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Abstract: In this study, the effectiveness of pH (1-5), hydrogen peroxide concentration (5-10 mM),
ion Fe?* concentration (0,1-0,5 mM), and reaction time on treatment of mononitrotoluen by
homogeneous Photo-Fenton process was evaluated. The response surface methodology (RSM) was
applied to design the experiment and determine the optimal treatment. The results indicated, at
optimized pH=3, C°%n7=100 mg/L, Cre2+= 0.4 mM, Ci202= 2.5 mM, the MNT treatment efficiency
reached 99.4% after 5 minutes.
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Tém tit: Trong nghién ciru ndy, nhom tac gia tién hanh thir nghiém anh huong cia cac yéu té pH
(1-5), nong d6 H,0; (0-5 mM), ndng d6 ion Fe?* (0,1-0,5 mM), thdi gian phan tng (0-10 phit) dén
hiéu qua xtr Iy Mononitrotoluen (MNT) trong méi trudng nude bang hé quang Fenton. Phuong phap
bé mat dap tmg (RSM) duoc st dung dé thiét ké thi nghiém va phan tich danh gia. Két qua cho thay,
tai pH =3, Co%nr =100 mg/L, Cre2+ = 0,4 MM, Chz02= 2,5 mM, hiéu qua xir Iy MNT dat 99,4% sau

5 phut phan ng.

Tw khoa: MNT, Quy hoach thyc nghiém, Quang Fenton.

1. M& dau

MNT la mét san phdm duoc tao ra trong quéa
trinh san xuat thuéc nd Trinitrotoluene (TNT),
ddng thoi dugc dung trong cdng nghé thudc
nhudm. Khi tiép xtc véi MNT c6 thé gay kich
g da va mit, gay viém nhiém va dau nhirc. Néu
hit phai hoac nuét phai lwong 16n MNT c6 thé
gdy ra tac dong doc hai dén hé théng than kinh,
gan va than [1].

Pi c6 mot s6 nghién ciu xir Iy MNT trong
mdi truong nuéc, bao géom phuong phap dién
hod [2], phuong phap chung cét giam &p suét [3],
phuong phap quang xuc tac [4], phuong phap
oxy hoa néang cao [5],... Hién nay, hudng nghién
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ctru dugc quan tdm la ap dung qua trinh oxy hoa
nang cao dé xir Iy nudc thai chira cac thanh phan
hitu co kho phan huy théng qua cac phan tng oxi
hoéa vé6i cac gbc hydroxyl ty do. Trong do, quéa
trinh Quang Fenton 1a su két hop gitta tia UV va
qua trinh Fenton (Fe?* va H,0,) da ching minh
hiéu qua xir 1y di voi cac hop chat hitu co
kho phan hay nhém nitrotoluen va nhém
phenol nhu TNT [6], Dinitrotoluen (DNT) [7],
Diazodinitrophenol (DDNP) [8]. Ngoai ra, qua
trinh Quang Fenton ciing di duoc &p dung dé xur
Iy nudce thai vang tinh axit phat sinh tur day
truyén san xuat TNT [9]. Két qua cho thay hiéu
qua xur Iy TNT dat gan 100% sau 120 pht xur ly.
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Uu diém cua phuong phap 1a qua trinh xir ly
dién ra nhanh, dat hiéu qua cao, giam su hinh
thanh bun thai sau xu ly, c6 thé d& dang ket hop
Vi cac phuong phap khac. Mot s6 yéu t6 anh
huong dén hiéu qua xur Iy nude thai cua quang
Fenton nhu nong d6 chét 6 nhiém dau vao, nong
do ion Fe?*, nong do H.O,, thoi gian phan ung,
d6 pH dung dich,...

Trén co s& cac nghién ctu da thuc hién,
nhom tac gia tién hanh danh gia hiéu qua xtr ly
MNT trong mdi trudng nudc bing hé Quang
Fenton. Trong do, anh hlmng cua mot sb yéu té
bao gom pH (1-5), nong d6 H20, (0-5 mM),
nong do ion Fez+(0 1-0,5 mM) thoi gian phan
g (0-10 phat) dén hiéu suat xt Iy MNT trong
mdi truong nude dugce nghién ciru danh gia bang
phwong phap bé mat dap wng. Phuong phap bé
mat dap tng (Response Surface Methodology -
RSM) 1a mot tap hop cac ky thuat thong ké va
toan hoc dugc str dung dé xay dung mé hinh va
phan tich cac vn dé ma két qua bi anh hudng
boi nhiéu bién dau vao (bién doc lap). Phuong
phap nay gitp t6i wu hoa cac qua trinh hodc h¢
thong bang cach tim ra cac diéu kién hoat dong
t6i wu cho ddu ra mong muén. Nhoém nghién ciru
da su dung ‘phuong phap bé mit dap ing (RSM)
v6i thiét ké t6 hop trung tim (CCD) dé nghién
clru va xay dung cac quy 1uat thyc nghiém véi 4
yéu t6: pH, ndng d6 Fe*, ndng do H20:, va thoi
gian phan ung. Phuong phap nay cho phép xac
dinh cac mbi quan hé giita cac yéu t6 anh huong
va tdi wu hoa cac diéu kién thi nghiém dé dat
dugc hiéu qua xtr 1y t6t nhat.

2. Phuwong phap nghién ciru
2.1. Hoa chat va thiét bj

2.1.1. Thiét bi

- Can phan tich PA214, Ohaus (USA), d6
chinh xé&c + 0,0001 g.

- May do pH Handyslab 680.

- May khuay tir gia nhiét 03403-15, Cole-
Parmer Instrument Company

- Pén UV cong suit 15 W, budc séng 254 nm.

- Hé thdng thiét bi sac ky long hiéu ning cao
(HPLC) Model HP 1100, sir dung detector chudi
(DAD) do hang Agilent (M) san xuat, dat tai
phong Céng nghé Mai truong, Vién Céng nghé
Mai, Vién Khoa hoc va Cong nghé Quén su.

2.1.2. Hoa chat

- 4-Mononitrotoluen loai tinh thé do sach
phén tich (Xilong Scientific);

- Hydro peroxide (H202) c6 d6 sach phan
tich, nong d6 30% (P.a- Merck);

- Ferrous sulfate heptahydrate (FeSO4.7H,0)
(P.a- Merck);

- Cac dung moi c6 do sach dung cho phéan
tich HPLC (axetonitryl, etanol, metanol, hexan)
(Merck).

2.1.3. M6 hinh thuc nghiém

Nudce thai
sau lao
moi
truong a R

Nudce thai
sau xirly
3

Hinh 1. M6 hinh thi nghiém hé UV-Fenton
Ghi chd: 1-bén UV, 2- 6ng thach anh,
3- dau phan phoi khi.

MO hinh thi nghiém nghién ctru hiéu qua cta
hé UV-Fenton dugc mé ta trong Hinh 1, dugc
thiét ké dwa trén tham khao thiét ké trong nghién
ctru. Binh phan tmg dung tich 1,0 lit dugc ché
tao tir vat liéu Inox 304 day 1 mm. O day binh
dugc lap dat phan phdi khong khi toc do 1
lit/phiit. O trong binh, tai vi tri chinh giita c6 01
dén UV budc song 254 nm, cong suat 15 W. Hé
théng c6 tich hop kiém soat duoc nhiét do va
theo ddi pH thay ddi trong qua trinh phan tng.

2.2. Xay dung mo hinh thuc nghiém RSM-CCD

Thi nghiém duoc tién hanh trong cung diéu
kién doi voi 1 lit nuwée chira MNT nong do
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100 mg/L, dén UV cong suat 15 W, nhiét do
dung dich trong khoang 30 = 1 °C.

Str dung phwong phap bé mit dap tmg
(RSM) véi thiét ké t6 hop trung tam (CCD) dé
nghién clou, xay dung cac quy ludt thuc
nghiém véi 4 yéu t6. Dya trén phian mém Design

69

Expert 13, nhém nghién ctru xay dung quy hoach
thuc nghiém dua trén 4 thong s véi pham vi
thay do6i va cac thir nghiém dugc thiét ké duoc
liét ké trong Bang 1. Tong cong cb 30 thir
nghiém da duoc thiét ké va tién hanh.

Bang 1. Cac yéu t dé thiét ké thi nghiém

Bién Ponvi | Kyhigu —— ] M(;IC i 5
A: pH - X1 1 2 3 4 5
B: Fe?* mM X2 0,1 0,2 0,3 0,4 0,5
C: H.0z mM X3 0 1,25 2,5 3,75 5
D: Thoi gian phut X 0 2,5 5 10 20
2.3. Xdiy dung dwong chuin xdc dinh Co— C;
Mononitrotoluen bang phwong phdp sdc ky long H% = x 100 (%) (1)

hiéu nang cao

Nong do MNT trong dung dich dwoc phan
tich bang thiét bi sic ky long hiéu ning cao
HPLC (Agilent, USA, 1100 Series) voi cot
Hypersil C18 (200 x 4 mm), pha dong cua
acetonitrile va nudc 65/35, ap sudt 280 bar,
pH=7.

2.4. Phwrong phap nghién ciru

Hiéu sudt xir Iy MNT ctia hé Quang Fenton
duoc tinh toan theo cong thur:

0
_ Trong d6: H 1a hiéu suét xur 1y, Co va C: la
nong do cua MNT tai thoi diém ban dau va thoi
diém t, mg/L.

3. Két qua nghién ciru va thio luin
3.1. M6 hinh quy hogch thuc nghi¢m

Két qua cua quy hoach thuc nghiém cua céc
thi nghiém nghién ciu hiéu qua xu ly MNT trong
mdi trudng nuéc bang hé Sono-Photo-Fenton
duoc trinh bay trong Béang 2.

Bang 2. Két qua thi nghiém hiéu qua xir Iy MNT

Thiét ké ma tran , .
———— Hiéu suat
STT Céc yeu to (H)
A: pH B: Fe** C:H,0, | D: Thoi gian
- mM mM phat %
1 4,00 0,40 3,75 7,50 88,60
2 3,00 0,30 2,5 10,00 100,00
3 2,00 0,40 3,75 2,50 37,50
4 4,00 0,20 3,75 7,50 48,39
5 2,00 0,40 3,75 7,50 49,74
6 3,00 0,30 2,50 5,00 94,10
7 5,00 0,30 25 5,00 34,05
8 4,00 0,20 3,75 2,50 27,45
9 4,00 0,20 1,25 7,50 50,21
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10 2,00 0,40 1,25 7,50 56,21
11 2,00 0,20 3,75 7,50 40,64
12 4,00 0,40 1,25 7,50 58,60
13 4,00 0,20 1,25 2,50 32,27
14 3,00 0,30 2,50 5,00 94,80
15 3,00 0,30 2,50 0,00 0,00
16 3,00 0,10 2,50 5,00 64,74
17 3,00 0,30 2,50 5,00 93,2
18 3,00 0,30 2,50 5,00 95,60
19 2,00 0,20 1,25 2,50 29,47
20 4,00 0,40 3,75 2,50 53,61
21 2,00 0,20 1,25 7,50 36,77
22 2,00 0,20 3,75 2,50 27,99
23 3,00 0,30 2,50 5,00 93,70
24 1,00 0,30 2,50 5,00 10,69
25 2,00 0,40 1,25 2,50 55,81
26 4,00 0,40 1,25 2,50 48,05
27 3,00 0,50 2,50 5,00 96,93
28 3,00 0,30 0,00 5,00 3,40
29 3,00 0,30 2,50 5,00 95,70
30 3,00 0,30 5,00 5,00 99,52
Sau khi tién hanh hét tat ca céc thi nghiem, c6 thé du doan anh huong cua cac yéu to dén
phan tich hoi quy duoc thuc hién trén di licu v@ hiéu qua xtr ly MNT. Hinh 2-4 m6 ta anh hudng
phuong trinh da thirc bac hai dugc phan mém dé cua céc yéu to dén hiéu qua xtr ly.

Xuat dé mé hinh hoa quy trinh. Phén tich phuong
sai (ANOVA) duoc thuc hién trén md hinh dé
xuat, voi gia tri P nho hon 0,05 cho thay mé hinh
¢6 ¥ nghia va 16n hon 0,10 cho thdy mé hinh 100
khong c6 y nghia va bi bo qua. 7 80
M®& hinh bac hai dugc da dugc hién thi trong
biéu thuc 2.
%H = -222,54+100,25 X1+ 277,94
Xo + 29,24 X3 + 18,3 X4 +
16,34 X1*X, + 2,56 X1*X3 +
1,29 Xi*Xs + 7,51 Xo*X3 —  (2)
0,16 Xz*Xs + 0,89 X5*X4 - o
18,84 X1 — 422,61 X2 —7.40
X32 1,9 X4?

Trong d6: X1, Xz, X3, X4 1an luot 1a cac ky
hiéu cho cac bién ¢ Bang 2.
Gia tri F caamd hinh la 4,71 va gia tri P = Hinh 2. Biéu d6 anh hudng ctua pH va nong do ion

0,0025 cho thiay m hinh c6 ¥ nghia thong ké va Fe?* dén hiéu qua xr Iy MNT (Crzoz = 3,75 mM,
thoi gian phan tng 5 phat).

H (%)
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C: CH202Z (mM) 125 15

Hinh 3. Biéu d6 anh huong cia pH va ndng do H,0;
dén hiéu qua xur Iy MNT (Cre2+ = 0,3 mM,
thoi gian phan tng 5 phat).

H (%)
N

+ (mM)

C: CH202 {mM) 0 01

Hinh 4. Biéu db anh huong cua ndng do ion Fe?* va
nong d6 HoO, dén hiéu qua xir ly MNT (pH=3, thoi
gian phan ung 5 phat).

3.2. Anh huong ciia pH

Két qua khao sat anh huong pH duoc biéu thi
trong Hinh 5. Tir két qua cho thay, tai pH=1, hiéu
qua xir Iy MNT chi dat 9,11%, khi tang pH tir 2
dén 3 thi hiéu qua xtr Iy MNT ting lén dang ké
dat 80,68% va 94,54% tuong ung. Tai pH=4 va

pH = 5 thi hiéu qua xu ly giam di dang ké, chi
dat 80,66% va 29,12% tai thoi diém 5 phuit.
Trong nghién cau xir Iy TNT bang qua trinh
Quang-Fenton caa Nguyén Van Hudng va cong
su [7], hiéu qua xir Iy TNT dat tdi da tai pH=3.
Theo tac gia, tai pH pH < 2, cac gbc tu do
hydroxyl cé thé bj tiéu thu bai chinh ion H*:
H.0; + H" — H30," (3)
OH +H"+e — H0 (@)
Trong khi do, tai pH > 4, hydro peoxit bi
phan huy khé nhanh va day 1a 1y do chinh dan téi
giam hiéu suat cua qua trinh xir ly.

100+

1,0 20 30 40 5.0
A pH ()

Hinh 5. Biéu db anh huong cua pH dén hiéu qua xuir
|y MNT (CFe2+ =0,3 mM, Ch202 = 2,5 mM, thoi
gian phan ung 5 phut).

3.3. Anh huong cia nong dg ion Fe?*

”

100

90+

ﬁao-‘
= =

70+

L3 L] T
0.1 02 03 04 0.5
B: Cfe2+ (mM)

Hinh 6. Biéu d6 anh huéng ctia nong do ion Fe?*
dén hi¢u qua xir Iy MNT (pH=3, Ch202 = 2,5 mM,
thoi gian phan tng 5 phut).
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Két qua nghién ctu anh huong cia nong do
ion Fe?* d@én hiéu suat phan huy MNT dugc trinh
bay tai Hinh 6.

Khi ting nong d6 ion Fe?* tir 0,1 dén 0,4
mM, hiéu qua xtr Iy MNT ting dang ké tur
59,33% lén 99,42%. Tuy nhién khi ting nong
d6 ion Fe?*1én 0,5 mM thi hiéu qua xu ly giam
xudng 95,88%.

Khi ting néng do ion Fe?* s& lam ting
cudng qua trinh san sinh géc hydroxyl ty do.
T d6 lam gia tang hiéu qua xi ly MNT
trong nudc.

Fe?* + H,0, — Fe® + HO*+OH  (5)

Tuy nhién, khi ting néng d6 ion Fe?* ciing
lam tang cuong do duc cia dung dich, tir 46 anh
hudéng dén su phat quang cia dén UV va lam
giam hiéu qua xi ly [7]. Pong thoi, ion Fe?* phan
ng tryc tiép vai goc hydroxyl tu do 1am giam
nong do trong dung dich.

Fe** + HO® — Fe™ + OH (6)

3.4. Anh huong cia nong dg H,0,

'

1004

904

804

H (%)

704

T T T T Y
1.0 2,0 30 4.0 5.0
C: CH202 (mM)

Hinh 7. Biéu d6 anh huéng ctia nong d6 H,0, dén
hiéu qua xir Iy MNT (Crez+ = 0,4 mM, pH=3, thoi
gian phan ung 5 phat).

Nong do H,0, la mét trong nhiing théng s6
anh huong manh dén céc phan tng Fenton va
viéc bd sung hydro peroxide (H,0;) thudng lam
tang toc do oxy hda hoa hoc [10]. Hinh 7 cho
thiy anh huong ciia nong do H,0, & cac nong do
1 mM -5 mM. Hiéu qua xtr Iy MNT tang 1én khi

tang nong d6 H,Oz tir 1 mM 1én 2,5 mM. Hiéu
qua xtr ly MNT tai nong d6 2,5 mM va 3 mM
khong khéac biét dang ké. Tuy nhién sau d6
giam dan khi ting nong d6 H,0, ting tir 3 mM
dén 5 mM.

Trong nghién ciu xa ly TNT bang Quang
Fenton, higu qua xt 1y TNT ting 1én khi néng do
H.0, tang tir 15 mM 1én 35 mM [6]. Theo tac
gia, khi ting nong do H20; (ti 18 Cha02/Crez+
tang), s goc "OH ty do tao ra nhiéu hon. Tuy
nhién, khi nong d6 H.0, qua cao dan dén luong
H,0, du tac dung vai cac goc “OH lam giam cac
tac nhan phan tng:

H,0;+ ‘OH — HO7;" + H,0 7

HO," + *OH — H,0 + O; ®)

Ngoai ra, khi nong d6 H.0, qua cao con cé
kha niang oxi hoa Fe?* thanh Fe3* tir d6 1am giam
hiéu qua xu ly:

Fe?"+ H,0, - Fe**+ OH™ + HO,"

3.5. Anh hweng cua thoi gian phan ing

Thai gian phan ¢ng 1a mot trong nhirng yéu
t5 quan trong quyét dinh hiéu qua phan huy
MNT. Két qua khao sat sy anh hudng thoi gian
phan tng dén hiéu suat phan hay MNT duoc
trinh bay trong Hinh 8.

100

904

80

H (%)

704

60

T T L] T 1 )

2,5 35 45 55 6,5 7.5
Thaéi gian

Hinh 8. Biéu d6 anh huéng ctia thoi gian dén hiéu
qué XU |y MNT (CFe2+ = 0,3 mM, Ch202 = 2,5 MM,
pH=3, thoi gian phan tng 5 phut).

Két qua nghién ctu cho thay, tai diéu kién
pH=3, nong d6 H,O, ban dau bang 2,5 mM,



N. V. Huong et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 40, No. 1S (2024) 66-73 73

lugng ion Fe* bang 0,3 mM, hiéu qua xu ly
MNT dat 94.8% khi tang thoi gian phan Gng tu
2,5 phat 1én 5 phat. Sau 5 phat, hiéu qua xu ly
MNT ting nhung khong dang ké.

4. Két ludn

Cac thi nghiém nghién ctu anh huong cua
pH, nong d6 H,02, nong do Fe?*, thoi gian cho
thay hiéu suat xir Iy MNT trong qua UV-Fenton
Vi ndng d6 Cownt = 100 mg/L dat 99,8 % sau 5
phat phan tng voi diéu kién téi vu & méi trudng
pH = 3, néng do H,0, ban dau b?mg 2,5 mM,
luong ion Fe?* bang 0,4 mM. Pay la co so dé
nhom nghién ciu tiép tuc nghién ciru téi wu quy
trinh xur Iy MNT trong nudc thai cong nghiép.
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