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Tém tit: Nudc bi 6 nhidm nitrat va phdt phat c6 thé dugc xtr 1y bang vét lidéu Fe® nano. Tuy nhién,
hiéu qua xir 1y phu thudc kha nhidu vao pH ma cdch thirc didu chinh pH lai anh huéng dén su
chuyén héa thanh céc dang nito khdc nhau sau xir ly. Két qua nghién ctru cho thiy, tai pH 2 thi san
phdm ciia qué trinh khir nitrat tao thanh 1a NH,* va NO, 1 cao nhét tuong tng 1a 12,24 va 4,77
mgN/L khi diéu chinh pH bang axit H,SO,, nhung néu diéu chinh pH bang axit CH;COOH thi qua
trinh nay 1a thip nhat twong tmg 1a 0,023 va 0,005 mgN/L. St dung axit HCI, H,SO, va
CH;COOH dé diéu chinh pH thi nito mat di & dang khi giam dan, twong tng giam tir 22,15 -
17,15; 20,13 - 15,71 va 34,98 - 19,71 mg N/L. Nito bi h?ip phu béi vat lidu Fe’ nano sau xu 1y tdng
dan khi ting pH tir 2 dén 6 nhung hau nhu khéng c6 su khac biét nhiéu khi diéu chinh bang cic
axit khdc nhau. Khi diéu chinh pH bang axit H,SO, va HCI thi hiéu suat loai bo nito ting dan khi
tang pH tir 2 - 4, tvong Ung tang tir 54,99 - 73,24 va 60,18 - 77,65%. Ngugc lai, khi diéu chinh pH
bang axit CH;COOH thi hiéu suat loai bo nito giam dan khi ting pH tir 2 - 6 va giam tir 92,0 -

72,9%.
Tir khéa: Fe’ nano, pH, axit, nitrat, phét phat.

1. Mé dau

Tinh hinh 6 nhiém nitrat va phot phét trong
hé théng nudc mit va nudc ngdm hién dang
ngay cang nghiém trong do anh hudng cua
nudc thai chua qua xur 1y tu cac hoat dong san
xuit ndng nghiép, cong nghiép va sinh hoat.
Nong do nitrat va phdt phat qué cao trong nudc
c6 thé gy ra hién tuong phu dudng lam tic
dong x4u t6i hé thuy sinh vat ciing nhu canh
quan méi trudng, gdy mui hoi thdi anh hudng
dén muc dich sir dung cuda cic thay vuc. Vi vay,
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viéc nghién ctru cdc giai phdp cong nghé dé xu
1y ngudn nudc bi 6 nhiém nitrat, phot phét hay
ngudn nudc bi phi dudng dang 1a moi quan tdm
cua nhiéu nha nghién ctu. Trong nhiing ndm
gin dy, cong nghé str dung Fe” nano c6 nhiéu
tinh ning wu viét trong xir 1y 6 nhiém moi
truong nhu: xtr Iy nudc thai chira cdc hop chit
hitu co khé phan huy, kim loai ning, hod chat
bao v¢ thuc vat. Bac biét Fe” nano vira ¢6 tinh
khir, vira ¢6 kha ning hip phu bé mit nén né c6
kha nang xor 1y dong thoi nitrat va phdt phat
trong nude. Theo cic két qua nghién ciru trudc
day thi Fe’ nano c6 hiéu qua trong két hop xur 1y
nitrat va phdt phat cao nhét tai moi truong pH 2
(hiéu suat xur ly dat 88,92% véi nitrat va
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81,56% v&i phdt phét khi ndng do nitrat va phét
phat ban dau 1a 50 mg/l, vat liéu Fe’ nano sir
dung la 1 g/L va thoi gian xu 1y la 60 phut) [1].

Tuy nhién, dé diéu chinh vé pH 2 c6 thé sir
dung céc axit khac nhau nhung né sé a&nh hudng
dén hiéu qua xtr 1y do tao thanh céc san pham Ia
céc dang nito khac nhau sau xtr 1y. Vi vay, bai
bdo nay nghién ctru dnh hudng cua cich thuc
diéu chinh pH dén hiéu qua xu 1y két hop nitrat
va phot phét trong nude bang vat lidu Fe” nano.

2. Nguyén liéu va phwong phap
2.1. Nguyén liéu

Vit liéu Fe” nano c6 duong kinh trung binh
16,7 nm, dién tich bé mit riéng 60 m*/g duoc
ché tao bang phuong phéap khir FeSO,.7H,0 bai
NaBH, c¢6 bd sung chat phan tdn polyacrylamid
(PAA) [2].

CH;COOH (99,5%), HCl (37%) va H,SO,
(97%) loai tinh khiét héa hoc.

MAu nudc ty tao nhidm nitrat va phdt phat
tir héa chat KH,PO,, KNO; loai tinh khiét héa
hoc ¢6 nong do 1a 50 mg N-NOs/L va 50 mg P-
PO,”/L.

2.2. Phwong phdp nghién cuu

Lay 50mL miu nudc da duoc chudn bi ¢
muc 2.1 vao 15 binh tam gidc c¢6 dung tich 100
mL, diéu chinh pH vé 2, 3, 4, 5 va 6 bang céc
axit khac nhau la CH;COOH, HCl (0,01N) va
H,SO, (0, OlN) Can chinh xac 0,05g Fe” nano
(twong tmg ndng do Fe’ nano 1 g/L) cho vao
céc binh tam gidc trén. Lic trén méy lic véi toc

do 250 vong/phit trong khoang thoi gian 60
phiit. Ly tim v6i téc d6 2.500 vong/phit va xdc
dinh noéng do nitrat, ph6t phat con lai trong
dung dich bing phwong phdp so mau quang
dién trén may UV- VIS 3200 tai budc séng A =
430nm va A = 710nm, xdc dinh cdc san pham
ctua qud trinh khtr nitrat tao thanh nhu NH,",
NO, bang phuong phép so mau quang dién trén
may UV- VIS 3200 tai budc song A = 430nm va
A = 510nm; xdc dinh tong nito (Nts) bang
phwong phdp cat Ken dan (Kjeldahj); xdc dinh
nito mat di dang khi (N,0,) do qué trinh khur
nitrat bang phuong phdp cin bang vat chat (lay
néng d0 nitrat ban dau trir Nrs), xac dinh nito bi
hap phu bang phuong phdp cin biang vat chit
(lay Nrs trir N-NO;™ con lai sau xur 1y, N-NH,"
va N-NO, tao thanh). Céac thi nghi€ém duogc bd
trf 1ap lai 3 lan.

Lam tuong ty véi mau déi chung (chi diéu
chinh pH bang cdc axit trén nhung khong bd
sung vt licu Fe’ nano).

3. Két qua va thao luan
3.1. Cdc san pham tao thanh sau xir 1y nitrat

Sau qud trinh xr 1y nitrat bang vat liéu Fe’
nano thi cdc dang nito c6 thé tdn tai va bi
chuyén héa bao gdbm: ndng do nitrat con lai do
chua dugc xir Iy (N-NO5), amoni (N-NH,") va
nitrit (N-NO,) tao thanh, nito mat di do chuyén
hoa thanh dang khi (NyOx) va nito bi hap phu
boi vat lidu. Két qua xac dinh ndng do nito cua
céc dang trén duoc thé hién & Hinh 1 - 5:

* Nong d6 N-NO; con lai sau xu ly

—&— Diéu chinh pH bing H2S04 —B— Diéu chinh pH bing HCl ~ ——g—— Diéu chinh pH bing CH3COOH

Nong do, mgN/L

Hinh 1. Néng d6 N-NO; con lai sau xur 1y.
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Két qua & Hinh 1 cho thdy, trong khoang
pH tir 2 dén 6 thi tai pH 2 ndng d6 N-NO;™ con
lai sau xir 1y 1a thap nhét & tat ca thi nghiém c6
sir dung cdc axit khdc nhau dé diéu chinh. Tuy
nhién, néu didu chinh pH bang axit H,SO, thi
néng dd N-NOjs con lai sau xt ly dao dong tu
5,50 — 13,59 mg N-NO;/L khi ting pH tir 2 dén
6 va tang nhanh hon so véi khi sir dung axit
HCI va CH;COOH dé diéu chinh pH. Khi diéu
chinh pH bing axit CH;COOH thi nong do
nitrat con lai sau xtr 1y 13 thip nhét (3,974 mg
N-NOy/L tai pH 2) so véi diéu chinh pH bing
axit H,SO, va axit HCIL.

* Nong do6 N-NH," tao thanh sau xur 1y

Két qua nghién ctru ¢ Hinh 2 cho thay, khi
st dung axit HCI va H,SO, dé diéu chinh pH
thi nong d6 N-NH," tao thanh sau xir Iy giam
dan twong Gng giam tir 10,98 xudng 0,44 va
12,24 xudng 0,47 mg N-NH,"/L khi ting pH tur
2 - 6. Nguoc lai khi sir dung axit CH;COOH dé

diéu chinh pH thi ndng d6 N-NH," tao thanh
sau xur 1y lai ting dan tir 0,02 dén 6,47 mg N-
NH,*/L khi tang pH tir 2 - 6. Theo Seunghee
Choea (2004) thi diéu nay c6 thé dwoc giai
thich bing phuong trinh phan tng sau [3]:
3CI" + 6Fe” + 3/8NO5 + 66/SOH™ + (21/8
+ 1’1) HZO — FC(H)3FC(IH)3(OH)12C13l’lHQO
+ 3/8NH,"

* Nong do N-NO,  tao thanh sau xt 1y

Két qua nghién ciru ¢ Hinh 3 cho théy, st
dung axit HCI va H,SO, dé diéu chinh pH thi
ndéng d6 N-NO, tao thanh sau xu Iy ciing giam
dan twong tng giam tir 3,99 xudng 0,04 va 4,77
xudng 0,07 mg N-NO,/L khi ting pH tir 2 - 6.
Nguoc lai khi st dung axit CH;COOH dé diéu
chinh pH thi ndng d6 N-NO, tao thanh sau xur
1y lai tang dan tir 0,005 dén 1,58 mg N-NO,/L
khi tang pH tir 2 - 6.

——Dicu chinh pH bing H2S04 =M= Diéu chinh pH bing HCl ~ ———Diéu chinh pH bing CH3COOH
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Hinh 2. Néng do N-NH," tao thanh sau xur 1y.
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Hinh 3. Nong d6 N-NO, tao thanh sau xir 1y.
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Két qua tai Hinh 2 va 3 cho thiy, tai pH 2
thi san phdm cta qud trinh khir nitrat tao thanh
1a NH," va NO, 1a cao nhét tuong tng la 12,24
va 4,77 mgN/L khi diéu chinh pH bang axit
H,SO,4, nhung néu diéu chinh pH b?mg axit
CH;COOH thi qua trinh khtr nitrat tao thanh la
NH," va NO, la thip nhat tuong tmg 1a 0,023
va 0,005 mgN/L.

* Nong do nito mat di & dang khi sau xur 1y

Két qua nghién ctru ¢ Hinh 4 cho thdy, st
dung axit HCI, H,SO, va CH;COOH dé diéu
chinh pH thi nito mit di & dang khi sau qud
trinh khir nitrat béi Fe” nano giam dan khi ting
pH tir 2 dén 6, tuong tmg giam tir 22,15 - 17,15;
20,13 - 15,71 va 34,98 - 19,71 mg N/L. Khi st
dung axit CH;COOH dé diéu chinh pH thi nito
mat di & dang khi 12 16n nhat. Diéu nay c6 thé
duogc giai thich do qua trinh khur nitrat v6i chat

hitu co la axit axetic xdy ra theo phuong trinh
phan tng sau [4]:
8NO; + 5CH;COOH — 4N, + 10CO, + 8OH

So sénh céc két qua nghién ctu trén voi
mau d6i chimg cho théy, khi diéu chinh pH
bang axit H,SO, thi nong do nitrat va phét phat
hau nhu khong thay dbi so voi nong d6 ban dau.
Tuy nhién khi diéu chinh pH bang axit HCI va
CH;COOH thi ¢6 1 luong nho nitrat bi mit di
do bi chuyén héa thanh N-NH,*, N-NO,™ va nito
mét di dang khi. Cuy thé, khi diéu chinh pH bang
axit HCI thi N-NH," va N-NO,  tao thanh véi
néng do twong ung dao dong tir 0,075 dén
0,421 va 0,005 dén 0,045 mgN/L. Khi diéu
chinh pH bang axit CH;COOH thi nito bi mat
di ¢ dang khi dao dong tir 0,075 — 0,765 mgN/L
va ¢6 mot lugng nho N-NH," (< 0,014 mgN/L)
va N-NO, (< 0,007 mg N/L) tao thanh.

* Nong do nito bi vat liéu hap phu

—@& = Diéuchinh pH bing H2504 —— Diéu chinh pH bing HCl — A— Diu chinh pH bing CH3COOH
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Hinh 4. Nito mét di & dang khi sau xir 1.
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Hinh 5. Nito bi vat liéu héip phu sau xur 1y.



N.X. Hudn, L. Burc / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dat va Moi truong, Tdap 32, S6 18 (2016) 179-185

Két qua tai Hinh 5 cho thiy, nito bj hip phu
boi vat lidu Fe” nano sau xt 1y ting dan khi
tang pH tir 2 dén 6 nhung hau nhu khéng c6 su
khéc biét nhidu khi diéu chinh bang axit H,SO,
va HCI. Luong nito bi hép phu béi vat licu Fe’
nano theo su thay doi pH tir 2 dén 6 khi diéu
chinh bing axit H,SO,; HCl va CH;COOH
twong tng dao dong tu 7,37 - 20,18; 7,94 -
21,92 va 11,02 - 16,74 mgN/g.

3.2. So sdnh hiéu qud xi ¥ nitrat, phot phdt khi
diéu chinh pH bang cdc axit khdc nhau

So sanh hiéu sult xur 1y nitrat (chi tinh loai
b6 nitrat ma khong tinh dén cic dang chuyén
héa khdc cua nito tao thanh), phét phat va hiéu
suét xtr 1y nito (loai bo nito ra khoi méi truong
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nudc bao gém loai bo dudi dang khi va hép phu
trén vat liéu) duoc thé hién & Hinh 6 - 8.

Két qua nghién ctru ¢ Hinh 6 va Hinh 7 cho
thdy, hiéu qua xt 1y nitrat va phét phat bang Fe’
nano khi diéu chinh pH bang cdc axit khic nhau
thi CH;COOH cho hiéu qua cao nhit sau dén
HCI va cubi cung 12 H,SO,. Hiéu suit xu ly
nitrat tuong Gng giam tir 92,05 xubng 89,01;
90,12 xudng 79,08 va 89,00 xubng 72,83%:
Hiéu suat xur 1y phdt phét tuong Gng giam tir
88,21 xubng 71,04; 82,05 xubng 64,03 va 81,62
xudng 58,24% khi ting pH tir 2 - 6. Két qua
nghién ciru nay hoan toan phit hop véi céc két
qua nghién ctlru trudc cla tic gid va céc tic gia
khdc trén thé gidéi nhu Cheng (1997), Huang
(2004) va Le Zenga (2004) [1,5-7].

—& = Diéu chinh pH bing H2SO4 == @=— Diéu chinh pH bing HCl ——g——Diéu chinh pH bing CH3COOH
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Hinh 6. So sdnh hiéu suit xt 1y nitrat khi diéu chinh pH bang céc axit khéc nhau.
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Hinh 7. So sénh hi¢u sut xir 1y phdt phét khi diéu chinh pH bang cac axit khac nhau.



184  N.X. Hudn, L. Pirc / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi ddt va Moi truong, Tdp 32, S6 1S (2016) 179-185

—¢ - Diéu chinh pH bing H2504 —MB— Diéu chinh pH bing HCl —— Diéu chinh pH bang CH3COOH
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Hinh 8. So sénh hiéu suét loai b6 nito khi diéu chinh pH bang cic axit khic nhau.

Hiéu qua xir 1y thuc té cua nitrat khong
phai chi 1am giam ndng do nitrat trong nudc ma
phai tinh dén hiéu qua loai bo nito ra khoi moi
truong nudc. Két qua nghién ciru ¢ Hinh 8 cho
thdy, khi diéu chinh pH bing axit H,SO, va
HCI thi hiéu suit loai bo nito ting dan khi ting
pH tir 2 — 4, tuong g tang tir 54,99 - 73,24 va
60,18 - 77,65% sau d6 hiéu suét loai bo nito ¢cé
chiéu huéng khong dbi hodc giam nhe khi ting
pH tir 4 - 6. Nguoc lai, khi diéu chinh pH béng
axit CH3;COOH thi hiéu sudt loai bo nito gidm
dan khi ting pH tr 2 - 6 va giam tr 92,0 -
72,9%. Vi viy, dé hiéu qua loai bo nito 1a tdt
nhit va cdc san pham tao thanh nhu NH,*, NO,
nho nén lya chon axit HC1 dé diéu chinh pH vé
4 - 5 cho két hop xir 1y nitrat va phdt phat bang
vat liéu Fe’ nano.

4. Két luan

St dung cic axit khdc nhau dé didu chinh
pH khi xtr Iy két hop nitrat va phdt phét bing
vt lidu Fe” nano c6 anh huéng khd nhiéu dén
hiéu qua va su chuyén héa cic dang nito sau xir
Iy.

Piéu chinh pH bang axit CH;COOH thi
ndng do nitrat con lai sau xur 1y 1a thip nhit
(3,974 mg N-NOs/L tai pH 2) so véi diéu chinh
pH bang axit H,SO, va axit HCL.

Tai pH 2 thi san phdm cua qué trinh khu
nitrat tao thanh 12 NH,* va NO, 12 cao nhat

tuong tng 12 12,24 va 4,77 mgN/L khi diéu
chinh pH bé“mg axit H,SO,, nhung néu diéu
chinh pH bang axit CH;COOH thi qu4 trinh nay
la thap nhit twong tng la 0,023 va 0,005
mgN/L.

St dung axit HCI, H,SO, va CH;COOH dé
diéu chinh pH thi nito mat di ¢ dang khi sau
qud trinh khtr nitrat boi Fe” nano giam dan khi
tang pH tir 2 dén 6, twong tng giam tir 22,15 -
17,15; 20,13 - 15,71 va 34,98 - 19,71 mg N/L.
Khi st dung axit CH;COOH dé diéu chinh pH
thi nito mat di & dang khi 12 16n nhét.

Nito bi hép phu bdi vat licu Fe’ nano sau xtr
ly tang dan khi ting pH tir 2 dén 6 nhung hau
nhu khong c6 su khdc biét nhiéu khi diéu chinh
bang axit H,SO, va HCI.

Khi diéu chinh pH bang axit H,SO, va HCI
thi hiéu suat loai bo nito ting dan khi ting pH
tr 2 — 4, twong Ung tang tr 54,99 - 73,24 va
60,18 - 77,65% sau d6 hiéu suét loai bo nito ¢d
chiéu hudng khong d6i hodc giam nhe khi ting
pH tir 4 - 6. Nguoc lai, khi diéu chinh pH béng
axit CH;COOH thi hiéu sudt loai bo nito gidm
dan khi ting pH tir 2 - 6 va giam tir 92,0 -
72,9%.
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Studied on the Affect the pH Adjustment Ways to Treatment
Efficiency for Nitrate and Phosphate in Water Using Nano
Zero-valent Iron Material

Nguyen Xuan Huan, Le Duc

Faculty of Environmental Sciences, VNU University of Science, 334 Nguyen Trai, Hanoi, Vietham

Abstract: nitrates and phosphates contaminated water can be treated by nano zero-valent iron
material. However, treatment depends significantly on how the adjustment of pH that affects the
conversion of different nitrogen forms in effluent. The results showed that, at pH = 2 (adjusted with
H,SO, acid), the products of denitrification process were ammonium (NH,") and nitrite (NO,") with
the highest concentration of 12.24 and 4.77 mgN/L, respectively while adjusting the pH with
CH;COOH acid, the concentration of these products was the lowest, 0.023 and 0.005 mgN/L,
respectively. In case, adjusting the pH between 2 and 6 by using HCI, H,SO, and CH;COOH acid, the
reduction of gaseous nitrogen was decreased, respectively from 22,15 - 17,15; 20,13 - 15,71 and 34,98
- 19,71 mg N/L. In addition the absorbed content of nitrogen by nano zero-valent iron increased as the
pH increased from 2 to 6, this content of nitrogen was no significant difference when using different
acids. When adjusting the pH with H,SO, and HCl acids the nitrogen removal efficiency increased as
the pH increased from 2 to 4, from 54.99 to 73.24 and 60.18 to 77.65% in corresponding. In contrast,
when adjusting the pH in the range of 2 - 6 with CH;COOH acid, nitrogen removal efficiency
decreased from 92.0 to 72.9%.

Keywords: Fe” nano, pH, acid, nitrate, phosphate.



