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1. PAT VAN PE

Pentaclophenol (PCP) 12 mét chit 6 nhim hiru co khé phan huy, dugc liét ké
trong cong udc Stockholm nam 2015. PCP dugc biét dén tir thap ky 30 véi chic
nang 1a thanh phan chinh cta chit bao quan gd. Tir d6, PCP duoc dung rong rii véi
mot sd luong lon trong nong nghiép, la thanh phan cua thudc diét co, diét nam, diét
dong vt than mém. Trong cong nghiép, PCP dugc st dyng trong nganh nhudm, dét,
san xuat gidy. Viéc san xuét va str dung mot khoi lwong 1n trong thoi | gian dai va do
tinh kho phén huy, PCP da tr¢ thanh mét trong nhing chat gay 0 nhiém mai trudng
nguy hai & quy mé toan cau. PCP doc dbi véi con nguoi khi tiép xtc qua duong an
udng va ho hip. Hit phai PCP gy anh huong dén hé than kinh, mau, gan. Tiép xuc
voi PCP trong thoi gian dai giy tac dong xau 1én duong ho hap, mau, than, gan, hé
mién dich, mét, miii va da. Co quan Bao vé méi truong My (EPA) da phén loai PCP
vao nhom B2, chit c¢6 thé gay ung thu ¢ nguoi [1, 2].

Nudc thai chua PCP thuong doc véi vi sinh nén kho ap dung cac qué trinh
sinh hoc, trong khi d6 cac qué trinh oxy hoa hoa hoc st dung cac chit oxy hoé thong
thudng co nhiéu han ché nhu chi phi cao, thoi gian xur Iy dai, hoa chat doc hai voi
moi truong ma hiéu qua xir 1y khong cao. Do vay, cic qua trinh oxy hoa tién tién
dwa trén cac tac nhan oxy hoa 1a gdc tu do hoat dong nhu "OH, ‘CO;3’, "O5"... dd va
dang dugc cac nha khoa hoc dédc biét quan tdm nghién ctru, ing dung trong xu 1y
nudc thai. Cac qua trinh oxy hoa tién tién nay c6 uu diém 14 xu 1y hiéu qua cac chat
6 nhiém hitu co ké ca cac chat hiru co kho phéan huy.

Trong s cac hé oxy hoa tién tién thuong gip, ngoai hé Fenton (Fe "/H,0,)
dang duoc st dung nhiéu trong xir Iy nude ri rac va mot sé loai nude thai cong
nghiép, hé oxy hoa dua trén percabonic acid dugc danh gia 1a mot hé oxy hoa xanh
dang dugc nghién ciru ngdy cang nhiéu nho vao cac wu diém vuot tréi nhu kha ning
oxy hoa manh cac hop chat hitu co khd phan huy, chang han nhu cic chit chua
nhiéu vong thom, cac chat mau dét nhudém [3, 4]. Hon nita, hé oxy hoa nay hoan
toan than thién vdi méi truong (do khong sir dung hoa chéat doc hai ciing nhu khong
phat sinh chét thai thir cp c¢6 hai cho méi trudng), chi phi van hanh thap.

Trong nghién ctru nay, chung toi tap trung khao sat diéu kién téi wu cho qua
trinh phan hity dung dich PCP bang hé oxy hoa percarbonic acid dong thoi sir dung
cac phuong phap phan tich nhu phé hip thu UV-Vis, LC/MS/MS, phan tich COD
(nhu ciu oxy héa hoc), TOC (téng cacbon hitu co) nhim danh gia hiéu qua phan huy
PCP. Theo két qua khao sat ham luong PCP tai mot s6 co Y quoc phong trong
nude, ham lugng PCP trong nude thai tai mot sé co s¢ san xuat Qudc phong & Viét
Nam, ham lugng PCP déu & mutrc dudi 0,2 mg/L [5], do vdy nong d6 PCP ban dau
duoc chon trong nghién ctru nay 1a 200 pg/L.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 32, 09 - 2023 47



Nghién ctru khoa hoc c6ng nghé

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

Céc hoa chat sir dung cho nghién ciru nay gdbm pentaclophenol, hydro peroxit,
natri bicarbonat, kali hydro phthalat (KHP) do Sigma Aldrich san xuat, 6 sach dung
cho phan tich.

Céac thi nghiém phan huy PCP bai hé oxy hoa percarbonic acid dugc thyc hién
trong binh phan tmg thé tich 250 mL c6 khudy tir. Chat oxy hoa peroxymonocarbonat
(HCOy) duoc didu ché bang cach tron NaHCO; voi H,0; theo ty 18 mol 1,0 : 2,5
trude khi tién hanh phan tng phan huy khoang 40 phit. Cac budc tién hanh chi tiét
cta thi nghiém phan huy PCP di duoc cong bd tai [3]. Nam yéu td anh huong dén
toc do xur 1y duge nghién ctru bao gdm: pH (6 + 10); ndng d6 HCO;™ (5 + 50 mM)
v6i diéu kién cb dinh ty 16 nong do NaHCOs : H,0, = 1,0 : 2,5; sy ¢ mit cia ion
kim loai (Co**, Ni*', Fe**, Cu?®*, Mn*"); nhiét do (16 + 55°C) va tia UV.

Nong d6 PCP trong dung dich phan tng dugc phén tich bang phuong phap do
pho hép thu phan tir UV-Vis tai mot trong ba budc song hip thu cuc dai dic trung
ciia PCP 1a A; = 220 nm, A, = 251 nm, va A3 = 321 nm trén thiét bj quang ph6 UV-
Vis Genesys 10S. Hiéu suat phan huy PCP theo thoi gian dugc tinh theo cong thirc:

Ao — A

H% = x 100 %

0
trong do: Ao va A la do hép thu quang (tai A, = 220 nm) cua dung dich phan
ung tai thoi diém ban dau va sau thoi gian phan tng ¢ phut.

Ngoai ra, hiéu qua xir Iy PCP béi hé percarbonic acid con dugc danh gia thong
qua hiéu suit xtr Iy COD, TOC. Gié tri COD cua dung dich PCP trudc va sau khi
phan huy duoc x4c dinh bang phuong phap do quang theo phuong phép tiéu chuén
[6] st dung duong chuin co dang Asoonm = 0,00063.COD + 0,00009 (R2 =0,9992)
dugc xay dung v6i hoa chat chuan KHP. Gia tri TOC cta dung dich PCP trudc va
sau khi phan huy dugc phén tich trén thiét bi Multi N/C Analytik Jena 2100 S.

Dung dich PCP trudc va sau khi phan huy bdi hé oxy hoa percarbonic acid
dugc phan tich trén thiét bi Agilent 6430 Triple Quad LC/MS sir dung cot sic ky
pha dao C18, pha dong 1a hdn hop acetonitril/nuéc (chira 0,5% acetic acid) ty 1¢ thé
tich 80/20, tdc do dong 0,25 mL/phut nham danh gia du lugng PCP con lai.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia cac yéu t téi hiéu qua phan huy PCP
3.1.1. Anh hwéng ciia nong dd chit oxy héa

Céc thi nghiém dugc thuc hién voi néng d6 PCP ban dau giéng nhau la 200
ng/L, ndng d6 dau cua HCO;™ dugc thay ddi trong khoang 5 + 50 mM va nong do
dau cua H,O, gip 2,5 1an ndng d6 NaHCOs, xuc tac Co*" 0,1 ppm. Dién bién hiéu
sudt phan huy PCP theo thoi gian Gmg vdi cac ndng do dau cua HCO;™ khac nhau
duoc trinh bay trong Hinh 1.
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Hinh 1. Anh hudng ndng d6 NaHCO:; t6i hiéu suat phan hiry PCP: Co pep =200 pg/L;
C()’ NaHCO3 = =5+150 rnM CNaHCO3 CH202 10 2 5 CO C02+ 0 1 mg/L pH 8 68

Dién bién hiéu suat phan huy trén Hinh 1 cho thay, ban dau khi ting nong do
HCO; tor 5 mM 1én 10 mM (df)ng thoi van giir nguyén ty 1¢ [HCOg'] [HO,] =
1,0:2,5), hi¢u suat phan huy PCP ciing tang va dat cyc dai tai nong d6 HCO;™ 10
mM. Sau d6 néu tiép tuc ting nong d6 HCO; 1én 20, 30 va 50 mM, hiéu suat phan
huy PCP lai ¢6 xu hudng giam._ Diéu nay co the giai thich nhu sau: Trong khoang
nong do 5 + 10 mM, viéc tang noéng d6 HCO; ndng d6 HCO, sinh ra ciing ting 1én,
do @6 ndng d6 cac goc tu do 1a "CO;” va "OH ciing ting theo lam ting kha ning phan
hay PCP. Qua trinh tao ra cac gbc tu do nay dwoc mé ta théng qua cac phan tmg
duai day [7].

Trudce tién HCO4™ dugc tao thanh theo phan ing:

HCO; + H,0, «> HCO4 + H,0 (1)

Sau do, Co*" s& phan tng v6i HCO4 dé taora géc "‘OH:
Co*" + HCO4 < Co’" + CO;” + "OH )
Co*" + HCO4 < Co’" + OH +"COy’ (3)

’C03+ sinh ra lai bj HCO4™ khur dé tao Co*" tao thanh chu trinh tudn hoan tao ra
cac goc tu do ‘OH va "CO;". Cac goc tu do nay oxy hoa PCP tao thanh CO, va H,O.

Co’" + HCO4 <> Co*  +H" + CO, + "0y 4)

Tuy nhién néu tiép tuc tang noéng d6 HCO;3™ tir 10 mM 1én 20, 30 va 50 mM
(twong Gng véi Vié’c tang nong do H,O, tir 25 1én 50, 75 va 125 mM), H202’ canh tranh
va lam giam b6t goc tw do ‘OH theo phéan tng sau ddy va 1am giam hiéu suat xt 1y:

H20z + .OH — HOQ. + H2O (5)
Nhu vay nf‘)ng d6 HCO5 tdi uu duge Iua chon cho cac nghién ctiru tiép theo 1a 10 mM.
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3.1.2. Anh huéng ciia xiic tac ion kim loai

Chuin bi 6 binh phan tmg v6i cing nong d6 PCP 1a 200 ug/L, pH tu nhién
(pH = 8,68), NaHCO;3 10 mM, H,0, 25 mM. 5 binh lan luot dugc thém cac ion kim
loai khac nhau (C02+, Ni*", Fe*', Cu™”, Mn2+) v6i cing nong d6 1a 0,1 mg/L. Binh s
6 khong cho ion kim loai dé lam d6i chimg. Bién thién hiéu suat phan hay cua 6
binh phan ung dugc trinh bay trong Hinh 2.
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Hinh 2. Anh huéng xuc tic toi higu suat phan huy PCP: Cy, pcp = 200 pg/L;
Co, Narico; = 10 mM; Co 1,0, =25 mM; pH = 8,68; Co, m2*= 0,1 mg/L
(véi M*" 1a Co*", Ni*", Fe**, Cu*", Mn*")

Két qua cho thiy trong sé 5 xuc tac ion kim loai dwoc khao sat, xic tac Co*"
cho hiéu suét phan huy PCP tot nhét v6i toc d6 phan hiy PCP nhanh nhit va dat
hiéu suat xir 1y cao hon rat nhiéu (Hiéu sudt phan hiay dat 90% sau 240 phit phan
{mg) so v6i cac ion con lai (hiéu sudt < 20 % sau 240 phut). Piéu nay c6 thé duoc
giai thich 1a do Co®" tao phirc vdi peroxymonocarbonat va 1am yéu lién két (0-O),
dan dén lién két nay bi dut va thiic day sy hinh thanh cac gbc tu do *CO; va ‘OH [8].
Céc gbc tu do nay co6 hiéu qua trong viéc phan hiy PCP. Khi c6 mat cac ion kim loai
khéc, hiéu suét rat thép. Do vy, ion Co*" dugce st dung lam x1c tac cho cac nghién
ctru tiép theo.

3.1.3. Anh huwéng cia pH

Chuan bi 6 binh phan tmg véi cing ndng do PCP 1a 200 pg/L, ndng d6 HCO3
12 10 mM, ndng d6 H,0, 1a 25 mM. Gia tri pH ctia 6 mau nay dugc thay ddi 1an luot
1a 6; 7; 8; 9; 10 va pH tu nhién cta hé (pH = 8,68). Két qua su thay ddi hiéu suat
phan huy PCP theo thoi gian vdi cac gia tri pH khac nhau dugc thé hién trong Hinh 3.
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Hinh 3. Anh huong cua pH t6i hidu sudt xir Iy PCP: Co_pep = 200 pg/L;
CO, HCO3_: 10 mM; Co’ HyOp = 25 mM; Co, Co2+t= 0,1 mg/L; pH =6-+10

Két qua cho thdy trong méi truong pH 8 + 10, hiéu suat phan huy cao, sy phan
hay PCP dién ra nhanh va 6n dinh. Tai pH ty nhién (pH = 8,68) hiéu suat phan huy
PCP la cao nhit (240 phut & nhiét do phong cho hi¢u suat phan huy 87 - 92%). Vi
pH = 10, hiéu suat phan huy PCP bi giam xudng 85%, véi pH = 6 thi hi¢u suat phan
hiy PCP rat thap, chi dat 5 - 29% sau 240 phiit. Didu nay co thé giai thich 1a do toc do
hinh thanh HCO,” dat két qua tot nhat trong khoang pH = 8 + 10 theo nghién ctru true
day cua chung t6i [7]. Tai pH nay dang ton tai chu yéu la HCO;™ dé phan tmg véi
H,0, hon. Tai pH = 6, HCO5™ tdn tai chu yéu dudi dang CO, vi lugng HCO4 tao
thanh it nén hiéu suat phan hiy PCP thap, tbc d6 phan huy chdm. O pH cao hon, H,0,
bi phan huy nhanh hon nén hiéu suat phan hity PCP giam hon so v&i pH & viing 8 + 9.

3.1.4. Anh huéng cia nhiét dd

Chuén bi 4 miu véi ciing nong d6 PCP 1a 200 pg/L, nong d6 NaHCO; 10 mM,
nong d6 H,O, 25 mM, pH = 8,68. Thyc hién phan tmg voi 4 miu nay lan luot & 4 nhiét
d6 khac nhau: 16°C, 23°C (nhiét d6 phong), 35°C va 55°C. Két qua sy thay d6i nong do
PCP theo thoi gian véi cac gia tri nhiét do khac nhau dugc thé hién trong Hinh 4.

Két qua cho thay khi ting nhiét d6 phan tng (¢ 35°C va 55°C) trong vong 150
phut dau, tc 6 phan tng phan huy PCP déu cao hon nhiét do phong (23°C). Sau
d6, hiéu sut phan huy PCP khong ting theo thoi gian nita ma c6 xu hudng dat cin
bang. Diéu nay co thé 1y giai la do nhiét do cao lam tang hiéu suét xir Iy PCP ting
theo thoi gian. Khi giam nhiét d6 phan ing xudng con 16°C, hiéu suét phan hiy PCP
giam manh vi ¢ nhiét do thap sy chuyén dong cac phan tir giam lam giam toc do
phan tmg. C6 thé thiy rang thoi gian phan tng dat can bang thay ddi theo nhiét do
phan tng: 60 phut (55°C) - 120 phut (35°C) - 150 phuat (23°C) - va 180 phit (16°C).
Nguyén nhan 1a do nhiét d6 cao 1am ting téc d6 phan Gng. Tuy nhién, & nhiét do
cao, tdc nhan oxy hoa 1a HCO4 va H,O, phén huy nhanh hon. Vi vay, nhiét d¢ thich
hop cho phan tmg phan huy PCP 1a nhiét d§ phong (23 + 3°C).
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Hinh 4. Anh hudng ctia nhiét d6 téi hidu suat phan hity PCP: Co pep= 200 pg/L; Co,
HCO3-: 10 mM, C()’ HyOp = 25 IIlM, Co, Co2™= 0,1 mg/L, pH = 8,68, to =16+ SSOC

3.1.5. Anh hwéng ciia birc xa UV

Chuén bi 5 mau v&i ciing ndng d6 PCP ban déau 1 200 pg/L va pH = 8,68; cac
diéu kién thi nghiém khac duoc tong hop trong Bang 1. Trong dé cac hé PCP/HCO,
/Co*"/UV, PCP/H,0,/Co*"/UV va PCP/UV dung dé danh gia anh hudng cua birc xa
UV t6i hiéu sut phan huy PCP con hai hé PCP/H,0,/Co*" va PCP/HCO4/Co*"
dung dé dbi ching. Két qua thu duge duoc trinh bay trong Hinh 5.

Bang 1. Picéu kién thi nghiém danh gia anh huong ciia bic xa UV

STT H¢ phan img N?gﬁ% (anl(\),f) (Ig‘g’/z;) uv

1 PCP/HCO,/Co*"/UV 10 25 0,1 C6

2 PCP/H,0,/Co*"/UV 0 25 0,1 Co

3 PCP/UV 0 0 0 Co

4 PCP/HCO4/Co*" 10 25 0,1 Khong
5 PCP/H,0,/Co** 0 25 0,1 Khong

Quan sat Hinh 5 ta thdy PCP bi phan huy dudi tac dung cua tia UV ngay ca
khi khong c6 mit chat oxy hoa (hé PCP/UV). Tuy nhién, hiéu suat phan huy PCP
boi cac hé PCP/HCO,/Co”"/UV va PCP/H,0,/Co*/UV déu dat > 90%, cao hon
nhiéu so v4i hé PCP/UV. Sau 30 phiit chiéu UV, kha niang phan hay PCP cta 2 hé
dau déu trén 75%, trong khi d6 UV chi phan hity dugc khoang 4% PCP. Ca 3 hé dau
déu dat can bang phan huy PCP sau khoang 60 phut chiéu UV véi cac hiéu suét lan
luot 13 96%, 92% va 10%. Déi chiéu véi két qua phan huy PCP ¢ diéu kién khong
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chiéu UV, hé oxy hoa dya trén percarbonic acid (h¢ HCO4'/C02+) van cho hiéu qua
cao (~ 85%), dat can bang phan huy sau khoang 150 phut; con hé H,0,/Co*" thi hau
nhu khong c6 kha nang phan huy PCP. Piéu nay c6 thé duoc giai thich 1a do dudi
tac dung cua tia UV, tdc do hinh thanh géc tw do "OH nhanh nén hiéu suét phan huy
PCP ciing ting nhanh. Hé PCP/UV ciing c¢6 kha nang phan huy chat hitu co nhung
rat cham, sau 240 phut chi dat ~ 10%. Két qua nay d3 khing dinh duoc vai trd cia
chat oxy hoa HCO, dbi véi viée xir Iy PCP.
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Hinh 5. So sanh hiéu qua phén huy PCP boi cac hé HCO,/Co™"/UV,
H,0,/Co”*/UV, HCO4/UV dbi chiéu véi h¢ HCO4/Co”" va hé H0o/Co™*
3.2. Panh gia hiéu qua phian huy PCP béi hé percarbonic acid
Kha ning loai bé chit hitu co bai hé oxy hoa percarbonic acid dugc thé hién
thong qua viéc danh gia hiéu suat xir Iy COD va TOC, két qua dugc trinh bay trong
Bang 2.

Bang 2. Két qua xtr i COD, TOC cua hé HCO,/Co*"/UV

Ban diu | Sau khi chiéu UV 90 phit | Hi¢u suit xir li (%)

COD (mg/L) | 8,945 0,813 90,9

TOC (mg/L) | 13,20 0,52 96,1

Vi kha nang loai bd dugc hon 90% COD va hon 95% TOC, hé oxy hoa
percarbonic acid ¢6 kha nang khoang hoa hoan toan PCP. Két qua nay ciing dugc
khang dinh thong qua két qua phan tich sic ky 1ong khéi phd LC/MS/MS nhu trinh
bay trong Hinh 6. Trén hinh ta thay sic ky do cta dung dich PCP sau khi phan huy
boi hé HCO,/Co>"/UV di khéng con chat PCP ¢ thoi gian luu 3,1 phut.
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Hinh 6. Két qua phan tich LC/MS/MS dung dich PCP sau khi phan hily boi hé
HCO4'/C02+/UV so v6i dung dich PCP 200 pg/L
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Hinh 7. So d6 co ché d& xut cho sy phan huy PCP béi hé oxy hod percarbonic acid

Duya theo két qua ciia mot sO nghién ctru trude day [9], co ché phan huy PCP
boi hé oxy hoa tién tién trén co 8O cac peroxy acid co thé dugc dé xuat nhu sau: goc
tu do COj5  sinh ra trong hé s& tan cong vao lién két C-Cl tai cac vi tri para va ortho
cua phén tor PCP (do mét dg electron tai cac vi tri ndy 1a 16n nhit) dé tao ra cc san
pham trung gian 1a cac dan xut da loai bot clo nhu tetraclophenol. Trong khi d6 su
tan cong cua gbc "OH vao céc vi tri nay s& tao ra cac diol nhu tetrachlorobenzen diol
thong qua hai qué trinh loai clo va hydroxyl hoa. Qua trinh loai clo cir tiép tuc dién
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ra boi sy tin cong ctia "CO;” va "OH. Sy bién mét dan cua cac nguyén tir clo trén
vong benzen lam ting mat do electron trén nguyén tir oxy dan dén sy dut giy hé ©
lién hop va su mé vong. Cac san pham mé vong tiép tuc bi tin cong bai g tu do
va sinh ra cac acid phan to nho nhu diclomaleic acid, butanedioic acid va
hydroxyacetic acid. Pén cudi cing, cac phan tir nho nay bi oxy hoa tiép tao thanh
CO, va H,O (khoang hoa hoan toan). Toan bd co ché phan huy PCP nay c6 thé duoc
dé xuét théng qua so d6 phan huy PCP nhu trong Hinh 7.

4. KET LUAN

Két qua nghién ctru cho thdy percarbonic acid c6 tiém niang ting dung de xu ly
PCP, mot hop chét hitu co khé phan huy. Cac diéu kién phan ng (pH, nong do
HCOy, xtc tac ion kim loai, nhiét do, UV) deu anh hu:ong dén toc do va hiéu suat
xtr Iy PCP. Nghién ctru di cho thy diéu kién t6i uu dé phan huy PCP dat duoc voi
ndng d6 HCO;™ 10 mM (H,O, 25 mM) khi ¢6 mit xtc tac ion Co”" 0,1 mg/L & pH
8 + 10. O diéu kién nay, hiéu suat phan hiy PCP dat trén 90%. Buc xa UV ciing lam
tang cudng hoat tinh cia cac hé HCO4/Co®" hay H,0,/Co®" théng qua viée tang su
hinh thanh gdc tu do. Két qua phan tich LC/MS/MS va do COD, TOC trudc va sau
xtr 1y cho thay kha niang khoang hoa hoan toan ciia hé HCO,4/Co>".
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SUMMARY

PENTACHLOROPHENOL REMOVAL FROM AQUEOUS SOLUTIONS BY

PERCARBONIC ACID-BASED OXIDATION SYSTEMS

In this work, the degradation of a persistent organic pollutant, pentachlorophenol

(PCP) by a green oxydation system based on peroxymonocarbonate (HCO4) was
studied. Different factors including pH, HCOj; concentration, metal ion catalyst,
temperature, and UV irradiation were investigated for their effects on PCP degradation.
The results showed that among five tested metal ions (Co”", Ni*", Fe*, Cu”, Mn®"),
Co* gave the best catalytic activity. The optimum degradation of PCP was obtained
at the concentration of HCOj3 and H,0, of 10 mM and 25 mM, respectively,
catalyzed by the presence of 0.1 mg/L Co®" ion at the intrinsic pH value of the
system (8+10). Moreover, UV irradiation remarkably enhanced the radical formation
in the oxydation system, which led to higher degradation efficiencies. The results of
COD and TOC removal and LC/MS/LS analysis clearly revealed the potential of
complete mineralization of PCP by the oxydation system H,O,/HCO5/Co”"/UV.

Keywords: Persistent organic pollutants, pentachlorophenol, peroxymonocarbonate,

chdt hitu co bén viing, hé oxy héa.
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