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TOM TAT

Nghién clru hwdng téi tdng hop vat liéu két hop gitra nano sét hda tri khéng va bentonit nham phat huy dwoc
tinh wu viét cla ca hai dbi twong trén, déng thdi tang kha néng bao q uan cla nano sat. Vat liéu nano sat héa tri
khéng - bentonit (B-nZVI) dwgc tdng hop theo phwong phap khir Fe(ll) trong dung dich bdng NaBH,. Hinh thai bé
mat va cAu trdc cla vat liéu dwoc kiém tra bang ki thuat chup kinh hién vi dién t& quét (SEM), kinh hién vi dién t&
truy&n qua (TEM) va phd nhiéu xa tia X (XRD). Thi nghiém nghién ctru str dung vat liéu B-nZVI d& xt ly nitrobenzen
trong nwéc voi cac diéu kién khac nhau vé ndng do (25; 50; 75 va 100ppm), thoi gian (30; 60; 90; 120 va 180 phat),
khéi lwong vat liéu (0,1; 0,2; 0,5 va 1,0 g/100ml dung dich mau) va pH (pH = 3; 5; 7 va 9). Két qua cho thay, c6 thé
loai bd trén 99% nitro benzen trong dung dich ndng d6 50ppm, ti I& 0,5 g/100ml dung dich, pH = 7 va pH = 9, thoi
gian 120 phut, nhiét d6 phong. Sy suy gidm néng dé nitrobenzen phl hop véi phwong trinh déng hoc bac nhét va
phu hgp vé&i phwong trinh hdp phu dang nhiét Langmuir véi do hap phu cuc dai Qmax 1a 156,25 mg/1g vat liéu.

T khoa: Bentonit, nano sat hoéa tri khong, nitrobenzen, vat liéu nano s&t (0)-bentonit, xt ly nitrobenzen.

Removal of Nitrobenzene
from Aqueous Solution using Bentonite-supported Nanoscale Zero-valent Iron

ABSTRACT

This study aimed to synthesize a hybrid material of non-valent iron nanoparticles and bentonite with the purpose
to promote the pre-eminence of both materials. Moreover, this combination could form a new material that can
preserve non-valent iron nanoparticles in normal conditions. Nano zero-valent iron/Bentonite composite material
(B-nZVI) was synthesized via liquid-phase reduction (using NaBH4). The surface morphology and structure of the
materials were examined by scanning electron microscopy (SEM), transmission electron microscopy (TEM) and
X-ray diffraction spectroscopy (XRD). The effect of B-nZVI on nitrobenzene removal was studied at different
concentrations (25, 50, 75 and 100ppm), contact time (30, 60, 90; 120 and 180m), ratio of mass of material in 100mL
of sample solution (0.1, 0.2, 0.5 and 1.0 g/100 ml of sample solution) and pH (pH = 3, 5, 7 and 9). The results
indicated that B-nZVI is effective in the removal of nitrobenzene from aqueous solution, where removal efficiency of
99% of nitrobenzene was achieved after 120 m for initial nitrobenzene concentration 50ppm, the ratio of 0.5 g/100ml
solution, pH =7 and pH = 9, at room temperature. Kinetic studies showed that the removal of nitrobenzene by B-nZVI
correlated well with the pseudo-first-order model. The removal is an endothermic adsorption process, and the
experimental data fitted well the Langmuir isotherm with Qmax being 156.25 mg.g'1 for B-nZVI.

Keywords: Bentonite, nano zero-valent iron, nitrobenzene, Nano zero-valent iron/Bentonite composite material,
removal of nitrobenzene.

dang dugc biét dén 1a mot vat lidu rat vu viét
trong xt ly nhiéu déi tugng gidy 6 nhiém moi

Céc hat nano sit héa tri khéng (mZVI) véi trudng. Ching duge tGng dung dé xi 1y cac chat
dién tich bé mit 16n, do dan cao, tinh khit manh htiu cd khé phan huy (Shih, 2011; Varanasi,

1. DAT VAN DE
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Nghién ctru (’ng dung vat liéu nano Fe’-bentonit e ly nitrobenzen trong nwéc

2007; Zhang, 2003), cac nguyén t6 kim loai néng
Asen, Crom, Chi (Dou, 2010; Mak, 2009; Xi,
2010), va nhiéu yéu t6 v co nhu nitrat, phot
phat, selen... Co ché tiac dong ctia nZVI 1a khi
dudc nhiéu ion kim loai ning, hgp chat hiu co
doc hai thanh cac chat it doc hon hodc vo hai.
Ngoai ra, mot s6 kha ning xt 1y chat 6 nhiém
ctia nZVI con dudc gidi thich dya trén kha ning
hap phu bé mait caa né. Tuy nhién, cac hat nZVI
4 kich thuéc nano lai c6 xu huéng két hgp, bi oxy
héa va lam gidm hiéu qua trong tng dung. Do
vay, cac huéng nghién ctu nham 6n dinh kha
ning hoat dong cta cac hat nZVI d6 1a téng hop
cac hé vat liéu trén nén cac vat liéu mang khac
nhau nhu hé chitosan - nZVI (Geng, 2009), hé
montmorillonite - nZVI (Wang, 2015),
carboxymethyl cellulose (CMC) én dinh nZVI
(Xu, 2007). Bén canh d6, bentonit 1a mot khoang
sét tu nhién ré tién, dudc st dung kha phd bién
lam chat xt 1y 6 nhiém nuéc do kha ning hap
phu ctia n6é véi nhiéu ion va phan ti hiiu co nhu:
dau hoa, thudc nhuém, ion kim loai ning, ion
phét phat... K&t hop Bentonit véi nZVI (B-nZVI)
ching t6i mong mudn sé tang cudng kha ning
hép phu, ting d6 6n dinh cta vat liéu dé phat
huy t6t tinh vu viét cia ca hai vat liéu nay. Mot
s6 cong trinh nghién ctu téng hop vat liéu nay
theo cac huéng khac nhau da cho thay chung cé
hiéu qua loai bd té6t modt s6 ion kim loai ning
trong nuéc nhu Cu*, Co?*, Ni*, Pb**, Cr**, Cr(VI)
(Li, 2017; Liu, 2020; Shahwan, 2010; Shao, 2018;
Wang, 2018; Yu, 2020), ciing nhu mot s& hop chat
hitu c6 khé phan hay nhu bisphenol A,
spironolactone (Bao, 2020; Sulaiman, 2020). Bén
canh d6, (Zhang, 2010) da nghién ctiu tong hgp
va st dung nZVI trong xi 1y trinitrotoluen cho
hiéu suat 99% & nong d6 80ppm.

Nitrobenzen 14 mét dan xudt thom c6 nhiéu
ting dung quan trong trong nhiéu nganh coéng
nghiép. Khoang 97% san lugng nitrobenzen
dude dung lam tién chat dé san xu4t anilin, chat
nay lai ding lam tién chit dé san xuét cac héa
chat xt 1y cao su, thudc tri sau, thudc nhudém,
thudc nd, va dudc phdm. Nitrobenzen cé thé
dudc chuyén hoa d& dang thanh anilin va cac
dan xu&t khac nhu azobenzen, nitrosobenzen,
phenyl hidroxylamin,.. nhung khé phan huy
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trong nude. Do @6, ching c¢6 thé tén tai rat lau
trong nudéc va gidy 6 nhiém ngudén nuéc.
Nitrobenzen c6 tinh ddc cao va dé dang hap thu
qua da, hé hap va dudng miéng; 12 mot chat co
thé gay ung thu, tiép xdc kéo dai véi
nitrobenzen giy ra nhiing anh hudéng nghiém
trong dén hé thong than kinh trung uong, gan,
than, phéi va hé tuin hoan, dac biét giy ra
chiing thiéu mau va giy dot bién gen (WHO,
2009). Cac nghién ctiu dé xi ly nitrobenzen
trong nuéc thai chu yéu 1a st dung céng nghé
oxy héa nang cao bang ozon két hop H,0, cho
hiéu qua loai bd cao (Guo, 2014; Jiao, 2016), tuy
nhién két qua nay dat dugc trong méi trucng
bazd pH = 10,5. Theo QCVN 07: 2009/BTNMT,
nitrobenzen dugec x&p vao nhém chat thai dac
biét nguy hai, 1& ch4t cuc doc c6 nguy co gy ung
thu va dot bién rat cao véi ham lugng tuyét dsi
12 40ppm va noéng do ngam chiét 1a 2 mg/lit.
Nghién ctu nay st dung vat liu B-nZVI dé
nghién ctu kha ning loai bd nitrobenzen trong
nude. Dung dich nitrobenzen duge xt 1y béi vat
liéu B-nZVI trong cac diéu kién khdo sat khac
nhau vé nong do, thoi gian va pH nhdm xac
dinh dugc diéu kién xi 1i t6t nhat cho déi tugng
nguy hai nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoéa chat va thiét bi

Héa chat tinh khiét phan tich: FeSO,.6H,0
(tinh khigt > 95%), NaBH, (tinh khiét > 95%),
natri bentonit, etanol (tinh khiét > 95%),
nitrobenzen (tinh khiét > 95%) dudc cung cap
béi hdng Macklin, Trung Qudc.

Dung dich nitrobenzen duge pha tu
nitrobenzen nguyén ch4t dang ldong. 1g

nitrobenzen dugc hoa tan hoan toan trong nudc
cat va dinh mtec t6i 11 duge dung dich 1.000ppm.
Tit dung dich 1.000ppm c6 thé pha lodng thanh
cac dung dich 1am viéc c¢6 néng d6 nho hon.

Thiét bi: may UV-Vis Agilent Cary 60 (My),
dai buée séng do 215-800nm; may Nhiéu xa tia
X Brucker-D8 Advance (Ptic); may chup SEM
Hitachi S-4800 (Nhat Béan); may TEM JEOL
1010 (Nhat Ban); may khudy ti; may lic; can
phéan tich.
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2.2. Quy trinh diéu ché vat liéu B-nZVI

Vat lieu B-nZVI dudc diéu ché bing phuong
phap kht muéi FeSO,6H,0 bsi natri
borohydrua (NaBH,) dudc md phéng theo
phuong phép caa Bao (2020).

Quy trinh diéu ché:

Hoa tan 7,8¢g FeSO,.6H,0 va 10,82 Bentonit
trong 500ml nuédc cat va rugu etylic theo ti 1é
thé tich 1:4 trong binh ciu 3 ¢6. Khudy hén hgp
v6i téc dd 600 vong/phit trong khoang 3 phut
dén khi duge hén hgp déng nhat, ta duge dung
dich A (néng @6 Fe?* 0,06M). Tiép theo, nho ti
ti dén hét dung dich NaBH, (11,4g NaBH, hoa
tan vao trong 500ml nuéc cat lanh) vao hén hgp
trén (duy tri trong khi tro N,) véi toc do nhé giot
khoang 0,5 giot/gidy va khudy manh (t6c do
khuay 14 250 vong/phit). Két thic qua trinh
chat rdn duge tach ra bing ly tam, duge ria
nhanh bing rugu etylic 3 14n, sdy kho san phdm
trong tu say chan khong ¢ nhiét do6 60°C trong 2
gid. Sau d6 vat liéu nano B-nZVI dugc bao quan
trong cac binh c6 nép kin.

2.3. Xac dinh dic trung hinh thai bé mit va
ciu trac cua vat liéu

Phé nhiéu xa tia X do trén may nhiéu xa tia
X D8 Advanced Brucker, Khoa Héa hoc, Pai hoc
Khoa hoc tu nhién, Dai hoc Quéc gia Ha Noi.
6ng phat tia CuKéa cuong do6 6ng phéng 0,01A,
gbéc quét tu 0,5-60°.

Anh SEM ctia cac miu vat lidu duge chup
trén may Hitachi S-4800 tai Vién Ky thuat
nhiét d61, Vién Han 1Am KH&CN Viét Nam.
Anh SEM dugc chup & cac c&p do phéong dai
khéc nhau 6 dién 4p hoat dong 15kV.

Anh TEM ctia cac miu vat lidu duge chup
béi thiét bi JEOL 1010 & hiéu dién thé 80 kV tai
Phong hién vi dién tt, Vién Vé sinh dich t& TW.

2.4. B6 tri thi nghiém x 1y nitrobenzen

Cac thi nghiém duéi day déu dugce lap lai 3
lan. Phuong phap dinh lugng nitrobenzen: si
dung phuong phap quang phé hép thu phan ti
dé x4c dinh ndéng d6 nitrobenzen tai budc séng
Apax = 265nm. Thang chudn duge st dung cé

V@ Thi Huyén, Vi Ngoc Doan, Nguyén Hai Anh

néng do chudn nitrobenzen la 0; 2; 4; 6; 8;
10ppm. Cac dung dich phan tich sau mdi thi
nghiém dugc loc bing gidy loc bang xanh dé loai
bd vat liéu trude khi do.

Thi nghiém 1: Anh hudng cta thdi gian
phan ting t6i kha ning xi 1y: Cac binh phan ting
chtta 100ml dung dich tiéu chuén nitrobenzen
c6 nong do6 tuong tng 25; 50; 75 va 100ppm,
thém 0,5g vat liéu vao mdi binh, 1lic déu trén
may lic véi tdn s6 120 vong/phtt ¢ nhiét do
phong sau thoi gian 30; 60; 120; 150 va 180
phtt. Xac dinh nong do nitrobenzen con lai, ti
d6 xac dinh dugc thoi gian can bang T phudt va
noéng do xu li hiéu qua nhat C ppm.

Thi nghiém 2: Anh huéng ctia lugng vat liéu
t6i kha ning xu ly: Cho vao 4 binh phan tng
mdi binh 100ml dung dich tiéu chudn méiu
nitrobenzen néng do Cppm, can khéi lugng vat
lidu 1an lugt 14 0,1; 0,2; 0,5 va 1,0g vao mébi binh
phan tng. Lic déu bing may lic véi tdn s6
120 vong/phit 6 nhiét d6 phong trong thdoi gian
T. X4c dinh nong dd nitrobenzen con lai, tir d6
xac dinh dugc khéi luong vat liéu can thiét cho
thi nghiém (M).

Thi nghiém 3: Anh hudng cta pH téi kha
nang xu ly: Cho vao 4 binh phan ting, méi binh
100ml dung dich tiéu chuén nitrobenzen ndng
do Cppm, diéu chinh pH ctia dung dich trong
cac binh lan lugt 1a pH = 3; 5; 7; 9; can M gram
vat liéu vao mdi binh phan tng. Lic déu bing
may véi tan s6 120 vong/phut d nhiét d6 phong
trong T phiut. Xac dinh nong do nitrobenzen con
lai, tu d6 tim dude pH phu hgp cho thi nghiém
xt li (pHc).

Thi nghiém 4: Anh huéng ctia thdi gian bao
quan vat liéu t6i kha nang xu 1y nitrobenzen:
Thi nghiém dugc tién hanh v6i mau vat liéu sau
khi téng hgp va sau thoi gian bao quan trong
binh ¢6 nip kin & diéu kién thuong 1; 2; 3 va 4
tudn. B& tri nhu nhau theo cong thiic: 100ml
dung dich chuéin nitrobenzen Cppm; pH = pHc;
M gram vat liéu, thdi gian lic phan tng T phuit.

2.5. Xt li s6 lidu

X 1y thong ké s6 liéu thuc nghiém duge tién
hanh bing phan mém MS Office Excel 2016 va
phan mém Minitab 16.
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3. KET QUA VA THAO LUAN
3.1. Dic trung cua vat liéu nano B-nZVI

Vat liéu nano B-nZVI sau khi dem say c6
mau den, min, x6p va nhe. Mau vat liéu kho
duge do dic trung X-RD, SEM, TEM dé xac
dinh hinh thai bé mét va ciu tric.

Trén phd XRD cta vat liéu B-nZVI ngoai
cac tin pic dic trung ctia bentonit con thay xuit
hién pic dic trung ctia Fe héa tri 0 tng vé6i goc
quét 1a 20 = 44,7°. Nhu vay, két qua téng hop
vat liéu cho thay da c6 su tao thanh cac hat sit
(0) phan tan trén bé mat hodc bén trong giiia
cac 16p ctua bentonit. P& x4c dinh kich thudc

tuong d6i cta cac hat Fe héa tri 0, phuong phap
chup anh SEM va TEM da dugc st dung.

Két qua tit anh SEM (Hinh 2) cho th4y, cac
hat nZVI tao thanh cdc ddm hoidc chudi mau
trang bam trén bé mit bentonit mau den. Bén
canh d6, quan sat trén anh TEM (Hinh 3) thay
hinh anh kha rd cta cac hat nZVI. Ching cé
dang hinh cau kh4 dong déu, kich thuéc khoang
10-30nm va néi véi nhau thanh chudi. Cac hat
sit c¢6 hinh anh dam va bentonit ¢6 hinh anh
md. Cac hat nano Fe bam trén bé mit hodc c6
thé ndm trong cac khe, 15 trong gitia cac 16p caa
vat liéu bentonit. Kich thuéc trung binh ctia Fe’
riéng 1é phan bd trén ciu tric bentonit dudng
nhu khac nhau trong pham vi 10-30nm.

VNU-HN-BRUKER- Mau Fe - Benstonite

300 7“

Lin (Cps)

100 —|

W imm | 5535 lt F0.000 Yy B

Hinh 2. Anh chup SEM vat liéu B-nZVI
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Print Mag: 167000x @ 51 mm 100 nm

Fe - Bentonit003
Print Mag: 125000x @ 51 mm

100 nm

Fe - Bentonit002
Print Mag: 208000x @ 51 mm 20 nm

R S
Fe - Bentonit008
Print Mag: B0400%x @ 51 mm

100 nm

Hinh 3. Anh chup TEM vat liéu B-nZVI

Nhu vay, qua két qua phan tich gian do
nhiéu xa tia X (XRD), anh hién vi dién ti quét
(SEM) va anh hién vi dién td truyén qua
(TEM) chiing té viéc téng hop vat liéu B-nZVI
da thanh cong.

3.2. K&t qua khao sat xi ly nitrobenzen
trong nudc va cac yéu t6 anh hudéng

3.2.1. Anh hudng ctia thoi gian xit Iy

Thi nghiém tién hanh véi bén dung dich
chuén nitrobenzen c6 néng do6 1an lugt 25, 50, 75
va 100ppm. Két qua (Hinh 4) cho thay hiéu suit
xti Iy dat cdn bang sau thdi gian 120 phuit.
Trudc thoi diém d6, hiéu sudt xu ly tang rat
nhanh va ti 120 phut dén 180 phiut thi hiéu
suéit xt 1y hau nhu khéng thay d6i. Két qua
ciing chi ra khi néng do nitrobenzen tang, hiéu
suat xu 1y cuc dai giam. Sau 120 phit, nong do

dung dich 25ppm va 50ppm gan nhu da xu ly
duge hoan toan (99,8% va 99,5% tuong tng),
trong khi d6 dung dich 75ppm da loai b6 dugc
85,9% va tuong tng la 80,1% v6i dung dich
100ppm. Do vay, nong d¢ dung dich chudn
nitrobenzen 50ppm dudc lua chon dé tién hanh
cac nghién ctiu tiép theo va thdi gian xu ly la
120 phiit.

3.2.2. Anh huéng ciia khéi Iugng vat lidu téi
hiéu qua xir ly

Két qua nghién citu cho thay, khi khéi lugng
vat liéu ting tu 0,1 g/100ml dung dich dén
0,5 g/100ml hiéu suét xi ly nitrobenzen ting ti
67% dén 99,5% sau 120 phut (Hinh 5), khi khoi
lugng vat liéu tang dén 1 g/100ml thi hiéu suat
xt ly dat 100%. Tuong tng v6i hiéu sudt xi ly
nhu trén, néng do nitrobenzen con du trong dung
dich tucng tng la 16,5ppm; 9ppm; 0,25ppm;
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Oppm. Nhu vay, theo QCVN 07: 2009/BTNMT,
dung 0,5g vat liéu trd 1én cho 100ml dung dich da
dua nong d6 nitrobenzen tiu 50ppm vé duéi
ngudng nong d6 ngam chiét t6i da (< 2ppm). Viéc
tang ham lugng vat liéu lam ting hiéu sudt xt 1y
hoan toan hop 1y do khi lugng vat liéu ting, tong
dién tich bé méit riéng va cac trung tdm hoat
dong 1a cac hat nano sit déu ting, vi vay kha
néng loai bd nitrobenzen theo co ché& khit hay hap
phu déu ting. Viéc tang khéi lugng vat liéu lén
sé& gay ton kém cho qua trinh xtu ly, vi vay véi
néng d6 nitrobenzen duéi 50ppm, khoi Iugng vat
lidu sé st dung 12 0,5 g/100ml.

3.2.3. Anh hudng ctia pH téi hiéu qua xit Iy
Thi nghiém khao sat anh hudng ctia pH téi
kha nang xU ly nitrobenzen cta vat liéu dugc

—+—25ppm —m—50ppm
120

100
80
60

40

Néng d& dung dich nitrobenzenppm

20

0 50

tién hanh véi cac dung dich chuén nitrobenzen
50ppm, pH ban d4u dugc diéu chinh 14n lugt 1a
3; 5; 7 va 9 bang dung dich HC1 0,05M va NaOH
0,056M. Két qua (Hinh 6) cho thay, trong moéi
trudng axit kha nang xt 1y thap hon so véi moi
truong trung tinh (pH = 7) va mdi truong kiém
(pH = 9). Tuy nhién, su khac nhau vé hiéu suat
xt 1y nitrobenzen ctia vat lidu 6 pH 5; 7 va 9
khong nhiéu. Day 1a mét k&t qua kha quan cho
phép dung vat litu dé xtG 1y nuée thai co
nitrobenzen & dai pH t axit yéu t6i kiém (pH tu
5 dén 9) ma khong can phai diéu chinh pH cua
nudc thai. Day 1a két qua uvu viét hon so véi vat
liéu 1a nano sét (0), thuong cé hiéu qua xi 1y tét
hon trong méi truong axit véi pH = 4-6 (Zhang
& cs. 2010).

75ppm 100ppm

100 150 200

Thoi gian xa ly (phat)

Hinh 4. Anh huédng cla théi gian x@ 1§ t6i nong dé dung dich nitrobenzen

120

t xir If (%)

éu sud

Hi

995 100
100
82

80 67
60
40
20
0

0,1 0,2 0,5 1

Khéi lwong vét liéu g/100ml

Hinh 5. Anh huéng ctia khéi lugng vat liéu t6i hiéu sudt xi 1i
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Hinh 6. Anh huéng ctia pH t6i hiéu sut xi li

Th&i gian bao quan vat liéu va hiéu suat xtr li
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100
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0
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—m—1 tudn
—4—2 tuén
3 tudn
—#—4 tuan

150 200

Thei gian (phut)

Hinh 7. Hiéu suat xt Iy nitrobenzen ctia vat liéu sau cac tuan bao quan

3.2.4. Khao sat hiéu qua cua vat liéu sau
khi bdo quin

Theo két qua cong bs ctia nhiéu cong trinh
nghién cttu vé nZVI cho thay day la mot vat liéu
xanh, c6 hidu qua xu ly cao d6i v6i nhiéu loai
cha't gay 6 nhiém nudc nhu chat hiiu cd, kim loai
ning (Zang, 2003; Xi, 2020; Shih, 2011; Mak,
2009)... Tuy nhién, do kich thudc v6 cing nho,
dién tich bé méit riéng 16n va kha ning hoat
dong manh nén cac hat nZVI rat dé bi oxy hoéa
bdi oxy khéong khi chuyén sang cac dang mét
hoat tinh. Vi vay luén can phai bao quan ching
trong mdi trudng chan khéng. Vat liéu két hogp
nZVI va bentonit sau khi téng hdp dudc bao

quan trong cac binh c¢é nit kin & diéu kién
thuong va khao sat kha ning xt 1y ctia ching
sau mdi tuan. Hiéu sudt xt ly nitrobenzen cta
vat lidu sau 4 tudn dudc bao quan hau nhu
khong c6 su thay d6i so véi vat liéu méi diéu ché
(Hinh 7). Qua trinh xt 1y dat can bing sau 120
phit va hiéu suat xu ly t6i da tu 94,3% dén
99,6%. Nhu vay, c6 thé bao quan vat liéu & diéu
kién thuong trong céac binh c6 nut kin ma khong
cAn tao mdi trudng chan khong.

Ngoai ra, vat litu sau xt ly c6 thé dudc
tach ra khoi dung dich phan tng bang phuong
phap ling trong luc, loc hodc phuong phap tach
tu tinh.
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3.3. Dong hoc hip phu qua trinh xU 1y
nitrobenzen cua vat liéu

Dua trén két qua su thay déi nong d6 caa
dung dich nitrobenzen theo thoi gian khi khéo
sat hiéu qua xi 1y ctia vat liéu thi logarit cua ti 1é
noéng do nitrobenzen con lai theo thdi gian so véi
néng d6 ban dau tuyén tinh theo thdi gian xu ly.
Nhu vay phuong trinh dong hoc ctia qua trinh xt
Iy dudec moé td theo phuong trinh déng hoc bac
nhit theo thdi gian bing phuong trinh duéi day,
v6i hing s6 toc do xt 1y dudc tinh theo phuong
trinh héi quy tuyén tinh 1a k = 0,0241 phut ™.

lng =-kt

Co

Dua trén két qua khdo sat kha nang xi I
nitrobenzen & cac néng do khac nhau, véi thoi
gian dat can bang 1a 120 phut, dua trén su thay
d6i ndng @6 cta dung dich xt 1i c6 thé xac dinh

-0,5

-1,5

In(Ct/Co)

-2,5

-3,5

y =-0,0241x-0,1126
R?*=10,9838

duge hing s6 cta phuong trinh ddng nhiét hap
phu Langmuir nhu sau:

C

b C, + 1
Q, Q b.Q

max

Trong dé:

Q,.: dung lugng h&p phu tai thoi diém dat
can bang (mg/g);

Quax: dung lugng hap phu cuc dai (mg/g);

C,: nong d6 lic can bang (mg/l);

b: hang s6 dic trung cho tuong tac clia chét
h4p phu va ch4t bi hap phu.

Xay dung do6 thi sy phu thuoc caa C/Q,
(ham y) vao C, (bién x) tii s6 liéu phan 3.2.1 trén
phan mém excel dugc két qua:

v = 0,0064x + 0,0035.

Tu két qua trén tinh duge dung lugng hap
phu cuc dai ctia vat lieu B-nZVI 1a 156,25 mg/g.

100 150

Thei gian xu& li (phut)

Hinh 8. M6i quan hé giwwa In(C/C,) va thoi gian

0,14

0,12

0,1

0,08

Cd/Q,

0,06
0,04

0,02

y = 0,0084x+ 0,0035
R*=0,9842

15 20 25
Ce

Hinh 9. Puong hap phu déng nhiét Langmuir ctia nitrobenzen bdi vat liéu B-nZVI
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4. KET LUAN

Vat liéu B-nZVI dudc téng hop thanh cong
véi cac hat nano sit kich thuée ¢§ 10-30nm bam
trén bé méit cua bentonit. K&t qua nghién ctéu
dung vat lieu téng hgp dugc dé loai bd
nitrobenzen trong dung dich nuéc cho thay, diéu
kién t6i uu cho xu ly nitrobenzen trong nuéc la
0,5 g/100ml, pH = 7 dé&n 9, thoi gian 120 phut
cho nong @6 ban dau cta nitrobenzen 1a 50ppm.
Trong diéu kién d6 99,4% lugng
nitrobenzen trong dung dich da bi loai boé khoi

trén

dung dich, 1am cho néng db nitrobenzen giam
xubng duéi ngudng cho phép theo QCVN 07:
2009/BTNMT. Hoat tinh nay cta vat liéu hau
nhu khong thay d6i sau khi bao qua dude 4 tuan
trong cac lo c¢6 nip kin & diéu kién thudng.
Nghién cu dong hoc cho thdy, su suy gidm
nong do nitrobenzen tudn theo phuong trinh
dong hoc bac nhat véi hing s6 téc d6 k = 0,0241
phut™ va tuan theo phuong trinh hap phu ding
nhiét Langmuir v6i dung lugng hip phu cuc dai
1a 156,25 mg/g.

LOI CAM ON

Nhém tic gia xin trdn trong cam on Hoc
vién Nong nghiép Viét Nam da hd trg kinh phi
cho dé tai nghién citiu khoa hoc cap Hoc vién ma
s6 T2020-04-19.

TAI LIEU THAM KHAO

Bao Teng, Mekdimu Mezemir Damtie, Ahmad
Hosseinzadeh, Wei Wei, Jie Jin, Hoang Nhat
Phong Vo, Jing Song Ye, Yiwen Liu, Xiao Fei
Wang, Zhi Min Yu, Zhi Jie Chen, Ke Wu, Ray L.
Frost & Bing Jie Ni (2020). Bentonite-Supported
Nano Zero-Valent Iron Composite as a Green
Catalyst for Bisphenol A Degradation: Preparation,
Performance & Mechanism of Action. Journal of
Environmental Management. 260-(January).

Dou Xiaomin, Rui Li, Bei Zhao & Wenyan Liang
(2010). Arsenate Removal from Water by Zero-
Valent Iron/Activated Carbon Galvanic Couples.
Journal of Hazardous Materials. 182(1-3): 108-14.

Geng Bing, Zhaohui Jin, Tielong Li & Xinhua Qi
(2009). Preparation of Chitosan-Stabilized Fe’
Nanoparticles for Removal of Hexavalent
Chromium in Water. Science of the Total
Environment. 407(18): 4994-5000.

V@ Thi Huyén, Vi Ngoc Doan, Nguyén Hai Anh

Guo Liang, Wei Zhou Jiao, You Zhi Liu, Cheng Cheng
Xu, Wen Li Liu & Jing Li (2014). Treatment of
Nitrobenzene-Containing ~ Wastewater ~ Using
Different Combined Processes with Ozone.
Hanneng Cailiao/Chinese Journal of Energetic
Materials. 22(5): 702-8.

Jiao Weizhou, Lisheng Yu, Zhirong Feng, Liang Guo,
Yonghong Wang & Youzhi Liu (2016).
Optimization  of  Nitrobenzene = Wastewater
Treatment with O;/H,0, in a Rotating Packed Bed
Using Response Surface Methodology. Desalination
and Water Treatment. 57(42): 19996-4.

Li Zhanfeng, Huaping Dong, Yuling Zhang, Jianfa Li
& Yimin Li (2017). Enhanced Removal of Ni(II)
by Nanoscale Zero Valent Iron Supported on Na-
Saturated Bentonite. Journal of Colloid and
Interface Science. 497(Ii): 43-49.

Liu Shichao, Hongjun Gao, Rui Cheng, Yujun Wang,
Xiulan Ma, Chang Peng & Zhonglei Xie (2020).
Study on Influencing Factors and Mechanism of
Removal of Cr(VI) from Soil Suspended Liquid by
Bentonite-Supported Nanoscale Zero-Valent Iron.
Scientific Reports. 10(1): 1-12.

Mak Mark S.H., Pinhua Rao & Irene M.C.Lo. (2009).
Effects of Hardness and Alkalinity on the Removal
of Arsenic(V) from Humic Acid-Deficient and
Humic Acid-Rich Groundwater by Zero-Valent
Iron. Water Research. 43(17): 4296-4304.

Shahwan T., Uziim C., Eroglu A.E. & Lieberwirth I.
(2010). Synthesis and Characterization of
Bentonite/Iron Nanoparticles and Their
Application as Adsorbent of Cobalt Ions. Applied
Clay Science. 47(3-4): 257-62.

Shao Jicheng, Xiaoniu Yu, Min Zhou, Xiaoqing Cai &
Chuang Yu (2018). Nanoscale Zero-Valent Iron
Decorated on Bentonite/Graphene Oxide for
Removal of Copper Ions from Aqueous Solution.
Materials. 11(6): 1-14.

Shih Yang Hsin, Chung Yu Hsu & Yuh Fan Su (2011).
Reduction of Hexachlorobenzene by Nanoscale
Zero-Valent Iron: Kinetics, PH Effect &
Degradation =~ Mechanism. Separation  and
Purification Technology. 76(3): 268-74.

Sulaiman Saleh & Mohammed Al-Jabari (2020).
Removal of Spironolactone from Aqueous
Solution Using Bentonite-Supported Nanoscale
Zero-Valent Iron and Activated Charcoal.
Desalination and Water Treatment. 173: 283-93.

Varanasi Patanjali, Andres Fullana & Sukh Sidhu
(2007). Remediation of PCB Contaminated Soils
Using Iron  Nano-Particles. = Chemosphere.
66(6): 1031-38.

Wang Fayuan, Weiwei Yang, Fangyuan Zheng &
Yuhuan Sun. (2018). Removal of Cr (VI) from

1047



Nghién ctru (’ng dung vat liéu nano Fe’-bentonit e ly nitrobenzen trong nwéc

Simulated and Leachate Wastewaters by Bentonite-
Supported  Zero-Valent Iron  Nanoparticles.
International Journal of Environmental Research
and Public Health. 15(10).

Wang Jiao, Guijian Liu, Tanfu Li & Chuncai Zhou
(2015). Physicochemical Studies toward the
Removal of Zn(Il) and Pb(II) Ions through
Adsorption on Montmorillonite-Supported Zero-
Valent Iron Nanoparticles. RSC Advances.
5(38): 29859-71.

World Health Organization (2009). Nitrobenzene in
Drinking-water. Retrieved from https: //www.who.
int/water_sanitation_health/water-quality/ guidelines/
chemicals/nitrobenzene-background. pdf?ua=1 on
May 6, 2021

Xi Yunfei, Megharaj Mallavarapu & Ravendra Naidu
(2010). Reduction and Adsorption of Pb*" in
Aqueous Solution by Nano-Zero-Valent Iron - A

1048

SEM, TEM and XPS Study. Materials Research
Bulletin. 45(10): 1361-67.

Xu Yinhui & Dongye Zhao (2007). Reductive
Immobilization of Chromate in Water and Soil
Using Stabilized Iron Nanoparticles. Water
Research. 41(10): 2101-8.

Yu Chuang, Yang Xu, JiCheng Shao, XiaoQing Cai &
XiaoNiu Yu (2020). Treatment of Pb (II) and Cu (II)
Using Na-Bentonite-Supported Nanoscale Zero-
Valent Iron. Environmental Geotechnics. (Ii): 1-9.

Zhang Wei Xian (2003). Nanoscale Iron Particles for
Environmental Remediation: An  Overview.
Journal of Nanoparticle Research. 5(3-4): 323-32.

Zhang Xin, Yu man Lin, Xaio quan Shan & Zu liang
Chen (2010). Degradation of 2,4,6-Trinitrotoluene
(TNT) from Explosive Wastewater Using
Nanoscale Zero-Valent Iron. Chemical
Engineering Journal. 158(3): 566-70.


https://www.who.int/water_sanitation_health/water-quality/guidelines/chemicals/nitrobenzene-background.pdf?ua=1
https://www.who.int/water_sanitation_health/water-quality/guidelines/chemicals/nitrobenzene-background.pdf?ua=1
https://www.who.int/water_sanitation_health/water-quality/guidelines/chemicals/nitrobenzene-background.pdf?ua=1

