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Tém tat: Ung dung vat liéu Fe® nano (nZVI) trong xtr Iy 6 nhiém méi truong 12 mét hudng quan
tdm méi ctia nhiéu nha khoa hoc trén thé gidi. B4o cdo nay nghién ctru tng dung vat liéu Fe’ nano
dugc nhém tic gia ty ché tao bing phwong phdp khir pha 16ng bdi NaBH, dé xtr 6 nhiém nitrat va
nghién ctru céc yéu tb anh hudng téi hidu qua xir 1i nhu thdi gian, pH va ndng d6 nitrat ban dau.
Pic tinh vat liéu dugc xdc dinh bang phuong phip phd nhiu xa tia X, kinh hién vi dién tir truyén
qua TEM, kinh hién vi dién tr quét (SEM) va phuong phdp Brunauer Emmett Teller (BET). Phan
tich ndng do nitrat con lai sau khi xtr 1i bing phuong phdp so mau quang dién tai budc séng A =
430nm. Két qua phan tich nhiéu xa tia X cho théy, vat liéu Fe’ nano duoc ché tao 12 kha thuin
nhét, chi c6 duy nht hiéu tmg cua Fe® (20 = 44,7). Vit lidu Fe’ nano c6 dién tich bé mat riéng la
60m*/g, dudng kinh 10 — 18,6 nm. Hiéu qua xir Ii dat 98,9% nudc 6 nhiém nitrat c6 ndng do ban
déu 12 30 mg N-NO; /L trong 40 phiit tai pH 2 va ty 18 vat liéu hip phy Fe’ nano 12 1 g/L.

Tir khéa: Fe nano, vat liéu, xtr 1y, nitrat, nudc.

1. Mé dau

Phd dudng la sy gia tding ham luong nitrat
va phét phét trong cdc thiy vuc gy ra su tang
truong cua cic loai thuc vat bac thép (tdo, vi
tdo...) va tao ra nhiing bién dong 16n trong hé
sinh thdi nudc, 1am cho chét luong nudc bi suy
giam va 6 nhiém [1]. Vi vay, viéc nghién ctru
lam giam ham lugng nitrat trong nudc nhim xur
ly pht dudng, ngin chan sy phét trién cia tao
ddc dang dugc cho 1a hudng nghién ciru mang y
nghia thuc tién cao can dugc khuyén khich hién
nay. Dé xtr Iy nitrat ¢6 nhiéu phuong phép khic
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nhau da duogc dp dung nhu: phuong phép trao
ddi ion, loc thim théu ngugc, sinh hoc va
phuong phap khtr nitrat...[2]. M0t trong nhitng
huéng nghién ciru mai hién nay dang dwoc rat
nhiéu nha khoa hoc trong nudc va trén thé giéi
quan tdm d6 1a cong nghé st dung sit nano (Fe'
nano) dé xir Iy nitrat.

2. Nguyén liéu va phwong phap

2.1. Nguyén liéu

- FCSO47H20
- Bohidrua (NaBH,)
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- Etanol 100 %
- Polyacrylamid (PAA)

- Céc mau nudc bi gdy nhiém nitrat nhan
tao vOi cac néng d6 tur 30 - 70 mg N-NO; /L

2.2. Phwong phdp nghién ciru

2.2.1. Phuwong phdp diéu ché vit liéu Fe’
nano [3]

Vit lidu nZVI duge diéu ché bang phuong
phdp khtr pha 16ng thong qua sy khi mudi
FeSO,.7H,0 béng natri borohydrat (NaBH,)
khi c6 miat cua chat phan tdn Polyacrylamid
(PAA). Cu thé:

Budce 1: Can 4g FeS0O,.7H,0 hoa tan trong
50mL nuéc cét trong binh tam gidc 150 mL.
Lic hdn hop trén mdy lic 20 phit voi toe do
150 vong/phiit dugc dung dich A.

Bude 2: Cén 0,1 g Polyacrylamid (PAA)
hoa tan trong 1000 mL nudc dugc dung dich
PAA ¢6 ndng d6 0,01%, dé dung dich nay qua
dém.

Budce 3: Can 2g NaBH, hoa tan trong 18mL
nude cat trong binh tam gidgc 100, sau d6 thém
2mL dung dich chat phan tan PAA 0,01% da dugc
chuan bi & bude 2 va khudy tir trong 5 phit véi
téc d6 300 vong/phit, duoc dung dich B.

Budc 4: Nho tr tur dung dich B vao binh
chira dung dich A trén may khudy tir véi toc do
nhé giot khoang 5 mL/phit. Két tia mau den
cia Fe’ nano dugc hinh thanh, st dung céc
thanh nam cham dé tach Fe® nano ra va rira sach
3-4 1an béng con. Sau d6 vat liéu Fe” nano duoc
dua vao binh hit 4m phoi khd va bao quan dé
st dung cho céc thi nghiém xur 1y nitrat.

2.2.2. Phurong phdp kiém tra ddic tinh cia
vat liéu B-nZVI

Sau khi lya chon duogc cac diéu kién tot
nhat dé diéu ché vat liéu Fe’ nano, vt liéu tao

thanh dugc kiém tra dic tinh thong qua phuong
phép phan tich nhidu xa tia X (XRD) trén mdy
do nhiéu xa tia X (D5005, Bruker, Dirc) chup
anh trén kinh hién vi dién tir quyeeets (SEM,
JSM-5410LV), kinh hién vi dién tir truyén qua
(TEM) va phan tich dién tich bé mat riéng theo
phuong phdp Brunauer Emmett Teller (BET)
trén may BET Micrometrics Gemini VIIL.

2.2.3. Phuong phap bd tri thi nghiém khao
sat kha nang xa 1y cia FeO nano véi nudc bi
gy nhiém nitrat nhan tao

Véi muc dich xdc dinh co ché xu 1y cia Fe’
nano d6i véi nitrat, nghién ctru da bd tri thi
nghiém cho Fe’ nano tic dung truc tiép véi
nitrat dugc gy nhiém nhén tao trong nudc cét
(khong bi tédc dong boi cic yéu té khéc). Sau d6
lan lugt thay doi thoi gian xur 1f, ndng do nitrat
ban dau, pH cta dung dich va phéan tich ndng
d0 nitrat con lai sau xu 1y.

- Khao sdt anh huong cua thoi gian

Hit 50mL dung dich nitrat ¢c6 ndng do 50
mg N-NO;/L vao 4 binh tam gidc cé dung tich
100 mL, diéu chinh v& pH 2. Cén chinh xic
0,05g Fe” nano (twong tng ty 1& Fe’ nano/ dung
dich can xir 1y 1a 1 g/L) cho 1an luot vao 4 binh
tam gidc trén. Lic trén mdy lic véi toc do 250
vong/phit trong cdc khodng thoi gian khac
nhau la: 10, 20, 40 va 60 phut. Ly tam véi tbc
d6 2.500 vong/phiit dé gan 1y phan dung dich.
Xéc dinh ndng do nitrat trong dung dich sau
phan tng bang phuong phap so mau quang dién
tai budc séng A = 430nm.

- Khao sdt anh huong cua pH

Hit 50 mL dung dich nitrat ¢6 néng d6 50
mg N-NO;/L vao 4 binh tam gidc c6 dung tich
100 mL. Biéu chinh gid tri pH cua ciac dung
dich trong binh tam gidc vé 2, 4, 6 va 8 bing
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dung dich H,SO, va NaOH tiéu chuan 0,01N.
B6 sung vao mdi binh tam gidc trén 0,05g Fe’
nano (tuong tng ty 1& Fe” nano/ dung dich can
xir 1y 12 1 g/L). Lic trén méy lic véi toe do 250
vong/phit trong thoi gian 40 phit. Ly tdm voi
téc do 2.500 vong/phit dé gan 1y phan dung
dich. Xac dinh nf")ng dd nitrat trong dung dich
sau phan ung.

- Khdo sdt anh hwong ciia nong do nitrat ban
dau

Huit 1an lugt 50mL dung dich nitrat c6 cac
ndng do 30, 40, 50, 60 va 70 mg N-NO; /L vao
5 binh tam gidc c6 dung tich 100 mL. Cén
chinh x4c 0,05g Fe nano (twong tng ty 1¢ Fe’
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nano/ dung dich can xir 1y 1a 1 g/L) cho vao cic
binh tam gidc trén. Lic trén mdy lic véi toe do
250 vong/phit trong thoi gian 40 phit. Ly tam
voi tbe do 2.500 vong/phit dé gan iy phan
dung dich. Xdc dinh ndng do nitrat trong dung
dich sau phan trng.

3. Két qua va thio luan
3.1. Mot s6 ddc diém, tinh chat cia vt liéu Fe°
nano

3.1.1. Két qua nghién cuu phé nhiéu xa tia
X cia Fé’ nano
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Hinh 1. Phé nhidu xa tia X cta Fe® nano.

Dua trén phé nhidu xa tia X, ¢6 thé nhan
thdy hiéu tmg dic trung cua Fe® nano xuét hién
v6i cuong d6 16n va khong xuat hién cic pic
phu khac, diéu nay cho thiy vat liéu Fe” nano
dugc ché tao 1 kha thudn khiét va khong bi oxi
héa trong khong khi & nhiét d¢ phong thanh

Fe’* hodc Fe** Két qua nghién ctru nay da khic
phuc dugc nhiing khé khan trong viéc bdo quan
Fe’ nano trong méi truong chan khong hoic
trong khi nito cta cic tic gia khic [4-6].

3.1.2. Két qua chup anh SEM, TEM vt liéu
Fé’ nano
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Hinh 2. Anh SEM vat liéu Fe” nano.

Qua anh TEM cua vat liéu thu duoc cho
thiy: kich thudc hat trong khoang tir 10 — 18,6
nm (trung binh 16,7 nm), cdc hat c6 su phan
biét rd rang va khong cé su két dam lai voi
nhau 1am cho dién tich bé mit cang 16n. Cic
tinh thé sit c6 hinh cau va ndi véi nhau thanh
chudi, tao thanh mang luéi. Kiéu lién két thanh
chudi nay 1a do sy twong tic gitta cac kim loai
¢6 tu tinh véi nhau. So véi kich thudce cac hat
sit nano thu duoc tir nghién ctru ciia Zhang
(nam 2006) [4] 1a 10 - 100 nm; cua Yang-hsin
Shih, Chung-yu Hsu, Yuh-fan Su (nam 2011) la
50- 80 nm [5] thi kich thudc hat nano thu duoc
1a kha nho.

3.1.3. Két qua xdc dinh dién tich bé mat

Dién tich bé mit c¢6 anh huéng rat 16n téi
hiéu qua xu 1y, dién tich bé mat cang 16n kha
ning tiép xic cang cao do vy hiéu qua xu ly
cang cao. Két qua do dién tich bé mat cua vat

Thanh-011
Print Mag: 167000x @ 51 mm 100 nm

10:47:30 a 0308711
TEM Mode: Tmaging

HV=80.0kV
Direct Mag: 80000x
FEMI.Ab—-NTHRE

Hinh 3. Anh TEM vat liéu Fe’ nano.

lidu Fe” nano theo phuong phdp Brunauer
Emmett Teillor (BET) 1a 60 m%g. So véi
phuong phdp ché tao sit nano ctia Sun va nnk
(2006) thi dién tich bé mat 1a 12,82 m*/g [4] va
theo phuong phép diéu ché cia Hwang va nnk
12 46,27 m*/g [5] thi phuong phép diéu ché nay
cho két qua dién tich bé mat cua hat Fe’ nano
cao hon tr 1,3 dén 4,7 1an.

3.2. Két qua khdo sdt kha nang xir Iy cia Fe’
nano voi nudc bi gdy nhiém nitrat nhan tao

3.2.1. Anh hwéng cia thoi gian dén hiéu
qua xu Iy

Vé6i ndng do nitrat truée xir 1y 50 mg N-
NO;/L, ndng d twong ung cua pha rin/pha
16ng (Fe” nano/dung dich can xir 1y) = 1 g/L thi
két qua phan tich va hiéu qua xir 1y nitrat sau
cdc khoang thoi gian 10, 20, 40 va 60 phit duoc
thé hién ¢ Hinh 4.
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Hinh 4. Nong d¢ nitrat sau xir Iy va hiéu suat xir Iy nitrat boi Fe” nano theo thoi gian.

Két qua nghién ciru & Hinh 4 cho thay, hiéu
suét xur 1y nitrat bai Fe nano tang dan theo thoi
gian va tang nhanh nhat & 10 phit dau tién, hiéu
suat dat 71,36% va néng dd nitrat con lai la
14,32 mg N-NO;7L. Sau 20 phiit hi¢u suat xir
1y 1a 78,76%, sau 40 phit hiéu sult xu ly dat
85,30% néng dd nitrat con lai 1a 7,35mg/l va

sau 60 phit hiéu suat 1én dén 93,41%, nong do
nitrat con lai la 3,29mg/L.

3.2.2. Anh huong cia pH dung dich dén
hiéu qua xu 1y

Két qua khao sit anh huong cua cia pH
dung dich dén hiéu qua xir 1y nitrat dugc thé
hién & Hinh 5.

Hiéu suat < Iy (%) Néng dé (ngN1)
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Hinh 5. Nong d¢ nitrat con lai sau xtr Iy va hiéu suét xir 1 theo pH.
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Két qua nghién ciru & Hinh 5 cho thay, hiéu
Suat xir 1y nitrat béng Fe” nano giam dan khi pH
tang. Tai pH 2 hiéu suit xir 1y dat gid tri cao
nhét 13 86,17%, tai pH 4 hiéu suét xir 1y giam
xudng con 78,60% va khi pH 8 hiéu suat chi
cdn 49,07% va ndng do sau phan tng 1a 25,47
mg N-NO;/L. Co ché khur nitrat cta vat liéu
Fe” nano 12 do Fe” nano cho dién tir e, nitrat s&
nhén e va chuyén thanh dang nitrit, sau d6 nitrit
sé tiép tuc bi khir thanh amoni, amoni s€ 1a san
pham cudi ciing ciia qud trinh khir nitrat va mot
Iwgng nho khi nito cling dugc hinh thanh [6].

Céc phéan g ciia nitrat va Fe” nano dién ra
theo cdc phuong trinh sau:

Fe” — Fe™ + 2e(1)

Fe’ + 2H,0 — Fe’* + H, + 20H (2)

Fe + NO;y + 2H' — Fe** + NO, + H,0 (3)
Fe’ + NO, + 8H" — 3Fe™ + NH," + 2H,0 (4)
4Fe’ + NO;y +10H"— 4Fe’ + NH,* + 3H,0 (5)
4Fe’ + NO;y + 7TH,0 — 4Fe(OH), + NH," +
20H (6)

3Fe” + NO; + H,O — Fe;0, + N, + 20H (7)
S5Fe” + NO;y + 12H" — 5Fe’ + N, + 6H,0 (8)
2,28Fe” + NO; + 0,75Fe* + NO5 + 2,25H,0
— 1,19Fe;04 + NH," + 0,50H (9)

Nhirng nghién ctru vé qué trinh khtr nitrat
ctia vat lidu Fe’ nano déu cho thiy sin pham
cudi cling ctia phan mg 13 amoni, c6 thé c6 nito
va khong phat hién thdy nitrit. Theo cdc nghién
cuu cia Cheng (1997) [7], cia Alowitz va
Scherer (2002), cia Westerhoff (2003), Liao va
cic cong sy (2002) ciling chi ra r?mg viéc bd
sung dung dich axit c6 thé thic ddy cho qué
trinh khir nitrat ciia Fe’ nano. Tét ca cdc nghién
ctru trén déu dua dén két luan ring s dung
dung dich c6 gid tri pH < 4 1a diéu kién thich
hop cho loai bo nitrat bang Fe’ nano. Céc tic
gia Huang va Zhang [8] da tién hanh nghién
cuu voi néng dd nitrat 1a 50 mg N-NO; /L, tai
pH béng 2 thi 95% luong nitrat dugc loai bd chi
trong khoang 30 phit. Nhu vy, Kkét qua nghién
ctru vé anh huéng cua pH t6i hiéu suét cia qud
trinh xir 1y nitrat bang Fe” nano cta nhém tic
gia 12 hoan toan phit hop véi 1y thuyét va két
qua thyc nghiém cia cic nha nghién clu trén
thé gi6i da thyc hién trudc day.

3.2.3. Anh huong cua nong dé nitrat ban
ddu dén hiéu qua xir Iy

Két qua nghién ctru anh hudng ciia ndng do
nitrat ban dau dén hiéu qua xir 1y bang vét liéu
Fe” nano dugc thé hién & Bang 1.

Bang 1. Lugng nitrat dugc xtr ly trén 1g vat liéu Fe nano va hiéu suét xir ly
phu thudc vao nong dg nitrat ban dau

Nong d9 nitrat Nong d¢ nitrat

Luogng nitrat duoc

Hi¢u suat xur QCVN 08: 2008/

STT ban diu sau xu ly xu ly/1g vat li¢u 1y nitrat (%) BTNMT
(mgN/I) (mgN/I) Q. (mgN/g) Ay B,
1 30 0,331 29,669 98,90
2 40 2,928 37,072 92,68
3 50 8,966 41,034 82,07 SmgN/l1 15mgN/1
4 60 14,563 45,437 75,73
5 70 27,688 42,312 60,45

Két qua nghién cuu tai Bang 1 cho théy,
trong ciing diéu kién thoi gian va khdi luong
vat liéu str dung dé xir 1y, néu ting nong do
nitrat ban dau thi hiéu qua xir 1y s& giam dan.
V6i ndng d6 nitrat ban dau 1a 30 mg N-NO;/L

thi sau 40 phut hiéu qua xt ly dat 98,90 %. Khi
tang ndng do nitrat trudc xtr 1y 1én 40, 50, 60 va
70 mg N-NO;7/L thi hiéu qua xur 1y giam xudng
twong tng con 92,68; 82,07; 75,73 va 60,45 %.
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Hinh 6. Nong d6 nitrat con lai sau xir Iy boi Fe” nano twrong (mg véi cc ndng dd nitrat ban dau khéc nhau.

Két qua nghién ctru tai hinh 6 cho thay, véi
ty 1€ vat liéu Fe” nano sir dung/thé tich dung
dich cin xir 1y 1a 1 g/L; thoi gian xtr 1y 1a 40
phiit; tai pH 2 va ndng d6 6 nhidm nitrat ban
dau < 60 mg N-NO;7/L thi ndng do nitrat con lai
sau xu ly dat tiéu chudin QCVN
08:2008/BTNMT (cot B2) - Quy chuén ky thuat
quéc gia vé chit lwong nude mat, 4p dung cho
cac hoat dong giao thong thuy va cidc myc dich
khdc voi yéu cdu nudc chat lwong thap. Véi
noéng do 6 nhidém nitrat ban dau < 40 mg N-
NOs/L thi néng dd nitrat con lai sau xu ly dat
tiéu chuan QCVN 08:2008/BTNMT (cot A2) -
Quy chuén ky thuat qudc gia vé chit luong
nuée mit, 4p dung cho muc dich cip nuéc sinh
hoat nhung phai 4p dung cong nghé xir Iy phu
hop; bao ton dong thyc vat thuy sinh, hodc céac
muyc dich st dung nhu loai B1 va B2.

4. Két luan

Str dung phwong phap khir mudi sat (II)
bang NaBH, khi c¢6 sir dung chit phéan tdn 1a
PAA c6 thé diéu ché dugc cdc hat Fe’ nano khé
ddng nhét, c6 kich thuée nhé tir 10 — 18,6 nm

(trung binh 16,7 nm), cé dién tich bé mat 16n
(60 mz/g) va dic biét c6 thé 1am khod va bao
quan ¢ nhiét 4o phong.

Hi¢u qua xtr ly nitrat cda vét liéu Fe” nano
1a rit nhanh (71,36%) trong 10 phit dau cua
qui trinh xir 1y, néng d6 nitrat giam tir 50
xudng 14,32 mg N-NO; /L. Hiéu suét xir Iy ting
cham dan trong khoang thoi gian tir 10 dén 60
phut.

Tai pH 2 thi hiéu qua xu ly nitrat boi vét
liéu Fe’ nano 1a téi wu nhét, sau 40 phut Fe’
nano c6 thé xu Iy duoc 98,9% mau nudc cé
ndng do nitrat ban dau 1a 30 mg N-NO; /L. Véi
ndng d6 6 nhidm nitrat ban diu < 60 mg N-
NO; /L thi néng dd nitrat con lai sau xtr 1y dat
tiéu chuin QCVN 08:2008/BTNMT (cot B2);
V6i ndng d6 6 nhidm nitrat ban dau < 40 mg N-
NO; /L thi néng dd nitrat con lai sau xtr 1y dat
tiéu chudn QCVN 08:2008/BTNMT (cot A2).

L&i cam on
Cong trinh duoc hoan thanh dudi sy hd tro

kinh phi cta dé tai TN-13-31. Céc téc gia xin
tran trong cam on.
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Research and Application of Nano Zero Valent Iron (nZVI)
Materials for the Removal of Aqueous Nitrate
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Abstract: Application nZVI materials for environmental remediation is a new direction of many
scientists over all the world. In this paper, the objectives were: synthesis of nZVI material using liquit-
phase reduction method by borohydride (NaBH,); its application to remove nitrate contaminant and
the various fators affect nitrate removal efficiency as pH, time and initial P concentration.
Characterizations of B-nZVI were determined by X-ray diffraction method (XRD); Brunauer Emmett
Teller method (BET); scanning electron microscopy method (SEM). Concentration of nitrate in
solutions were measured by spectrophotometer scanning method (A = 430nm). XPD results showed
that nZVI material is relatively homogeneous, with a peak of Fe” (20 = 44.7). The specific surface area
of nZVI was 60m?/g, its diameter was 10 - 18.6 nm. The nZVI was efficient in removing nitrate from
aqueous solution containing 30 mg/L of nitrate, where 98.9% nitrate was removed within 40 minutes
at pH 2 and the ratio of 1 g/L (m:v).
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Keywords: Fe” nano, material, removal, nitrate, water.



