc st dung rong rii dé vira lam chirc
nang cai tao bé mit (twong, vat lidu gd, kim loai,
polymer), vira 1am trang tri. Ngoai ra, gidy ciing
1a mot vat liéu duoc sir dung phd bién, gia thanh
ré, than thién moi truong do dugc lam tir vat liéu
thién nhién phd bién - cellulose. Gidy dugc ding
lam cac vat liéu bao bi thuc phém, duoc phém va
cling dugc dung lam céc vat trang tri trong nha,
dan tuong va san nha. Do do, cling 1a mot vat liéu
c6 thé khai thac trong ng dung khéng khuan gop
phan cai thién méi truong khong khi trong nha.

D3 c6 nhiéu nghién ctru irng dung nano Ag dé
tao ra cac loai vat li¢u chuc nang khang khuin
thong qua vat liéu composite dic biét 1a két hop
v6i soi cellulose [22 - 28] hay 1a két hop nano Ag
v6i gidy [29 - 33]. Trong d6, nhiéu nghién ctru tao
gidy khang khuan sir dung nano Ag lam tac nhan
chinh [29, 30]. Tuy cc nghién ctru nay chu yéu
hudng dén tmg dung cho nganh y té, bao bi thuc
pham, hay xtr 1i nuéc nhung tinh khang khuan
ctia nano Ag c6 thé tng dung diét khuan hay han
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ché sy phat trién trong khong khi nhd vao su tiép
xuc thuong xuyén cua gidy trén cac dung cu, vat
dung véi moi truong khong khi trong nha. Viée
ma nano Ag 1én gidy vira lam ting bé mit tiép
xUc cua nano Ag voi moi truong, ting tinh hiéu
qua khang khuan, dong thoi han ché su phén tan
cua hat nano Ag ra moi truong dé han ché tac hai
tidu cuc c6 thé co cia vat liéu nay [34].

O Viét Nam, giéy D6 dugc su dung lau doi, dac
biét ndi tiéng v6i tranh Pong HO. Loai gidy nay
dugc lam tir vo cay D6 va mu cay dugc 1am theo
quy trinh thu cong [35]. Theo quy trinh nay, vo
cay duoc loai bo phan 16p ngoai ciing, sau d6 dem
tudc mong, nhoi voi nude voi (Ca(OH),). Sau do,
vét bo nude voi, va lude trong nudc nong lién tuc
48 gity dé cho vo cdy mém hon. Sau d6, rira sach
nudc voi va gid that min. Soi gidy D6 lic niy c6
kich thudc tim 5 - 10pm (Hinh 2). Sau do, vo cay
min ndy duoc tron voi nhya cay Mo hay cady Bim
bip dé ting d6 bam dinh va do nhdt cua hdn hop
tao thuan lgi cho qua trinh trang 1én khuén tao man
gidy. Hon hop vo cay min va nhua cay dugc d6 1én
khuon, nude chay qua dé lai 16p vé cay min, déu.
Lop nay khi dat dugc d day vura v thi dem phoi
khé dudi ning ty nhién. Khi khuon va gidy kho,
ngudi ta 16t ra va dy chinh 1a san pham cudi ciing
- gidy D6. Gidy D6 rit bén, va voi dic tinh bén
nay, néu duogc két hop véi céc vat ligu chirc nang
s€ nang cao gia tri st dung. Trong nghién ctru nay,
ching t6i tAm nano Ag 1én gidy do dé tao nén loai
gidy khang khuin hudng dén cac img dung nhu
lam gidy trang tri trong nha, bao bi cac loai thyc
pham phu hop, hay 1am vét liéu loc nudc.

2. Phén thye nghiém

2.1. Nguyén li¢u va héa chit

Dung dich chuan AgNO, 0.1 N duoc st dung
deé 1am nguyén li¢u tao hat Ag kim loai. NaOH
hat 97%, axit ascorbic 97%, NaCl 97%, sodium
dodecylbenzenesulfonate (SDBS) 97% véi chat
luong & muc do phan tich (analytical grade).
Bot agar, pepton va cao thit chuyén dung cho
nganh cong ngh¢ vi sinh dugc mua tir HiMedia

Laboratories (An D). Gidy D6 thuong mai duoc
mua tir lang nghé thi cong & Nghé An, Viét Nam.
Vi khudn Bacillus subtilis thuan chung, chét
luong theo ti€u chuan nganh Dugc duoc mua tu
tiém thudc tdy & Da Ning.

2.2. Tong hop dung dich nano Ag

Nano Ag duoc téng hop theo phwong phap
khtr héa hoc. Nguyén ligu ban dau 1a AgNO,,
chét khir 13 axit ascorbic, chat 1am bén dung dich
1a SDBS. Pau tién pha 50 ml dung dich AgNO,
v6i ndng d6 khac nhau: 5x10% M, 10 M hay 107
M, va sau d6 thém tu tir dung dich SDBS vao.
Khudy dung dich lién tuc trong 15 phut véi toc
do 400 vong/phut. Sau 15 phut nho tir tor dung
dich ascorbic c6 ndng d6 du so véi nong do Ag*
vao dung dich trén, va tiép tuc khudy déu dung
dich trong 45 phut thi két thiic phan tng. Khi cho
dung dich ascorbic vao thi dung dich chuyén tir
khong mau sang mau vang nhat. Sy hinh thanh
nano Ag duoc kiém tra bang ph6é UV — Vis trén
may Cary 60 UV-Vis (Agilent Technologies).

2.3. Ché tao gidy khdng khudn

Gidy D6 thuong mai dugc cit nho (4 cm?), va
ngam 2 méu gidy D6 nay vao 2 dung dich nano
bac Ag dugc tong hop trudc do: binh 1 chira
nano Ag dugc tong hop tir dung dich ¢6 ndng do
AgNO, ban dau la 10°M va binh 2 ¢6 nong do
AgNO, ban dau 1a 102 M duoc tong hop & trén.
Ngam qua 12 h dé cac hat nano bac bam dinh trén
bé mit cua gidy. Sau do, gidy d6 dugc siy kho
& nhiét do 60°C trong 24 h. Két thuc qua trinh
ngam gidy trong dung dich nano Ag cic mau gidy
c6 mau vang dam hon so v6i gidy ban dau do
hién tuong plasmon bé mit ctia nano Ag.

2.4. Khdo sdt tinh chdt vit liéu

Sy hinh thanh nano Ag dugc khing dinh bang
do phd UV - Vis trong pham vi budc song tir 350
dén 500 nm. Hat nano Ag hinh thanh s& cho day
pho véi dinh cao nhat xung quanh 400 - 410 nm.
Mau vang nhat ctia dung dich ciing 1a chi dau cho
su hinh thanh nano Ag.
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Kich thudc cta hat nano Ag dugc do trén gidy
D6 sir dung kinh hién vi dién tir quét (Scanning
Electron Microscope, goi tit 1a may SEM, loai
JSM-6010 Plus/LV, Jeol). Gidy D6 thuong mai,
gidy DO tim nano Ag, va gidy D6 tdm nano Ag
- danh siéu 4m duoc khao sat. Vi gidy D6 duoc
lam ttr nguyén li€u (cellulose va nhya cay) khong
dan dién nén trude khi do tat ca cac miu duoc ma
boi kim loai platin nhim muc dich phan tan dién
tich tu dé c6 hinh rd nét hon.

2.5. Khdo sdt tinh khdng khudn ciia gidy

Tinh khang khuédn cta gidy Do, gidy D6 ma
nano Ag va gidy D6 ma nano Ag qua danh siéu
am dugc danh gia bang phuong phap khuéch
tan dia agar (dish diffusion method) [9] dya trén
s6 don vi vi khuan phat trién trén dia (colony -
forming unit, viét tit 13 CFU). Vi khuan gram
dwong Bacillus subtilis duge chon lam vi khuan
md hinh cho khao sat nay vi day 1a loai vi khudn
dugc sir dung phd bién trong cac nghién ciru loc
khi [9, 36]. Cac budc tién hanh dugc mé ta nhu
sau:

Chudn bi méi truong nudi cdy vi khudn

Chuan bj méi trudng dinh dudng nudi vi khudn
bang cach tron Pepton 0.05g, cao thit 0.1g, NaCl
0.05g vao trong 10 ml nudc cit di duoc dun soi
& 100°C trong 30 phut, hap khir tring méi truong
30 phut. Tiép theo cho 0.01g men vi sinh séng
(c6 thanh phan 13 vi khuan Bacillus Subtilis) vao
dung dich dinh dudng va i ¢ 37°C trong 24 h va
lac lién tuc v6i toc do 100 vong/pht.

Chuan bi méi trudng thach agar bang cach cho
0.5g Pepton, 1 g cao thit, va 0.5g NaCl vao trong
100 ml nu6c, khudy tan déu rdi diéu chinh pH
cia méi truong vé 7-7.2 bang dung dich lodng
NaOH. Tiép theo, cho 2g bot agar vao dung dich,
khudy tan déu rodi hip khor tring méi truong
thach cung véi cac dia petri trong 1 h & nhiét do
120°C. Sau khi hép xong, cac dia petri dugc sdy

khé trude khi db thach. D thach khoang 2/3 dia
petri va st dung dén con dé khir tring trong qua
trinh d6 thach. Sau 30 phat 1am nguoi tu nhién thi
dia agar dong ran.

Thi nghiém khao sat tinh khang khudn cia
gidy

Céy 0,1 ml dich chtra vi khuén & trén vao dia
thach agar, trai déu. Pat cac mau gidy (dién tich
tam 0.4 cm?) can kiém tra tinh khang khuan 1én
dia thach: (1) gidy D6 thuong mai khong tam
nano Ag, (2) gidy dugc ngam trong dung dich
nano Ag. Mdi dia dat 3 mau gidy gidng nhau dé
tang do tin cay cua két qua thi nghiém. Trong qua
trinh cdy, dén con dugc sir dung dé vo tring moi
truong xung quanh. Cudi ciing cic mau duoc 1
& 37°C trong 24 h. Vong tc ché xung quanh céc
mau gidy duoc str dung 1am cin ¢t xac minh tinh
khang khuan.

Thi nghiém khao sdt d¢ bén cua tinh khing
khudan

Vi tinh khang khuén cta gidy D6 tim nano Ag
c6 duoc 1a do c6 nano Ag. Do d6, danh siéu am
v6i myc dich kiém tra d6 bén ciia nano Ag trén
gidy D6. Tinh khang khuan ctua miu gidy s& giam
néu luong nano bi tach bot ra khoi gidy. Trong
thi nghiém nay gidy D6 tdm nano Ag sé trai qua
danh siéu am 10 phut. Va tinh khang khuan cua
gidy sau danh siéu 4m duoc kiém tra theo quy
trinh twong tu nhu trén.
3. Két qua va thao luan

Dung dich va kich thuoc hat nano Ag

Dung dich nano Ag duoc tong hop thanh
cong va dung dich c6 mau vang nhat la do hién
tuong cong huong plasmon & bé mit cua hat
nano Ag [37]. Phd UV-Vis cta dung dich nano
Ag cho dinh pic ¢ 405 nm, dac trung cho dung

dich hat Ag c6 kich thudc trong pham vi nano
[38 - 42].
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Hinh 1. Phé UV-Vis cua dung dich nano Ag v6i dung dich vang nhat cua dung dich nano Ag tang theo nong do Ag+ ban
dau: dung dich trang (mau den), dung dich 5x10-4 M (mau dd), dung dich 10-3 M (mau xanh 14), va dung dich 10-2 M
(mau xanh).

Dé do kich thudc hat cia nano Ag sau qua
trinh tong hop, nano Ag duoc tam lén giy
D6 thwong mai (Hinh 2). Soi gidy D6 ¢6 kich
thuge tir 5 dén 10pm. Bé mit sgi gd ghé véi
cac van doc theo chiéu dai sgi. Do gidy lam

SEl 10kV. WD11mmSS30
] 2

Hat nano Ag c6 kich thudc tam 30 - 70 nm (Hinh
3) va phan bd kha déu trén mit gidy D6. Tuy nhién
kich thudc hat nano Ag khong dugc dong déu,
mot s6 hat c6 kich thuéc 16n hon 100 nm, c6 thé
do trong qua trinh tong hop céc hat nho két dinh lai
v6i nhau tao hat 16n hon. Co ché bam dinh cta hat
nano Ag lén soi gidy D6 dén nay chua duoc nghién
ciru. Thong thuong, cellulose tinh khiét c6 nhom

Hinh 2. Gidy D6 thuong mai v6i do phong dai ting dan theo thir tw (a) x2300, (b) x3000 va (c) x7500.

tir quy trinh thu cong nén van con nhiéu 16p
vo chua dugc loai bo nén bong ra (Hinh 2(b)).
Cac van va su ghd ghé bé mit nay co thé gop
phﬁn tao su két dinh tét voi nhau khi c6 mit
cua nhua cay.

& SEl 10kv WD11mmS$30 x500  2pm

7 SN e

chirc —OH bac mot, bac 2 va —O— 1a chu yéu [26,
43, 44]. Xét vé mirc dd hoat tinh, cic nhom chét nay
khong hoat tinh nhiéu. Nhu trong quy trinh tong hop
cellulose formate, phai str dung moi truong acid, co
xuc tac hay nhiét do cao dé thuc hién phan tng [45].
Hay dé tong hop cellulose acetate Filho phai st dung
anhydride c6 hoat tinh cao dé thuc hién phan ing
ester hoa vi nhdém —OH cua cellulose it hoat tinh [46].
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Hinh 3. Hat nano Ag tim trén mit gidy D6 quan sat véi may SEM: (a) x5000, (b) x10000 va (c) x35000
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tuong ung véi do phong dai tang dan.

Trong trudng hop gidy D6 thi hoan toan khac,
thanh phan cua gidy D6 rat phirc tap do quy trinh
san xut thi cong. Theo quy trinh nay, gidy D6
chi trdi qua qué trinh rtra, gid trong nudc voi
(Ca(OH),), va rua qua nudc thong thuong s€
khong 1am sach cac thanh phan chinh khac trong
vé cdy nhu hemicellulose, lignin, pectin va cac
carbohydrate, protein ¢ mit trong t& bao than
cdy [44]. D6 1a chua tinh dén thanh phan hoa hoc
cta nhya cdy (Mo, Bim bip) ciing gop phan lam
cho cic nhém chirc hoa hoc trong gidy D6 trd
nén da dang hon. Do d6, chiing t6i du doan rang
thanh phan cta gidy D6 thuong mai c6 nhiéu chat
khéac bén canh cellulose. Vi vay cac nhom chuc
nhu ~COOH, -NH, tur protein [47] cling c6 mat
bén canh cac nhém hydroxyl, ether cua cellulose.
Ngoai ra hemicellulose cling mang nhom —-COOH
[48]. Va cac nguyén tur oxy trén cac nhom chirc
nay gidu electrons trr do va c6 thé tao lién két ion
voi Ag' trén bé mat hat nano Ag. Nghién ctru da
ching minh trén mat hat nano Ag c6 cac ion Ag*
[36]. Theo Lagutschenkov va cong su cho thiy
nhém —OH trén phenol c6 thé lién két v6i ion Ag*
qua lién két xich ma véi cdp electron tu do trén
nhém —OH hay lién két 7 v6i vong thom [49].
Lignin ciing chira cac vong thom [50] va lién két
nnén hé electron 1t ndy ¢6 thé tao lién két voi ion
Ag’. Chen va dong nghiép str dung alkali lignin
dé lién két ion Ag" 1én soi cellulose nho cic nhom

chure phenolic hydroxyl trén lignin [51]. Hon nira,
dung dich nano Ag tong hop trong nghién ctru nay
st dung SDBS lam chét 6n dinh va chit nay co
thé d3 bam 1én bé mat ctia nano Ag 1am cho nano
Ag tich dién am. SDBS c6 vong thom, va co céc
nguyén tir oxy mang nhiéu cdp electron tuy do dé
dang tham gia tao lién két hydrogen (H-lién két)
voi cac nhom hyroxyl trén gidy do, nhom —-NH,,
nhom —COOH. Vi vay, hat nano Ag bam 1én bé
mit gidy D6 c6 thé 1a do ca luc hap phu vat 1y, lién
két hydro, lién két 7 va lién két ion.

Tinh khang khudn ciia gidy D6 tam nano Ag

Kha niang khang khudn cia gidy D6 thuong
mai va giéy D6 ma nano Ag dugc thé hién &
Hinh 4. Két qua cho thdy gidy D6 thuong mai
khong c6 tinh khang khuan (Hinh 4 (a)) trong khi
gidy tdm nano Ag c6 tinh khang khuan (Hinh 4
(a, b)). Tinh khang khuan trén gidy dé 1a do tac
dung cta nano Ag va ion Ag" khuéch tan ra tir
hat nano [48]. Cac ions Ag" tao ra mot khu vuc
xung quanh manh gidy, ma ¢ d6 nong do Ag* du
16n @é dié¢t hay han ché su phat trién caa vi khuan
trong khu vuc nay [36]. Ké qua nay cho thay
tinh khang khuan cta gidy D6 ma nano Ag 1a rat
tiém nang cho tmg dung diét khuan. Khi nong
d6 dung dich AgNO, ban dau tang 1én, thi tinh
khang khuan cua gidy do tim Ag ciing tang lén.
Diéu nay 1a do lugng nano Ag di bam 1én gidy
Do tang lén.
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Gidy khoéng tam
nano Ag

Néng dd Ag*ban
dau: 102 M

Hinh 4. Vong trc ché (vong tron do) thé hi¢n tinh khang khuén cta gidy: (a) gidy do  thuong mai khong tam nano Ag, (b)
gidy ngam trong dung dich nano Ag c6 nong do AgNO, ban dau 1a 10° M, va (b) giay ngadm trong dung dich nano Ag c6
nong do AgNO ban dau 14 107 M.

D6 bén tinh khang khuan cta gidy DO tam
nano Ag duoc thé hién ¢ Hinh 5. Sau khi d4nh
siéu 4m, mau gidy D6 tdm nano Ag & ndng do
102 M van con hoat tinh quan sat duoc qua vong
rc ché (Hinh 5 (b)), trong khi d6, miu ngam
trong dung dich chira it nano Ag hon (ndng do
ban dau ciia AgNO, 1a 10° M) thi vong trc ché
khong con quan sat dugc (Hinh 5 (a)).

) Néng db Ag* ban
dau: 102 M .

Hinh 5. Tinh khang khuén ctia giay d6 tam nano Ag sau
khi dénh siéu am 10 phut. Gidy dé ngam trong dung dich
nano Ag tong hop tir nong do AgNO, ban daula 10° M (a)
va 102 M (b).

C6 thé mot lugng nano Ag ban dau trén gidy
do da bi tach ra khoi gidy trong qua trinh dénh
siéu Am. Voi ndng do ban dau cua AgNO, thip
nén luong nano Ag tao ra ciing thip, va sau khi
danh siéu am luong nano Ag mat di nhiéu vi vay
gidy ngam trong dung dich c¢6 nong do bac thap
khong con nhiéu hoat tinh. Két qua quan sat trén
may SEM ciing cho thdy lugng nano Ag giam di
s0 voi ban dau (Hinh 6). Diéu nay ching t6 mot
phan hat nano Ag di bi tach ra khoi soi gidy do
dudi tac dung cua song si€éu am va do cling la

nguyén nhan dan dén sy giam kha nang khang
khuan cua giay.

I} Nong do Ag*ban |
dau: 102 M

| Ndng do6 Ag* ban
dau: 10° M

Hinh 6. Gidy D6 tim nano Ag sau khi danh si€u am: gidy
D6 ngdm trong dung dich nano Ag tong hop tir ndng do
AgNO, ban dau la 102 M (a) va 10° M (b).

4. Két luan

Nghién ctru ndy di ché tao thanh cong gidy
khang khuan dya trén gidy DO truyén théng cua
Viét Nam va nano Ag. Phuong phap tién hanh
tam nano Ag 1én gidy duoc tién hanh don gian,
nano Ag phan bb kha déu 1én bé mit gidy. Va
d6 bam dinh cta nano Ag 1a bén du cho céc tng
dung trong diéu kién thong thuong nhu lam gidy
trang tri dan tudng, cac dd bao bi boc thuc phém,
va co thé dung loc nudc. Gidy co tinh khang
khuan tot véi vi khuan gram duong Bacillus
subtilis. K&t qua so bd ctia nghién ctru nay da
mo ra tiém ning tmg dung méi cho loai gidy D6
truyén thong lau doi ctia ngudi Viét. Tuy nhién
tinh khang khuan ctia gidy can duoc kiém tra d6i
v6i vi khudn gram am Escherichia coli dé kiém
tra kha nang ap dung cua loai gidy nay vi hai loai
vi khuan nay khac nhau vé ciu triic mang té bao
nén c6 thé twong tac khac nhau véi nano Ag [26].
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Ngoai ra, co ché bam dinh cua hat nano Ag 1én
gidy Do, t6i vu ham lwong nano Ag trén gidy, su

khuéch tan cua nano Ag trong méi trudng gidy

tiép xtic, va dic biét 1a nghién ctru hudéng dén xir
li vi khudn trong khong khi, loc nude 1a hudng

nghién ctru tiép theo cua dé tai nay.
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