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Dieu CH^ BAG KIM LOAI KICH THU'O'C NANOMET VA 1>NG 
DUNG LAM VAT LIEU KHIJ TRUNG NU'O'C 

T R 4 N H 6 N G C O N , D O N G K I M LOAN, PHaM PHU-aNG THaO 

1. M O D A U 

Bac kim loai cd kha nang diet khuin rIt tdt. Cac vua chiia ngay xua da biet dimg do bac 
trong sinh boat de tranh bj nhiim khuan. Nhung do dimg bIng bac khdng dugc sir dung rong rai; 
mot mat cd gia rat cao, mat khac khdng hgp thj hi8u cua ngudi tieu diing hien dai. Tir khi cdng 
nghe nano ra ddi, viec irng dung bac trong cudc sdng da tim dugc cho dimg cua minh [1]. Do co 
cau true nano cho nen hieu irng kich thudc da lam cho kha nang diet khuIn ciia bac nano tang 
mot each dot bien. Dieu nay khien khdi lugng bac sii dung trong cac irng dung giam rat manh 
nen ty trgng ciia bac trong gia thanh trd nen khdng dang kL Thi du nhu de tiet khuIn hoan toan 
cho mot met khdi nude chi can 10 den 20 miligam bac hay nhua plastic lam do dimg khang 
khuan chi chira 100 miligam bac trong mot kilogam [2]. 

Dieu che bac kim loai cd kich thudc nanomet cd the tiln hanh bIng nhieu phuong phap 
khac nhau [3 - 8]; nhung phuang phap hda hgc dugc xem la re tien va it riii ro nhit. Theo 
phuang phap hda hgc, thdng thudng nano bac kim loai dugc dieu che trong dung djch bIng each 
hoan nguyen bac tii' bac ca nguyen td [4] hay true tiep tii' bac nitrat trong mdi trudng cd mat chit 
hiru CO hay / va cac chat phan tan (cac polyme tan trong nude). Dung djch bac nano sau khi dieu 
che cd the sii' dung ngay hoac diing de dieu che / san xuat cac vat lieu su dung trong ITnh vuc 
khang khuan. 

Trong nghien cuu nay, chiing tdi da dieu che dung djch bac nano trong mdi trudng nude, 
nude - ethanol tir bac nitrat vdi tac nhan hoan nguyen bac la formaldehyd dudng hoac 
hydroxylamin. Bac nano dugc mang tren cac hat silicagel de lam vat lieu khir triing. Ket qua thir 
nghiem cho thay kha nang diet khuan ciia vat lieu rat tdt va cd kha nang irng dung trong thuc te. 

2. THITC NGHIEM 

Qua trinh thuc nghiem dugc chia lam ba phan. Phan thir nhat la dieu che dung djch nano 
bac, phan thir hai la tien hanh mang nhu'ng hat nano bac len tren be mat cac hat silica gel va phan 
thir ba la thir nghiem kha nang diet khuan ciia dung djch nano bac va vat lieu silicagel phu bac 
nano. 

2.1. Dieu che dung djch nano bac 

Dung dich bac nitrat lam viec (10"^ den 10""M) dugc chuan bj tir dung djch gdc 1.0 M. Lay 
chinh xac the tich dung djch lam viec cho vao cdc thiiy tinh chju nhiet. Lugng cdn etylic dugc 
cho vao tiSp theo lln lugt cho tirng me thuc nghiem cd ham lugng tuong irng la 10; 20; 30; 40; 
50; 60; 70 va 80%). Them mot lugng dung djch amoniac vao cdc sao cho amoniac cd ndng do 
gip it nhat 5 lan ndng do bac. Dung djch nghien ciru dugc dat tren bep khuay tir. cd the dun nhe 
den 50 - 60"C. Them tiep mot lugng du formaldehyd, dudng glucose hoac hydroxylamin va 
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khuay lien tuc tdi khi dung djch chuyen sang mau vang hoac vang nau khdng thay ddi. Ta thu 
dugc dung djch nano bac. Trong trudng hgp ndng do bac nitrat cao, nen them chat phan tan nhu 
PVA vdi ndng do phii hop. Dung dich nano bac dugc dieu che theo phuang phap tren rIt ben 
theo thdi gian va cd the tach ra khdi dung djch mot each de dang. Kich thudc cua cac hat nano 
bac dugc kiem tra bang thiet bj hien vi dien tir truyen qua (TEM). 

2.2. Mang nano bac len be mat silica gel 

Silica gel (hat hut am) dugc de ngoai khdng khi sach cho no nude, sau dd can 500 gam cho 
vao cdc chiu nhiet. Rdt 250 ml dung djch nano bac vao khdi hat silica gel, dao nhe va de yen 
mot gid de cac hat nano bac khuyech tan bam hau bet vao be mat silica gel. Say khd khdi vat 
lieu, sau dd nang nhiet do len 105°C va de yen d nhiet do do 2 gid. Lay khdi vat lieu ra, de ngudi 
tdi nhiet do phong sau dd riia bang nude deion tdi khi khdng cdn phat hien thay cac ion nitrat. 
Vat lieu sau khi dugc say khd se cd mau vang den vang nau. De kiem tra mat do va kich thudc 
hat ciia bac nano, vat lieu dugc chup be mat tren kinh hien vi dien tu' quet (SEM). 

2.3. Khao sat kha nang diet khuan cua cac san pham 

De khao sat kha nang diet khuan cua bac nano ddi vdi nude nhiem khuan, thir nghiem dugc 
tien hanh nhu sau: Lay 20 lit nude may, pha them mot the tich nude lay tii' sdng kim nguu, sao 
cho mat do e-coli khoang dudi 1000 MfN/lOO ml. Lay mau diu de phan tich vi khuln. Them 
mot the tich dung djch bac nano vao trong khdi nude nhiem khuan tren lan lugt la 1; 2; 3; 4 va 5 
ppb, khuay deu. Mau phan tich vi khuan dugc lay lan Iug1 sau 5; 10; 15; 20; 25 va 30 phut. 

Khao sat kha nang diet khuan ciia vat lieu silicagel phu nano bac dugc tien hanh vdi cot vat 
lieu cd chieu day 1 den 3 cm, dudng kinh 2,5 cm. Nude nhiem khuan chuan bj nhu thi nghiem 
tren dugc ddi qua cot vat lieu vdi tdc do thay ddi tir 1,5 den 12,0 ml/phut.cm^ Mau phan tich vi 
khuan dugc lay sau khi cot chay dn djnh 20 phiit. 

3. KET QUA VA THAO LUAN 

Trong qua trinh dieu che dung djch nano bac, ndng do cua bac cd anh hudng rat Idn den 
kich thudc ciia hat bac hinh thanh. Vdi ndng do bac ban dau nhd ban lO'̂ M, nhtrng hat bac hinh 
thanh cd kich thudc khoang 3 - 5 nm. Khi ndng do bac tang dan, kich thudc ciia hat bac hinh 
thanh ciing tang dan. Khi ndng do bac 100 ppm, dung dich huyen phii bac thu dugc se cd mau 
vang sam va cac hat bac cd kich thudc khoang tir 30 - 40 nm (hinh la). Khi ndng do bac la 
200 ppm thi kich thudc cua hat bac luc nay dat tdi 60 nm (hinh lb). 

De dieu che dung djch nano bac cd mat do cao va kich thudc hat nam trong mot giai hep 
ban can thiet phai sir dung chat phan tan. Thir nghiem vdi chat phan tan la PVA, chimg tdi nhan 
thay vdi ndng do tdi thieu la 5 ppm, chat phan tan da phat buy hieu lire rat tdt. Ndng do chat 
phan tan cang cao thi cho kha nang dieu che duac dung dich nano bac cd mat dd cao han (hinh 
2). 

Ndng do ethanol trong dung djch cd anh hudng khdng nhtrng den tdc do hinh thanh nano 
bac kim loai ma cdn cd tac dung nhu mot chat dn djnh va kiem soat qua trinh khir bac ion ve bac 
kim loai- Sir cd mat cua dung mdi hiru ca trong nude lam thay ddi tinh chat va cau true ciia nude 
da dugc irng dung tir lau [9]; song irng dung trong qua trinh dieu che cac hat nano trong dung 
djch thi la dieu hoan toan mdi me. Nhu'ng anh hudng tich cue ciia mdi trudng nude - dung mdi 
hiru CO' dang dugc chiing tdi khai thac tich cue [10]- ,; ( 
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Hinh la. Anh TEM cac hat nano bac dieu 
che tir dung djch 100 ppm 

Hinh lb. Anh TEIVI cac hat nano bac dieu 
che tir dung djch 200 ppm 

Trong qua trinh dieu che nano bac, ndng do ethanol tir 10 den 50% cd anh hudng rIt tich 
cue den hieu qua qua trinh. Khi ndng do ethanol cao tren 50%, bit diu xult hien nhtrng hien 
tugng khir qua nhanh ion bac va qua trinh trd nen rat khd kiem soat. 

Dung djch nano bac sau dieu che dugc mang tren silica gel nhu trinh bay d phan tren. Vdi 
ndng do bac nano la 10 va 100 mg/1 tam tren silica gel cho thay. vdi ndng do 10 mg/1. nhtrng hat 
bac cd kich thudc khoang tir 50 den 60 nm phan bd kha deu tren be mat vat lieu (nhu tren anh 
SEM. hinh 3a). Khi ndng do cua bac kim loai la 100 mg/1 khi mang tren silica gel thi cac hat bac 
phan bd day hon, kich thudc hat cung Idn hon va nam trong mot dai kha rong. Anh SEM (hinh 
3b) cho thay, ben canh nhung hat bac da sd cd kich thudc khoang 80 nm thi xuat hien nhtrng 
mang hinh khdi cd kich thudc tdi 600 nm. Dac biet khi ndng do bac cao tren 200 mg/1. cac hat 
bac tao thanh cd kich thudc Idn hon nhieu. 

Qua ket qua tren cd the thay rang neu khdng sir dung chat phan tan, ndng do bac anh hudng 
rat manh den kich thudc cac hat bac kim loai hinh thanh va dugc phii tren vat lieu mang la 
silicagel 

Khao sat kha nang diet khuan ciia 2 loai vat lieu tren (VL2 va VL3) cho thay chiing cd kha 
nang diet khuan gan nhu nhau mac dau ndng do bac trong dung dich huyen phii Idn nhd ban 
nhau 10 lln. Dieu nay cd the ly giai la do tren be mat VL3 da xuat hien nhirng hat bac Idn. hau 
qua cua sir co cum cd lien quan den tinh chat be mat ciia vat lieu gdc (silicagel) va qua trinh lang 
dgng ciing nhu bam dinh ciia cac hat nano bac (van de nay dang dugc tiep tuc nghien ciru). Vi 
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vay de nghien cuu anh hudng ciia chieu day Idp vat lieu va toe dd ddng chay den kha nang diet 
khuan ciia vat lieu, chung tdi dua ra ket qua khao sat tren loai vat lieu VL2. 

Hinh 2. Anh TEM cac hat nano bac dieu che tir dung djch 400 ppm vai su co mat ciia PVA 

1̂ r-

IMS xSO.OkSECM) 5/16/2008 

Hinh 3a. Dung dich Bac 10 mg/1 mang tren 
silicagel (VL 2) 

IMS x20.0kSE(M) 5/16/2008 

Hinh 3b. Dung dich Bac 100 mg/1 mang tren 
silicagel (VL 3) 

Bdng 1. Anh hudng chieu day Idp vat lieu den kha nang diet khuan 

Chieu day Idp vat lieu (cm) 

Coliform diu ra (MPN/100 ml) 

0,5 

184 

1,0 

0 

1,5 

0 

2,0 

0 

3,0 

0 

Ket qua tren bang 1 va hinh 4 cho thay, vdi tdc do ddng chay la 13 L.m^ /phut va do day lap 
vat lieu chi can 1 cm, khi cho nude cd mat do vi khuan dau vao la 300 MPN/100 ml chay qua thi 
tat ca vi khuan da cd the bj tieu diet hoan toan. 

Khao sat anh hudng cua tdc do ddng chay qua Idp vat lieu den kha nang diet khuan ciia vat 
lieu cho ket qua tren bang 2 va hinh 5. 
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Anh hLfeyng cua chi4u day \&p VL <j4n kha nSng diet khuSn 
300 

100 

1 1.5 2 2.5 
Chi^u day [ap VL (cm) 

////?/; 4. Anh hudng ciia chieu day Idp vat lieu dgn kha nang diet khuan 

Bdng 2. Anh hudng ciia tdc do ddng chay den kha nang diet khuan ciia vat lieu 

Tdc do chay (ml.min''.cm^) 

Coliform dau ra (MPN/100 ml) 

1,3 

0 

4,5 

0 

6,8 

0 

10.2 

0 

13.6 

132 

Vdi chieu day Idp vat lieu 1 cm va nude dau vao cd mat do vi khuan tren 300 MPN/100 ml. 
tdc do ddng nude chay qua Idp vat lieu len tdi 100 L.m'/phiit vi khuan van bj tieu diet hoan toan. 

Anh hiroTig cua toe dp d o n g 

V 

1 
1 

ra
( 

-25 

r 
^ 

vi
k 

(8 

1 4 0 

1 2 0 

1 0 0 

8 0 

6 0 

4 0 

2 0 

0 

5 10 

T6C dp dong (ml.cm2/phut) 

15 

Hinh 5. Anh hudng cua t6c do dong nuac chay qua lap vat lieu den kha nang diet khuan 

Thuc te so sanh vdi kha nang diet khuln cua bac kim loai dang khdi thi bac kim loai giai 
phdng dudi dang cac hat cd kich thudc dudi 10 nm cd kha nang diet khuan gap tdi tren 100 lan. 
Day la mot di^u kien quan trgng dk cd the su dung bac lam tac nhan diet khuan cho hieu qua cao 
ma khdng ddi hdi chi phi qua Idn. 
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4. KET LUAN 

Dung djch nano bac kim loai da dugc dieu che bang phuong phap khir trong dung dich 
nude, nude - ethanol tir bac nitrat vdi cac chat khir khac nhau. Cac ket qua deu cho thay ndng do 
bac ban dau anh hudng rat Idn den kich thudc hat bac kim loai tao thanh neu khdng cd mat ciia 
chat phan tan. 

Khi mang cac hat bac len tren be mat vat lieu nen la silica gel, cac vat lieu thu dugc deu co 
kha nang diet khuan. De cd kha nang diet khuan tdt, ndng do nano bac trong dung djch khi dem 
mang tren silica gel khdng nhd ban 5 mg/1. Vdi ndng do nano bac 10 mg/1 den 100 mg/1, cho 
thay kha nang diet khuan cd the gap tren 100 lan bac khdi. 

Sir dung cac vat lieu diet khuan dieu che dugc dudi dang cac Idp lgc cho nude chay qua. 
vdi do day tdi thieu 1 cm va tdc do ddng nude chay qua khdng qua 100 L.mVphut tat ca vi khuan 
cd trong nude se bi diet hoan toan. 
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SUMMARY 

PREPARATION OF NANODIMENSIONAL SILVER METAL AND APPLICATION FOR 
DRINKING WATER TREATMENT 

A long time ago, silver was used as a sterilizing substance. In the dispersed 
nanodimensional form, the bacterial removing ability of silver was anomaly increased. Those 
were proved in this investigation. 

High dispersed nanodimensional silver metal was prepared from silver nitrate solution of 
concentration of lO"* to 10"̂  M in water, water-ethanol media alkalified by ammonium 
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hydroxide. Reductive reagent used was hydroxylamine, glucose or formaldehyde and dispersing 
reagent was polyvinylalcohol. 

Prepared nanodimensional silver metal solution had characteristic yellow to brown color. 
The nanodimensional silver was used as a direct sterilizing reagent or coating on silica gel grains 
to create sterilizing layer in bacterial removing filter for drinking water. 

The investigation results showed that 10 mm thick layer of silica gel coated nano silver 
could remove all bacteria in water current wich flowed though it with maximum flow rate of 100 
LmVmin. The material was nontoxic and applicable for drinking water treatment. 

Dia chi: Nhan bdi ngdy 12 thdng 6 nam 2008 

Trudng Dai hgc Khoa hgc tu nhien, DHQG Ha Ndi 
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