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Tom tit: Nghién ciru xir 1y phenol trong nudc thai thong qua gdc persulfate hoat hoa boi birc xa cuc tim
duoc thyc hién véi myc tiéu danh gia kha nang trng dung phuong phap vao viéc xur Iy nudc thai va xac dinh
céc thong s6 quan trong cho qué trinh xir 1y. Pay 1a mot phuong phap xir Iy nudc thai tién tién dua trén viée
sir dung burc xa ning lwong UV dé kich hoat gdc persulfate san sinh ra goc sulfate tu do (SO4™) véi thé oxy
hoéa cao (2.6 V) va kha ning phan hay khong chon loc cac chit 6 nhiém trong mdi trudng nudc, thong qua
viéc pha v& cac lién két hoa hoc, bién doi chung thanh cac san pham khong doc hai hodc it doc hai hon. Dé
danh gia hiéu qua ctia qué trinh xur 1y, hiéu suat phan hay phenol duoc ghi nhan va hang s6 toc d6 phan ung
tai cac didu kién khao sat duoc tinh toan thong qua mé hinh dong hoc bac mot (Pseudo-first-order kinetic
model). Két qua cua nghién ctru cho thiy day 1a phuong phap nay co tinh kha thi va phu hop dé xur 1y nude
thai nhiém phenol (hi¢u suét phén huy dat 99.2%, ¢ noéng do phenol 40 mg/L). Két qua nghién ctru ciing
chi ra cac yéu té anh huong dén qua trinh phan huy phenol bao gdm ndng d6 Natri persulfate, gia tri pH
ctia dung dich va ndng do phenol ban dau. Cu thé, nong do Natri persulfate ty 1& thudn v6i hiéu suat xir ly
va ndng do phenol ban dau anh hudng 16n dén hiéu qua va thoi gian xir 1y. Gia tri pH trong khoang acid -
trung tinh thich hop cho viéc chuyén hoa gdc persulfate thanh SO4™, tir d6 thuc ddy qua trinh phan hay
phenol.

Tir khda: Phenol, oxy héa nang cao, persulfate, gdc SO, md hinh dong hoc bac mdt, buc xa cuc tim.

1 GIOI THIEU

Su phat trién cong nghiép va do thi tao ra nhleu tac dong tiéu cuc 18n hé sinh théi toan cau. Viée
giai quyet van dé 6 nhim moéi treong nudc tir cac ngudn nudc thdi 1a mot thach tharc 16n tai nhiéu qUOc
gia. Mot sb bao céo khoa hoc chi ra rang, chi c6 khoang 50 % dan sb thé gigi cd thé tiép can véi cac ngudn
nuée an toan dé sir dung [1]. O nhiém ngudn nuéc chu yéu phat sinh tir cac hoat dong sinh hoat, ndng
nghiép va cong nghiép, trong dé hoat dong san xuat cdng nghiép dwoc xem 1a nguyén nhan chinh. Nudc
thai 6 nhidm khéng chi anh huang dén sirc khoe con ngudi ma con gay ra nhiing hau qua nghiém trong ddi
v6i hé dong, thuc vat. Theo nhiéu nghién ctu, thanh phan nuée thai cdng nghiép c6 chira nhidu chat 6
nhiém nhu kim loai ning, cac chat doc héa hoc (thude diét co, thude trir sau, thube ting truéng) va cac
chat hiru co khé phan hily & dang mach vong, vi du nhu phenol, mét chat hitu co phé bién trong nudc thai
c4c nganh san xuat. Hoat dong céng nghiép san xuat hda chat, nhya, héa my pham tiéu thy mot luong Ién
phenol [2-4]. Do d6, nu6c thai phat sinh tir cac loai hinh cdng nghiép nay thuong chira mot luong dang ké
phenol néu nhu khong dugc xir ly hiéu qua [5]. Diéu nay dan dén cac tac dong nghiém trong ddi véi cac
ngudn nudce tiép nhan. Trong moi truong nuéc, phenol khdng chi khd phan hiy ma con tich tu sinh hoc,
gay ra nhirng hau qua tirc thi hodc 1au dai d6i voi con nguoi va cac thuy sinh vat [6]. Theo két qua cua
nhiéu nghién cuau, phenol c6 doc tinh cao véi loai thiy sinh, ngay ca & nong do rat thap [7]. Nghién cau
ciing chi ra rang, phenol gay ton thuong mé va rdi loan chure nang sinh 1y & c& va chim théng qua chudi
thae an [8]. Su hién dién cua phenol trong cac nguon nudc mit ¢6 thé tc ché hoat dong cua cac vi sinh
vat, tir d6 1am cham qué trinh phan huy sinh hoc ciia cac thanh phan hiru co khéc, gay 6 nhidm méi trudng
nudce [9]. Pbi véi con nguoi, phenol va cac hop chat phenolic ¢6 thé dé dang tham nhap qua da théng qua
su hap thy bé mat hoac thAm nhap thong qua duong tiéu hoa [10]. Trong co thé, phenol c6 thé trai qua
nhiéu phan tng sinh-hda va chuyén dbi thanh cac dang trung gian, dic biét 1a quinone moi-eties, c6 thé d&
dang hinh thanh lién két cong héa tri voi protein, gay doc cho té bao [11]. Bisphenol A va mot sb
alkylphenol da dugc xac dinh 14 c6 tac dung pha v noi tiét dbi bang cach thay doi sy phat trién cia tuyén
vl & ngudi tiép xuc [12]. Chinh vi vay, WHO va tb chirc Bao vé Mai truong Hoa Ky (EPA) da dit ra cac
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gidi han nghiém ngat d6i v6i nong do phenol trong nudc nham kiém soét chat lugng nguon nudc, bao vé
suc khoe cong dong va hé sinh thai. Do d6, viéc loai bo phenol trong nuéc thai 1a vo cing can thiét. Bé
giai quyet van dé nudce thai & nhiém phenol, nhiéu giai phap xir Iy da dugc dé xuat nhu phuong phéap hoa-
ly, bao gém céc cdng nghé hap phu [13], keo tu [14] va céc giai phap phan hay sinh hoc [15, 16]. Cac
phuong phap nay tuy dat duoc hiéu qua nhat dinh trong viéc loai bo phenol nhung cling boc 16 mot s6 han
ché, dién hinh nhu qua trinh hip phu V& ban chét chi c6 thé ¢ dinh mét luong phenol nhét dinh trong vat
licu ma khong thé phan hiy. Bén canh d6 qué trinh giai hap phuc tap, tiéu thy nhiéu héa chét va ning
lwong. Hap phu phenol (25 mg/L) bang vat liéu than hoat tinh (800 mg/L) ¢ ngudn gbc tir ba tra xanh chi
dat hiéu suat 53 % sau 1.0 gio phan ang [17]. Qua trinh keo tu khong chi tiéu tén nhiéu hda chat ma con
phat sinh bun thai va doi hoi chi phi van hanh cao. Tuy vay, hiéu suét loai bo phenol bang qué trinh keo tu
kha thap vi phenol ton tai cha yéu ¢ dang hoa tan (khong keo), nén hau nhu khéng bi 16i cudn vao bong
keo tu. B4o c&o cua Thomas va cong su, 2018 da ching minh hiéu suat loai bo phenol thap bang qua trinh
keo tu khi chi dat xap xi 7.9 % [18]. Phuong phép xir Iy sinh hoc nhin chung it duoc ua chuong do thoi
gian xtr 1y kéo dai va doi hoi cac diéu kién phirc tap cho su phét trién cua cac vi sinh. Hon thé nira, phenol
1a hop chat doc co kha ning e ché enzyme va phé huy mang té bao, tir d6 c6 thé tiéu diét hodc lam giam
hoat tinh vi sinh vat trong hé xir ly sinh hoc [19].

Nhimng nim gin diy cac cong nghé xir ly nudc thai tién tién duoc ap dung rong rai dé xir ly cac
chat 6 nhidm hitu co kho phan hity nhu cic qué trinh Fenton [20], ozone [21], va cac phuong phép oxy hoa
nang cao (AOPS) str dung cac vat liéu xdc tac [22,23]. Biém noi bat cua cac qué trinh nay so véi cac cong
nghé xu 1y truyén thong bao gom (i) nhu cu tiéu thy héa chat thap, (ii) thoi gian xu Iy nhanh va (iii) hi¢u
qua Xt ly cao, dac biét d6i vai cac chat 6 nhiém cé cau truc hoa hoc phuc tap, kha néng phén huy sinh hoc
thap va kho xr ly. _Tuy véy cac phuong phap nay cling ton tai mot s6 han ché nhur nhu cau ning lwong cao,
vat liéu xuc tac d& giam hoat tinh hodc doi hoi chi phi cao dé ché tao (nhu bang 1). La mot dai dién cua
cac giai phap oxy hoa nang cao, qua trinh persulfate phan huy cac chat hitu co hoat dong dua trén sy trong
tac cua cac goc oxy hoa manh sulfate (SO4™) sinh ra tir qua trinh kich hoat persulfate (5.0s%") béi cac kim
loai chuyén tiép hoic nang lugng dudi dang nhiét, song siéu am va tia cuc tim (UV) [24,25]. Viéc st dung
cac kim loai chuyén tiép (transition metals) nhu Fe?* va Co® din dén qua trinh oxy hoa S;0¢% véi mot
electron tir kim loai tao ra mot géc SO~ duy nhat (phwong trinh 1) [26]. Tuy nhién phwong phap nay c6
thé tao ra cac van dé 6 nhiém thir cap tir bun thai chara kim loai. Qué trinh hoat héa S,0s% bang nhiét ning
tuy cho hiéu qua sinh SO4™~ cao (phuong trinh 2), nhung doi hoi nhiét do kich hoat >70°C. C6 thé thiy
phuong phap nay tiéu tén nhiéu ning luong cho qué trinh gia nhiét va giai nhiét, do d6 khé ap dung & quy
mo 16n. Cac dang buc xa dién tir khac nhu séng siéu am tuy c6 thé cung cap ning lugng cho anion S;08%
dan dén su hinh thanh goc SO, tuy nhién két qua cta qua trinh thuong khong cao do ngudn ning luong
kich hoat thip. Trong sb cac tac nhan kich hoat néu trén, bicc xa UV dugc xem la mét trong nhiing giai
phap tlep can hiéu qua va than thién véi méi trudng nhét do khdng phat sinh bun thai nguy hai va khéng
yéu cau dleU kién van hanh phirc tap. Dudi tac dong cua birc xa UV, anion S,0¢> hap thy photon c6 budc
s6ng ngan (256 nm), dan dén lién két peroxide trong phan tir S,0s% bi pha v va giai phong hai géc SO,
ty do (phuong trinh 3). Day la tac nhan oxy hda manh véi thé oxy hda cao (2.6 eV) (bang 2), c6 kha ning
tan céng vao cac phan tir hitu co trong méi trudng nudc thong qua co ché trir electron (chuyén hoa
electron), tach nguyén tir hydro hoac phan @ng vai lién két rr, gilip pha v& cau tric phan tir hoac tién toi
qua trinh khoang hoa hoan toan cac tac nhan nay thanh CO,, H20 va cac san pham v co khac.

Vi véy nghién ctu xir Iy phenol trong nudc thai théng qua gbc persulfate hoat hoa boi birc xa cuc
tim dugc thuc hi¢n v6i myc tiéu danh gia tinh kha nang phan huy phenol va cac yéu té anh huong dén qua
trinh (nhu pH, ndng d6 natri persulfate ndng d6 phenol ban dau). Biém ndi bac cua nghién ctru la viéc s
dung ning lwong anh sang trong viing cuc tim dé kich hoat su san sinh céc géc SO, tu do véi thé oxy hoa
cao, ¢6 kha nang phan huy cac chat 6 nhiém hiru co mot cach higu qua va than thién véi méi truong.

Bang 1. Mot s6 cdng nghé oxy hda nang cao

Cong nghé U'u diém Nhuoe diém Trich din

Cong ngh¢ dién hoa Hiéu qua xir 1y cao doi v6i cac  Chi phi nang lugng cao; Qua trinh [27]
chit 6 nhidm hitu co kho phan  ché tao dién cuc phic tap, dt tién;
hiy; Khéng hoic it sir dung cac  Dién cuc dé bi giam hodc mat hoat
loai hoa chét phu trg; C6 thé diéu  tinh khi nong d6 chat 6 nhiém cao
hoic dung dich chira nhiéu tap
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chinh cac théng sé xt ly dé dang;
it phat sinh bun thai.

chat; C6 thé sinh ra nhiéu san pham
phu ¢6 hai

Qua trinh Fenton

Hiéu qua cao trong phan huy cac
hop chat hitu co kho phan hiy
sinh hoc; Tdc d¢ phan img nhanh,
kha ning ung dung cao; C6 thé
két hop Vé6i cac phuong phép
khac (UV, dién hda, quang xdc
tac) dé nang cao hiéu qua

Tao nhiéu bun sat (Fe(OH)s); Doi
hoi méi truong pH thap; Chi phi
van hanh cao do cin bd sung héa
chat va kiém soat pH; Khong hiéu
quéa véi mot s6 chét vo co hoac hop
chit c¢6 kha niang wc ché phan ung
Fenton

Qua trinh Ozone

C6 kha ning phan huy nhiéu hop
chat hitu co va vo co doc hai;
Khong phat sinh bun thai thi cap;
Khong phéat sinh Oz ton du sau xur
ly;

Chi phi dau tu va van hanh cao;
Giam hiéu qua khi nuéc thai co
nong do chat hiru co hodc do duc
cao; Nguy co tao san pham phu doc
hai khi c6 Br trong nuéc;

Coéng nghé Quang
xuc tac

C6 kha nang phan huy triét dé cac
chat 6 nhim hiru co, ké ca hop
chat bén viing; Khong can thém
héa chat phu, than thién moi
truong; Diéu kién van hanh don
gian (nhiét do, ap suat thap); Vat
liéu xdc tac c6 thé tai sir dung.

Hiéu suat thap dudi anh sang kha
kién (da s6 xuc tac chi hap thu buc
xa UV); Téc do phan tng cham,
can thoi gian chiéu sang dai; Chi
phi nang lugng cao; Qua trinh tong
hop/ché tao chét xdc tac qua kha
phirc tap; Khé thu hdi chat xuc tac
sau phan ung.

Co6ng nghé Vi séng

Hiéu qua xu ly cao, ¢6 kha nang
pha v& ciu tric cac hop chét hitu
co bén; Co thé két hop véi céac
chat oxi hoa (H.O,, persulfate,
TiO;) & tao hiéu ung cong
huong; it phat sinh chat thai thi
cap, than thién méi trudng

Chi phi dau tu thiét bi vi séng
tuong d6i cao; Tiéu tén nhiéu nang
luong;

C6 thé 1am tang nhiét d6 dung dich.

Qua
phan

trinh  Quang

Str dung néng luong anh sang (tu
nhién hoac nhén tao), than thién
moi truong; Phu hop cho xir ly
cac hop chat doc hai ¢ ndng do
thip; Khong tao ban thai the cip,
han ché 6 nhidm thir phat

Hiéu suat phu thuéc manh vao
cuong do va budc soéng anh sang;
Hiéu qua xt ly thap, mot s hop
chat c6 thé chi bi bién ddi cha
khong bi khoang h6a hoan toan.

S,03~ +e” > SO%™ +

SO; ~

S,0%~ + Nhiét do - 250, ~

S,03"+ UV —2S0,~

(A =254 nm)

Béang 2.Thé oxy hoa cua mot s6 tac nhan oxy hoa dién hinh [39]

[28]

[29]

[30]

[31]

)
()
@)

Téc nhan oxy hdéa Thé oxy héa (eV)
Fluorine [F] 3.0
Hydroxyl radical [HO"] 2.8

Sulfate radical [SO, 7] 25-31

Ozone [Os] 2.1
Persulfate [S,037] 2.1
Peroxymonosulfate [HSO: ] 1.8
Hydrogen peroxide [H20;] 1.8
Permanganate [MnOy ] 1.7
Chlorine dioxide [CIO-] 1.5
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2 NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Nguyén vat liéu

Céc hoa chat sir dung cho nghién ctru bao gom Phenol (99%), Na2S:0s, (98%), HCI (37%), NaOH
(99.5%), CHsCOONHj, (97%) va Acetonitrile (HPLC grade) dugc mua tir Sigma-Aldrich. Nudc cat st dung
cho viéc pha ché hoa chat duoc lam sach bﬁng thiét bi Water Puyiﬁcation Sys‘gem dé dam bao chat luqqg
nudc sau xu ly dat dién tro la 18.2 M€Q. Tat ca cac dung dich goc cua hoa chat duoc chira trong binh toi
mau va trit lanh d€ tranh sy bién doi tinh chat.

2.2 Thi nghiém phéan hiy phenol

Thi nghiém phan huy phenol dugc thyc hién ¢ 25°C, trong vong 90 phut. Trudc khi tién hanh thi
nghiém, dung dich phenol ¢ cac nong d6 khac nhau (20 — 80 mg/L) duoc pha tir dung dich gbc c6 ndng do
1000 mg/L. Pdi v6i ngudn cung cip S:0s% cho qua trinh xir 1y, Na,S;0s (sau day goi tat 1a NPS) 1a hoa
chit duoc lua chon, theo d6 NPS dugc thém vao dung dich phenol dé dat duoc céc nong do khac nhau (5.0
— 50 mM). Dung dich phenol c6 thé tich 100 mL duogc rét vao cbe phan tmg va day kin bang dia thach anh
(loai JGS1, Pai Loan) ¢6 duong kinh 20 cm dé dam bao toan bo birc xa UV khong bi hép thu hodc phan xa
bdi vat chin va ngin sy bay hoi trong suét qua trinh phan tng. Dung dich dugc khuay tron lién tuc bang
thiét bj khudy tir voi tbe d6 300 vong/phit. Coe phan tng duoc dit dudi ngudn birc xa UV (Dén UV 36W,
TUV, PL-L, Philips) v&i khoang cach c¢6 dinh 1a 20 cm. Trong subt thoi gian phan tng, mau dung dich
phenol (1.0 ml) duoc liy va duoc loc qua dau loc PES Syringe Filter co duong kinh 13 mm va kich thudc
16 loc 0.22 um trudce khi tién hanh xéac dinh ndong do phenol va tinh toan hiéu suat xir 1y (H). Qua trinh loc
mau dugce thuc hién dé loai bé hoan toan cac thanh phﬁn khong tan (néu c0) trong dung dich, dam bao an
toan cho cot sic ky. Pau loc PES Syringe Filter di dugc thuc nghiém x4c nhan khong hap phu phenol trong
dung dich. Tat ca thi nghiém duogc 1ap lai 02 lan dé dam bao do tin cay cua dir li¢u, gia tri trung binh cta
dir liéu duogc tinh toan va bao cao. Qua trinh thyc hién thi nghiém va so dd bd tri thi nghiém dugc trinh bay
nhu Hinh 2a va b.

(a)
Diénh gia kha nang xir ly phenol Panh gid anh hwong cua Danh gié anh huong Danh gi anh huong
cua phuong phap (so sanh véi By noéng do Na,S,0, dén W5 ctapHdungdichdén B95» cua nong d6 phenol dén
céc diéu kién doi chimg hiéu xuat xir Iy phenol hiéu qua xtr 1y phenol hidu qua xu Iy
(b) - o .

id °
REFRIGERATED
CIRCULATOR
Quartz Water
e
window
—
Phenol solution——"" Water
L% )

Hinh 1: Quy trinh thyc hién thi nghiém (a) va so dd bd tri thi nghiém xtr 1y phenol (b)
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2.3 Phuwong phap xac dinh ndng do phenol

Su thay ddi nong d6 phenol trong thi nghiém duoc xac dinh bang thiét bi sic ky 1ong hiéu ning cao
(HPLC Agilent, 1260 Infinity LC System, Agilent Technologies, Pirc) két ndi v6i bd phan UV/Vis detector.
Cot sic ky long duogc sir dung 1a cot C18 (InertSustain C18, 5 pM (4.6 pm x 250 mm) v6i nhiét do van
hanh ciia cot 1a 40°C. Pha dong cho qua trinh phan tich phenol c6 thanh phan gdm dung dich ammonium
acetate (20 mM) va acetonitrile (HPLC grade) & ty 1¢ 1:1 (theo thé tich). Pha dong duoc bom qua cot véi
Iy Iwong 1.0 ml/phit. Mau dung dich phenol dugc hé théng 1y mau ty dong hut véi thé tich ¢b dinh 14 10
pL/mau. Pinh dic trung ciia phenol dugc ghi nhan ¢ bude song 270 nm. Pudng chuan dung dich phenol
dugc chuan bi & cac ndong do (0 - 50 mg/L). Thong qua sic ky do, dién tich (Area) ciia dinh dic trung phenol
& thoi gian luu (Retention time) 3.77 phut dugc xac dinh va do thi dudong chuan ciia dung dich phenol duoc
thanh 14p véi gia tri R? 12 0.998. D6 thi dudng chuan (Hinh 3) thé hién mbi quan hé tuyén tinh giita ndng
d6 phenol va dién tich cua dinh dic trung thu duge két qua tir sic ky do. Phuong trinh dudng chuan y =
17.309x — 6.0476 duoc ding dé xac dinh néng d6 phenol trong cac mau thir thuoc khoang 0 —50 mg/L
thong qua cong thurc (4)

A+6.0476 (4)
X=—
17.309
(a) (b)
1000 DAD1 A, Sig=270,4 Ref=off (005-P2-A5-40ppm.D)
Al 0
§
.
800 - 0
y=17.309x - 6.0476 . .
R2=10.998
= 600 A mn
2 -
: (3 8
o
a 400 + o
.-,"
’ -
200 + . .
0 . T ! | . . , . . . . 05 1 5 2 25 3 35 4 I
0 10 20 30 40 50 60
Néng d4 phenol (mg/L) Theoi gian Iru (phut)

Hinh 2: D6 thi duong chuén phenol (a) va sic ky d6 cua phenol (b)

2.4 Phwong phap xic dinh hing s6 toc do phan iing

Pong hoc va hang sb tdc d6 phan tng 1a nhitng théng s6 danh gia hiéu qua tong thé cia qua trinh
phan hiy phan hiy phenol. M6 hinh dong hoc bac 1 (Pseudo-first-order kinetic model) dugc str dung dé
xac dinh dong hoc cua qua trinh phan hity phenol, theo cong thic (5), (6).

—d[C]
dt = kops X [C] ©)
C

ln% = kobs Xt (6)

Trong d6 [Co] 14 ndng d6 ban dau cua dung dich phenol, [C] la ndng do ciia phenol & cac mde thoi
gian x4c dinh, t 1a thoi gian phan Ung, K 12 hing so toc d6 phan ung (phat?).
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3 KET QUA VA THAO LUAN
3.1 Danh gia kha nang xir ly phenol thong qua géc persulfate hoat hoa béi birc xa cuc tim

bé danh gia kha nang xt ly phenol thong qua gbc persulfate hoat hoa boi buc xa UV, dung dich
phenol ¢6 nong do 40 mg/L duoc bd sung NPS 5.0 mM va tién hanh chiéu birc xa UV. Két - qua thi nghiém
dugc so sanh véi cac diéu kién di chimg bao gdm: (i) dung dich phenol khong dugc chiéu xa UV va bd
sung NPS, (ii) dung dich phenol duoc chiéu xa UV nhung khong bo sung NPS va (iii) dung dich phenol c6
bd sung NPS nhung khong duoc chiéu xa UV. Hinh 4 cho thay trong diéu kién khong c6 su hién di¢n cua
cac tac nhén oxy hoa NPS va birc xa UV, mau phenol duy trinh néng d¢ khong d6i theo thoi gian. Diéu nay
phan 4nh d6 bén cua hop chat ndy trong moi truong, két qua nay hoan toan pht hop voi két ludn cua cac
nghién ctru trude d6 vé tinh chat kho phan huy sinh hoc phenol [32-33]. Tuong tu, trong diéu kién chi NPS
5.0 mM duoc bd sung vao dung dich (Phenol + NPS (5.0 mM)), gan nhu ndng d phenol trong dung dich
khong ghi nhan duogc sy thay ddi dang ké nao, H =~ 0 %. Tuy nhién khi tién hanh chiéu xa UV (Phenol +
UV), nong do phenol giam rd rét va dat H = 15 % sau 90 phit. Mic du hiéu qua loai bo phenol bang bic
xa UV 1a khong cao, tuy nhién két qua cho thdy kha niang ion héa va pha v lién két hoa hoc cua burc xa
UV. Dudi tac dong cua birc xa UV phan tir phenol ¢ thé bi phan hiy tryc tiép (pha v& cau trac) khi hap
thu cac photon ¢ nang lwong cao hodc bi phan hity gian tiép boi cic tic nhin oxy héa manh sinh ra tir qua
trinh phan ly nudc (OH", H20,). Trong diéu kién dung dich thi nghiém dugc két hop chiéu xa UV va bd
sung NPS (Phenol + NPS (5.0 mM) + UV), ndng d6 phenol giam dang ké sau 90 phut véi H = 75 %. Két
qua khing dinh kha ning xir 1y phenol vuot troi ciia phuong phap hoat hoa gbe persulfate boi bure xa UV.

M@ hinh dong hoc bac mét (Pseudo-first-order kinetic model) dugc (g dung dé danh gié khd néng
xu 1y phenol ciia phuong phap hoat hoa goc persulfate hoat hoa boi birc xa cyc tim so voi cac diéu kién ddi
chimg, két qua duoc trinh bay & Bang 1 va Hinh 4a. S6 liéu tir Bang 3 cho thay, hing s6 téc do phan tng
(Kobs) ghi nhan & phuong phap (Phenol + NPS (5.0 mM) + UV) 1a 1.6 x 102 phat™?, gip 7.6 1an so véi gia
tri Kobs ghi nhan dugc & didu kién (Phenol + UV), 2.1 x 102 phut™. Nhu véy, viéc bo sung NPS vao dung
dich cung cip cac gdc persulfate, tir d6 thuc day qua trinh san sinh cac gbe tu do SO4~, tham gia vao qua
trinh phan hiy phenol. Trong d¢6 UV khéng chi truc tiép phan hily phenol ma con kich hoat NPS, tao ra
nhiéu gdc tu do SO, diéu nay din dén sy phan hity phenol manh, va hi¢u suat xtr Iy vuot trdi so véi timg
phuong phap riéng 1é. Két qua nay xac nhan tinh wu viét ciia phuong phap hoat hoa gbe persulfate hoat hoa
boi blrc xa cuc tim cho viée xur 1y cac ddi tuong 6 nhiém hitu co va la day ciling la tién dé dé tién hanh
nghién ctru, ddnh gia va xac dinh cac diéu kién hoat dong téi wu cho qué trinh xir Iy

L() ()
B — e = - . PN
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o 1 * * * ® o
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0.8 4
054 .
J g
©-07 4 ® ~ 0.6
= o |
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Phenol + UV . ’ Phenol + UV
11 A ]
®  Phenol + NPS (5.0 mM) ‘o, 02 ® Phenol + NPS (5.0 mM)
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Hinh 3: D) thi xac dinh hang s6 tdc do phan Gmg (a) va su phan hity phenol (b) dudi tac dong xiic tac cua gdc
persulfate hoat héa buc xa UV, so sanh voi cac diéu kién doi ching.
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Bang 3. Hi¢u suit xtr phan hiy va hing s6 toc d6 phan tmg ctia thi nghiém phan huy phenol thong qua gdc
persulfate hoat hda buc xa UV, so sanh v6i cac diéu kién doi chung

Hiing s6 toc dd phan wng, Kobs (phat -

Diéu kién Hiéu suét xir Iy, H (%) B R?
Phenol 0 3x10° 0.404
Phenol + UV 15 2.1 x10°% 0.932
Phenol + NPS (5.0 mM) 0 9 x 10° 0.976
Phenol + NPS (5.0 mM) + 75 16 % 102 0.996

uv

3.2 Khaio sat cac yéu t6 anh hwéng dén kha niing phan hiy phenol

3.2.1 Ddnh gid dnh hwéng ciia nong dp Na2S:0s (NPS) dén hiéu sudt xir Iy phenol théng qua goc

persulfate hoat hoa bagi birc xa cuc tim

NPS 13 m6t cht oxy hoa manh va déng vai trd quan trong trong viée hinh thanh SO~ duéi tac dung
kich hoat cua birc xa UV. Do vdy, dé xac dinh anh huéng ctiia ndng d6 NPS dén hiéu qua xu Iy phenol, NPS
& cac néng d6 khac nhau (5.0, 10, 15, 20, 25, 30 va 50 mM) dugc thém vao dung dich phenol (40 mg/L).
Sau khi bd sung NPS, dung dich phenol duoc tién hanh chiéu xa UV dé thic diy sy phan ly ciia NPS va
hinh thanh cac gbc tw do SO4~. Két qua thi nghiém (trinh bay & Hinh 5) cho thdy xu huéng ting rd rét cia
hiéu suat xtr Iy phenol khi ting dan ndong d6 NPS. Cu thé, ¢ nong do NPS 5.0 mM hiéu suét phan hity phenol
dat 75 % sau 90 phiit xir Iy. Khi tiép tuc ting ndng NPS 1én lan lugt tir 10 - 30 mM thi higu suét tang tir
86 % - 99.3 %. K&t qua thi nghiém cho thiy nong d6 NPS ting dong nghia lugng SO4~ sinh ra trong qua
trinh cang nhiéu, kha ning ion hoa va pha v& lién két hoa hoc ctia qua trinh phan hily phenol cang hiéu qua.
Xu huéng nay pht hop véi cac bio céo trude do. Cu thé, Sanaullah Khan va cong su ghi nhan hiéu suat
phan hay lindane thong qua hé UV/ S,06?" tang tir 34 % 1én 96 % khi ndng d6 S,0s> trong dung dich duoc
diéu chinh tir 100 pM 18n 1000 uM [33]. M6t nghién ctru khac cua Z. Honarmandrad va cong sy ciing chi
ra xu hudng tuwong tu khi ap dung phuong phap Ozone based-AOPs (03/Ca0,) dé phan huy phenol, cu thé,
khi tang ndng d6 chat xic tac (Ca0y), hiéu suat xtr Iy phenol ciing ting twong tng [26].

O diéu kién chiéu xa dung dich phenol c6 néng d6 NPS 50 mM, phenol hoan toan dugc loai bo sau
60 phut (H = 100 %). Mac du ¢ ndéng do NPS nay, phenol giam nhanh va manh hon, tuy nhién ciing can
luuy lleu luong NPS str dung ciing & mirc cao. Day ciing 1a mdt rao can 16n dé ap dung phuong phap trong
thuc té. Do do, dé hai hoa gilra myc tiéu xur 1y phenol mot cach hiéu qua véi chi phi phu hop, néng do NPS
25 mM duoc d& xuét, vi & ndng do nay hiéu qua xt 1y phenol van dat 97 va 99.2 % sau 75 va 90 phut. Két
qua nay van cao hon rat nhiéu so vi cac phuong phap xir 1y truyén thong von can nhiéu thoi gian va diéu
kién van hanh phtrc tap hon [35-36]

Mb hinh dong hoc bac mét ctia thi nghi¢m duoc trinh bay ¢ Hinh 5a va két qua ghi nhan & Bang 4
cho théy gié tri Kobs ting dan qua cac nong do NPS, theo thtr tw sau: 5.0 mM >10 mM >15 mM > 20 mM >
25 mM > 30 mM > 50 mM. Diéu niy c6 nghia rang qua trinh xir ly phenol xdy ra nhanh va hiéu qua hon
khi dung dich phenol dugc b6 sung nhidu NPS hon. Kops ghi nhdn ¢ néng d6 NPS 50 mM nay la7.71x10

phut ! cao gip 5 lan so v6i gi tri Kobs ghi nhan duge & nong d6 NPS 5 mM. Nhu vy, ting ndng do NPS
dong nghia cung cap nhiéu hon cac anion S,0s% cho qué trinh chiéu xa UV, tir d6 san sinh cac gde ty do
S04~ nhiéu hon, thirc diy nhanh thoi gian phan hiy phenol cia qua trinh. Két qua nay xac nhan hiéu qua
xtt Iy cac chét 6 nhidm ty 16 thuan véi nong d6 chat xuc tac. Song, mic dit Kobs ghi nhan & diéu kién NPS
30 mM va 50 mM 14 5.29 x 102 phit™ va 7.71 x 102 phit? cao hon so véi 5.18 x 102 phat™? ¢ néng do
NPS 25 mM, tuy nhién, hi¢u suat loai bo phenol sau 90 phut ting khong dang (1an lugt 12 0.1 va 0.7 %). Vi
vy & ndi dung nghién ciru nay ndng do NPS tdi wu nhat duoc chon 13 25 mM va diéu kién nay duoc ap
dung cho céc thi nghiém tiép theo.
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Hinh 4: D4 thi xac dinh hing s6 tc d6 phan tng (a) va su phan hily phenol (b) dudi cac diéu kién nong do NPS
khac nhau

Bang 4. Hiéu suat xir Iy va hing s6 téc d6 phan tmg ciia qua trinh phan hay phenol dudi cac didu kién NPS khac

nhau
Pidu kién Higu sult xir Iy, H (%)  1ang s toc g phan img, Kops (R0t
)
Bk{?nol + NPS (5.0 mM) + 75 16 x 102 0.996
Phenol + NPS (10 mM) + UV 86 2.33 x 102 0.995
Phenol + NPS (15 mM) + UV 92 3.31 x 1072 0.990
Phenol + NPS (20 mM) + UV 97 3.6.5 x 1072 0.995
Phenol + NPS (25 mM) + UV 99.2 5.18 x 102 0.997
Phenol + NPS (30 mM) + UV 99.3 5.29 x 102 0.996
Phenol + NPS (50 mM) + UV 100 7.71 x 102 0.999

Sy thay d6i mau sic cua dung dich phenol (40 mg/L) & trudc va sau khi thi nghiém dugc ghi nhan
& Hinh 6. C6 thé thdy 3, dung dich phenol trude khi thi nghiém c6 mau sic trong sudt, tuy nhién sau 90
phiit chiéu xa UV va dudi sur c6 mit ctia NPS, dung dich chuyén sang mau vang nau va xuét hién cic van
dang dau trén bé mit, chimg t6 phenol trong dung dich da trai qua qua trinh bién dbi hoa hoc. Pidu nay co
thé duogc 1y giai boi cac gbe SO4 tu do sinh ra tir qua trinh UV hoat hda S;0¢?” da tham gia vao qua trinh
phan hily phenol tao thanh cac san pham phu mang mau. Cu thé, SO4~ c6 kha ning tuong tac véi cau trac
mach vong cua phenol thong qua qué trinh oxy héa tao thanh p-benzoguinone (CeHsO2) 6 mau vang va
cac polyphenol ¢4 mau néu sam [37]. Két qua ghi nhan duoc tir thi nghiém tuong ddng véi cac nghién ctru
trudc d6 [32]. Két qua phan tich sic ky 1ong hiéu ning cao ctia mau phenol trudc va sau khi xir 1y ciing xéc
nhan sy hinh hanh cta cic san pham phy. Trudc khi thi nghiém, sac ky do ciia mau cho két qua chi mot
dinh dic trung cta phenol xuit hién & 3.77 pht, chimg t6 phenol 1a thanh phan duy nhat c6 trong mau. Tuy
nhién sau 90 phut phéan tmg, dinh nay hoan toan bién mat, cho thay phenol da bi chuyén hda hoan toan,
dong thoi ba dinh méi xuét hién ¢ thoi gian luu lan luot 1a 1.96, 2.36 va 3.89 phut, dai dién cho ba san
phim phu cta qua trinh phan hay phenol. Két qua nay mét 1an nita chirng minh kha ning phan hay phenol
ctia cac gbe SO, hinh thanh sau qua trinh chiéu xa S,08%".
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(b)

Trwéc khi xi 1y , Sau 90 phut xit Iy
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Hinh 5: Sy thay d6i mau sic va peak cta phenol trude (a) va sau 90 phat xi 1y (b)
3.2.2  Ddnh gid anh hwong ciia pH dung dich dén higu sudt xir Iy phenol thong qua géc persulfate
hoat hoa bai tia cuc tim.

Anh huéng ciia pH dung dich dén hiéu suét xir Iy cua cac qué trinh AOPs 1a mot yéu t6 rt quan trong
can duogc nghién ctru. Dé hiéu rd hon vé vai tro pH dén hiéu qua cua qua trinh xtr 1y phenol bang ciia phuong
phap UV hoat hoa NPS, ¢ ndi dung nghién ctru nay, pH dung dich phenol (Co = 40 mg/L, ndng d6 NPS 25
mM) duoc didu chinh theo cac diéu kién axit (3.0, va 5.0) va bazo (9.0 va 11) trude khi tién hanh chiéu xa
UV. Két qua thi nghiém so sanh vai diéu kién pH tu nhién cta dung dich phenol (ghi nhan ¢ gia tri 6.1)
dugc trinh bay ¢ Bang 5 va Hinh 7, cho thay cac xu hudng khac nhau ciia qua trinh phan hity phenol va su
anh huong manh mé cia cac diéu kién pH dung dich. Cuy thé, hiéu suit phan huy giam dang ké (H = 57.7 %
va H =~ 32 %) ¢ gia tri pH 9.0 va 11. C6 thé thay, hiéu qua xi 1y phenol giam manh khi pH dung dich ting
tinh bazo. Két qua nay phi hop véi bao céo trude d6 cia nhom tac gia Lin va cong su, theo d6 hiéu qua xir
ly phenol giam dang ké di khi gia tri pH dung dich & ngudng 11 [38]. Nguoc lai, & didu kién pH acid, hi¢u
qua phan hiy phenol kha cao, voi 96 % va 98.6 % khi pH dung dich lan luot ¢ gid trj 3.0 va 5.0. Két qua
nay ciing phu hop véi ghi nhan cua Khan cong su khi tién hanh phan huy lindane, mot chit diét con tring
bang phuong phap UV/peroxymonosulfate trong moi truong pH thap [39].

6] gia tri pH tu nhién cta dung dich, hiéu qua xu 1y phenol cua dat 99.2 %, tang khong dang ké so
v6i cac diéu kién pH thap hon. Tir két qua nay co thé két luan kha ning hoat hoa persulfate thong qua birc
xa UV @ san sinh gdc SO, xay ra tot hon trong diéu kién pH tir acid dén trung tinh va nguoc lai s& giam
manh & pH kiém. Nguyén nhan cta su giam sut hidu qua xt 1y phenol ¢ cac gia tri pH cao dugc 1y giai la
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do it gbc SO, duoc san sinh hon trong diéu kién bazo, (OH" 1a san pham chiém wu thé & pH kiém) [40].
Céc phéan g phu c6 thé xay ra & gia tri pH nay, lam S;0g?” phan hity thanh ion SO4 va O thay vi SO4"~ tur
do, tir d6 lam giam hiu qua xtr ly cta qua trinh [38].

Két qua phan tich mé hinh dong hoc bac mét cua thi nghiém khéao sat sy anh hudng cua pH duoc
trinh bay & Bang 5. Dit liéu cho thay, Kops ghi nhdn & cac diéu kién bazo déu thap hon so voi pH acid va
diéu kién pH tu nhién cia dung dich (pH = 6.1). Cu thé, ¢ diéu kién dung dich phenol khong diéu chinh
pH, gié tri Kobs ghi nhan 13 5.18 x 102 phit™ cao hon 11.8 1an so véi gia tri Kops ¢ diéu kién pH = 11 (4.4
x 107 phat™). Tir goc do phan tich tong thé ca hidu suét xir Iy 14n khia canh kinh té, pH = 6.1 ciia dung dich
dugc danh gi4 1a diéu kién phu hop nhat cho qua trinh xtr 1y phenol bang hé théng UV/ S,06%, bai diéu
kién nay khong chi dam bao hiéu qué loai bo phenol cao (99.2 %) ma con gitp t6i wu hoa chi phi van hanh
khi khong can diéu chinh pH cua dung dich xu 1y.

a
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Hinh 6: D thi x4c dinh hang s6 tc d6 phan (mg (a) va sy phan hily phenol (b) dudi cac didu kién ndng do pH dung
dich khac nhau

Bang 5. Hiéu sudt xir Iy va hing sb toc do phan tmg cua thi nghiém xir 1y phenol duéi cac diéu kién pH khac nhau
Haing so toc do phan

oA oA N A - , o 2
Diéu kién pH Hiéu suat xir ly, H (%) tmg, Kabs (phut) R
3 96 3.6 x 102 0.997
5 98.6 4.62 x 102 0.998
Phenol + NFS (25 mM) + 6.1 99.2 5.18 x 107 0.997
9 57.7 8.2 x 107 0.975
11 32 4.4 x 10 0.981

3.2.3  Ddnh gid dnh hwéng ciia néng dp phenol ban dau dnh huwéng dén hiéu sudt xiv ly phenol thong
qua goc persulfate hoat héa béi tia cuc tim

Thi nghiém dugc thyc hién nham xem xét gidi han va hi€u qua cua qua trinh xur 1y trong cac diéu kién
phenol ¢6 ndng dd khac nhau. Dung dich phenol duoc chuin bi véi cac ndng dd phenol ban dau (Co = 20,
40, 60 va 80 mg/L) trudc khi bd sung NPS 25 mM va chiéu xa UV. Két qua thi nghiém trinh bay & Hinh 8
cho thay hiéu suat xir Iy c6 xu hudng giam rd rét véi viée ting nong do phenol ban dau. G Co = 20 mgl/L,
toan bo phenol bi loai bé sau 30 phut xir 1y, trong khi d6, cac nong dd phenol cao hon (Co = 60 va 80 mg/L)
hiéu sut dat 81 % va 67 % sau 90 phut. K&t qua nay thé hién rd sy twong quan giita ndng do phenol, tac
nhan oxy héa SO, va thoi gian can thiét cho qua trinh xir Iy. Cu thé, khi dung dich chtra nhiéu hon cac
phan tir phenol trong khi s lugng gbc tur do SO, 1a khong doi sé tao ra sy chénh léch nong do chét 6
nhidm va tac nhan xt Iy. Su chénh 1éch nay 1am giam hiéu suit va ting thoi gian xu 1y. Khi khao sat hiéu
qua clia qua trinh & Co = 40 mg/L, ca hiéu suit loai bo phenol va thoi gian phan huy déu dat mirc én dinh,
cu thé, gan nhu phenol bi xtr Iy hoan toan (99.2 %) sau 90 phit. Nhu vay, nong do phenol nay c6 thé lam
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co s& tham chiéu cho viée trién khai va ng dung phuong phép hoat hoa 32082 dudi tac dong cia buc xa
UV trong diéu kién thuc té dé dat duoc muyc tiéu xur 1y mong muon. O cac nong do cao hon (60 va 80 mg/L),

dé dat duoc hiéu qua xtr Iy theo mong mudn can nhiéu thoi gian phan tng hon trong ciing diéu kién nong
d6 NPS 25 mM. Vi két qua thi nghiém phan hay phenol & nghién ctru ndy tuan theo mé hinh dong hoc bac
1 (Pseudo-first-order) do do, tir gia tri Kobs cia diéu kién Co = 60 mg/L va Co = 80 mg/L (1an lugt 13 0.0194
va 0.0135 phut?), c¢6 thé xac dinh thoi gian can thiét & xur 1y hoan toan phenol trong dung dich 1an luot la
4.0 hva 5.5 h cho gia tri ndng d6 phenol 60 va 80 mg/L.

90
75 80 mg/L
_ 60 mg/L
S 60 -
g 40 mg/L
o, 45 20 mg/L
B
w4
= 30 -
<
Bb
2 15 -
[
5 4
0 T T T T T
0 20 40 60 80 100 120

Hiéu suat xir 1y, (%)
Hinh 8. Hiéu suit phén huy phenol & cac néng d6 khéc nhau, tai diéu kién pH dung dich va néng dd NPS tbi uu

4 KET LUAN

Théng qua nghién ctru thue nghiém qua trinh phan hay phenol bang géc SO4~ tu do tao ra tir qua
trinh hoat hoa persulfate dudi tic dong cua buc xa UV, cho thdy tinh kha thi va tiém ning 16n trong viéc
xtr Iy nuéc thai 6 nhiém chia phenol noi riéng va 6 nhiém hiru co noi chung. Két qua ciing cho théy hiéu
qua xur Iy ciia phuong phap ¢ nong do phenol ban dau (40 mg/L) chiu anh hudng manh boi cac yéu t6 nhu:
nong dg persulfate, pH dung dich va néng d6 phenol ban dau. Vi ndng do phenol (40 mg/L) va lidu luong
NPS duoc t6i wu héa (25 mM) két hop véi chiéu xa UV cho ra hiéu xuét xtr Iy phenol trong khoang thoi
gian ngan (90 phit), dat 99.2 % (phenol gan nhu bi phan hity hoan toan). Khao sat kha ning phan hay
phenol ciia phuong phap, & cac diéu kién pH khac nhau (acid, trung tinh va bazo) cho thdy qua trinh phan
huy phenol pht hop & khoang pH tir acid dén trung tinh. Hiéu suét xir Iy dat 99.2 & diéu kién pH thyc cia
dung dich phenol (pH = 6.1). Danh gia anh huong cua nong d¢ phenol ban dau (20 — 80 mg/L), cho thay Y
nong do phenol 40 mg/L, hiéu qua loai bo phenol va thoi gian xur 1y phu hop cho diéu kién ap dung thuc te
khi gan nhu phenol bi xtr ly hoan toan (99.2 %) sau 90 phut. Nhu vy, so sanh vdi cac giai phap xu ly truyén
thdng, phuong phap str dung gdc sulfate hoat hoa boi bic xa UV thé hién wu thé rd rét vé toc dd phan img
va kha nang phan huy cac hgp chat hitu co, bén, kho phan hiy nhu phenol. Két qua nghién ciru s& 1a nén

191



NGHIEN CUU XU LY PHENOL TRONG NUOC THAI THONG QUA GOC PERSULFATE...

tang cho cac nghién ciru tiép theo Vé_ viéc ing dung persulfate va cac phuong phap hoat hoéa khac (nhiét,
xuc tac, song siéu am, kim loai chuyén ti€p) trong xur Iy 6 nhiém moi trudng.

LOI CAM ON

Xin chan :[héph cam on Vién Khoa hoc Céng ngh¢ va Quan ly Méi Truong, Tru(‘yng bai hoc Cong
nghi¢p Thanh pho HO Chi Minh va Khoa Béo h¢ Lao dong va Moi truong, Truong Cao dang Ky ngh¢ 11
da tao diéu kién ho trg dé tdi hoan thanh nghién ctru nay.
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DEGRADATION OF PHENOL IN WASTEWATER VIAULTRAVIOLET
IRRADIATION ACTIVATED PERSULFATE RADICAL
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Abstract: The aim of this study is to investigate the treatment of Phenol in wastewater via persulfate
radicals activated by ultraviolet (UV) irradiation, with the objective of evaluating the applicability of the
method for wastewater treatment and also defining the key parameters influencing the process. The
advantage of the process includes utilizing UV energy to activate persulfate radicals, generating highly
oxidative sulfate radicals (SO4") with a high oxidation potential of 2.6 eV, capable of non-selectively
degrading organic pollutants in water through the breakdown of chemical bonds, transforming them into
non-toxic or less harmful products.
To assess the capability of phenol elimination, the degradation efficiency was recorded, and the rate
constants under different operating conditions were calculated using the pseudo-first-order kinetic model.
The results confirm the feasibility and suitability of this method for decomposing phenol in water with the
high degradation efficiency of 99.2% at the concentration of 40 mg/L. The study also revealed factors that
affect the phenol degradation performance, including the concentration of Na,S;Os, pH value of the
solution, and initial concentration of phenol. Particularly, the degradation efficiency of phenol increased
the rise of Na,S,Os concentration, while, the initial concentration of phenol significantly influenced both
efficiency and treatment time. The pH of solution range from acidic to neutral was found to be more
favorable for converting persulfate into SO, radicals, thereby enhancing the phenol degradation process.
Keywords: Phenol, advanced oxidation processes, persulfate, SO4" radical, pseudo-first-order kinetic
model, ultraviolet irradiation.
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