18

Nguy&n Tién Hoang, Ha Dinh Thai, Minh Thi Thao

PONG HQC PHAN HUY XANH METHYLEN TRONG QUA TRINH
UV/CHLORINE VA QUA TRINH NANG CAO HIEU SUAT

KINETIC DEGRADATION OF METHYLENE BLUE IN UV/CHLORINE AND THE METHOD

TO IMPROVE THE EFFICIENCY

Nguyén Tién Hoang'*, Ha Pinh Th4i% Minh Thi Thao?
YTrieong Pai hoc Sw pham - Dai hoc Da chng
2Trwrong Dai hoc Céng nghiép Viét Tri
*Téc gia lién hé: nthoang@ued.udn.vn
(Nhén bai: 08/5/2023; Chép nhéan dang: 21/8/2023)

Tém tit - Nghién ctru di khao sat dong hoc phéan huy ciia xanh
metylen (MB) trong qua trinh UV/chlorine va sy két hop ciia no
v6i cac qua trinh dién hoa (EC) va hép phu boi rGO (graphene
oxide dang khwr). Trong qua trinh nay, goc hydroxyl (¢ OH) va cac
goc clo phan tmg (RCS: Cl-, ClOes,...) 1a cac goc oxy hoa chinh,
chiém tong thé trén 85% vao su phan hiy MB & pH 7. Téc do
phan hity bac 1 cua MB ting 1én khi ting lidu luong NaOCl va
tang cong suit dén. Sy co mit cia cac ion trong dung dich nudc
anh huong dén tdc do phan hity khac nhau cia MB va kve duoc
xép theo thir tw sau: kms (trong HA) < kmg (trong NO3?) < ks
(trong SO4%) < kms trong Fe?*) < kms (trong HCO3'). Trong qua
trinh két hop UV/chlorine véi cac qua trinh oxy hoa nang cao
khéc, hiéu suét phén hiy MB duogc cai thién dang ké. Céc san
phim trung gian trong qua trinh phan hity MB trong UV/chlorine
cling dugc xac dinh.

T khoa - UV/chlorine; cac géc tu do; xanh metylen; h'ilng s6 toe
d6 phan ung

1. Pit van dé

Du lugng thudc nhudém va cac chit 6 nhiém khac trong
nude va nude thai 1a méi de doa nghiém trong dbi voi ste
khoe con nguoi vi mot sb chét dodc, gay di ung cho da va co
thé gay ung thu [1]-[3]. C6 rat nhiéu phuong phap xur Iy vat ly
va héa hoc khac nhau di dugc ap dung nham loai bo cac chat
6 nhidm nhu hap phy, ling dong va loc [2], [4]-[7]. Trong
nhimg nam gan day, UV/chlorine — phuong phéap thudc hé xdc
tac oxy hda nang cao bai tia cyuc tim (UV/AOPs) dang dugc
quan tam va tng dung trong nhiéu nghién ctu. UV/chlorine
c6 thé thay thé hiéu qua cho phuong phap khac nhu
UV/persulfate va UV/HO: [8], [9]. Trong qua trinh
UV/chlorine, *OH va cac gbe clo tw do nhu (RCS: Cle, ClO*
va Cly") dugc tao ra thong qua qua trinh quang phan chlorine
khi budce song UV dudi 400 nm (Phuong trinh (1) — (7)) [10].

HOCI <> H* + OCI (1)
HoCl — «OH + CI' (2)
oclr —™ > 0" + Cl (3)
«OH +HCIO »>H,0+ClOo"  k=2x10°M*s? 4)

OCI' ++OH »OH +ClO"  k=8.8x10° M*s? (5)
CI + HCIO —» H" + CI' + CIO
k=3.0x10°M?tst  (6)

Cle+0CI- >CI+ClO°  k=82x10°Mtst  (7)

Abstract - The study investigated the kinetic degradation of
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*OH (E°=1,9- 2,7 V) dugc danh gi 1a gdc oxy hda manh
va c6 tinh khong chon loc voi hau hét cac chét hitu co (OP).
Trong khi do, RCS c6 tinh oxy hoa chon loc cao dong gop chu
yéu vao sy phan hiy cac chét 6 nhiém hitu co [11]. Trong sb
RCS, Cl- (E0 =2,5V) c6 kha nang oxy hoa chon loc cao voi
cac nguyén 6 giau dién tir [12]. DO pH va thanh phan ion
trong nudc anh hudng dén sy chuyén dbi giita cac gbe tw do

(nhu «OH, Cl+, CIOH-, CI;, ClO+, va O+, do d6 anh huong

dén hiéu sut phan hity cic chit hitu co trong qué trinh
UV/chlorine [13]. Chinh vi thé, ty 1& dong gbp cua timg tic
nhéan oxy héa trong UV/chlorine can phai dwoc xac dinh vi
chiing ¢6 ¥ nghia quan trong dé danh gia vai tro ctia timg tac
nhan oxy hoa trong qua trinh trén. Ty 1€ dong gop cua timg téc
nhén oxy hoa c6 thé tim thay cu thé & nhimng cong trinh nghién
ctu trude day [10], [14]- [16]. Cac cong trinh nay da tlel’l hanh
nghién ciu trén nhiéu hop chét 6 nhiém hiru co méi ndi trong
nhimg nam gan day. Tuy nhién, sy phan huy dong hoc ciia
MB chua duogc khao st chi tiét. Vi vay, ddy 1 vin dé cap thiét
& nhom tic gia tién hanh cac nghién ctru phan hity dong hoc
cta MB trong qua trinh UV/chlorine.

O khia canh khac, dé nang cao hiéu qua loai bo chat
hiru co, mot sb tac gia [17], [18] da két hop cac phuwong
phap oxy héa nang cao lai v&i nhau. Do d6, mot su két hop
(UV/chlorine/AOPs) dugc d& xut nhim ting cudng su
phan hity MB va dong thoi danh gia hiéu qua cua su két
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hop nay trong qua trinh phan hity MB. C4c qud trinh trong
cong trinh nay dugc dé xuat d6 1a UV/ chlorine/ dién hoa
(UV/chlorine/EC)  va  UV/chlorine/  hip  phu
(UV/chlorine/rGO). Qua trinh dién hoa (EC) dugc coi la
mot phuong phap hi¢u qua dé phan hay cac hop chét hiru
co bén do tao ra cac gdc oxy héa manh va sy chuyén dién
tir trén bé mit ctia cuc duwong, trong khi hip phu 14 qua trinh
loai bo chét hiru co bﬁng vat ly dua trén su tuong tac i luc
giita chat hitu co va vat liéu hap phu [18].

Tir cac van dé cip thiét néu trén, muc tiéu ciia cong
trinh nay d6 1a: (1) danh gié sy phan huy dong hoc cia MB
trong qué trinh UV/chlorine; (2) tinh toan ty 1¢ dong gop
cua cac tadc nhan oxy hda vao qua trinh phan hity MB trong
UV/chlorine; (3) khao sat sy anh huong ciia diéu kién thi
nghiém nhu: Cuong d¢ UV, lidu luong chlorine, d¢ pH,
thanh phan ion trong nudc dén toc do phan hiy MB; (4)
danh gia hiéu qua két hop qua trinh UV/chlorine/EC va
UV/chlorine/rGO dén sy loai bo MB trong hai qué trinh
trén; (5) phan tich thanh phan cdu tir hiru co tao ra trong
qua trinh phan huy MB bang UV/chlorine.

2. Vit liéu va phwong phap
2.1. Hod chit

MB (99%, Merck, Dic), acetonitrile (99%, dang phan
tich HPLC, Merck), benzoic acid (BA) (dang phéan tich
HPLC, 99%, Sigma-Aldrich), nitrobenzene (NB: >99%,
Sigma-Aldrich), tert-butyl alcohol (TBA: >99%, Sigma-
Aldrich), methanol (MeOH: 98%, Sigma-Aldrich), humic
acid (dang phan tich; Merck), va sodium hypochlorite
(NaOCl: 13%). Cac hoa chit con lai & dang phan tich.
Dung dich phan tmg dugc chuén bi tir nue cat hai lan
(IDO-4D; LASANY, India).
2.2. Quy trinh thi nghiém

Céc thi nghiém quang hoa duoc tién hanh trong coc thity
tinh 300 mL trang bi cac dén UV LP Mercury khac nhau tuy
vao tung thi nghiém (A =254 nm, 5 W/ 9 W/ 11 W, Philips
Corp). Bén UV duoc dit thing dung trong cbe. Cuong do tia
UV cua cac dén tuong img voi cong suit dén nhu sau: dén 5
W-168 uW cm?/deén 9 W-245 uW cm?/ den 11 W-367 pW
cm?) duoc do bang may do cuong do anh sang UV. Dén duogc
bat it nhat 30 phut trude khi stir dung. Nhiét do ctia dung dich
duoc duy tri & 25 + 1 °C bang hé thong tudn hoan nudc.

Dung dich thir nghiém 200 mL chira MB dugc khudy
bang may khudy tir trong 1 phut trude khi thém NaOCI. Bo
pH cua dung dich (trong khoang tir 3 dén 12) dugc didu
chinh bang H,SO, 1 M va NaOH 1 M. Pé tinh ndng do ciia
cac gbe (*OH va Cl*), 200 mL dung dich thir nghiém
(khong c6 MB) dugc thém bdi nitrobenzene (NB) va axit
benzoic (BA) ¢ nong d6 10 pM. Dung dich nay sau d6
dugc tiém mot lidu lvong NaOCl dé dat duoc nﬁ‘)ng do
mong mudn va ngay lap tirc dugc chiéu xa bang dén UV.
Trong khoang thoi gian tir 0 dén 10 phut, 2,0 mL dung dich
duogc it ra va duoc dap tit phan Gng con lai bang cach
thém 0,2 mL natri thiosulfat (1 M). Tat ca cac thi nghiém
duoc tién hanh hai hodc ba 14n dé so sanh.
2.3. Thi nghiém phan tich

Nong d6 MB trong dung dich dugc dinh lugng ¢ budc
song 664nm bang may quang phd UV-Vis (V-750; Jasco,
Nhat Ban). Nong d6 ciia NB va BA dugc xac dinh bang

cach sit dung may HPLC Agilent 1200 (Agilent, Btrc) duoc
trang bi dau do UV va cot C18 (250 mm x 4,6 mm, 5 pm).
Céc bude song UV cho NB va BA 1an luot duoc dit &
270 va 230 nm. Pha dong bao gém acetonitril va nudc
voi ty 1€ 60:40 (v/v). Tbc do dong chay dugc dat & muc
1,0 mL phat™. Thé tich tiém 1a 10 pL.

Céc chit trung gian tir sy phan huy MB duoc xac dinh
b?mg GC-MS. Cu thé nhu sau, 4 mL dung dich da xt 1y duoc
chiét bang 100 mL chloroform ba 1an. Dich chiét (khoang
100 mL) sau d6 dugc 1am bay hoi thanh 8 mL bang thiét bi
c6 quay (model RV-10 A) trude khi duge bom vao hé thong
GC-MS (Agilent 7890A/5975C) dugc trang bi c6t DB-5MS.
Chuong trinh nhiét do cdt dugce thiét 1ap nhu sau: 45 °C (git
trong 5 phat); 45 — 160°C (7 °C/phut); 160°C (giir trong
5 phat); 160 - 290°C (15 °C/phut); 290°C (gilt trong
5 phut). Pham vi khéi luong trén dién tich quét & ving tir
40 - 500 m/z va tc d6 quét 1a 1 1an quét s,

3. Két qua va thao luin
3.1. Phan hiiy xanh methylen trong qué trinh UV/chlorine

Téc d6 phan hay cua MB trong cac qua trinh UV, clo
héa, va UV/chlorine dugc thé hién trong Hinh 1a-b. Hinh
la cho thiy khoang duéi 10% MB bj phan hiy dudi cudng
d6 anh sang dén UV 245 pW cm sau 10 phit véi nong do
MB dao déng tir 10 — 30 uM. Trong qud trinh clo hda, MB
bi phan huy nhanh hon khi so véi UV, khoang 18% cua
MB bi phén huy sau 10 phut dbi véi truong hop 10 pM.
Luu ¥ rang MB bi phan huy nhanh trong 2 phut dau trong
qua trinh clo héa va chdm dan ¢ nhitng phut sau dén hét
10 phut. Vi véy, tbc do phan hiy trong qua trinh clo hoa
trén khong phit hop hoan toan véi hing sb tdc do phan huy
bac 1 (Phuong trinh (8)) (Hinh chén 1b). Tuy nhién, dé
danh gia so sanh hi¢u qua cia tirng qué trinh, sy phan hiay
clia MB trong clo héa ciing duoc tinh toan sang tbc do phan
huy bac 1. C6 thé két luan rang, MB bi phan huy cham
trong ca hai qua trinh UV va clo héa riéng 1¢é ¢ diéu kién
thong sb thi nghiém trén, mac du do hép phu cia MB tai
buédc song 254 nm la kha cao (g, ., =118x10* M* s*) [9].
Tuy nhién, tiiy thudc vao cuong do dén UV va do bén cua
hop chét hiru co dudi tia UV va trong qua trinh clo hoa,
mot s& chit hitu co bi phan huy nhanh trong qué trinh d6
nhu acetaminophen, clofibric acid [10], [19].

Nguoc lai, trong qué trinh UV/chlorine, toc d6 phan huy
MB tang lén dang ké tiry thudc vao ndng do ban dau cia MB.
Cu thé nhu sau, MB 14n lugt bi phan hay gan 100%, 90%,
68% sau 10 pht khi ndng do MB ting 1én tir 10 M, 20 uM,
va 30 UM tuong tmng. Diéu nay duoc 1y giai 1a do sy tao ra
cac gbc oxy hoa manh nhu *OH va RCS, dong gop dang ké
vao qué trinh phan huy MB. Hiéu qud phan huy cua
UV/chlorine ddi vé6i cc hop chat hitu co c6 d6 bén hoa hoc
khac nhau dugc chiing minh boi cac cong trinh trudc day
[12], [15], [20], [21]. Téc do phan hity bac 1 ciia MB trong
cac qua trinh UV, clo hoa, UV/chlorine dugc tinh toan dya
trén Phuong trinh (8) va do thi trong hinh cheén (1a-b-c). Két
qua d6 dugc biéu thi trong Hinh 1d.

Ln(Cy/Co) = - kt (8)

Trong do, C: va Co 1a ndng d6 ciia MB tai thoi diém t va
thoi diém ban dau, M; k 13 hing s6 téc d6 phan huy bac 1
ctia MB, phat; t 14 thoi gian, phat. Tir Hinh 1d, tai ndng do
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10 pM, kmg trong UV, clo hoa, va UV/chlorine lan luot 1a
0,0064, 0,029, va 0,4 phut!. Khi ting néng dd MB Ién
30 uM, kwvg trong UV/chlorine giam téi 3,6 lan khi so voi
kmg tai 10 pM. Sy suy giam hang s6 toc do phan tmg khi
tang ndng do MB c6 thé duoc 1y giai boi nhimg nguyén nhan
sau: (1) vi d6 hap phu ctia MB tai 254 nm khé cao, nén ting
nong d6 MB lam suy giam cuong do tia UV, dan dén giam
hiéu suat quang phan chlorine; (2) ting ham lugng MB doi
hoi nhu ciu san sinh gdc oxy hoa tu do ctia qué trinh quang
phan chlorine trong Gmg ciing pha1 tang theo, trong khi san
lwong gbe tu do lai c6 xu hudng giam boi sy suy giam cuong
d6 UV nhu dugc giai thich ¢ (1). Két qua tuong tu v& anh
huodng clia ndng d6 ban dau chét hiru co dén sy suy giam toc
d6 phan huy cia ching co thé duge tim thdy ¢ nhiéu cac
cong trinh trude day [16], [22]. Trong qua trinh UV/chlorine,
toc d6 phan huy MB tang 1én dang ké 1a do sy dong gop cua
cac goc tu do sinh ra trong qua trinh. Diéu nay duoc thé hién
cu thé cho truong hop minh hoa tai MB (10 uM) (Hinh le).
Su thiét 1ap ty 1¢ dong gbp theo thoi gian phan hiy MB trong
10 phat dya trén Phuong trinh (9):
Ci/Co boi gée tu do) = C/ Co (uviehtorine) = C/Co uv) = C/Co (clo hoa)
9)
D@ dang thay trong Hinh 1d, ty 1& dong gop boi gbe tir
do ting dan theo thoi gian va chiém trén 80% sau 10 phut.
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Hinh 1. Téc dé phdn ity ciia MB (kws) boi (a) UV; (b) qua
trinh clo héa; (c) qué trinh UV/chlorine; (d) Tong hop hang sé
phdn huy bdc 1 cia MB trong cdc qua trinh; (e) Ti 1é dong gop

. cua cdc tac nhdn oxy héa vdo qua trinh UV/chlorine.
Diéu kién thi nghiém: [NaOClJo = 1 mM, pH = 7, cuong do UV
(dén 9 W, 245 uW cm®), thoi gian = 10 phit, t = 25°C
3.2. Anh huéng ciia cwong @ UV va liéu lwong chlorine dén
y l¢ déng gdp tac nhan oxy hda vao qué trinh UV/chlorine
Dé danh gi vai trd dong gop cua cac gbc ty do sinh ra
trong qua trinh quang phén chlorine, cac chat by gbc tu do
duogc thém vao dung dich vai cac day néng d06 khac nhau, bao
gdbm TBA, NB, va BA. TBA dugc thém vao nhim by gbc

*OHvaCle (kTBA,-OH =6x108 M1 S_l; kTBA,Cl- =3x108 M1 S_l)
vi chung phan g cham véi gbe clo khac nhu Cly” (krga.ci--
=7x102 M1 s7) [10]. Twong ty, NB va BA duoc lwa chon lan
luot 1am chit bay gdc tu *OH va *OH/RCS tuong mg. Vi NB
chi phan tng vé6i *OH (kng.on = 3.9x10° M s) trong khi
BA phén tmg v6i ca *OH (Kpa.on = 5.9x10° M s1) va Cle
(kompa = 5.9x10° M1 s1) [23]. Nhur c6 thé thay trong Hinh
2a, hang sb tc d6 phan hiy bac 1 ciia MB suy giam nhanh
khi ¢6 mit cac chat by trén. Cu thé nhu sau, ks trong 1 mM
TBA, 1 mM NB, va | mM BA giam lan luot 14 17, 29, 57%.
Khi ndng dod cac chét bay gbc tu do dugc ting 1én 10 mM,
kmg tiép tuc suy giam dang ké. Vi du, kv giam t6i 94 va 91%
khi ndng d¢ chit bly NB va BA dugc thém vao téi 10 mM.
bang luu y do6 1a, kmg trong TBA suy giam it hon trong BA
cho thdy ring ca *OH va RCS 1a cac gbc tu do chinh déng
gop vao qua trinh phan huy MB. Két qua tuong tur vé sur tic
ché téc do phan hily cta cac chét bay hitu co voi dong gop
chinh ctia *OH va RCS dugc thé hién trong cac nghién ciru
trude day [12], [24], [25]. Ty 1€ dong gop ting tac nhan oxy
hoéa dugc tinh toan dwa trén Phuong trinh (10):
kwe = Kms(uv) + Kms(cio heay + Kms -onx[*OH]ss + Kms(res)
(10)
Trong d6: kme(uv) VA Kms(clo heay 12 te do phan huy bac
1 ctia MB béi UV va clo hoa, phut?; kms .onx[*OH]ss 1a ty
18 dong gop ctia *OH vao sy phan hiy MB, phut™; Kuvs..on
hang s tbc d6 phan tmg MB ddi véi *OH, 3,8x10° M1 51
[1]; [*OH]ss 1a nong d6 cta *OH tao ra trong qué trinh
UV/chlorine, M. [*OH]ss duoc xac dinh béng cach st dung
NB véi ndng d6 twong tmg véi ndng dd MB trong qua trinh
[9], [16]. Tir d6, tinh dwoc ty 1& dong gop cua phan con lai
s€ 1a tuong tng véi RCS.
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Hinh 2. (@) Anh hieong ciia chdt bdy goc tw do dén toc dg phan hity
bdc 1 ciua MB (kws). (b) Pong gop cac tac nhan oxy hoa va anh
hieong ciia liéu heong NaOCI dén toc do phan hity bdc 1 ciia MB
trong qud trinh UV/chlorine. (c) Anh hirong cong sudt den dén ty 1¢
dong gop ciia cde tac nhdn oxy héa dén sw phan hity MB trong qua
trinh UV/chlorine. Diéu kién thi nghiém: [NaOClJo= 1 mM,
pH =7, cuong do UV (den 9 W, 245,chm'2; den 5 W, 168 uWw cm’?;
den 11 W, 367 uW cm™), thoi gian = 10 phit, t = 25°C

Hinh 2b cho théy, khi liéu lugng NaOCI ting 1én tir 0,5
dén 2 mM, kvg tang 1én 1,75 1an (tir 0,314 dén 0,55 phut™?)
diéu nay dé dang thdy dugc su ting ty 1& dong gop cia cac
tac nhan oxy héa vao qué trinh phan hity MB, bao gém clo
hoa (kwe boi clo hoa tang tir 0,018 dén 0,092 phut?),
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*OH (kv boi *OH tang tir 0,112 dén 0,176 phut?), RCS
(kv boi RCS tang tir 0,176 dén 0,276 phut?). Mot két qua
tuong tur ¢6 thé quan sat dugc khi tang cuong do chiéu sang
UV tir 168 dén 376 uW cm™?) nhu thé hién trong Hinh 2c.
kme tang 1én 1,6 1an (tir 0,302 dén 0,375 phut™?). Su ting tdc
d6 phan huy bac 1 cia MB trong truong hop nay chi yéu la
nho vao sy tang ty 1€ dong gop ctia *OH (kmg boi *OH tang
tir 0,101 dén 0,171 phat™), RCS (kwe bi RCS tang tir 0,163
dén 0,268 phut™). Khi ting cuong d6 chiéu sang, ty 1¢ quang
phén cta chlorine ting 1én (Phuong trinh 1-7), do d6 lam
tang toc doc phan huy MB. Anh hudng ciia cudong do dén
dén téc d6 phan hity chét hitu co c6 thé tim thiy ¢ cac cong
trinh trude day [10].
3.3. Anh hwong pH va thanh phén ion trong nwdc
3.3.1. Anh huong ciia pH

Hinh 3a cho thay rang trong diéu kién thi nghi¢m nay
clia qua trinh UV/chlorine, pH 7 1a diéu kién t6i vu ddi véi
MB. kyg ting 1én tir 0,36 1én 4,01 phuat™ khi ting pH cta
dung dich tir 3 1én 7. Nguoc lai, diéu kién kiém (nhu pH 10
va pH 12) 1am tdc d¢ phan huy bac 1 ciia MB giam. Do suy
giam uong tng cia MB ¢ pH 10 va pH 12 so voi pH 7 1a
25% va 37%. Piéu kién pH khac nhau c6 anh hudng dén
ty 1& dong gop cua cac tac nhan oxy hoa tao ra trong qua
trinh. pH anh huong dén téc do phan huy khac nhau cta
MB dugc giai thich bdi cac khia canh sau: (1) Ty 1€ quang
phan ctia HOCV/OCI (pKa = 7,5). Trong mdi truong acid,
HOCI chiém uu thé va c6 d6 quang phan ¢ 254 nm cao hon

sao voi OCI (@, =0,7 moles Einstein™ > @, =052 moles

Einstein) [20]; (2) Trong moi truong klem ion OH" hoat
d6ng nhu chét bay ca hai *OH va Cle, 1am suy giam nong
do cua chung trong qua trinh (Phuong trinh 11 — 12) [10].
Diéu nay co thé duoc chimg minh lai mot lan nita boi su
suy giam ndng do cua goc ty do *OH va Cl* trong Hinh 3b.
Nong do cac goc tw do (*OH, *Cl, CIOH", Cl;") duoc udce
tinh bang phan mém Kintecus® vdi cac chu01 phéan ng
nhap vao Kintecus® dugc ldy tir cong trinh nghién ctru
truge day [9], [16]. Hinh 3b cho thdy, [*OH]ss giam tir
5x101 dén 2,9x10 M, [Cls]ss giam tir 5,9x101 dén
5,0x10"1t M. Sy suy giam ciia cac gdc tw do CIOH™ va Cly™
khong anh huong dén vai tro dong gop cua chung vao toc
d6 phan huy MB vi ndng d6 cia ching dugc udce tinh rat
thap va kha ning oxy hoa dbi véi MB khong dang ké.
HO + ClI' — CIOH™  k=1,8x10"M*s?

HO ++:OH— O + H,0 k=13x10°M*s?

(11)
(12)
3.3.2. Anh hwéng cia cac thanh phan ion

Mot s6 thanh phén hoa hoc bao g?)m C4C chit hitu co va
ion thuong xuat hién pho bién ¢ cac mau nudc séng, nudc thai
sinh hoat (nhu humic acid, CI', SO4*, Fe**, HCOs) gay ra cac
anh hudng khac nhau dén sy phan hity chat hitu co trong qua
trinh oxy hoéa nang cao [12], [26]. Trong nghién ciru nay,
nhom tac gia Iya chon céc thanh phan héa hoc d6 dé danh gia
anh huong cta chung dén su phan hiy MB. Cu thé nhu sau:

Anh huéng ciia HCO3: HCO3/COs* phén tmg véi «OH
va Cle v6i toc do cao lam suy giam nong do cua chung
trong qua trinh va dong thoi cling tao ra goc ty do thu cap
nhu COs™ [27], [28]. COs™ tham gia phdn ing manh véi
mdt sb chét hitu co giau dién tir va ham lugng ching tao ra

hon nhiéu 1an so v&i *OH va Cle [16]. Chinh vi thé, chiing
c6 thé bu dip luong mat mat ciia *OH va Cle va tham chi
¢6 thé ting hidu qua cta qua trinh phan hity nhu c6 thé thay
trong két qua nghién ctru nay (Hinh 3c) [10]. Khi HCOs®
dugc thém vao ¢ pham vi ndong do tir (1 — 20 mM), kv ting
1én boi 1,1 — 1,13 1an (tir 0,40 dén 0,41 phut™).

CO +-.OH — CO; + OH 39x108M1st  (13)
CO> +Cl- — CO; + CI 5x108 M1s!  (14)

Anh huong cta SO,%, NOs, va Fe?*: SO,%, NOg', va Fe?*
diéu trc ché tbe do phan hity ctia MB trong UV/chlorine. Kha
nang e ché cac ion trén tang 1én khi ndng do ctia chung ting
trong pham vi tir 1 — 20 mM. Cu thé, ks giam lan luot 1a
34,5, 32,5, va 12,5% khi tang néng d6 ctua SO4%, NOg', va
Fe?* 1én 20 mM. Kha ning tc ché cac ion trén c6 thé duoc
ly giai chung do 1a sy c6 mat cia chiing lam giam cuong do
UV mét phan va mot phan boi kha nang triét tiéu cac goc tu
do chinh bai cac ion d6 (Phuong trinh 15 — 16). Kha niang
tic ché cac ion d6 d6i voi MB c6 thé dugc quan sat trong hé
xuc tac quang khac nhu UV/persulfate [1]. Trong truong hop
Fe?*, miic dunghién ctru B. Nikravesh va cong su chi rarang,
ching c¢6 kha ning xtc tién qua trinh phan hiy chlorine
(Phuong trinh 17 — 18), chung lai gy ra kha ning trc ché vao
qué trinh phan hity MB khi ndng d6 Fe?* du 16n [25].

«OH+S07 »S0; +OH  k=3,5x10°M*s?  (15)
OH + NO, — NO; + OH" (16)
Fe* + HOCI — Fe* +.OH + CI 17)
Fe” + HOCl - Fe* + OH + CI (18)

Anh huong ciia humic acid: Sy ¢6 mit cia HA trong
dung dich hau hét duoc béo cdo 1a trc ché qua trinh phan
huy chuét hiru co trong UV/AOPs [10]. Trong nghién ctru
nay, kme giam dén 79% khi ting ndng d6 HA 1én dén
6 mgC L%, Sy wrc ché ctia HA c6 thé dugc giai thich boi cac
Iy do 1am giam cudng d6 UV va by cac gbe tur do chinh nhu
«OH va Cl+ (hing sb téc d6 phan tmg ciia HA véi *OH va
Cl- lan luot 14 1,3x10* and 2, 5><1O4 (mg/L)t st [10].
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Hinh 3. (@) Anh tho‘ng cua pHden t6¢ do phan hity bic 1 ciia MB
(kus). (b) Nong dé goc tu do sinh ra trong qud trinh UV/chlorine.
(c) Anh huréng cdc ion dén téc dg phan hity MB trong qud trinh
UV/chlorine. Piéu kién thi nghiém: [NaOClJo=1mM, pH=7,
cuwong dp UV (dén 9 W, 245 uW cm’?), thoi gian = 10 phit, t = 25°C
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3.4. Hi¢u qud ciia qud trinh két hop UV/chlorine/EC va
UV/chlorine/rGO

Trong qué trinh UV/chlorine/EC (xem Hinh 4b), MB gan
nhu phan huy hoan toan sau 6 phut, trong khi d6 khoang 91%
MB bi phan hiy ¢ khoang thoi gian d6 & qua trinh riéng 1&
UV/chlorine. Sy phan hity MB duogc cai thién trong qua trinh
UV/chlorine/EC 1 do su két hop ctia hai qua trinh AOP: qua
trinh UV/chlorine va EC (dién hoa). Co ché phan hity hop chit
hitu co va thiét 14p thi nghiém dién héa dugc mé ta trong Hinh
4b. Tuong tu nhu trong qua trinh UV/chlorine, MB bi phan
hily trong qué trinh EC 1a do su tao thanh cac gbc tu do nhu
*OH tir qua trinh oxy hoa nuéc dudi tdc dung cia dong dién
chay qua bé mit dién cuc (Phuong trinh 19). Trong cong trinh
nghién ctru nay, nhom tac gia sir dung dién cuc Ti/BPbO, duge
tong hop dua trén cong trinh nghién ctu trude day ciia minh
[29]. MOx(*OH) dugc ky hi¢u 1a gbc *OH tao ra nhd vio su
oxy hoa nudc trén bé mat dién cuc [29]. Ngoai ra, MB con bi
phén huly boi cac tac nhan oxy hoa khac nhu SO4™ va su dich
chuyén electron trén bé mit dién cuc (¢).

MO, + H,0 — MO, (-OH) +H" + e
(@) 2 ; (b)
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Hinh 4. (@) Su logi b6 MB trong cdc qud trinh két hop UVIchlorine/EC
va UV/chlorine/rGO. (b) Thiét ké m6 phong qua trinh UV/chlorine/EC:
dién cuc lam viéc Ti/pPbO2, dién cuc doi Pt, chat dién phdn ho‘ tro
[SO##]=0.05 M [29]: (c) XRD ciia rGO truéc va sau khi hap phu
trong UV/chlorine/rGO. (d) FT-IR ciia rGO trudc va sau khi hap phu
trong rGO. Diéu kién thi nghiém: [NaOClJo = 1 mM, pH = 7, cuong do
UV (dén 9 W, 245 uW cmi’®), thoi gian = 10 phit, t = 25°C

Trong qua trinh UV/chlorine/rGO (Hinh 4a), hiéu suit loai
bé MB tiang 1én déng ké trong qué trinh hip phu boi rGO
(carbon dang khir) trong 2 phit. Cu thé d6 13, khoang 60 va
90% MB bi loai bo sau 2 phut hap phu boi 100 mg L va 200
mg L twong tmg rGO. MB bj hap phu trén rGO duya trén
twong tic -1 ctia MB véi rGO va lién két hydro gitta MB va
1GO. Co ché nay dugc xem nhu mot qua trinh héa 1y, trong
do6 chét hap phu (¢ ddy: chat 6 nhiém hitu co) tir dung dich
dugc chuyén 1én bé mit ciia chét hap phu, do su chuyén khbi
tir pha 16ng sang pha ran ma khong 1am thay déi cu trac hoa
hoc cua chét hép phu. Nhu cé thé théy & Hinh 4c, sy ¢6 mat
ctia MB trong rGO khong lam thay dbi nhidu xa XRD cua
rGO, chimg minh rang qué trinh hdp phu khong 1am thay doi
cAu trac tinh thé cua rGO. Ngoai ra, su ¢6 mac cua MB trong
GO con dugc thé hién & FT-IR khi cuong d6 hip phu ciia pho
hong ngoai IR ting 1én & mot sé ving dic trung cia 1GO,

ching t6 ring day la qué trinh hap phuy (vat Iy va hoa hoc)
khong xdy ra su phan hity cia MB trong rGO (Hinh 4d). Sau
2 phiit hap phy, dung dich tiép tuc dugc xir Iy trong qué trinh
UV/chlorine. Két qua chi ra ring nho su loai bo 16n MB boi
rGO, téc do phan huy MB ting lén déng ké sau 2 phut, trén
90% va gan 100% MB bi loai trong UV/chlorine/rGO (100
mg L) va UV/chlorine/rGO (200 mg L) twong tmg.

3.5. Sdn phim trung gian sinh ra trong UV/chlorine

(a) r-2em  (b) to % min
% > | P TR T
(€)1 1= min({d) “ T2
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Hinh 5. (a)-(c) Phé GC-MS ciia MB phdn hily trong
UV/chlorine. (d) Dién tich twong doi ciia cdc cdu tir sinh ra khi
phan huy MB trong UV/chlorine

GC-MS dugc str dung dé theo ddi san phém tao thanh cua
qué trinh phan hity MB trong UV/chlorine, nhur duoc thé hién
trong Hinh 5. Tir phé GC-MS cua Hinh 5a-b-¢ & cac khoang
thoi gian phan huy 2, 5, 10 phat, mot s san pham trung gian
duoc dinh danh va dién tich pic tuong dbi cua chiing duoc thé
hién trong Hinh 5e. Céc san pham trung gian nay phu hop véi
co o dit liéu twong Gmg véi m/z trong GC-MS. Luu ¥ ring, ty
vao tirng hé xtic tac va diéu kién thi nghiém, sy phan huy mot
cht hitu co ¢6 thé tao ra cac san pham trung gian khac nhau.
Vi thé, co ché phan hiy MB tao ra cac san pham trung gian 1a
khac nhau ¢ cac qua trinh xtc tac nang cao (UV/AOP). Vi du
vé co ché phan hiy tao san phdm trung gian tir MB ¢6 thé xem
¢ céc cong trinh trude ddy [30], [31]. Trong trudng hop hé xuc
tac UV/chlorine, mot s6 san pham trung gian c6 thé dinh danh,
do la: 1,1-Diethoxy ethane; 2-Methyl-3-pentanone; Tolueng;
Diethyl carbonate; 2,2-Diethoxypropane;  4-Ethyl-1,2-
dimethyl -benzene. Sau 10 phit phan huy, ham luong cua cac
san pham nay suy giam dang ké, chimg to ring sy phén hay
MB hoan toan c6 thé dan dén khoang hoa cac san phdm cubi
cting nhu mudi vo co, COz, H20.

4. Két luan

Cong trinh da khao sat dong hoc phan hiy cua xanh
methylen (MB) trong qua trinh UV/chlorine va su két hop
ctia n v&i cac qua trinh dién hoa (EC) va hép phu boi rGO
(graphene oxide dang khir). Két qua chi ra rang, toc do
phan huy ciia MB ting 1én dang ké trong UV/chlorine khi
so sanh voi qua trinh riéng 1¢ UV va clo hoa. Trong qua
trinh nay, goc hydroxyl (+OH) va cac gbe clo phan {ng
(RCS: Cls, ClOs,...) 1a cac gbc oxy héa chinh, chiém tong
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thé trén 85% vao sy phan hiuy MB & pH 7.

Téc d6 phan hiy bac 1 ciia MB tang 1,75 lan khi ting
liéu lugng NaOCI (tir 0,5 mM dén 2 mM), ting 1,51 1an khi
tang cong sut dén (tir 7 W dén 11 W). pH 7 1a diéu kién
t6i uu cho qua trinh phan huy MB. Diéu kién kiém dugc
cho 1a trc ché qua trinh phén hiy MB cao hon so véi diéu
kién acid (kug tai pH 3 va pH 12 lan luot 1a 0,36 phut™ va
0,25 phat?). Biéu nay duogc 1y giai 1a do sy thay doi ndng
d6 goc tu do sinh ra khi thay ddi pH trong qua trinh
UV/chlorine. Cac ion trong nudc dnh huong khac nhau dén
tdc d6 phan huy ciia MB va ke duoc xép theo thir ty sau:
kme (trong HA) < kus (trong NO3") < kms (trong SO4*) <
kme trong Fe?*) < kws (trong HCO3"). Trong qua trinh két
hop UV/chlorine véi cac qué trinh oxy héa nang cao khac
(AOP), hi¢u suat phan hiy MB duoc cai thién dang ké: ca
qua trinh (UV/chlorine/EC) va (UV/chlorine/rGO) diéu
loai bo hoan toan MB sau 4 phut, trong khi qua trinh
UV/chlorine phai mat khoang thoi gian dén 10 phut. Cac
san phdm trung gian trong qua trinh phan hiay MB trong
UV/chlorine ciing dugc dinh danh va dinh lugng.

Loi cam on: Nghién ctru nay dugc tai trg béi Quy Phat
trién tha hoc va Cong nghé Pai hoc Pa Nang trong dé tai
c¢6 ma so B2021-DNO03-01.

TAI LIEU THAM KHAO

[1] D.Wen, W.Li,J. Lv, Z. Qiang, M. Li, “Methylene blue degradation
by the VUV/UV/persulfate process: Effect of pH on the roles of
photolysis and oxidation”, J. Hazard. Mater. 391, 2020, 121855.

[2] D.T.M. Huong, B.L. Liu, W.S. Chai, P.L.Show, S.L. Tsai, Y.K.
Chang, “Highly efficient dye removal and lysozyme purification
using strong and weak cation-exchange nanofiber membranes,” Int.
J. Biol. Macromol. 165, 2020, 1410-1421.

[3] X.Yu, M. Kamali, P. Van Aken, L. Appels, B. Van der Bruggen, R.
Dewil, “Synergistic effects of the combined use of ozone and
sodium percarbonate for the oxidative degradation of dichlorvos™, J.
Water Process Eng. 39, 2021, 101721.

[4] T.H. Cheng, R. Sankaran, P.L. Show, C.W. Ooi, B.L. Liu, W. S.
Chai, Y.K. Chang, “Removal of protein wastes by cylinder-shaped
NaY zeolite adsorbents decorated with heavy metal wastes”, Int. J.
Biol. Macromol. 185, 2021, 761-772.

[5] P.X. Lee, B.L. Liu, P.L. Show, C.W. Ooi, W.S. Chai, H.S. H.
Munawaroh, Y.K. Chang, “Removal of calcium ions from aqueous
solution by bovine serum albumin (BSA)-modified nanofiber
membrane: Dynamic adsorption performance and breakthrough
analysis”, Biochem. Eng. J. 171, 2021, 108016.

[6] X.Sun,D.Xu,P.Dai, X. Liu, F. Tan, Q. Guo, “Efficient degradation
of methyl orange in water via both radical and non-radical pathways
using Fe-Co bimetal-doped MCM-41 as peroxymonosulfate
activator”, Chem. Eng. J. 402, 2020, 125881.

[7] Q. Zhang, S.Cheng, H. Xi, L. Zhang, J. Zhou, C. Li, J. Shu, X. Jiang,
“Paracetamol Degradation Performance and Mechanisms Using
Microwave-Assisted Heat-Activated Persulfate in Solutions”,
Water, Air, Soil Pollut. (230) 12, 2019, 271.

[8] M.Li, N.Han, X. Zhang, S. Wang, M. Jiang, A. Bokhari, W. Zhang,
M. Race, Z. Shen, R. Chen, M. Mubashir, K.S. Khoo, S.S. Teo, P.L.
Show, “Perovskite oxide for emerging photo(electro)catalysis in
energy and environment”, Environ. Res. 205, 2022, 112544.

[9] N.T. Hoang, T.D. Manh, V.T. Nguyen, N.T.T. Nga, Fredrick M.
Mwazighe, B.D. Nhi, H.Y. Hoang, S. W. Chang, W.J. Chung, D.D.
Nguyen, “Kinetic study on methylene blue removal from aqueous
solution using UV/chlorine process and its combination with other
advanced oxidation processes,” Chemosphere 2022, 136457.

[10] B. Li, X. Ma, Q. Li, W. Chen, J. Deng, G. Li, G. Chen, W. Lia,
“Factor affecting the role of radicals contribution at different
wavelengths, degradation pathways and toxicity during UV-
LED/chlorine process”, Chem. Eng. J. 392, 2020, 124552.

[11] J. Fang, Y. Fu, C. Shang, “The Roles of Reactive Species in

Micropollutant Degradation in the UV/Free Chlorine System”,
Environ. Sci. Technol. 48 (3), 2014, 1859-1868.

[12] W.W. Cai, T. Peng, J. N. Zhang, L.X. Hu, B. Yang, Y.Y. Yang, J.
Chen, G.G. Ying, “Degradation of climbazole by UV/chlorine
process: Kinetics, transformation pathway and toxicity evaluation”,
Chemosphere 219, 2019, 243-249.

[13] G.Wang, H. Zhang, W. Wang, X. Zhang, Y. Zuo, Y. Tang, X. Zhao
“Fabrication of Fe-TiO2-NTs/SnO2-Sh-Ce electrode for electrochemical
degradation of aniline”, Sep. Purif. Technol. 268, 2021, 118591.

[14] S. Cheng, X. Zhang, W. Song, Y. Pan, D. Lambropoulou, Y. Zhong,
Y. Du, J. Nie, X. Yang “Photochemical oxidation of PPCPs using a
combination of solar irradiation and free available chlorine”, Sci.
Total Environ. 682, 2019, 629-638.

[15] K. Guo, Z. Wu, S. Yan, B. Yao, W. Song, Z. Hua, X. Zhang, X.
Kong, X. Li, J. Fang, “Comparison of the UV/chlorine and
UV/H202 processes in the degradation of PPCPs in simulated
drinking water and wastewater: Kinetics, radical mechanism and
energy requirements”, Water Res. 147, 2018, 184-194.

[16] N.T.Hoang, V.T. Nguyen, N.D. M. Tuan, T.D. Manh, P.C. Le, D.V.
Tac, F.M. Mwazighe, “Degradation of dyes by UV/Persulfate and
comparison with other UV-based advanced oxidation processes:
Kinetics and role of radicals”, Chemosphere 298, 2022, 134197.

[17] D.N. Bui, T.T. Minh, “Investigation of TNT red wastewater
treatment technology using the combination of advanced oxidation
processes”, Sci. Total Environ. 756, 2021, 143852.

[18] N.T. Hoang, R. Holze, “Degradation of pesticide Cartap in Padan
95SP by combined advanced oxidation and electro-Fenton process,”
J. Solid State Electrochem., 25 (1), 2021, 73-84.

[19] W.X. Lu, Y. Shao, N. Gao, J. Chen, H. Deng, F.P. Chu, N. An,
“Investigation of clofibric acid removal by UV/persulfate and
UV/chlorine processes: Kinetics and formation of disinfection
byproducts during subsequent chlor(am)ination”, Chem. Eng. J. 2017.

[20] H. Xiang, Y. Shao, N. Gao, X. Lu, N. An, W. Chu, “Removal of -
cyclocitral by UV/persulfate and UV/chlorine process: Degradation
kinetics and DBPs formation”, Chem. Eng. J. 382, 2020, 122659.

[21] W. Li, T. Jain, K. Ishida, H. Liu, “A mechanistic understanding of
the degradation of trace organic contaminants by UV/hydrogen
peroxide, UV/persulfate and UV/free chlorine for water reuse”,
Environ. Sci. Water Res. Technol. 3 (1), 2017, 128-138.

[22] X. Ma, L. Tang, J. Deng, Z. Liu, X. Li, P. Wang, Q. Li, “Removal
of saccharin by UV/persulfate process: Degradation kinetics,
mechanism and DBPs formation”, J. Photochem. Photobiol. A
Chem. 420, 2021, 113482.

[23] Q. Wang, Y. Shao, N. Gao, W. Chu, X. Shen,X. Lu, J. Chen, Y. Zhu,
“Degradation kinetics and mechanism of 2,4-Di-tert-butylphenol
with UV/persulfate”, Chem. Eng. J. 304, 2016, 201-208.

[24] M. Xu, J. Deng, A. Cai, X. Ma, J. Li, Q. Li, X. Li, “Comparison of
UVC and UVC/persulfate processes for tetracycline removal in
water”, Chem. Eng. J. 384, 2020, 123320.

[25] B. Nikravesh, A. Shomalnasab, A. Nayyer, N. Aghababaei, R. Zarebi,
F. Ghanbari, “UV/Chlorine process for dye degradation in aqueous
solution: Mechanism, affecting factors and toxicity evaluation for
textile wastewater”, J. Environ. Chem. Eng. 8 (5), 2020, 104244.

[26] Z.Wu,J. Fang, Y. Xiang, C. Shang, X. Li, F. Meng, X. Yang, “Roles
of reactive chlorine species in trimethoprim degradation in the
UV/chlorine process: Kinetics and transformation pathways”, Water
Res. 104, 2016, 272-282.

[27] G. Buxton, C. Greenstock, W. Helman, A. Ross, “Critical Review of
rate constants for reactions of hydrated electrons, hydrogen atoms
and hydroxyl radicals OH/O- in Aqueous Solution”, J. Phys. Chem.
Ref. Data 17, 1988, 513-886.

[28] R. Mertens, C. von Sonntag, “Photolysis (A = 354 nm of tetrachloroethene
in aqueous solutions™, J. Photochem. Photobiol. A Chem. 85, 1995,1-9.

[29] H.N. Tien, D.N. Bui, T. D. Manh, NC.T. Tram, V.D. Ngo, F.M.
Mwazighe, H.Y. Hoang, V.T. Le, “Electrochemical degradation of
indigo carmine, P-nitrosodimethylaniline and clothianidin on a
fabricated Ti/SnO2-Sb/Co-BPbO2 electrode: Roles of radicals, water
matrices effects and performance,” Chemosphere 313, 2023, 137352.

[30] X. Teng,J. Li, Z. Wang,Z. Wei,C. Chen,K. Du,C. Z. Yanga, Y. Lid,
“Performance and mechanism of methylene blue degradation by an
electrochemical process,” RSC Adv.10 (41), 2020, 24712-24720.

[31] F. Huang, L. Chen, H. Wang, Z. Yan, “Analysis of the degradation
mechanism of methylene blue by atmospheric pressure dielectric
barrier discharge plasma,” Chem. Eng. J. 162 (1), 2010, 250-256.



