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TOM TAT
Nghién ciru nay tdp trung vao viéc nghién ciru cac yéu t6 anh hwong dén quda trinh xir [y TNT

trong nudc bang h¢ UV-Fenton. Cac anh huong boi thoi gian phan vmg (0-120 phit), do pH,
buoc song d,én uv, ti Ié mol H202/F92+, néng do chat ban dau den hiéu suat xu ly TNT duoc
danh gia. Ket qua nghién citu cho thay tai diéu kién Cott = 49,58 mg/L, ti 1é mol H,O,/ Fe?" =
20, pH =3, 1 = 254 nm, hié¢u sudt xir ly TNT dat 98,9 % sau thoi gian phan wrng 60 phut..
Tir khéa: TNT; UV- fenton; H,0,/Fe?*; Budc song; H,0,.

1. MO PAU

Hang nam, cac co s& san xuat thudc phong, thuée nd qudc phong phat sinh mot lugng nude
thai TNT véi trit lwong kha 16n. Loai nude thai nay thuong chira cac thanh phan co tinh doc cao
v6i moi trudng va rat kho bi phan hay. Do dé, cong nghé khir doc cho ngudn nudce bi nhidém céac
hop chit nay 14 van dé ludn dugc quan tim nghién ctru. Bé xtr Iy TNT trong nudc thai di co
nhiéu céng trinh nghién ctru va ap dung. Cac phuong phap di duoc nghién ctru va ap dung xur ly
nhu phuong phap oxi hoa nang cao (fenton, UV fenton) [1], phuong phép dién hda; phuong phap
ozon hoa; phuong phap sir dung thuc vat [5], phuong phap hép phu [2-4, 6]; phuong phap ndi
dién phén, phuong phap mang sinh hoc [7]. Hién nay, dé xir Iy nudc thai tir ddy chuyén san xuat
TNT céc nha may quoc phong dang sir dung phap phap hap phu bang than hoat tinh, han ché cuia
gidi phap nay la phai s dung vat liéu hép phu ¢6 céu triic x0p phu hop thuong dat tién va khong
c6 sén trén thi truong; qua trinh xtr Iy nudc thai sé tao ra chat thai rin nguy hai (thi dy, than hoat
tinh da sir dung bi nhiém thudc nd) va chit thai nay can phai dugc tiép tuc xir Iy bang giai phap
cong nghé riéng (chi yéu 1a phuong phap dbt). Phuong phap hap phu con gip kho khan khi ap
dung cho déi tuong 1a nudc thai co chira déng thoi ca TNT, NH4sNO;3;, NaNO;, NaNO, cua mot
s6 day chuyén san xuit thude nd cong nghiép trén nén amoni nitrat [2, 3].

Qua trinh oxi hoa quang xuc tac la mot cong nghé méi duoc phat trién. Burc xa UV dugce sur
dung 1am ngudn ning luong dung dé kich thich viéc tao ra cac cip electron — 15 tréng quang
sinh. Hai tdc nhan nay rat linh dong, ching co thé tham gia voi nudc va oxy trong khong khi dé
tao ra cac gbc ty do "OH va O,". Céac gbc tu do nay phan tmg voi nhiéu chét hitu co (RH) tao
thanh gdc hiru co c¢6 kha ning phan mg cao, cac san pham nay tiép tuc tham gia cac phan mg
thir cap tao thanh CO,, H,0, N, va gbc NO3 [8, 9]. Vi vay, phuong phép nay tao ra cac chat oxi hoa
manh, dit ra tién d& cho viéc xir Iy’ cac chat 6 nhidm khé phan huy.

Bai bdo nay gidi thiéu két qua nghién ctru anh hudng cua cac yéu td nhu ti 16 mol H,0,/Fe*,
pH, nhiét 4o, budc song dén UV, néng dd chat ban dau dén hiéu sut xur ly TNT trong moi
truong nudc.

2. NOI DUNG CAN GIAI QUYET
2.1. Chuén bi thye nghiém
2.1.1. Thiét bi
- Can phan tich PA214, Ohaus (USA), d¢ chinh xac + 0,0001 g;
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- May do pH dé ban HI 2211, Hanna instrument;

- May khudy tir gia nhiét 03403-15, Cole-Parmer Instrument Company:;

- Ong thach anh, dén UV, thiét b suc khi;

- Hé théng thiét bi sic ky long hiéu' nang cao (HPLC) Model HP 1100, st dung detector chudi
(DAD) do hang Agilent (My) san xuat, dat tai phong Cong ngh¢ Mdi trudng, Vién Cong nghe
Moi, Vién Khoa hoc va Cong nghé quan suy.

2.1.2. Hoa chat

- 2,4.6 trinitrotoluen (TNT) loai tinh thé d6 sach phan tich (P.a- Merck);

- H,0, c6 d6 sach phén tich, n@)ng d6 30 % (P.a- Merck);

- FeSQO,4.7H,0 (P.a- Merck);

- Cac dung moi c6 do sach dung cho phén tich HPLC (axetonitryl, etanol, metanol, hexan) (Merk).
2.1.3. M6 hinh thuc nghiém

U 1. Ngudn dién

\ 2. Binh thiy tinh
3. May suc khi
4, Ong thachanh
5. benUV

oo 6. Nhigt k¢
B [ 7. sspsg pH

Hinh 1. M6 hinh thiét bi thuc nghiém hé TNT/UV-Fenton.

Cac phan ung oxi hoa nang cao dugc tién hanh trong mé hinh thi nghiém theo me, dugc trinh
bay trong hinh 1. H¢ phdn mg gom binh thuy tinh (2) c6 dung tich 1 lit dung d€ thuc hi¢n phéan
ng, c6 the kiém soat dugc nhiét d6 va theo doi pH thay doi trong qua trinh phan tmg. Binh chira
dung dich phan tng (2) dugc d€ ho d€ bao hoa oxi khong khi. Bén UV cong suat 15 W, bude
song 185, 254 va 313 nm nam gitra cot phan tng phan cach bang ong thach anh bao quanh den.
Qua trinh thi nghiém tién hanh suc khi dam bao tdng qua trinh oxi héa nhd may suc khi (3).

2.2. Phwong phap chuén bi miu

Cac thi nghiém nghién ctru anh hudng cua ti 1¢ H,0,/Fe?* d&n kha ning phan hiy TNT béing
hé UV-Fenton dugc tién hanh & cung diéu kién Coryr = 49,58 mg/L, pH= 3, Creps = 1.75x10°M,
A =254 nm, thay dbi ti 16 H,O,/ Fe** lan lugt bang 5; 10; 15; 20, 25.

Céc thi nghiém nghién ctru anh huéng ctia pH dén kha ning phan hiy TNT/UV-Fenton dugc
tién hanh ¢ cing diéu kién Coyr = 49,58 mg/L, Crep+ = 1.75x10°M, 2 = 254 nm, ti 1¢ H,0,/Fe**
= 20, thay d6i pH lan lugt bang 2; 3; 5.

Cac thi nghiém nghién ctru anh hudng cua bude song dén kha ning phan hiy TNT/UV-
Fenton dugc tien hanh Q cung dicu kjén COTNT =49,58 mg/L, pH = 3, Crep+ = 8.75X10'4M, tilé
H,0,/ Fe*" = 20, thay d6i budc song lan Iugt bang 185; 254; 313 nm.

Céc thi nghiém nghién ctru anh huéng ciia ndng d6 ban dau dén kha ning phan hay TNT/UV-
Fenton dugc tién hanh & cing diéu kién pH = 3, A= 254 nm, Crep. = 1.75x10°M, ti 1¢ H,Oo/Fe®"
=20, thay d6i nong do6 TNT vai cac gia tri 25 mg/L; 49,58 mg/L; 74,59 mg/L; 104,42 mg/L.
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2.3. Xay dung dwong chuin xac dinh TNT bang phwong phap HPLC

Néng do TNT trong nudc duge duge xac dinh bang cach xay dung duong Chuéfl ngoai voi
thiét bi HPLC,qlﬁy tin hiéy do A =227 nm, ‘th(‘)ri gian luu 5,0 -5,2 phut. Buong chuan duoc lap
bang cach chuan bi 05 mau dung dich~ c6 nong do tuong Umg le‘} 2 mg/L; 5 mg/L; 10 mg/L; 25
mg/L va 50 mg/L. Tién hanh phan tich mau, thu nhan pho va gia tri nong d¢ TNT trong dung dich.

Cach tién hanh:

’+ VSau khi dat xong cac thong s6 can thiét, tién hanh rira bom, rira cot, chay dudng nén va ap
suat on dinh 30 + 45 phat.

+ Loc mau trude khi do bang micro filter 2-3 1an, luong mau tbi thiéu dat 0,5 ml.

+ Dung Micropipet lay 5 pul dung dich phén tich dua vao budng mau. May s& tu dong ghi cac
thong s6: Thoi gian luu (RT), chiéu cao pic va tinh dién tich ciing nhu thanh phan phan trim (%)
clia ting cau tir trong hdn hop.

+ Sau khi do xong mau dé thiét bi chay duong nén 10 phit truée khi bom mau tiép theo.
Puodng chuén trén thiét bi HPLC dung dé dinh lwong TNT thu dugc nhu sau:
- D6i v6i TNT:
y = (60,939 £ 0,015) x X, KTT: 0,5-100 mg/L;
LODmwr = 0,5 mg/L, LOQmr = 1,5 mg/L
Trong do: y la dién tich pic (don vi dién tich); X la néng d6 (mg/L)

Area J THT at exp. RT: 3.207
EDUGAE DAD]1 B, Sig=227,1lt Ref=360,100
3 1 Correlation: 0.99886
2500—: Residual Std. Dew.: 82.96719
] Formala: ¥ = mx
2000 3 m: 6l .93893
] 5 x: Amount [mg/l]
1500 3 ¥: Area
1000 -] 3
3 4 =+
SUG—: 5
o T T T T T T T
Ju] 20 40
Amountfmgi]

Hinh 2. D6 thi ngoqi chudn xdc dinh TNT.

Diéu ki¢n do HPLC cho TNT:

+ Cot Zobrax Hypersil C1g (200 X 4 mm);

+ Ty 1€ pha dong H,0 : Acetonitryl = 25: 75 (V/V);

+ Téc do dong: 0,8 ml/phit;

+ Ap sut: 80 bar;

+ Thoi gian do mau: 10 phiit/mau.
2.4. Phuong phap nghién ctru

pé xéac dinh ndng do ctia TNT trong thi nghiém dung phuong phap do HPLC. Cong thirc tinh
hiéu suat phan ing nhu sau [1, 4]:

Co —

C
H% = £ x 100 (%) (1)

0
Trong do: H 1a hiu sudt xir 1y; C, va C; 12 ndng do ctia TNT tai thoi diém ban dau va thoi
diém t, mg/L.
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3. KET QUA VA THAO LUAN
3.1. Nghién ctru anh hwéng ciia ndng d9 TNT ban dau
Nghién ctru dugc tién hanh véi cac dung dich TNT c6 ndng d thay doi tir 25 mg/L dén

10f1,42 mMg/L, Ci202/Creo+ = 20, pH = 3, T = 30°C, A= 254 nm, thdi gian phéan (mg 120 phut duoc
thé hién tai hinh 3.
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Hinh 3. Anh hwéng ciia nong dg TNT ban dau dén hiéu sudt phan hity TNT
trong h¢ UV-Fenton.

Hinh 3 cho thdy tai ndng d6 25,0 mg/L, TNT bj phan hty nhanh nhét va can it thoi gian nhat.
Khi ting din ndng d6 TNT lén thi hiéu suit va tbc d6 phan hiy ciing giam theo. Tai nong do
Cmnr = 104,42 mg/L, & 30 phut dau, hiéu suat phan huy TNT dat 77,5%, trong khi TNT phan
huy 99,4% voi ndong d6 ban dau 1 25,0 mg/L.

3.2. Nghién ctru anh hwéng cia ti 18 H,O,/Fe** dén hi¢u sut phan hiy TNT

Két qua nghién ciru anh hudng cua ti 18 H,O,/ Fe** dén hiéu suit phan huy TNT dugc trinh
bay tai hinh 4.
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Hinh 4. Anh huéng ciia ti 1é H,O.IFe™ dén hiéu sudt phan hity TNT
trong h¢ UV-Fenton.
Két qua khao sat tai hinh 3 cho thiy khi giir nguyén ndng d6 Fe”, tang ndng d6 H,0, tir 1,5x10°
M 1&n 3,5x10M (Ti 1& Ciizo2/Crez+ = 20) thi hiéu suét ctia qué trinh phan hay TNT ciing ting theo.
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Khi tlep tuc tang nong do cua H202 Ién 4 375x10°M (ti 1€ Ci202/Crep+ = 25) nhan thay hiéu suét xir
Iy TNT thay dodi khong dang ké so véi nong d6 H,0, = 3,5x10M (ti 1& Cip02/Creps = 20).

Tu két qua khao sat trén cho thay, ti 1€ ctia Co02/Crep+ = 20 va 25 thi hiéu suét va tdc d6 phan
huy ctia TNT dat gié tri cao hon con lai va tuong duong nhau. Pac biét sau 60 phut phan tng thi
hiéu suit bang nhau.

Vian tdc phan ing TNT ting khi ndng do H,O, ting c6 thé giai thich nhu sau: Khi ting nong
d6 H,0, (ti 18 Chipoa/Creo+ tang), s6 gbe *OH tu do tao ra nhiéu hon. Tuy nhién, khi ndng do H,0,
quéa cao dan dén luong H,0, du tac dung véi cac gbe *OH lam giam cac tac nhan phan tng:

H202+ ‘OH > HOZ' + Hzo (2)
HOZ' +°'0OH > Hzo + Og (3)

Phuong trinh phan img ctia qué trinh Fenton va UV Fenton dién ra nhu sau:
Fe’* + H,0, > Fe** + 'OH + OH’ 4
Fe* + H,0 > [Fe*'(OH) 1" + H' (5)
[Fe**(OH)]** + hv > Fe** + "OH (6)

Téng hop hai phuong trinh trén s& dugc:

Fe** + H,0 + hv > Fe** + H + 'OH @)

Phan (mg nay 14 phan tng dic trung ciia qua trinh quang Fenton. Tiép theo sau phan tmg s& 1a
phén tng Fenton thong thuong (phuong trinh 4). Do d6, nho tac dung blrc xa cua UV, ion sat
dugc chuyén hoa tir trang thai Fe®* sang Fe®* va sau d6 nguoc lai, Fe?* sang Fe®* bang qua trinh
Fenton thong thu(mg tao thanh mot chu ky khong dung.

Chinh cac gdc tu do ‘OH nay phan tng voi nhiéu chit hitu co (RH) tao thanh gbc hitu co co
kha nang phan img cao, cac san pham nay tiép tuc tham gia cac phan tng thir cap tao thanh CO,,
H,0, N, va goc NOs [5].

Tir két qua thu dugc, ta thiy tai ti 18 Criz02/Crep+ = 20 va ti 1¢ Cha02/Crez+ = 25 thi higu suét
phan huy TNT khong chénh 1énh nhiéu. Néu ap dung ti 16 Ch202/Cre2+ = 25 mac du trong giai
doan dau hiéu suét phan tng cao hon 2,5% & thoi diém 30 phut nhung lugng H,O; sir dung la
16n hon, dan dén viéc con du H,0, trong dung dich 1am giam céc tdc nhan phan tng. Vi vay, ta
Iira chon ti 16 mol Cyoa/Crea+ = 20 13 t6i wu dé thyc hién céc thi nghiém tiép theo.

3.3. Nghién ctru anh hwéng ciia pH dung dich dén hi¢u suit phan hiy TNT
Két qua nghién ciru anh huong cua pH dung dich dén hiéu suit phan hiy TNT dugc thé hién
tai hinh 5.
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Hinh 5. Anh hwéng ciia pH dén hiéu sudt phdan hity TNT trong hé UV-Fenton.
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Két qua khao st cho thiy ¢ diéu kién pH = 3 toc do phan huy hop chat TNT dién ra nhanh va
hi¢u suat xur ly dat 98,9% tai thoi diém 60 phut véi nong d6 TNT = 49,58 mg/L. Voi pH =2 va
pH = 5 thi toc d6 phan tng cham hon, hiéu suat phan tng chi dat 82,6% va 72,6% tai thoi diém
60 phat.

Do chuyén hoa TNT tang trong moi truong axit (pH = 3) co thé giai thich nhu sau: O, trong
nude s& nhan e tir bé mat Fe* tao thanh Oy 5, Op" lai ti€p tuc tac dung vdi H'va le tré thanh
H,0,, Hz0, giam 1e sinh ra OH". Chinh cac goc tu do *OH nay phan tmg v6i TNT tao thanh gbe
hiru co ¢6 kha nang phan ng cao, cac san pham nay tiép tuc tham gia cac phan ng thi clp tao
thanh CO,, H,0, N, va gbc NO5. pH thip (pH < 2), cac gbc tu do hydroxyl cé thé bi tiéu thu boi
chinhion H™:

H,0, + H" — H30," (8
OH +H"+e — H,0 9)
pH > 4, hydro peoxit bi phan hiy kha nhanh va déy 1a Iy do chinh dan téi giam hiéu suat cua
qua trinh x1r ly.
3.4. Nghién ciru anh huéng ciia buwée séng UV dén hi¢u suit phan hily TNT

Két qua nghién ctru anh hudng cua bude song UV dén hiéu sudt phan hity TNT duogc trinh
bay tai hinh 6.
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Thoi gian
Hinh 6. Anh hwéng ciia buéc séng dén hiéu sudt phian hity TNT trong hé UV-Fenton.

Sau 60 phut, higu suét phan hiy TNT & A = 185 nm 14 46,5.41%, 6 A = 254 nm la 98,9 %, &
budc séong A = 313 nm 1a 53,5% voi nong d6 TNT ban dau bang 49,58 mg/L. Két qua trén cho
thiy, hiéu suat xir Iy TNT dat gia tri cao nhét tai budc song A = 254 nm.

Khi st dung dén UV budc song 254 nm hiéu qua xir Iy TNT dat higu sudt cao nhét ¢ thé giai
thich nhu sau: V6i den UV cong suat 15W thi hi€u qua xur 1y mau rat hi¢u qua trong thoi gian xu ly
10 phut khi thir nghiém trong hé phan tng & ap suat thap va ap suat trung binh. Thong thuong,
trong phan Gmg UV-Fenton, thi hi¢u qua xur 1y tang theo thoi gian. Nguyén nhan la do thoi gian
tiép xtic voi UV cang kéo dai thi lugng ion Fe®* sinh ra cang nhiéu boi quan ing khir Fe** nhu sau:

Fe** + H,0, + hv — Fe* + HO + H* (10)

Nang luong cua dén UV thé hién mot vai tro quyét dinh (key role) trong hé phan timg UV-
Fenton. Bén UV ¢6 cong suét thap chu yéu duoc sir dung trong cac qué trinh v khudn- tiy ué va
qua trinh tao gdc t do chii yéu sir dung bude song 254 nm. Nguoc lai, dén UV c6 cong suét
trung binh va&i budce song trong viing 240-600 nm thuong cho nang lugng 16n hon. Vi vay, ca hai
loai dén UV nay thuong dugc dung trong xur Iy nudce thai.
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4. KET LUAN
Céc thi nghiém nghién ctru anh huéng cia néng d6 TNT ban dau, pH, ti 1€ H,0,/Fe**, budc

s6ng cho thay hiéu suat xir Iy TNT trong hé UV-Fenton v&i ndong do Cornr = 49,58 mg/L dat 98,6
% véi diéu kién toi wu & méi truong pH = 3, ti 186 H,0,/ Fe* = 20, budc song UV A= 254 nm.
Pay 14 co so dé nhém nghién ciru tiép tuc nghién ciru d6i voi ddi tugng 13 nudc thai phat sinh tir
day chuyén san xudt TNT.

Léi cam on: Nhom tdc gia cam on sw tdi tro vé kinh phi ciia dé tai cap BOP 2020-2023: Nghién ciru

xdy dung quy trinh cong nghé xir Iy nudc thai chira cdc chdt hitu co bén phdt sinh tir diy chuyén san xudt
TNT bang gidi phdp oxy héa tién tién két hop
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ABSTRACT
Treatment of TNT contained water using uv-fenton process

In this study, the influencing factors on treatment process of 2,4,6-trinitrotoluene
(TNT) containing water using UV-Fenton process were evaluated. It includes reaction
time (0-120 minutes), pH indicator, wavelength of ultra violet lamp, molar ratio of
H,0./Fe?*, the initial concentration of TNT in water. The results showed that at the initial
concentration C°ryr = 49.58 mg/L, molar ratio of H,0,/Fe**= 20, pH=3, light wavelength
A=254 nm, the treatment efficiency on TNT containing water reached 98.9% after reaction
time of 60 minutes.

Keywords: TNT; UV- fenton; Wavelength; H,0,/Fe"; H,0,.
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