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BIEU CHE BAC KIM LOAI KiCH TH'G'C NANOMET VA NG
DUNG LAM VAT LIEU KHU TRUNG NUOC

TRaN HONG CON, DANG KIM LOAN, PHaM PHUONG THa0

1.MO PAU

Bac kim loai ¢6 kha néng diét khuén rat tét. Cac vua chia ngay xua di biét ding do bac
trong sinh hoat de tranh bj nhiém khuan. Nhung db dung bang bac khong duoc sir dung rong réi;
mot mat ¢6 gia rat cao, mat khac khong hop thi hleu cua nguoi tiéu dung hién dai. Tir khi cong
nghé nano ra doi, viéc ng dung bac trong cudc séng da tim dugc chd dung cua minh [1]. Do ¢6
cau tric nano cho nén hiéu ng kich thudc da [am cho kha nang diét khuan cia bac nano tang
mot cach dot bién. Didu nay khién khéi luong bac sir dung trong cac ing dung gidm rat manh
nén ty trong cua bac trong gia thanh tré nén khong dang ké. Thi du nhu dé tiét khuan hoan toan
cho mét mét khéi nude chi can 10 dén 20 miligam bac hay nhua plastic lam dé dung khang
khuan chi chira 100 miligam bac trong mot kilogam [2].

Diéu ché bac kim loai c6 kich thudc nanomét c6 thé tién hanh bang nhiéu phuong phap
khac nhau [3 - 8]; nhung phuong phap héa hoc duoc xem la ré tién va it rii ro nhat. Theo
phuong phap hoa hoc, théng thudng nano bac kim loai duoc diéu ché trong dung dich bang cach
hoan nguyén bac tlr bac co nguyén t6 [4] hay truc tiép tir bac nitrat trong méi truong cé mat chat
hiru co hay / va cac chét phan tan (cac polyme tan trong nudc). Dung dich bac nano sau khi diéu
ché ¢6 thé su dung ngay hodc dung dé diéu ché / san xuat cac vat lieu sur dung trong linh vuc
khang khuan.

Trong nghién ctiu nay, ching t6i da diéu ché dung dich bac nano trong méi truong nudc.
nuoc — ethanol tu bac nitrat voi tac nhan hoan nguyén bac la formaldehyd duong hoac
hydroxylamin. Bac nano dugc mang trén céc hat silicagel dé lam vat ligu khir tring. Két qua thur
nghiém cho thiy kha nang diét khuan cua vat liéu rat tét va c6 kha nang (g dung trong thuc té.

2. THUC NGHIEM

Qué trinh thue nghiém duoc chia lam ba phan. Phan thir nhét 1 diéu ché dung dich nano
bac, phan thi hai 1a tién hanh mang nhiing hat nano bac |én trén bé mat cac hat silica gel va phan
thtr ba Ia thir nghiém kha nang diét khuan cta dung dich nano bac va vat liéu silicagel phu bac
nano.

2.1. Piéu ché dung dich nano bac

Dung dich bac nitrat lam viéc (10 dén 10 M) duoc chuan bj tir dung dich goc 1.0 M. Lay
chinh xac the tich dung dich lam viéc cho vao coc thuy tinh chiu nhiét. Luong con etylic dugc
cho vao tiép theo lan luot cho ting mé thuc nghiém ¢6 ham lrong tuwong tng la 10; 20; 30; 40;
50; 60; 70 va 80%. Thém mét lugng dung dich amoniac vao cbe sao cho amoniac ¢6 nong do
gap it nhat 5 1an nong d6 bac. Dung dich nghién ciru dugc dat trén bép khuay tir. ¢6 thé dun nhe
dén 50 — 60°C. Thém tiép mot luong du formaldehyd, duong glucose hodc hydroxylamin va
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khuay lién tuc t6i khi dung dich chuyén sang mau vang hodc vang nau khoéng thay d6i. Ta thu
duoc dung dich nano bac. Trong truong hgp néng d bac nitrat cao, nén thém chét phéan tan nhu
PVA véi nong d6 phu hop. Dung dich nano bac duoc diéu ché theo phuong phap trén rat bén
theo thoi gian va ¢6 thé tach ra khoi dung dich mét cach dé dang. Kich thude cia cac hat nano
bac dugc kiém tra bang thiét bi hién vi dién tir truyén qua (TEM).

2.2. Mang nano bac Ién bé mit silica gel

Silica gel (hat hut am) duoc dé ngoai khong khi sach cho no nudc, sau dé can 500 gam cho
vao cbe chiu nhiét. Rét 250 ml dung dich nano bac vao khéi hat silica gel, dao nhe va dé yén
mot gid dé cac hat nano bac khuyéch tan bam hiu hét vao bé mat silica gel. Sdy khé khdi vat
lidu, sau d6 nang nhiét d6 1&n 105°C va dé yén & nhiét d6 d6 2 gio. Ly khéi vt liéu ra, dé nguoi
téi nhiét do phong sau d6 rira bang nudc deion t6i khi khong con phat hién thay cac ion nitrat.
Vit liéu sau khi dugc sdy khé s& c6 mau vang dén vang nau. Dé kiém tra mat do va kich thuoc
hat cua bac nano, vét liéu duge chup bé mit trén kinh hién vi dién tur quét (SEM).

2.3. Khio sat kha ning diét khuin cia cac san phim

Pé khao sat kha nang diét khuan cta bac nano déi v6i nude nhiém khuén, thir nghiém dugc
tién hanh nhu sau: Liy 20 lit nuéc may, pha thém mét thé tich nudc lay tir séng kim nguu, sao
cho mat d6 e-coli khoang dud¢i 1000 MPN/100 ml. LAy miu dau dé phan tich vi khuén. Thém
mét thé tich dung dich bac nano vao trong khdi nuéc nhidm khuan trén Jan luot 1a 1;2; 3; 4 va s
ppb, khudy déu. Mau phan tich vi khuén dugc lay lan luot sau 5; 10; 15; 20; 25 va 30 phit.

Khao sat kha nang diét khuan cua vat liéu silicagel phu nano bac duoc tién hanh véi cot vat
liéu ¢6 chiéu day 1 dén 3 cm, duong kinh 2,5 cm. Nudc nhiém khudn chuan bi nhu thi nghiém
trén duoc déi qua cot vat lidu véi toc do thay doi tir 1,5 dén 12,0 mI/phit.cm’. MAu phan tich vi
khuan duoc lay sau khi c6t chay on dinh 20 phut.

3. KET QUA VA THAO LUAN

Trong qua trinh diéu ché dung dich nano bac, ndng dé cua bac c6 anh huéng rat 1én dén
kich thuéc cua hat bac hinh thanh. V&i nong d6 bac ban dau nhé hon 10*M, nhimg hat bac hinh
thanh c6 kich thuéc khoang 3 — S nm. Khi néng d6 bac tang dan, kich thuéc cua hat bac hinh
thanh ciing tang dan. Khi ndng d6 bac 100 ppm, dung dich huyén phu bac thu dugc s& c6 mau
vang sam va cac hat bac ¢6 kich thuéc khoang tir 30 — 40 nm (hinh 1a). Khi n6ng dd bac la
200 ppm thi kich thude cua hat bac lic nay dat t6i 60 nm (hinh 1b).

Dé diéu ché dung dich nano bac c6 mat d cao va kich thudc hat nAm trong mét giai hep
hon can thlet phai sir dung chat phan tan. Thir nghiém véi chat phan tan la PVA, ching t61 nhan
thay v6i ndng d¢ téi thidu la 5 ppm, chat phan tan da phat huy hiéu luc rat tbt. Nong do chat
phéan tan cang cao thi cho kha nang diéu ché dugc dung dich nano bac c¢6 méat d6 cao hon (hinh
2).

Néng d6 ethanol trong dung dich ¢ anh hudng khéng nhiing dén tbc do hinh thanh nano
bac kim loai ma con c6 tac dung nhu mot chat 6n dinh va kiém soat qua trinh khir bac ion vé bac
kim loai. Su ¢ mat ciia dung méi hiru co trong nuée lam thay déi tinh chat va cau tric cta nude
da duoc mg dung tir 1au [9]; song Gng dung trong qua trinh diéu ché cac hat nano trong dung
dich thi la diéu hoan toan méi mé. Nhitng anh hudng tich cuc ctia moi trudng nuée — dung moéi
hiru co dang dugc chung toi khai thac tich cuc [10].
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Hinh Ia. Anh TEM céc hat nano bac diéu Hinh 1. Anh TEM cac hat nano bac diéu
ché tir dung dich 100 ppm ché tir dung dich 200 ppm

Trong qua trinh diéu ché nano bac, nong do ethanol tir 10 dén 50% c6 anh huong rat tich
cuc dén hiéu qua qua trinh. Khi ndng dé ethanol cao trén 50%, bat dau xuat hién nhimg hién
tuong khir qua nhanh ion bac va qua trinh tré nén rét kho kiém soat.

Dung dich nano bac sau diéu che duoc mang trén silica gel nhu trinh bay ¢ phan trén. Vi
néng dé bac nano 1a 10 va 100 mg/l tam trén silica gel cho thay vai nong do 10 mg/l, nhitng hat
bac ¢6 kich thude khoang tur 50 dén 60 nm phan b kha déu trén bé mat vat liéu (nhu trén anh
SEM, hinh 3a). Khi nong d cua bac kim loai la 100 mg/l khi mang trén silica gel thi cic hat bac
phan bé day hon. kich thuge hat cing I6n hon va nam trong mot dai kha rong. Anh SEM (hinh
3b) cho thay, bén canh nhing hat bac da s6 ¢6 kich thude khoang 80 nm thi xuét hién nhirng
mang hinh khdi co kich thude téi 600 nm. Dac biét khi n6ng dé bac cao trén 200 mg/l. cac hat
bac tao thanh c6 kich thudéc 16n hon nhiéu.

Qua két qua trén c6 thé thiy ring néu khong sir dung chat phan tan. ndng dé bac anh huong
rit manh dén kich thuéc cac hat bac kim loai hinh thanh va duoc phu trén vat liéu mang la
silicagel

Khao sat kha nang diét khudn cua 2 loai vat liéu trén (VL2 va VL3) cho thay chang cé kha
nang diét khuan gan nhu nhau mic dau nong d6 bac trong dung dich huyén phu Ién nhé hon
nhau 10 lan. Diéu nay co thé ly giai la do trén bé mat VL3 da xuét hién nhirng hat bac 1én, hdu
qua cua sy co cum c6 lién quan dén tinh chit bé mat cua vat liéu gbe (silicagel) va qua trinh lang
dong ciing nhu bam dinh cua céc hat nano bac (van dé nay dang dugc tiép tuc nghién cuu). Vi
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vay ’dé nghién cru anh hudng cia chiléu day 16p vat liéu va téc do dong chay dén kha nang diét
khuan cua vat liéu, ching toi dua ra két qua khao sat trén loai vat liéu VL2.
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Hinh 3a. Dung dich Bac 10 mg/l mang trén Hinh 3b. Dung dich Bac 100 mg/I mang trén
silicagel (VL 2) silicagel (VL 3)

Bang 1. Anh huéng chiéu day 16p vét liéu dén kha nang diét khuan

Chidu day 16p vit liéu (cm) 0,5 1,0 1,5 2,0 30 |
Coliform dau ra (MPN/100 ml) 184 0 0 0 0 |

Két qua trén bang 1 va hinh 4 cho thay, véi toc do dong chay la 13 L.m’ /phit va d6 day lop
vat li€u chi can 1 ¢m, khi cho nudc ¢6 méat do vi khuén dau vao la 300 MPN/100 ml chay qua thi
tat ca vi khuan da c6 thé b tiéu diét hoan toan.

Khao sat anh huong cua téc d6 dong chay qua Idp vat liéu dén kha nang diét khuan cua vit
liéu cho két qua trén bang 2 va hinh 5.
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Anh huéng coa chiéu day 16p VL dén kha nang diét khuan

-

100 =\

50 \

4] -+ <
4] 0.5 1 1.5 2 2.5 3 3.5
Chiéu day I&p VL (cm)

S6 vi khun & ra (MPN100m)
Iy
o

Hinh 4. Anh hudng ciia chiéu day lp vat liéu dén kha ning diét khuan

Bang 2. Anh hudng cua toc do dong chay dén kha nang diét khuan cia vat liéu

Tée d6 chay (ml.min".cmz) 1,3 4,5 6,8 10,2 13.6

Coliform dau ra (MPN/100 ml) 0 0 0 0 132

Vi chiéu day l6p vat liéu | cm va nuéce dau vao ¢ mét d6 vi khuan trén 300 MPN/100 ml,
téc d¢ dong nudc chay qua 1op vat lidu 1én toi 100 L.m*/phit vi khuén van bi tiéu diét hoan toan.
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Hink 5. Anh hudng cua toc do dono nudc chay qua lop vét liéu dén kha nang dlet khuén

Thuc té so sanh véi kha nang diét khudn cta bac kim loai dang khbi thi bac kim loai giai
phong dudi dang cdc hat co kich thuée dudi 10 nm c6 kha nang diét khuén gap t&i trén 100 lan.
Day la mét diéu kién quan trong dé c6 thé sir dung bac lam tac nhan diét khuan cho hiéu qua cao

ma khéng doi hoi chi phi qua Ion.
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4. KET LUAN

Dung dich nano bac kim loai di dugc diéu ché bing phuong phap khu trong dung dich
nudc, nude - ethanol tir bac nitrat voi cac chat khir khac nhau. Cac két qua deu cho thay nong do
bac ban dau anh huéng rat I6n dén kich thuée hat bac kim loai tao thanh néu khéng c6 mat cia
chét phan tan.

Khi mang cac hat bac [én trén bé mat vat liéu nén 1a silica gel, cac vat liéu thu dugce déu co
kha nang diét khun. Dé c6 kha nang diét khuin tét nong d6 nano bac trong dung dich khi dem
mang trén silica gel khong nhé hon 5 mg/l. Véi néng dé nano bac 10 mg/l dén 100 mg/l, cho
thiy kha nang diét khuén co thé gip trén 100 Ian bac khéi.

St dung cac vt liéu dle,t khuan diéu ché dugc dudi dang cac 16p loc cho nuége chay qua,
voi do day t6i thidu 1 em va tdc do dong nude chay qua khéng qua 100 L.m?¥/phut tt ca vi khudn
co trong nude s€ bi diét 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 10 to 102 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
Lm?*/min. The material was nontoxic and applicable for drinking water treatment,

Dia chi: Nhdn bai ngay 12 thdang 6 nam 2008
Truong Pai hoc Khoa hoc ty nhién, PHQG Ha Néi
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