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TOM TAT

Bing phuong phap khir in-situ gin nano bac lén mang gdm K{}p dé kinr tring nudc dn
unng Phuong phdp nay sir dung than hoat tinh vira lam chéat don tao x6p, vira la chat phén tan
mudi bac va dnng thoi 1a chat khnr mudi bac vé dang bac nano nh¢ hop chit CO dugc tao
thanh. Dién tich bé mit riéng theo BET cuia mang goém x8p nano bac khir in-situ nung & 1000
°C ting 0,2 m%/g so v&i mang gom khong ¢6 nano bac va mang phi quét nano bac. Phuong
phap Ronghen di xac dinh sir ton tai cia nano bac va bac oxit trong mang gﬂm x0p. Lugng bac
tro1 ra theo mréc duge danh gié theo phuong phap ICP-MS giam tir 16 dén 19 lan so véi
phuong phap quét tam nano bac. Mang gom nano bac khir in-situ ché tao duoc cho phép lam
sach hoan toan nudc nhlem E.coli va Coliforms mat 86 10'CFU/mL, két qua nay cling tuong
duong voi mang gém x6p phi quét nano bac.

Tir khoa: nano bac, gbm xdp, khir trung nwdce, phuong phap in-situ

1. MO DAU

Theo cong bo clia T6 chie Y t€ Thé gi6i (WHO/UNICEF) ndm 2000 c6 khoang 1,1 ti
ngudi trén thé gidi khong duoc tiép can ngudn nudc sach. Viée sir dung ngudn nurde khnng dat
tiéu chuan vé sinh hién van 1a mét trong nhimg nguyén nhén chinh cua 2,2 triéu ngudi 1 vong
hang ndm do cic bénh tiéu chay giy ra, trong dé chu yéu 1a tré em thudc cic nudc dang phat
trién.

Binh loc gém tim nano bac (CSF — ceramic silver impregnated pot filters) nam trong hé
théng HWTS (household water treatment and save storage) di duoc phat trién béi To chic phi
chinh phu “Binh géom vi Hoéa binh”. Sau khi thiét lap dugc mét diy chuyén san Xuét tai
Nicaragua T chirc nay bét dau phat trién cung nghé ché tao vat liéu loc tam nano bac ra cac
nuéc dang phat trién khac bang cach kéu goi cac xi nghiép cua nudce so tai trién khai tir ché tao
CSF. Niam 2000 cic xwong san xudt binh loc CSF di duoc xay dung va dira vao hoat dong tai
Mexico, Bangladesh, Cambodia, sau do la Haiti, Guatemala, El Salvador, Nepal, Pakistan,.. [,
2]. Tuy nhién loai binh gum nay su dung phwong phap don gian la phi quét nano bac lén mang
loc gdm mp nén con nhiéu han ché nhu: bac dé bi nra troi trong qua trinh loc lam cho nguoi
ding phai tiép nhan vao co thé mét lugng bac nhiéu hon mic cin thiét. Hon nira, ligng bac tan
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ra 16n s& lam cho mang loc nhanh mat tac dung diét khgﬁn. Muyc tiéu dé ra cia nghién ciru niy
la tim ra phuong phap gén nano bac lén mang loc khdc phuc dugc nhuge diém cia phwong
phap phi quet. Gén nano bac 1én mang loc gdbm x0p song song trong qua trinh ché tao mang 13
lua chon cua cong trinh nay.

Pé gin nano bac tryc tiép trong qu4 trinh ché tao mang, mubi bac va cac nguyén liéu duge
phéi tron voi vat liéu cao lanh hay silicat ngay ti khdu phd ]i@u. Trong qua trinh nung, dudi
tac dong cua nhiét do 0 tir 300 °C + 350 “C, ion bac s¢ trao d61 vdi cac oxyt kim loai Na,0,
Al,O,, Ca0... ¢6 mit trong thanh phan cao lanh hay silicat tao ra cac tam ion bac. Qua trinh
hinh thanh nano bac tir cdc tim nay s¢ dién ra khi ning nhiét d¢ G 1én trén 500 °C nho sir co
mit cac chit khir c6 san trong thanh phan caolanh hay silicat bang qua trinh khir in-situ [3, 4,
5].

Diém méi trong viéc gin nano bac 1én mang gérrp x6p bang phuong phap khir in-situ la si
dung chit don tao xOp dong than la chat phén tan mudi bac trudc khi pho trén vl nguyen ligu
cao lanh. V6i chét don tao xop 13 than hoat tinh, mudi bac truedce ti€n dugce phén tan déu trén cic
16 x6p cua than. Vai tro tiép theo cuia than hoat tinh trong trudng hop nay la:

-Tao ra cac kénh xérp trong khdi vit litu gém.

- Trong khi nung gbm, than hoat tinh s& hé tro qua trinh khir cic ion bac thanh cic hat
nano nh¢ qua trinh hinh thanh chét khir manh cacbon mono oxyt.

- Sau khi than hoat tinh dugc thidu két cic hat nano bac hinh thanh s& dugc phan b6 chu
yéu trén bé mit cac kénh xop, nhd d6 lam tang triét d€ hi¢u qua diét khuan cia mang loc.

2. THUC NGHIEM

2.1 Vit liéu

Cac vit lidu dé ché tao nano bac trong gbém xdp duoc sir dung 1a: AgNO;, pActa hing
Mecrk, Pirc; cao lanh cua Tuu Lac, Viét Nam; d4t sét cua Trac Thon, Viét Nam va than hoat
tinh dang bot 45 mesh tir than géo dira ctia Viét Nam, dung dich nano bac 500 ppm do Vién
Cong nghé méi trudng san xuat.

2.2 Phwong phap
2.2.1. Ché tao mdng gom xép
- Chuéin bi hén hop sét - cao lanh di dugc nghién nhuyén véi ti 1& khéi lwgng dat sét Tric

Thon: cao lanh Tyu Lac = 30: 70, dé khd dén khi dat d6 am = 35 %.

. Phoi tron hon hop trén véi timg chit don than hoat tinh véi ti 18 theo trong luong kho
hon hop cao lanh-sét/chat don = 70:30. Theo két qua nghién citu cua T6 chic PFP ti 1€ phoi
tron nay 13 phu hop dé thu nhan cac b loc co tinh nang loc tbi wu va ¢ bén co hoc dap img
yeu ciu trong thao tac van hanh.

- Tao hinh vat liéu dang mang loc qua khuén thach cao, dé khé tw nhién, nung vit liéu &
nhiét d6 1000 °C.

2.2.2. Gdn nano bac
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Nghién cdu gan nano bac 1én mang gém xbp bdng phuong phap khiv in-situ

Phwong phap in-situ: Cén 1 g AgNO; hoa tan trong 200 mL nudc cit, tiép tuc hoa trén
1000 g than hoat tinh, khuay ki trong 1 git‘.r,idé U trong chd téi 8 gidr. Siy hén hop & 80 °C cho
dén khé. Sir dung than da tam mudi bac dé ché tao mang loc gém x6p va nung san phim &
1000 °C nhu cac budc & trén.

. Phuong phap quét nano bac: Mang gom x8p sau khi ché tao (chira ¢6 bac) duge nra sach
bang nudc qua loc RO, dé rao, say & 105 °C trong 3 gi¢. Dung chéi son quét dung dich nano
bac ham lwgng 500 ppm 1én bé mit trong va ngoai mang loc voi ti 1€ 0,1 g bac hay 200 mL
ﬁuggdgiiﬂ nano bac 500 ppm/1000g mang loc. Siy khé ¢ 80 °C, ria lai mang loc bang nudc

, dé khd.

Xac dinh trang thai cia bac trong cic mu sau khi ché tao dwoe bing phuong phap nhidu
xa Ronghen (XRD) & goc quét 28 trén may SIEMENS D5000 tai Vién Khoa hoc vat lidu, Vién
Han 14m Khoa hoc va Cong nghé Viét Nam. Anh hudng cta bac dén bé mit cua gom x0p dugc
danh gid qua phuong phap hap phu bé mit BET. Panh gia su rira tréi bac tir mang loc bang
cach cho nudce di qua mang, thu dung dich sau loc va phan tich trén may ICP-MS Elan 9000
Perkin Elmer (sin xuat tai My) tai Vién Céng nghé méi trudng.

3. KET QUA VA BAN LUAN

. Hinh 1 trinh bay duéng dang nhiét hip phu, giai hip phy cua céc loc cb dinh nano bac
bang phuong phap quét phu nano bac sau khi nung la so sanh véi 1b cua coc loc ¢6 dinh nano
bac bang phuong phap khir in-sifu tryc tiép trong qua trinh nung miu.
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Hinh 1. Pudmg ding nhiét hip phu, giai hap phu cua céc loc cd dinh nano bac bing phuong phap:
a) phu quét nano bac sau khi nung, b) khir in-situ trong khi nung.

--------

T
I | o 1|

Quan sat 2 drong ding nhiét nay nhén thay ching twong ty nhau va ciing khong khac biét
s0 v&i truong hop mang gém x6p duoc ché tao khéng ¢d nano bac. Diéu nay cho thay véi su co
mit clia nano bac, mang loc khong c6 bién ddi nhiéu vé tinh chat vit li cia vat liéu va van cé
dang mao quan trung binh.

Céc dic trung ki thudt co ban cua vt lidu loc gdm xdp cb dinh nano bac so sanh véi
truomg hop vat liéu khdng ¢6 nano bac duoc tap hgp trén Bang 1. Trudc hét ta thiy céc tham sb
tong dién tich bé mat BET thay d6i khong dang ké, phan thay d6i chu yéu la do tang dién tich
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bi mit trong kénh x6p cic miu cde loc duge c¢d dinh nano bac. Dién tifh bé mit riéng bén
trong kénh x6p cia cac vt liéu co nano bac ting tir 0,7 m/g I€n 0,9 m’/g (30 %) (xem cac
dong 1, 2 va 3 Bang 1).

Piéu d6 cho thay su hién dién cac hat nano bac du dlrt;’ri dang nano bac kim loai Ag’ hay
nano bac oxit di lam cho tdbng dién tich beé mit cua cac 16 xOp ting lén nhé phén dong gop cia
cic cluster nano bac. Déng thoi, diéu dang cht ¥ 1a dién tich bé mit bén ngoa cac 16 xdp
khéng tang (dong 56 3, Bang 1). Piéu nay ¢d thé giai thich rang trong qua trinh nung mau, than
hoat tinh tAm nano bac phoi tron trong thanh phan cao lanh sau khi by d6t chay da tao cac kénh
xbp va dé lai cac cluster bac. Cac cluster ndy phén b6 déu tren bé mit bén trong cac kénh xop
do cac hat cacbon hoat tinh da bi thiéu chay tao ra, lam tang dién tich bé mat néng cua ching,
Trong truomg hop phi quét, cac hat nano bac ciing tham vao cac kénh xop, khi dugc sdy khd
ching ciing nim lai trén bé mit bén trong cuia kénh x6p. Mot phan céc hat nano bac tham Ién
bé mat ngoai kénh xp lai dién vao céc khoing khong gho ghe cua bé mit ngoai va lam gidm
dién tich bé mit nay.

Bang 1. Cic tham s vat Iy ctia vat liéu loc gém xop duge ¢ dinh nano bac
so sanh vai vat liéu khong chira nano bac.

) ~ - T A b -
STT Cic tham s& Khong ¢o am' naI}n ac | Tam nano bac
nano bac in-situ sau nung

1 | Téng dién tich bé mat theo BET 39 m¥g 4,1 m¥/g 3,9 m%/g
Dién tich bé mit trong kénh xop 0,7 m¥/g 0,9 m¥/g 0,9 m?/g

3 | Dién tich b& mat ngoai kénh xp 3,2 m¥/g 3,1 m?/g 3,0 m/g

5 B}I&mg kinh 16 xdp trung binh theo 15.3 nm 19.9 nm 15.6 nm
hap phu BJH

g | Puongkinh 16 x6p trung binh theo 26,5 nm 23 nm 16,0 nm
giai hap BJH

~ Xét dudmg kinh 13 x5p trung binh theo hép phy va gidi hép BIH (dong 5,6 Bang 1) co the
thiy duong kinh 16 x6p trung binh hép phu cua ¢oe loc voi nano bac duge c6 dinh truc tiép
trong qué trinh nung cao hon coc loc khéng ¢ nano bac va cde loc thm truc tiép nano bac sau
khi nung. Nhu vy kha nang hap phu cua cbe loc khir tryc tiép bac cao hon coc khéng c6 bac
vi cbe thm bac sau khi nung. Két qué tinh ton dudmg kinh 18 x6p trung binh hap phu, giai hap
phu bang phuong phap bio hoa nito héa long nén mang nhiéu ¥ nghia vé qué trinh hap phu va
giai hap phu cua vat liéu hon la kich thudce duong kinh 16 xop. Co thé nghi ring su c6 mat cua
mubi bac nitrat tim trén cac hat than hoat tinh dd tao dieu kién thuin loi cho qua trinh hinh
thanh 10 x6p trong qué trinh nung. Tuy dwdmg kinh 15 x6p trung binh theo giai hap BJH cua 2
loai coc loc c6 nano bac déu gidm so voi trudng hop khdng c6 bac nhung van cao hon chi s6
dgﬁmg kinh 16 xdp hap pl_lu. tuong (mng. Piéu nay cho thﬁy cac coc loc khir truc tiép nano bac
van co do thﬁl_lg thoang t6t va cho qua trinh loc nudc thuan lgi hon so vor coc loc khdng chira
nano bac va cdc loc duge phu quét nano bac sau khi nung.
Hinh 2 trinh bay gian db phd ké huynh quang tia X ciia mang loc gbm x0p ché tao bing
phuong phap khir in-situ. Trén gian d6 cho thiy rat rd su ¢ mét cia bac thong qua pic ddc

lt:’rlrng ¢ mirc nang lugng 22,16 keV. Tuy nhién phd huynh quang khdéng cho biét trang thai cua
ac. -
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Nghién ctru gan nano bac Ién méng gém x6p béng phuong phép khir in-situ
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Hinh 2. Pho tia X mang gém xp gin nano bac ché tao bing phuong phap khir in-situ.

Trang thai cia bac gan trén gbm x6p bang phuong phap khir true tiép duwge ghi nhén &
gian dd nhiéu xa tia X trén Hinh 3.
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Hink 3. Gian @6 nhiéu xa tia X cia mang gém x5p gin nano bac ché tao bing phuong phép
in-situ nung ¢ nhiét ¢4 1000 °C.

Trén gian dd nhidu xa tia X (Hinh 3) c6 thé quan sat thay ngoai cac pic déc trung cho Si0,
ta con thay sy ¢O mit cua nano bac & goc nhiéu xa 26 64,4°. Ngodi ra co thé thdy trong vat lidu
gﬂm x6p co dinh bac ¢6 ton tai mét lumlg nano oxit bac Ag0O.Ag,0 v mot dinh 16 nét tai goc
28 = 27,7°, mét dinh tai gbc 20 = 68,1° thé hién su c6 mit ciia oxit bac AgO. Tlep dén, su xuat
hién dinh 29 42.4° va 60,1° cho thiy su c6 mat ciia AgO. Cac két qua trén thé hién sy ton tai
cua cac oxit Ag”" - 13 nhirng tic nhan khw trung manh hon ca Ag’[7]. Theo Askwar Hilonga [6]
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vi Wenning Shen [7], khi nhiét d0 nung dat t&i 1000 "C'thi céc hat nano bac co thé bi oxy héa
thanh oxit bac hoa tr1 cao Ag“. Cac ion bac ndy dugc gan vai cac dinh cua tu glién [A1O,], ma
& trang thai ndy cac ion bac c6 thé duoc giai phong tir tir ra xung quanll. Diéu nay cho thay
phuong phap khir true ti€ép nano bac trong qué trinh nung da tao ra mét hé nano bac — oxyt bac
c6 kha ning khir tning manh, khong nhitng vy cac nano oxyt bac ndy con phan bo tap trung
trong cac kénh x6p cia mang lam ting hi¢u qua khtr tring cua mang loc. O phuong phap khu
in-situ, than hoat tinh ngoai chirc nang tao x0p, con c6 nhiém vu phén tan déu cac 1on bac trong
khdi nguyén liéu tao hinh. Trong qua trinh nung, than hoat tinh lai ¢ vai tré khir cac ion bac
thanh bac kim loai c6 kich thudc nano thong qua viéc hinh thanh hop chat CO — mét chat khu

manh.

Hinh 4 trinh bay coc loc va bdn loc duoc co dinh nano bac bﬁng cach kinr trirc }iép trong

qué trinh nung. Cac mau dugc nung tai nhiét 36 1000°C va sir dung than hoat tinh lam chat tao xop.
(a) (b)

—h

\

\
S

Hinh 4. Coc loc (a) va bon loc (b) gom c6 dinh nano bac bang khur trire tiep frong khi nung.

Bang 2. Két qua xéc dinh kha ning mang loc gbm xép gin nano bac giai phong cic nguyén to
vio nudc qua loc sau thoi gian van hanh 8 gid, huu lugng 0,5 L/gid.

Nong d6 bac cia mang loc “gém - than hoat tinh - nano bac™ bi
N rra, ppm
f‘: ge Phuong phap khu in-situ Phuong phap phu quét
[Ag] =0,01 | [Ag]=0,03% | [Ag]=0,01% | [Ag]=0,03%
Yo
Ag 0,026 0,044 0,495 0,736
Al 0,081 0,082 0,055 0,064
As <0,001 0,002 0,001 0,014
Pb <0,001 <{(,001 <0,001 0,001
Cd <{(3,0002 <0,0002 0,0002 0,0002
Hg <0,001 <0,001 <(,001 <0,001
Cr 0,001 <(),001 0,004 0,001
Cu 0,005 (0,006 0,031 0,010
Mn 0,012 0,007 0,004 0,029
Sb <0,001 0,001 0,001 0,001
Th <0,001 <0,001 <0,001 <0,001
U <0,001 <0,001 <0,001 <(,001
Se <0,001 <0,001 0,001 0,001
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Nghién ciu gan nano bac 1én mang gém x6p bdng phuong phép khiy in-situ

Béng 3 cho thiy cc loc gbm xSp gén nano bac bing khir in-situ thé hién kha ning loai bo
hoan toan céc chung vi khuan khio sat & mat d6 107, 10°. Két qua nay ciing tuong dwong véi
¢oc loc phu quét nano bac trong khi ¢éc khong c6 bac khéng dat duge digu nay. O cic 1an loc
tiép theo coc lgc khong ¢6 nano bac suy giam nhanh chéng kha ning loai bé vi khuén va dén
101 hoan toan khéng c6 tic dung. Trong khi dé céc loc c6 nano bac vin dat hiéu qua loai bo
hoan toan vi khuan sau 10 tuin sir dung lién tuc.

Bang 3. Kha nang diét khuan E.coli, Coliform trong nudc clia cac loai cde loc.

g Loai coc loc E.coli ATCC Coliform ATCC
% . Kihigu | CFU | Tilédiét{ CFU/ { Tilé diét

Cocloc | Dac trung miu | /100ml | (%) | 100ml| (%)

1 Mat d vi khuin dau vao bC | 1,1.10° 0 1,3.107 0

Coc loc khong | Chit don than 3 4
2 Cflr nano bac hoat tinh CaC 2. 10 99,99 3.10 i
Céc loc phit | Chét don than hoat
3 quet nano bac | tinh; [Ag]=0,01%| ACa-] 0 100 0 100
Coc loc cd Chét don than

4 nano bac khi hoat tinh: APCa-1 0 100 0 100

in-situ [Ag]=0,01%
4. KET LUAN

Nano bac dugc gén 1én mang gom x8p khong lam anh hudng dén kha ning loc cua mang.
Ngoai cach thong thuong 1a tdm nano bac truc tiép 1én mang loc sau khi nung, phuong phap
mo1 gan nano bac 1&n mang bang cach khr tnre tiép in-situ ¢é nhimg wu diém ndi bat la:

- Bac dugc phan tin déu trén khip bé mit kénh x8p clia mang loc nhé mudi bac dugc
phén tan trén than hoat tinh trudc khi phoi tron.

- Ngoai nano bac con tao ra trén mang céc oxit bac ¢ kha ning khir triing manh.

- (iam lugng bac trdi ra theo nudc trong qua trinh loc tir 16 dén 19 1dn so véi khi queét
tnrc tiép nano bac 1én mang nhd qua trinh gin két nano bac in-situ.

- Lugng bac dugc gan ket in-situ bi hoa tan thip nén c6 thé kéo dai tudi tho cita mang loc.

ffi phuong phép khir in-situ, than hoat tinh ngoai chirc néng tao xdp, con cé nhiém vy phan
tan déu cac ion bac trong khoi nguyén liéu tao hinh va ¢ val tro kinr cac 1on bac thanh bac kim
loai c6 kich thuée nano théng qua viéc hinh thanh hop chat CO.
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ABSTRACT

MANUFACTURING SILVER NANO - POROUS CERAMIC MEMBRANE FOR
DISINFECTION OF DRINKING WATER BY USING IN-SITU REDUCTION METHOD

Tran Thi Ngoc Dung’, Nguyen Hoai Chau
Institute of Environmental Technology, Vietnam Academy of Science and Technology, VAST
“Email: ttndzung@gmail.com

Silver nano-porous ceramic membrane for disinfect drinking water was made by in-situ
reduction method. Activated carbon has been used to form porous structure, to disperse silver
salts as well as to reduce salts into form of nano silver compounds via formation of CO. When
calcined at temperature of 1000 °C, the specific surface area of porous ceramic membranes
mounted with nano silver determined by BET was shown to increase of 0.2 m’/g. Réntghen
diffraction method evidenced an existence of silver and silver oxide in the porous membrane.
The amount of silver floating out in the water evaluated by ICP-MS method was reduced from
16 to 19 times as compared to the nano silver impregnated by scan method. The Coliforms and

E.coli with 10’ CFU/mL was removed completely from water by silver nano porous ceramic
membranes.

Keywords: silver nano, porous ceramic, water disinfection, in-sifu method.
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