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TOM TAT

Bing phrong phép kir in-situ gin nano kc 1én mang gm x0p dé khir trung neéc an uong
Phrong phap naywsdung than hat tinh wra lam clit don tao Xop, wira la chit phan tan méi
bac vadong thyi 1a chit khir mudi bac vé dang ac nano nbr hop chit CO duoc tao thanh. Dén
tich b3 mat riéng theo BET @a mang gm x5p nano hc khi in-situ nungé 1000°C ting 0,2

m/g SO \bi mang @m khéng cé nanode va mang ph quét nano &c. Pheong phap Rnghen
da xacdinh gr ton tai cia nano bc va ac oxit trong mang ém XOp Lugng kac tréi ra theo
nudc duge danh gia theo plong phap ICP-MS gim tir 16 dén 19 Bn so \6i phuong phap quét
tam nano hc. Mang gm nano hc khir in-situ ché tao duoc cho phép lamash hoan toanuvc
nhiém E.coli va Coliforms mat ¢6 10'CFU/mL, Kt qua nay ding trong duong Wi mang gm
x6p phi quét nano 4.

Tir khéa:nano fac, ghm xbp, khr tring nréc, phrong phagn-situ

1. MO PAU

Theo cbng b cia To chic Y t& Thé gioi (WHO/UNICEF) rim 2000 c6 khang 1,1 t
nguoi trén th gioi khdngduoc tiép cin ngwn nréc sach. Viéc sr dung ngwn nege khdngdat
tiéu chdn \é sinh hén van 1a mdt trong nlitng nguyén nhan chinhia 2,2 tréu ngroi tor vong
hang i@m do cac Bnh tiéu cldy gay ra, trongio ch yéu la te em thc cac mac dang phat
trién.

Binh loc gdm tim nano hc (CSF — ceramic silver impregnated pot filtersinrtrong &
thong HWTS (household water treatment and save stptigérgc phat trén boi T6 chac phi
chinh pti “Binh gdm vi Hoa binh”. Sau khi thi 1ap duoc mdt day chuyén & xuit tai
Nicaragua © chirc nay kit ddu phat trén cong ngh ché tao vat liéu loc tim nano kc ra cac
nuéc dang phat tdn khac ing cach kéu @ cac xi nghép cia nréc s tai trién khai tr ché tao
CSF. Nim 2000 cAc xéng sin xuat binh bc CSFda duoc xay drng vadua vao hat dong ti
Mexico, Bangladesh, Cambodia, siula Haiti, Guatemala, El Salvador, Nepal, Pakistdt,
2]. Tuy nhién lai binh g‘)m nay & dung phrong phapdon gian la phi quét nano 4c [én mang
loc gom XOp nén con nku han ché nhu: bac & bi ria troi trong qua trinhot lam cho ngoi
dung phi tiép nhin vao o thé mot lugng ac nhiéu hon mic cn thiét. Hon nira, rong bac tan
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ra I6n s lam cho mangoc nhanh it tc ding diét khuan. Myc tiéudé ra aia nghién au nay la
tim ra phrong phap gn nano hc |én mangdc khic phuc duoc nhrgc diém cia phrong phép
pha quét. Gin nano hc 18n mangdc gbm x4p song song trong qué trinhéctao mang laka
chon caa cbng trinh nay.

D¢ gin nano fc tryc tiép trong qua trinh éhtao mang, méi bac va cac nguyéndii duoc
phdi tron voi vat lidu cao lanh hay silicat ngay khau ph‘n liéu. Trong qua trinh nungudi tac
dong aia nhit d6 u tir 300°C + 350°C, ion k¢ s traoddi vaoi cac oxyt kim lai Na,O, Al,Os,
CaO... c6 mit trong thanh pin cao lanh hay silicaa® ra cac tam ionds. Quéa trinh hinh thanh
nano kac tir cAc tAm nay&dién ra khi nang nlt do u 1&n trén 500C nhy sy c6 mit cac clit
khir c6 €in trong thanh pin caolanh hay silicating qué trinh kb in-situ[3, 4, 5].

Diém moi trong viec gin nano hc 1én mang gm x6p hing phrong phap kit in-situ la ar
dung chit don tao xop dong thyi 1 chit phan tan méi bac truéc khi phbi tron voi nguyén lgu
cao lanh. \&i chit don tao x5p 1a than het tinh, mi bac trudc tiénduoc phan tantéu trén cac
15 x5p caa than. Vai tro fip theo @a than hat tinh trong teong hop nay la:

- Tao ra cac kénhdp trong kibi vat lisu ghm.

- Trong khi nung g’m,’than hat tinh € ho tro qua trinh ki cac ion lac thanh cac 4t nano
nho qua trinh hinh thanh ghkhir manh cacbon mono oxyt.

~ -Sau khi than hat tinh duoc thiéu Kt cac ht nano lac hinh thanh &dugc phan b chi
yeéu trén & mat cac kénh &p, nhy d6 lam &ing triét dé hiéu qua diét khuan caa mang éc.

2. THUC NGHIEM

2.1 Vat ligu

CAc \it ligu dé ché tao nano bc trong @m xop dugc sr dung la: AgNQ, pAcia hang
Mecrk, Btc; cao lanh €a Tuu Lac, Viét Nam; dat sét @a Tric Thon, Vit Nam va than hd
tinh cang Ot 45 meshtt than gao dla aia Viét Nam, dung gth nano bc 500 ppm do \n
Cong nglé moi trrong sin XUat.

2.2 Phrong phap
2.2.1. Cl¢ tgo mang gm xp
- Chuin bi hdn hop sét - cao lantid duoc nghén nhuyn véi ti 18 khdi lugng dat sét Tric

Thén: cao lanh {fu Lac = 30: 70dé khd dén khi dat 46 am~ 35 %.

- Phi tron hon hop trén \6i timg chit don than hat tinh i ti 1§ theo tong hrong kho tbn
hop cao lanh-sét/d don = 70:30. Theo & qua nghién ¢u cia T6 chirc PFP t1¢ phdi tron nay
la phu kyp dé thu nHin cac B loc c6 tinh &ng loc i vu vado bén ar hoc dap ung yéu au
trong thao tacAn hanh.

- Tao hinh vit liéu cang mangaéc qua khudn tich caodé khoé tr nhién, nung &t liéu & nhiét
do 1000°C.

2.2.2. Gin nano lac
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Phrong phapin-situ: Can 1 g AgNQ hoa tan trong 200 mLudc cit, tiép tuc hoa ton
1000 g than hat tinh, khLay ki trong 1 go, dé u trong ct t6i 8 gio. S‘ay hon hop & 80°C cho
dén kho. Sr dung thanda &m mui bac dé ché tao mang éc gdm x6p va nung &n phim &

1000°C nhr céac lroc & trén.

Phrong phap quét nancab: Mang @m x6p sau khi ch tao (chra c6 hc) dugc ria sich
bang nroc qua bec RO,dé rdo, 4y ¢ 105°C trong 3 gb. Dung cldi son quét dung @th nano bc
ham trong 500 ppm Ién dmat trong va ngoai mangt voi ti 1¢ 0,1 g lac hay 200 mL dung
dich nano bc 500 ppm/1000g mangd. Siy kho ¢ 80 °C, ria lai mang bc bing nréc RO, dé
kho.
X&cdinh trang thai ¢ia ac trong cac riu sau khi ch tao dugc bing phrong phap nhiu xa
Ronghen (XRD)s goc quét 2 trén may SIEMENS D500@itVién Khoa tvc vat liéu, Vién Han
lam Khoa lrc va Cong ngh Viét Nam.Anh hrong aia bac d&én bé mat caa gom x6p duoc danh
gia qua plrong phéap ABp phi bé mat BET. Danh gia g rira trdi ac tir mang bc bing cach cho
nuée di qua mang, thu dungich saudc va phan tich trén may ICP-MS Elan 9000 Perkingglm
(san xuat tai M) tai Vién Céng ngh mdi tnrong.

3. KET QUA VA BAN LU AN

Hinh 1 trinh bayirong dang nhit hp phy, giai hip ph ciia dc loc o dinh nano bc hing
phuong phap quét phnano lac sau khi nung la so sanbiib aia @c loc & dinh nano bc
bang phrong phéap kir in-situ truc tiép trong qua trinh nung 4u.

Isotherm Linesr Plot

Isotherm Linear Plot
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Hinh 1.Puong dang nhit hap phy, giai hip phi cia dic loc &b dinh nano bc bing phrong phap:
a) phi quét nano #c sau khi nung, b) khin-situ trong khi nung.

Quan sat 2tuong dang nhEt nay nfan thay chang trong tir nhau va @ng khong khac It
S0 Wi truong hyp mang §m xép duoc ché tao khdng c6 nanode. biéu nay cho tBly Voi sy O
mit caa nano bc, mang éc khdng cé tin doi nhiéu vé tinh chit vat Ii caa VAt liéu va \in cé ding

mao gun trung binh.

Cécdac trung K thuat co ban cia VAt liéu loc gdm xop & dinh nano bc so sanhéi truong
hop vat liéu khdng cé nanode dugc tap hop trén Bing 1. Troc ket ta thiy cac tham 6 tong
dién tich k& mat BET thaydoi khéngdang I€, phan thaydéi cha yéu la do ing dién tich k& mat
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trong kénh ¥p cac mu adc loc dugc o dinh nano be. Dign tich k& mét riéng bén trong kénh
x6p aia cac Wt liéu cé nano #ic ting tr 0,7 nf/g 1én 0,9 Mg (30 %) (xem cac dong 1, 2 va 3
Bang 1).

Piéu do6 cho thy sy hién dién cac ht nano lac di drdi dang nano be kim loai Ag® hay
nano lc oxit d& lam chodng dién tich B mat cua cac & x6p ting I&én nly phin d6ng gop éa
céc cluster nanoab. Bong thyi, diéu dang chi y 1a din tich [ mit bén ngoai cadlxop khong
tang (dong é 3, Bang 1).Diéu nay c6 th giai thich ring trong qué trinh nungm, than hat
tinh im nano bc phi tron trong thanh pin cao lanh sau khiikiét chayda o cac kénh &p va
dé lai cAc cluster bc. CAc cluster nay pham déu trén 18 mit bén trong cac kénhbp do cac ht
cacbon hat tinh d& W thiéu chay 4o ra, l1am ing dién tich & mat riéng @a chung. Trong
truong hop phi quét, cac it nano lac ding thim vao cac kénhdp, khi dugc sﬁy kho ching
ciing rim lai trén & mit bén trong aa kénh %p. Mot phin cac lat nano lac thim lén B mat
ngoai kénh &p lai dién vao cac khang khong gh ghé caa k& mat ngoai va lam gim dién tich
bé mat nay.

Bang 1 Cac tham&vat ly cua vat liéu loc gdm x5p duoc ¢ dinh nano bc
so sanh §i vat liéu khong cléa nano bc.

STT Cac thamd Khoéng c6 TarT_1 nano c | Tam nano hc
nano hc in-situ sau nung

1 | Tong dién tich & mit theo BET 3,9 m2/g 4,1 ma/g 3,9 m?/g

2 | Dién tich k& mat trong kénh &p 0,7 m2/g 0,9 m2/g 0,9 m?/g

3 | Dién tich k& mat ngoai kénh &p 3,2 m2/g 3,1 m2/g 3,0 m?/g
Puong kinh b x4p trung binh theg

5 hép phu BIH 15,3 nm 19,9 nm 15,6 nm

g | Puong kinh B x6p trung binh theg 26,5 nm 23 nm 16.0 nm
giai hap BJH

Xét duong kinh b x6p trung binh theoéfp phy va gii hip BJH (dong 5,6 Bng 1) c6 tid
thiy duong kinh b xép trung binh fp phu caa dic loc v6i nano tac duoc @ dinh truc tiép trong
qué trinh nung caoom dc loc khdng cé nanode va dc loc tm tryc tiép nano hc sau khi
nung. Nhr vay kha nang hip phu ciia dc loc khir tryc tiép bac cao lon cdc khong c6 be va dc
tam bac sau khi nung. & qua tinh toanduong kinh b xdp trung binh Ap phy, giai hip phu
bang phrong phap bao hoa withéa bng nén mang nhu y ngha e qua trinh Ap phu va gai
hip phy cia vat ligu hon la kich thrge duong kinh b xdp. CO thé ngh rang sr c6 mit cia mubi
bac nitrat m trén cac #t than hat tinh ¢4 to diéu kién thuan lgi cho qué trinh hinh thani |
x6p trong qua trinh nung. Tuwirdng kinh b x6p trung binh theo @i hap BJH d@ia 2 lai cbc loc
o nano bc déu giam so i truong hop khong c6 bc nhing \an cao fon ch s  duong kinh b
x6p hap phu trong tng. Piéu nay cho thy cac éc loc khir truc tiép nano hc van c6do thong
thoang 6t va cho qué trinhot ndc thuiin loi hon so 6i coc loc khdng clira nano be va éc
loc duoc phi quét nano & sau khi nung.

Hinh 2 trinh bay gin do pho ké huynh quang tia X ¢a mang éc gom xop ché tao bing
phueong phap kir in-situ. Trén giin d cho trﬁy rat rd ar co mit caa ac 'thdng qua pidac trung
& mirc nang hrong 22,16 keV. Tuy nhién prhuynh quang khéng cho ditrang thai da bac.
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Hinh 2.Phé tia X mang ém xdp gin nano kc ché tao king phrong phap ki in-situ.

_ Trang thai Gia bac gin trén @m xp hing phrong phap kix truc tiép duoc ghi ntin & gian
d6 nhiéu xa tia X trén Hinh 3.
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Hinh 3.Gian 6 nhidu xa tia X aia mang §m xdp gin nano kc cté tao king phrong phap
in-situ nungo nhiét ¢6 1000°C.

Trén gin d6 nhidu xa tia X (Hinh 3) c6 th quan sét thy ngoai cac piatc treng cho SiQ
ta con thy sy c6 mit caa nano bc & goc nhéu xa 20 64,4. Ngoai ra c6 th thiy trong \at liéu
gém x6p dd dinh c c6 Hn tai mot lvgng nano oxit b AgO.AgO véi mot dinh ré nét4i goc
20 = 27,7, mot dinh tai goc D = 68,% thé hién sr cé mit cua oxit lac AgO. Tép dén, sr xuat
hién dinh 2 = 42,4 va 60, cho tHy sr c6 mit cia AgO. Cac & qua trén tié hién ar ton tai
cia cac oxit A§" - 1a nHing tac nhan kintriing manh hon ca Ag°[7]. Theo Askwar Hilonga [6]
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va Wenning Shen [7], khi ndtido nungdat t6i 1000°C thi cac ht nano lac c6 ti¢ bi oxy hoa
thanh oxit lac héa ti cao Ag*. Cac ion bc nayduoc dgin i cacdinh aia tr dién [AlIO,], mas
trang thai nay cac ionds co tié duoc giai phéng fr tir ra xung quanhbiéu nay cho thy
phueong phéap kir tryc tiép nano kac trong qué trinh nundd @o ra mdt hé nano bac — oxytdes
c6 kha nang khi tring manh, khéng niing iy cac nano oxyt 4t nay con phandtap trung
trong cac kénhébp cia mang lamang higu qui khir trung @ia mang éc. 0 pheong phap kit in-
situ, than hat tinh ngoai ctic ning ko x5p, con c6 nHim wu phan tandéu cac ion bc trong
khéi nguyén léu tao hinh. Trong qué trinh nung, thanahéinh ki cé vai tro khir cac ion lac
thanh c kim loai c6 kich thréc nano théng qua & hinh thanh &p chit CO — nét chit khir
manh.

Hinh 4 trinh bay éc loc va n loc duoc & dinh nano bc bing cach ki truc tiép trong
qué trinh nung. Caciu duoc nung i nhiét d6 1000°C va st dung than hat tinh lam clit tao xop.

(a) (b)

Hinh 4.Céc loc (a) va bn loc (b) gom ad dinh nano bc bing khir tryc tiép trong khi nung.

Bang 2.Két qua xacdinh khi ning mangdc gdm x6p gin nano kc giai phéng cac nguyért
vao nréc qua bc sau thi gian vin hanh 8 g, luu legng 0,5 L/gb.

Nong dé bac caa mangdc “gom - than hat tinh - nano bc” bi
N rea, ppm
Nr?Lt‘ge Phrong phép kir in-situ Phrong phap ph quét
[Ag] =0,01 | [Ag]=0,03% | [Ag]=0,01%| [Ag]=0,03%
%

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 <0,001 <0,001 <0,001
Cd <0,0002 <0,0002 0,0002 0,0002
Hg <0,001 <0,001 <0,001 <0,001
Cr 0,001 <0,001 0,004 0,001
Cu 0,005 0,006 0,031 0,010
Mn 0,012 0,007 0,004 0,029
Sh <0,001 0,001 0,001 0,001
Th <0,001 <0,001 <0,001 <0,001
U <0,001 <0,001 <0,001 <0,001
Se <0,001 <0,001 0,001 0,001
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Bang 3 cho thy cic loc gom x5p gin nano bc king khi in-situ thé hi¢n kha nang loai bo
hoan toan cac ding vi khuin khao sats mat do 107 10, Két qua nay ding trong duong Wi COC
loc phi quét nano #c trong khi éc khéng c6 bc khongdat duoc didu nay.O céc hn loc tiép
theo éc loc khdng cé nanode suy ghim nhanh chéng khning laai bo vi khuan va din i
hoan toan khong c6 taang. Trong khid6 dic loc 6 nano bc van dat hiéu qua loai bo hoan
toan vi khin sau 10 tén sr dung lién wc.

Bang 3.Kha niang dit khuin E.coli, Coliformtrong nréc cia cac lai cbe loc.

Loai céc loc E.coli ATCC Coliform ATCC
T cée loc Pic tren Ki Qiéu CFU | Tilédiet| CFU/ | Tilé diét
: 4 thung miu | /100ml| (%) | 100ml| (%)
Mat do vi khuan dau vao bC 1,1.16 0 1,3.16 0
Cbhc loc khéng| Chat don than
c6 nano bc haat tinh CaC 2.10 99,99 3.10 99
Chc loc phi | Chitdon than hat
guét nano dxr | tinh; [Ag]=0,01% ACa-1 0 100 0 100
Cbce loc co Chat don than
nano hc khir haat tinh; APCa-1 0 100 0 100
in-situ [Ag] = 0,01 %
4. KET LUAN

Nano hac dugc gin 1én mang §m xop khong laminh hréng dén kha ning loc aia mang.
Ngoai cach thong thbng la im nano fac truc tiep 1én mangdc sau khi nung, plong phap i
gan nano hc |én mang Bng cch ki truc tiép in-situ cé nhirng wu diém noi bat la:

- Bac duoc phan taniéu trén ktip bé mat kénh xp cia mang éc nhy mui bac dugc phan
tan trén than ha tinh teae khi phoi tron.
- Ngoai nano #c con ho ra trén mang cac oxitb cé ki nang khr trung manh.
- Giam lugng hac tréi ra theo néc trong qua trinhokc tir 16 dén 19 Bn so i khi quét trc
tiep nano bc 1én mang nk qua trinh gn két nano lac in-situ.
- Luong ac dugc gin két in-situ bi hoa tan thp nén co th kéo dai tdi tho cia mangdc.
O phrong phap kir in-situ, than hat tinh ngoai clic ning o xop, con c6 ntdm wu phan

tandéu céac ion hc trong kidi nguyén Iéu tao hinh va c6 vai trd khcac ion kc thanh hc kim
loai c6 kich thrgc nano théng qua & hinh thanh ép chit CO.
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ABSTRACT

MANUFACTURING SILVER NANO — POROUS CERAMIC MEMBRANEOR

DISINFECTION OF DRINKING WATER BY USINGN-SITUREDUCTION METHOD

Tran Thi Ngoc Dung Nguyen Hoai Chau

Institute of Environmental Technology, Vietham Asay of Science and Technology, VAST

"Email: ttndzung@gmail.com

Silver nano-porous ceramic membrane for disinfeotkthg water was made biyp-situ

reduction method. Activated carbon has been usddrto porous structure, to disperse silver
salts as well as to reduce salts into form of nsih@r compounds via formation of CO. When
calcined at temperature of 1000 °C, the specifitase area of porous ceramic membranes
mounted with nano silver determined by BET was shaw increase of 0.2 #g. Réntghen
diffraction method evidenced an existence of silzed silver oxide in the porous membrane.
The amount of silver floating out in the water exsed by ICP-MS method was reduced from
16 to 19 times as compared to the nano silver ignaeed by scan method. T@eliformsand
E.coli with 10’ CFU/mL was removed completely from water by silmano porous ceramic
membranes.

Keywords:silver nano, porous ceramic, water disinfectiorsitu method.
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