10 TRUONG DPAI HOC PHU YEN

GAN BAC NANO LEN SU XOP -
UNG DUNG CHO CONG NGHE XU LY NUOC UONG TRUC TIEP

Nguyén Thuy Ai Trinh - Ping T Suyén*
Nguyén Téan Pirc™
Ping Vin Phii - Lé Anh Quoc ***

Nguyén Quéc Hién****

Tém tit

Sit xop (PC) sau khi xir Iy bang 3-aminopropyltriethoxysilane (AS) duwoc ngam tam
trong dung dich keo bac nano (AgNPs) d@é gin AgNPs thong qua lién két phoi tri giita nhém
~NH, ciia AS véi Ag® ciia AgNPs. Ham lwong bac gdn trén sit xop dat tir 200 mg/kg dén 250
mg/kg. Lwong bac ly gidi tir cot sit xop gan AgNPs (AgNPs/PC) vao nuée loc véi toc do
khodng 5 L/gio: dwoc xdc dinh 1a <10 ug/L, dat tiéu chuan cho phép ciia WHO (<100 pg/L)
doi véi nuée uong. Két qua khao sdt kha nang diét khuan E.coli ciia cét loc AgNPs/PC cho
thdy chi tiéu vi sinh ciia nwée loc da dat tiéu chuan WHO déi véi nwde uong va tiéu chudn
TCVN 6096-2004 doi véi nuede uong dong chai (<1 CFU/100 ml).

T khéa: bac nano, sir xop, Vi khudn, nuée.

1. GIOI THIEU

Nudc sach 13 mot trong nhimg thanh phan thiét yéu cho su sdng cua con
ngudi. Sy bén viing va thinh vuong cia mdi quéc gia déu it nhiéu lién quan dén
ngudn tai nguyén nudc. Theo bao cdo cia WHO, trén thé gidi co it nhat mot ti ngudi
khong nhan dugc nudc sach, nudc dam bao chat lugng dung cho sinh hoat va an
ubng [1]. Do vay, viéc nghién ctru tim kiém nhitng giai phap méi dé cai thién chat
lvong nude nham bao vé ngudn tai nguyén nudc, dic biét cong nghé xir 1y nude
ubng tryc tiép (point of use technology -POULt) 1a mot dé tai dang duoc cac nha khoa
hoc quan tam.

Trong cac phuong phap xtr Iy nudc udng bi nhiém ban ap dung & qui mé nho
nhu: phuwong phap xu 1y hypochlorite trong bé chtra, phuong phép tia ling két hop
chlorin, c6t loc béng cat sinh hoc (biosand filter), suc ozon... thi ¢t loc nudc tur st
Xép ¢6 wu diém nhu tinh bén co, bén nhiét, bén hoa hoc va thoa min nhiéu tiéu chi
ctia cong nghé POUL [2,3]. Do st x6p (PC) chi giit lai chir khéng c6 kha ning tiéu
diét cac vi sinh vat, nén sau mot thoi gian sir dung vi sinh vat phat trién gay nén hién
tugng tic nghén sinh hoc [4]. Pé khic phuc nhugc diém nay, bac nano (AgNPs)
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dugc tng dung trong nhiéu cong trinh nghién ctru dé xur 1y nude vi nd ¢ hoat tinh
diét khuan cao va gép phan giam thiéu hién tuong tic nghén mang sinh hoc [5]. Pic
biét hon, loai vat liéu loc nudc chira AgNPs khong tao ra san pham phu doc hai va
khong phat sinh cac dong vi sinh vat khang AgNPs nhu d6i voi cac chat hoa hoc xir
Iy nudc thong thuong [4]. Tuy nhién, van c6 mot trd ngai rat 16n 1a AgNPs thuong
khong lién két chat ché truc tiép voi bé mat polymer hay st x5p nén d& dang ly giai
vao nudc sau khi loc, vuot gidi han nong do cho phép cia WHO (<100 pg/L nudc
udng) [6]. Trong cong trinh ndy, ching toi nghién ctru gin bac nano 1én vat liéu cot
loc nudc st x6p thwong mai dé tmg dung cho cong nghé xir Iy nude udng truc tiép.
2. THUC NGHIEM
2.1. Nguyén vat liéu

AgNO; loai tinh khiét ciia Trung Qudc; Polyvinylpyrrolidone (PVP) K90 loai
duoc dung cua BASF, buc; Etanol (EtOH) tinh khiét cua Cty Truong Thinh;
Aminosilan (AS) loai 3-aminopropyltriethoxysilane, NH,-C3Hg-Si(OC,Hs); tinh
khiét cia Merck, Ptc va nudc cat mot lan duoc sir dung theo yéu cAu cua thi
nghiém. Cot st xép hinh tru réng, kich thudc 20x4x0,8 cm, dién tich bé mat riéng
1,83 m%/g, thé tich 16 xbp 2,8x10° cm*/g va kich thudc trung binh 16 xp 61,9 A° 1a
san pham thuong mai cta Cty St xbp Hai Duong. Dung dich keo bac nano (AgNPs)
c6 ndng do bac SmM dugc ché tao bang phuong phap chiéu xa trén ngudn gamma
Co-60 c6 suat lidu ~1,2 kGy/gid tai Trung tim VINAGAMMA, Tp. H6 Chi Minh.
Méi trudng nudi ciy vi khudn 13 Luria-Bertani (LB) cua Himedia, An 9. Vi khuan
Escherichia coli ATCC 6538 (E.coli) duoc cung cap bai Truong PH Y dugc, Tp. Hb
Chi Minh.
2.2. Phwong phap
2.2.1.Gin bac nano lén siv xop bién tinh véi Aminosilan

Xt 1y bién tinh st x5p (PC) v6i aminosilan (AS): ngdm cac mau PC c6 kich
thude ~3,0x2,5x0,8 cm trong dung dich H,SO, 10%, & 60°C, 90 phut. Léy mau, rira
sach bang nudc va sdy kho & ~110°C. Sau d6, ngam cac mau PC vao dung dich 2%
AS trong EtOH theo thoi gian khac nhau. Liy mau PC d4 ngdm AS va dé kho khong
khi, sau d6 sdy ~2 gio trong ti sy (Memmert cia Pirc) & 110°C dé tao lién két
siloxan gitta PC voi AS. Po ham luong bac gan trén miu PC/AgNPs dé khao sat
thoi gian ngdm PC trong dung dich AS. Ham luong bac gan trén mau PC/AgNPs
dugc xac dinh bang k¥ thuat do pho ICP-AES tai Trung tim Dich vu Phéan tich Thi
nghiém Tp. H6 Chi Minh.

Ngam tam cot loc PC bién tinh AS vao dung dich AgNPs dé gan PC/AgNPs:
ngam ciac mau PC/AS c6 kich thudc ~20x4x0,8 cm & 24 gio trong dung dich keo
AgNPs on dinh béng PVP, ¢6 kich thudc hat AQNPs ~10-15 nm dugc ché tao béng
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phuong phap chiéu xa tia Gamma. Liy mau, dé kho ¢ nhiét d6 phong, roi rira sach
phan AgNPs khong lién két bang cach rung siéu 4m mau trong bé nudc ~3 lan, 15
phut/lan. Say khd mau trong ti siy quat gié (DNP 410, Yamato, Nhat) & ~80°C nhan
dugc san pham PC/AS/gin AgNPs (PC/AgNPs). Phé UV-Vis dinh tinh ham luong
bac va phd FTIR dinh tinh cac nhém chirc do tai Trung tdm Nghién ctu va Trién
khai Cong Nghé Birc xa Tp.HCM. Pho tan sic ning luong tia X (EDS) do tai Vién
khoa hoc quan sy Cau Giéy, Ha Noi. Kich thudce 16 xép, bé mat riéng, thé tich 15 Xép
dugc xac dinh bang phuong phap do hap phu khi BET tai phong thi nghiém trong
diém Qudc gia truong PHBK tp HCM.
2.2.2. Xac dinh luong bac ly gidi vao nwoc ciia cot loc PC/AgNPs

Két ndi cot loc PC/AgNPs da dugc ché tao theo qui trinh tuong ty cia mau
PC/AgNPs (3,0x2,5x0,8 cm) vao voi nudc may, diéu chinh téc do loc ~5 L/gio.
Dung binh sach thu mau nudc loc cho dén 400 L, rdi phan tich ham luong bac trong
nuée loc theo thé tich béng k¥ thuat phan tich kich hoat notron tai Vién Nghién ctru
Hat nhan, Da Lat.
2.2.3. Pdnh gid hi¢u qua di¢t khuén ciia PC/AgNPs trén mé hinh loc nwéc mdy

Lip hé théng mé hinh loc nudc may nhu trén, dung dng kim tiém bom vao
6ng dan nudc 4 ml huyén phu E.coli 10° CFU/100ml & du vao cua hé thdng loc. Ctr
sau mdi 20L nudc loc lai dugc bom thém 4 ml huyén phu E.coli. Thuc hién loc nude
qua cot cho dén 400L, sir dung cot PC khong gan AgNPs lam dbi chimg. Mat do
E.coli trong nuéc sau loc theo thé tich dwgc xac dinh bang phwong phap TCVN-
6187-1: 2009 tai Trung tam 3, Bién Hoa, Pong Nai.
3. KET QUA VA BAN LUAN
3.1. Gin bac nano lén sir xép bién tinh véi Aminosilan

Ham luong bac gin 1én mau PC/AgNPs theo két qua & bang 1 cho thiy, dé
dat duoc lwong bac gin t6i da trén PC tir 226 mg/kg dén 228 mg/kg thi thoi gian
ngam st x6p trong dung dich AS 1a 90-120 phit.

Bdng 1. Thoi gian ngdm sir xop trong dung dich AS anh hwong dén ham
liong bac gdn trén mau PC/AgNPs (3,0%2,5%0,8 cm)

Thoi gian ngdm (phut) 30 60 90 120 150

Ham luong Ag (mg/kg) 200 205 228 226 222

Sau khi ngdm tam cot loc st xép bién tinh AS vao dung dich AgNPs dén 24
gid, phd UV- Vis (hinh 1) hién dinh Bac nano tai budc séong 400 nm cho biét di co
AgNPs gan trén cot loc sit xOp.
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Hinh 1. Phé UV-Vis ciia dung dich AgNPs va PC/AgNPs

Phd FTIR cua cot PC xur 1y dd H,SO, (hinh 2a) va cot PC sau khi bién tinh
AS (hinh 2b), cho thiy xudt hién céc lién két ctia nhom —OH trong dai tan s6 khoang
3400 cm™ va nhém —NH, trong dai tan s6 3473 cm™. Chug t6 trén bé mat PC sau
khi bién tinh véi AS ¢6 cac nhém silanol (Si-OH) va nhém —NH..
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Hinh 2. Phé FTIR ciia cét PC xii Iy dd H,SO, (2a)
va cot PC sau khi bien tinh AS (2b)

Vi bac ¢6 ai luc cao véi nhom chitc —NH, nén mot sb chét chira nhom -NH,
da dugc su dung dé 1am cau ndi hoa hoc (binder hoac coupler) gitra vat liéu nén va
bac nano [7]. AgNPs gin 18n cot loc sit x0p bién tinh AS theo co ché: PC xur 1y axit
dugc bién tinh AS théng qua phan tmg khir H,O tao lién két siloxan (Si-O-Si) gitta
céc phan tir AS va nhom silanol (Si-OH) trén bé mit PC; sau do, hat AgNPs da dugc
két ndi véi PC/AS bang lién két phdi tri ciia nhom —NH, v6i Ag® [8]. Phan tmg gan
AgNPs Ién cdt loc str xép bién tinh AS nhu sau:



14 TRUONG DAI HOC PHU YEN

@
&.0 @9 Ag

+
Ngim 24-48 giiy &
I\;HJ I‘;HJ I‘;HJ diéu kién thwong
-
S\{ S\i S\i\

i ] )

A, LN i N ' Y,
515151 51 8151 51 8151

Bdng 2. Pdc trung kich thwéc 16 xép cia cot siv xop thuwong mai

(20 x4 x0,8¢m) va cot sir xop thiwong mai gian AgNPs.

Pic trung miu sit xop Sir xop Sir x0p gin AgNPs
Dién tich bé mit riéng (m?%/q) 1,83 1,51

Thé tich 15 xp (cm®/g) 2,8x10°° 1,8x10°

Kich thudc 16 trung binh (A°) 61,9 48,2

Két qua do BET (bang 2) cho thiy dién tich bé mit riéng, thé tich 15 xbp va
kich thudc 16 x6p trung binh giam sau khi gin AgNPs 1én sir xdp. Cu thé 1a dién tich
bé mit riéng cta st xdp gan AgNPs giam tir 1,83 m?/g xudng con 1,51 m%/g, thé tich
16 xbp giam tir 2,8x10° cm*/g xubng con 1,8x10° cm®/g va kich thudc 16 xdp trung
binh giam tir 61,9 A° xudng con 48,2 A°. Nguyén nhan c6 thé duoc giai thich 1a do
su chiém khong gian cia AS va hat AgNPs lam giam dién tich bé mit riéng va thé
tich 18 x0p ciia cot loc st xOp, dong thoi 1am giam kich thude 16 xdp trung binh.
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Hinh 3. Phé EDS ciia cét PC (3a) va cét PC gin AgNPs (3b)
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So sanh két qua phd X (EDS) & hinh 3a va hinh 3b, cho thdy miu PC ban dau
c6 thanh phan chu yéu 1 silic, nhom va oxy, khong phat hién vét cua bac. Sau khi
PC duoc gan AgNPs thi phé EDS xuét hién cac dinh dic trung cta bac tai mtic ning
lwong 3 keV va 3,2 keV. Piéu nay khing dinh cho su ¢6 mit cia AgNPs trong céu
trac 16 x6p cua cot loc PC/AgNPs. Tac gia Klemenci¢ va ccs [9], Gusseme va
ccs[10] cling da sir dung k¥ thuat EDS dé xac nhan su ¢ mit cia AgNPs trong mau
soi cellulose va mang polyvinyliden florua.

3.2. Khdo sat ham lwong bac ly gidi tir cot PC/AgNPs vao nwdc sau khi loc

Bdng 3. Ham lwong bac ly gidi trong nwdc may sau khi loc mede véi toc do
~5 L/gio qua cot PC/AgNPs

Thé tich nudc loc (L) | nudc may | 40 80 | 100 | 200 | 400
Ham luong Ag (ug/L) 0,02 7,49 | 412 | 2,66 | 0,64 | 0,34

Cot PC gan AgNPs sau khi bién tinh AS theo quy trinh & 2.2.1 dugc rung
siéu am 45 pht, sdy kho va thiét ké thanh bo loc gan vao voi nude may. Lay nude
may sau khi loc qua cot PC/AgNPs véi thé tich tir 40 L dén 400 L dem phan tich
kich hoat notron. Két qua bang 3 cho thdy ham lugng bac ¢6 trong nuéc sau khi loc
trong khoang <10 pg/L, nho hon nhiéu so véi tiéu chudn cho phép cia WHO (<100
ng/L) dbi v6i nudc udng [6,10]. Tac gia Oyanedel-Craver va ccs (2008) [12], Van
Halem va ccs (2009) [3] ciing da nghién ctru ngdm tam AgNPs ddi v6i binh st xdp
dé xur Iy nudc udng. Tuy nhién, trong cac cong trinh nay cac tac gia khong st dung
chat tao cAu ndi AS nén bac dé dang ly giai trong nudc v6i ham luong cao.

3.3. Thi nghiém diét khuén ciia cét PC/AgNPs trén moé hinh loc nwéc may

Tuong tu, theo md hinh loc nudc may nhu trén, khi dua vi khuan E.coli
nhiém trong nudc dau vao ~10° CFU/100 ml chay qua cot loc PC/AgNPs tir 20 L
cho dén 400 L va phan tich do nhidém E.coli trong nudc dau ra (bang 4).

Bang 4. Mat do E. coli trong nudc sau khi loc qua cot PC/AgNPs va cot PC

Thé tich nudc loc (L) 20 40 160 | 260 | 400
Mat 3o E. Coli | cot PC/AgNPs | <1 <1 <1 <1 <1
(CFU/100ml) cot PC 4x10* | 2,5x10* | - - -

So sanh s6 luong té bao E. coli trong cac miu nudc qua hai loai cot loc, ta
thiy mau nudc loc 40 L qua cot PC ¢6 do nhidm giam tir 10° CFU/100ml xubng con
~10* CFU/100ml va cac mau nude loc qua cot PC/AgNPs hau nhu khong phét hién
nhiém E.coli.
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Nhu vy, st xop PC ciing c6 kha ning loc vi khuan nhung hiéu qua khong
cao vi n6 khong tiéu diét duoc vi khudn ma chi gitr lai ching. CAc nghién ctru cta
Mwabi va cong su (2012) ciing d3 ghi nhan cot loc PC ¢d hiéu qua loc khuan E. coli
va coliform dat tir 80% dén 99% nhung n6 nhanh chong giy ra hién tuong tic nghén
sinh hoc [4]. Két qua nhan duogc vé d6 nhidm E.coli trong nudc loc qua cot
PC/AgNPs cai thién dang ké chat luong nudc udbng, dap tng duge tiéu chuan WHO
vé an toan nudc ubng [13] va dat tidu chudn TCVN 6096-2004 dbi voi nude udng
doéng chai (<1 CFU/100 ml).

4. KET LUAN

Hat AgNPs c6 kich thudc trung binh ~10-15 nm duoc gan vao cot loc PC
thuong mai bién tinh AS c6 ham luong bac ~200-250 mg/kg, dién tich bé mait riéng
1,51 m%/g, thé tich 156 1,8x10 cm®/g va kich thudc 16 x6p trung binh ~ 48,2 A°. Két
qua khao sat mirc do ly giai bac va hiéu luc diét khuan E.coli trong nuéc cua cdt loc
PC/AgNPs qua mé hinh loc nudc may véi toc do loc ~ 5L/gid, dén 400L cho thay
ham lugng bac ly giai <10 pg/L va mat do E.coli <1 CFU/100 ml dap tng dugc tiéu
chuian WHO vé an toan ddi v6i nude udng va tidu chudan TCVN 6096-2004 dbi véi
nude udng dong chai. Do vay, cot loc PC/AgNPs ché tao duoc rit co tiém ning Gng
dung dé loc nudc ubng theo cong nghé dung truc tiép (POUHQA
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Abstract

Fixing silver nanoparticles in porous ceramic for point -
of -use technology drinking water treatment

Porous ceramic (PC) samples after being treated with a 3-
aminopropyltriethoxysilane (AS) were impregnated in colloidial silver nanoparticles
(AgNPs) solution to load AgNPs through coordination bonds between —NH, groups of the
aminosilan and the silver atoms. The AgNPs content in porous ceramic (AgNPs/PC) was
about 200-250 mg/kg. Silver contents was released from AgNPs/PC into filtrated water at
the rate of approximately 5 litters/h is less than 10 wg/L, it is satisfactory to WHO guideline
(< 100ug/L) for drinking water. Results on antibacterial activity showed that the
contamination of E. coli in filtrated water was <1 CFU/100 ml which is in accordance with
WHO standards and TCVN 6096-2004 for drinking water.

Key words: silver nanoparticles, porous ceramic, antibacterial, water



