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TOM TAT
Nude thai chira thanh phan Mononitrotoluene (MNT) c¢6 anh hudng dén sirc khée con nguoi,
sinh vat va moi truong xung quanh. Trong nghién citu ndy, hiéu qua xir [y MNT trong moi truong
niede ciia qud trinh Sono-Photo- Fenton-like két hop vt li¢u nano sdt héa tri 0 (nZV1) dwoc nghién
ciru danh gid. Trong do, anh huong cua cdc yeu 16 pH, nong d¢ H,O2, nong dé nZVI, thoi gian
phan iing dén hiéu quad xir Iy dwoc nghién ciru danh gia thong qua quy hoach thuc nghiém bang
phirong phdp bé mat dap ung (RSM). Két qua nghién cieu cho thdy hiéu qua xir Iy MNT bang qud

trinh Sono- Photo-Fenton két hop nZVI dat 100% tai diéu kién pH = 2, Count= 100 mg/L, Cnzvi =
0,5 mM; Croo2 = 5 mM, thoi gian phan ung 30 phut.

Tw khoa: Mononitrotoluen; Sono-Photo-Fenton-like; nZVI; RSM.
1. MO PAU

Mononitrotoluen (MNT) 1a hop cht thugc nhom nitrotoluen, thudng xuét hién trong nudc thai
tir qué trinh san xuat TNT, gay anh huong dén sirc khoe ciia con ngudi va méi trudng xung quanh.
Tiép xtc véi MNT ¢ thé gay kich ing da, mat, gay viém nhiém, tic dong dén hé thong than kinh,
gan va than [1].

Mot sb phuong phap da dugc nghién ctu phat trién dé xtr Iy nuéce thai co chira MNT, bao gbm
ddt, oxy hoa khong khi am, hap phu vi sinh vat va phan hay [2-4],.. M01 phuong phéap nay déu co
nhitng théch thic riéng. Vi du, qua trinh @6t chay dan dén 6 nhiém tha Cap trong khi quyén. Trong
khi, chi phi cao va van hanh phuc tap caa qué trinh oxy héa khdng khi am can tré viéc trién khai
rong réi. Trong thoi gian gan day, qua trinh Sono-Photo-Fenton-like da thu hiit dugc sy chi y nho
kha ning phan hay cac hop chat hitu co phiic tap. Phuong phép nay két hop siéu &m (sono), anh
séng (photo), qué trinh Fenton vai vat lidu xdc tac di thé, da cho thay tiém ning 16n trong viéc xu
ly hiéu qua cac chat & nhidm khé phan hiy. Trong qua trinh Fenton-like, mot loai xuc tdc thuong
dugc nghién ciru str dung 1a nano sat hoa trj 0 (nZVI) Khi tham gia xir Iy chat 6 nhiém trong qua
trinh Fenton-like, nZVI c6 thé thuc hién nhiéu vai tro nhu chit khtr trong phan tng truc tiép véi
chét 6 nhidm nhém nitro (NO",), ngudn tai tao ion Fe?* cho phan Gmg Fenton [5],... Siéu am gilp
tao nhiéu gdc tu do thong qua hién tugng xam thyc 4m thanh, déng thoi lam sach bé mat xuc tac
va kich thich phan tan hat. Ngoai ra, sy két hop 4nh sang UV va siéu 4m ciing tao thanh cac gdc
oxy héa manh. Sy két hop nay khong chi nang cao hiéu qua phan hay ma con giam thiéu c4c san
pham phu doc hai, mang lai giai phap bén viing va than thién vai méi truong.

Trén co sé d6, nhom tac gia tién hanh danh gia hiéu qua xir Iy MNT trong méi trudng nudc
bang qué trinh Sono-Photo-Fenton-like két hop nZVI. Trong dé, anh huong ciia mot s6 yéu t6 bao
gom pH (1 - 5), nong d6 H,0, (0 — 10 mM), néng d6 nZVI1 (0,1 — 0,9 mM), thoi gian phan ang (0
- 40 phut) dugc nghién ciru danh gia bang phurong phap bé mat dap tng (RSM).
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2. THUC NGHIEM

2.1. Hoa chit

Céc hoa chat hydrogen peroxide (H202) 30%, NaOH va H,SO, 98% dugc mua tr Merck (My),
hoa chat 4-Mononitrotoluen dugc mua tir S.I Analytics (Trung Qudc).

Vit liéu nano sat hoa tri 0 (nZVI) dugc tong hop bang phwong phéap khir tai phong thi nghiém
cia Vién Cong nghé mai, Vién Khoa hoc va Coéng nghé quan sy [6]. Hoa chat st dung dé tong
hop vat liéu nZVI bao gom FeCls.6H>0, NaBH4 dugc mua tur Merk, My.

2.2. M6 hinh thi nghiém
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Hinh 1. M6 hinh thi nghiém phwong phdp Sono-Photo-Fenton.
Ghi chi: 1 - Pén UV; 2 - Bdu phan phéi khong khi; 3 - Pau phdt siéu dam.

M6 hinh thi nghiém nghién ctru hi¢u qua cia qua trinh Sono-Photo-Fenton dugc thiét ké dya
trén nghién ctru [6]. Binh phan ng dung tich 1,2 lit, day vat dé tang cuong hiéu qua truyén song
siéu am. Dau phat siéu &m duoc gan vao ddy binh phan Gmg va duoc két ndi voi thiét bi tao song
siéu am tan s6 40 kHz va cuong do. Pén UV budc song 254 nm cong suat 10 W dugc dit trong
dng thach anh Iip thing dung bén trong bé phan tmg. Nhiét do trong binh phan tmg c6 thé kiém
soat thong qua cam bién do nhiét do va hé théng dudong dan nude 1am mat.

2.3. Quy trinh thi nghiém

Thi nghiém duoc tién hanh trong cung diéu kién ddi véi 1,0 lit nude chira MNT, nhiét d6 dung
dich trong khoang 30 + 1 °C. Céc yéu té: pH thay ddi tir 1 - 5, thoi gian phan wng tir 0 dén 40 phut,
liéu Iuwgng nano sat hoa tri 0 trong khoang 0,1 - 0,9 mM va lugng H20; tir 0 - 10 mM. Péanh gia
higu qua xu Iy MNT thong qua thiét ké thi nghiém trén phan mém Design Expert 13 bing phuong
phap bé& mat dap ting (RSM) vei thiét ké mo hinh lp tdm 5 diém (CCD). M6 hinh va phuong trinh
hdi quy duoc kiém tra mirc do phl hop véi thuc nghiém bang kiém dinh ANOVA (gié tri P-value
= 0,05). Tong cong tién hanh 30 thi nghiém (bang 1).

Bing 1. Cdc yéu té dé thiét ké thi nghiém.

X . PN Muc
Bien Pon vi | Ky hi¢u 5 K] 0 1 >
A: pH - X1 1 2 3 4 5
B: Lugng nZVI mM X 0,1 0,3 0,5 0,7 0,9
C: Luong H.0, mM X3 0 2,5 5 7,5 10
D: Thaoi gian phut X4 0 10 20 30 40

2.4. Phuwong phap phéan tich
Nong d6 MNT trong dung dich dugc phan tich bang thiét bi sic ky 1ong hiéu ning cao HPLC
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(Agilent, USA, 1100 Series) v6i cot Hypersil C18 (200 x 4 mm), pha dong cua methanol va nu6e
65/35, &p suat 120 bar, pH ="7.

2.5. Phwong phap danh gia
Hiéu qua xir Iy dugc danh gia thong qua ndng 6 MNT trong mau thi nghiém.

— G100 (%) 1)
0

C
H% = =2

Cong thire tinh hiéu qua phan ng duoc thé hién trong phuong trinh (1). Trong d6: H 1a hiéu
qua xir 1y, Cova Ct1a nong d6 cia MNT tai thoi diém ban dau va thoi diém t, mg/L.

3. KET QUA VA THAO LUAN
3.1. M6 hinh quy hoach thuc nghiém
’Ké'tq qua thi nghiém dugc phén tich hoi quy va phuong trinh da thire bac hai dugc ph:?ln mém dé
xudt d¢ mo hinh hoa. Phén tich phuong sai (ANOVA) dugc thyc hién trén mo6 hinh d€ xuat. Gia
tri F ciia mo hinh 1a 5,72, gia tri P = 0,0009 cho thdy phwong trinh hoi quy c6 y nghia vé mit thong

ké va du doan anh hudng cua cac yéu té dén hidu qua xu Iy. M6 hinh bac hai duoc thé hién trong
phwong trinh (2). Trong d6: X1, Xz, X3, X4 14n luot 1a cac ky hiéu cho cac bién & bang 1.

%H = -73.57768 + 36.76448 X, + 166.62760 X, + 9.34946 X5 + 4.86111 X4 - 35.38437
Xi*¥Xs - 1.56625 X 1*X5 + 0.468688 X *X4 + 8.23625 Xo*X3 - 2.26094 X,*X4 - (2)
0.016625 X3*X4 - 6.816145 X% -59.49740 X,? - 0.615383 X5% - 0.088161 X2

3.2. Anh hwéng cia pH

Két qua khao sat trong hinh 2 cho thdy sau thoi gian phan tng 1a 30 phat, véi ndng do MNT
ban dau 1a 100 mg/L, hiéu qua xir Iy ting dan tir pH = 1 1én pH = 2 va sau d6 giam dan tai pH = 3,
4 va 5. Tai thoi diém 30 phat phan tng, c6 thé thay rd & pH = 2 thi hiéu qua xir Iy MNT dat cao
nhét 12 100%. Trong khi d6, hiéu qua xu 1y dat 90% tai pH = 3. Nghién ciru cia Nguyén Vin
Hoang va cong su cho thay hé Sono-Photo-Fenton dat hiéu quéa xir Iy TNT t6i da tai pH=2 - 3
[6]. Tai pH>3 dién ra su ling dong cua hydroxit sat, cac goc c6 hoat tinh quang hoc thdp nhu
Fe3*(OH)?*; Fe**(OH),** va Fes®*(OH)®* thuong chiém wu thé [7]. Trong khi d6, & mdi truong
pH<2.1, hinh thanh cac gbc oxonium ions (HzO2*) va ion [Fe(H20)e]** tir d6 1am giam do hoat
dong cua ion Fe?* va Hy0; [8, 9]. Theo nghién ctru cuia Zhu va cdng su, qua trinh hinh thanh
hydroxyl tu do tir cac bong bong tao thanh boi séng si€éu am bi anh huéng véi didu kién pH [10].
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Hinh 2. Anh hwéng ciia pH dén hiéu qud xir Hinh 3. Anh huong cia nong dg nZVI tai
ly MNT tai Chzvi= 0.5 mM, Cxz02 =5 mM. pH =3, Cu202 =5 mM, 20 phl]t pha"n d’ng.

3.3. Anh huéng cia ndng do nZVI1

Anh huong cia ndng do nZVI dén hiéu qua xir Iy MNT duoc nghién ciru & cac ndng d6 0,1 mM,
0,3 mM, 0,5 mM, 0,7 mM, 0,9 mM. Cac ket qua nhu trong hinh 3 tai moc thoi gian 20 phut cho
thay khi tang liéu lugng vat liéu nZV1 thi hiéu qua xir Iy MNT tang 1én. Cu thé, khi nong do nZVI
tang tir 0,1 mM Ién 0,5 mM, hiéu qua xtr 1y tang tir 75% 1én 85%. Tuy nhién hi¢u qua xu ly MNT
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giam khi tang néng d6 1én 0,9 mM. Theo Thomas va cdng s, yéu t6 han ché ung dung cua vét liéu
nano sit hoa tri 0 trong qua trinh Fenton-like 14 d¢ phan tan kém [5]. Trong qué trinh Sono-Photo-
Fenton-like, dudi tac dong cta si€u m, cac hat nano sat da duoc phan tan tot vao méi truong, tir d6
lam tang hiéu qua xir Iy [11]. Pong thoi, khi ting luong vat liéu s& 1am gia ting sy hinh thanh cac
bong béng cavitation trén bé mit vat liéu, tir d6 1am ting nf)ng d6 hydroxyl tu do [12]. Nong do
nZVI tang cling lam tang kha nang hap phu va phan mg trén bé mat vat lidu. Tuy nhién, hiéu qua
xu ly co the bi suy giam khi sir dung ndng d6 xuc tac cao hon do c6 thé dan dén sy phan mg cia
ion sat va gbc hydroxyl tao thanh trén bé mat vat liéu [13].

3.4. Anh hwéng ciia nong do H.0,

Thi nghiém nghién ctu khoang nong d6 H.0, thay doi tir 0 - 10 mM. Két qua tai hinh 4 cho
thay khi ting ndng do tir 2 d&én 7 mM thi hiéu qua xir [y MNT tang tir 72,5% dén 87,5%. Tuy nhién,
khi ndng do tiép tuc tang dén 10 mM thi hiéu qua xu Iy gidm con 81,7%. Khi tang lugng H2Oz,
H.0; bi phan hay béi UV lam tang sb lwong OH®. Tuy nhién, khi H,0, thira 6 thé 1am giam hiéu
qua phan tng do Hz20; hoat dong nhu mot chat loai bo gbc hydroxyl tu do (phwong trinh 3). Tir d6
lam giam sy san c6 cua cac goc hydroxyl dan dén viéc suy giam kha nang phan huy MNT [14].
Dong quan diém nay, theo Zang va cong su, ndng do H.0, cao 6 thé anh huong tiéu cyuc dén qué
trinh Fenton-like [15].

*OH + H,0, — HOO* + H,0O 3
3.5. Anh hwéng cia thoi gian phan ing
Két qua nghién cau tai hinh 5 cho thy, tai diéu kién pH = 3, nong do H,O. ban dau bang 5
mM, lugng vat liéu nano sat hoa tri 0 bang 0,5 mM, hiéu qua xur Iy MNT tang tir 61% lén 91,5%
khi tang thoi gian phan ng tir 10 phat [én 30 phat. Sau 30 phut, hi¢u qua xir Iy MNT téng nhung
khong dang ke.
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Hinh 4. Anh hwéng ciia nong do Ho02 tai diéu kién  Hinh 5, A7nﬁ hwong cua thoi gian phan
Chzvi = 0.5 mM, pH = 3, sau 20 phut phan ung. trng dén hiéu qua xu Iy MNT.

3.6. Anh hwéng ciia cac yéu t6 két hop

Tur hinh 6a ¢ thé thay rang, tai diéu kién Cozvi = 0,5 mM, 20 pht phan tng, hiéu qua xir ly
tang 1én khi tang nong d6 H,0, va giam d6 pH. Theo nghién cau caa Shafieiyoun va cong su, hiéu
Qué clia qua trinh Fenton tang 1én khi ting nong d6 H,0, ban dau va giam d¢ pH cua dung dich
ban dau [16]. Ngoai ra, mot s6 nghién ciru da chi ra anh huong cia pH dén nong d6 H20; t6i uu
cho qua trinh Fenton. Khi ¢ ndng d6 pH cao lam gia ting két tua trén bé mat vat liéu tir d6 lam
thay dbi ndng do H,0, téi uu [17]. Bong thoi, gia tri pH dong vai trd quan trong trong su 6n dinh
cua H20,. Vi vay, & mdi gié tri pH khac nhau s& c6 mot ndng do H20, toi wu [18].

Tir hinh 6b c6 thé thay higu qua xir Iy MNT tang 1én khi giam dong thoi do pH va ting nong
d6 nZVI. Tuy nhién, tai mdi gia trj pH thi hiéu qua xtr [y MNT s& dat tdi da tai mot ndng dé nZVI
nhit dinh. Hinh 6c cho thdy hiéu qua xu 1y ting 1én khi tang liéu lvong nZVI va H,O,. Xu huéng
gia ting hi¢u qua phan huy khi nong do nZVI va nong do H,O, ban dau ting 1én da dugc quan sat
thdy trong nghién ciru duoc thuc hién boi Devi va cong su [19].
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Hinh 6. Anh huong dén hiéu qua xir Iy MNT ciia nong dé nZvVI va pH (a),
ciia pH va nong do H,O; (b), ciia nong do nzVI va H>O; (C).
3.7. Pé xuit co ché phan hily MNT bing qué trinh Sono-Photo-Fenton két hep nZVI

CHy oy CHO cooH
NO; P, NH; Nty \
. €Oy H0,
CHy cHo COOH

O—0—0

Hinh 7. Co ché phén hity Mononitrololuen bang qud trinh Sono-Photo-Fenton két hop nZVI.

Qué trinh phan hay MNT dugc dé xuat theo hai co ché. Trong qua trinh dau tién, nhém nitro
bi chuyén thanh amin trong phan ng véi nZVI1. San pham ctia qué trinh dau tién 12 Amino Toluen.
Tiép do, dudi thc dung cua goc *OH, qua trinh oxi héa Fenton dién ra va hinh thanh axit 4-
aminbenzoic. C4c san pham phu ndy s& tiép tuc phan hiy dan thanh c4c san pham cubi cung 1a
nuéc va CO,. Mot qua trinh phan hiy khac duoc dé xuat 1a qué trinh loai bé nhdm nitro khoi vong
benzen (denitrification). Goc *OH gitip phén cit lién két gitta vong thom va nhom nitro tao thanh
toluen. Qué trinh oxy hda tiép tuc xay ra, tao thanh san pham 1a benzaldehyde. Sau d6, qua trinh
decarboxyl hoa tao axit benzoic din ra va cudi cung dugc khoang hoa sé tao ra cac san pham cudi
cung 1a nuéc va COs,...

4. KET LUAN

Nghién ctu anh huong cua pH, ndng d6 H20,, ndng dé nZVI, thoi gian phan ing cho thay hiéu
qua xir ly MNT bang phuong phap Sono-Photo-Fenton két hop vat liéu nZVI. Trong do, tai nong
d6 Count = 100 mg/L sau 30 phut phan ng véi diéu kién téi uu & méi truong pH = 2, nong do
H,0, ban dau bang 5 mM, nong d6 nZVI bang 0,5 mM dat hiéu qua xir [y 100%. Day 1a co s¢ dé
nhom nghién ctu tiép tuc nghién ciu téi wu quy trinh xir Iy nuéc thai chira thanh phan MNT va
nudc thai cbng nghiép néi chung.

_ Loicam on: Nhom tac gia cam on Phong Cong nghé méi truong/Vien Cong nghé mdi da tao diéu kién
vé co o' vdt chat phong thi nghiém cho nghién ciru nay.
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ABSTRACT

Study on the efficiency of mononitrotoluene treatment in agueous environments using the
Sono-Photo-Fenton process combined with zero-valent iron nanoparticle (nZV1) catalysts

The wastewater containing Mononitrotoluene (MNT) has adverse effects on human
health, living organisms, and the surrounding environment. In this study, the efficiency of
MNT treatment in water using the Sono-Photo-Fenton-like process combined with zero-
valent iron nanoparticles (nZVI) was evaluated. The effects of pH, H202 concentration,
nZVI concentration, and reaction time on the treatment efficiency were investigated using
experimental design through the Response Surface Methodology (RSM). The study results
showed that the treatment efficiency of MNT using the Sono-Photo-Fenton process
combined with nzZVI reached 100% under the conditions of pH = 2, initial MNT
concentration of 100 mg/L, nZVI concentration Cnzvi = 0.5 mM, Chzo2 = 5 MM and a
reaction time of 30 minutes.

Keywords: Mononitrotoluen; Sono-Photo-Fenton-like; nZVI; RSM.
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