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TOM TAT

Ddt vdn dé: Cac chat hitu co doc hai nhu phenol thudng rat
bén, khé bi oxy hda bai cac tdc nhan oxy hda thong thuong.
Viéc tim ra tdc nhan oxy hdéa manh, cé thé oxy hda cac chat
hitu co bén, doc hai thanh CO, va H,0 |a nhitng chat khéng
gay 6 nhiém la can thiét. Muc tiéu, déi twg'ng, phwo'ng phdp
nghién ctru: Dé tai dwoc thye nhién nham tdi wu hda cac diéu
kién clia phuong phap oxy héa nang cao &ng dung xir ly
phenol trong nuéc thai bang cac phuong phap héa hoc thue
nghiém. Két qud nghién ciru: D6 chuyén hoda phenol tdng |én
theo thoi gian, vdi thoi gian t = 180 phut thi phenol hau nhu
bi chuyén héa hoan toan (o = 98,57%). K&t qua khao sat hiéu
suat x&r ly COD tot nhat tai cac diéu kién: pH = 11, [Co?*]o 2
10'3moI/I; [H4L]01 [C02+]0 =1; [HzOz]o 2> IO_ZM, t>180 phut
Két luén: B3 xac dinh dugc cic diéu kién tdi wu trong qua
trinh x{ ly phenol bang H,0, dwdi tac dung xdc tac clia phirc
Co (I1) = Axit xitric: pH = 11, [Co?*]o = 107 mol/I; [HsL]o: [Co**]o
=1; [H202]0 = 102M, t > 180 phut. Tai cac diéu kién tdi wu va
sau 180 phut, phenol gan nhu bi chuyén héa hoan toan (a =
98,57%), chirng td phirc xuc tac tao bdi Co?* va Hul ¢ hoat
tinh rat manh, mau nwdc thai chra phenol sau x{ ly dat
QCVN 08-MT:2015/BTNMT.

Tir khéa: oxy héa ndng cao, chét hitu co déc hai, phenol

Research on optimization of phenol treatment
conditions in laboratory wastewater by advanced
oxidation method

ABSTRACT. Introduction: Toxic organic substances such as
phenol are usually very stable, and difficult to oxidize by
common oxidizing agents. Finding a strong oxidizing agent that
can oxidize stable and toxic organic substances into CO, and H,O
which are non-polluting substances is necessary. Aims, Subjects,
and Methods: The study was carried to optimize the conditions
of the advanced oxidation method for phenol treatment in
wastewater by experimental chemical methods. Results: Phenol
conversion increased over time, with time t = 180 minutes,
phenol was almost completely converted (=98.57%). The best
phenol removal efficiency under the following conditions: pH =
11, [C02+]0 > 10'3moI/I; [H4L]0: [C02+]0 =1; [HzOz]o > 10'2M, t=
180 min. Conclusion: The optimal conditions in the process of
treating phenol with H,O, under the catalytic effect of Co(ll) —
citric acid complex were pH = 11, [C0*]o > 107 mol/l; [HaL]o:
[C0%']o = 1; [H202]0 > 10M, t > 180 min. At optimal conditions
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and after 180 minutes, phenol is almost completely converted (= 98.57%), showing that the catalytic
complex formed by Co?*and HsL has very strong activity, the wastewater sample contains phenol after
treatment. Management meets the criteria of QCVN 08- MT:2015/BTNMT.

Keywords: Advanced oxidation, toxic organic matter, phenol

PAT VAN PE

Céc chat hiru co doc hai nhu phenol
thuong rat bén, kho bi oxy hoa boi cac tac
nhan oxy hoa thong thuong. Tai phong thi
nghi¢m bo mén Hoa hoc — Pai Hoc Y Duoc
Hai Phong ¢6 st dung luwgng 16n phenol trong
céc bai thi nghiém, néu luong phenol du thira,
khong duoc xir 1y triét dé s& gdy 6 nhidém
ngudn nude Chinh vi vy, viée tim ra tic nhan
oxy hoa manh, c¢6 thé oxy hoa cac chit hiru
co bén, doc hai thanh CO, va H20 1a nhiing
chat khong gdy 6 nhiém 14 viéc 1am can thiét,
vi véy toi chon nghién ctru dé tai “Nghién ctru
xir 1y phenol trong nudc thai bang phuong
phap oxy hda nang cao tai phong thi nghiém
Hoéa Hoc — PH Y Dugc Hai Phong nam
2022” v6i muyc tiéu toi vu héa cac dicu kién
cua phuong phap oxy hoa nang cao ung dung
xtr 1y phenol trong nudc théai tai phong thi
nghiém.

POI TUQNG VA PHUONG PHAP

Poi twgng nghién ciru

Nudc thai chira phenol phat sinh tai phong thi
nghiém Hoéa hoc — Pai Hoc Y Dugc Hai
Phong.

Cac mau nudc thai chira phenol trudce va sau
khi xtr Iy déu duogc phén tich dé xac dinh ndng
d6 phenol bang phwong phap kalidicromat,
nghia la oxi héa lugng phenol trong nudce thai
béng chét oxi héa manh 1a K2Cr207, su bién
d6i mau ctia KoCr,07 twong tig v&i sy mét
di ctia KoCr,07 ding dé oxi hoa hét phenol,
tir d6 tinh duoc ndng do phenol c¢6 trong mau
nudce thai.

Lugng K2Cr,07 ding dé oxi hoa hét phenol
dugc tinh tuong duong voi mét lugng oxy
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can thiét dé oxi hoa hét phenol, luong oxy nay
duogc biéu dién thong qua chi sé6 COD. Chinh
vi vy c6 thé danh gia hiéu qua xur 1y phenol
thong qua chi s6 COD (Chemical Oxygen
Demand) 14 luong oxy can thiét d& oxi hoa
hoan toan cac chat hitu co thanh CO, va H0.
Phwong phap nghién ctru:

Hoa tan 50 ml dung dich phenol (1,25¢/lit,
tmg v6i COD ban dau 2978 mg/l) véi mot
luong xtic tdc (Co?" va Hsl) di duoc tinh
toan trong binh 3 ¢6 day tron ndi v6i dng sinh
han thang va dat trén may khudy tir & nhiét do
phong roi tir tir cho dung dich H,0, 30%. Sau
mdi khoang thoi gian nhat dinh, 14y san pham
di phan tich.

Khi tién hanh xir ly mau thuc, cac mau nuée
thai chtra phenol dem xir Iy déu duogc tién
hanh tuan tu theo cac bude nhu & phia trén
nhung tai cac diéu kién t6i wu (pH, ndng do
Co?*, ndng do axit xitric (HaL), ndng d6 H.0;
va thoi gian) da tim dugc trong qua trinh khao
sat.

Phwong phdp xdic dinh dj chuyén héa ciia
phenol:

Hé xuc tac (Co?* va HqL) dugc dé hoat hoa
H202 trong xir 1y phenol véi cac diéu kién:
[C0%*']o = 10" *M, [HaL]o = 10M, [H202]o =
2.10M, [Cprenot]o = 1,25g/1. B chuyén hoa
phenol theo thoi gian dugc xac dinh bang
may sac ky khi IGC — 120 FB, Shimadzu C
—R3A va pho hip thy electron UV — Vis duoc
do trén may HP Agilent 8453.

Do chuyén hoa phenol theo thoi gian duoc
tinh theo cong thuc sau:

_C,—C

a x100%6

Trong do:
Co la ndng d6 phenol trong dung dich trudc
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khi phan tng. COD 1la thong s6 c6 thé danh gia muc do
C 14 ndng d6 phenol trong dung dich sau chuyén hoa siu (khoang hoa) cia phenol
phan tng. thanh CO> va H20. Gia tri COD dugc xac
Phwong phdp xdc dinh dj chuyén héa ciia dinh theo phuong phap tiéu chuan KoCr,07
phenol thong qua chi sé6 COD trén may so mau DR/2010 (HACH - USA) tai

budc song 620 nm.

KET QUA

Két qua khao sat dd chuyén hoéa ciia phenol theo thoi gian

Str dung phuong phéap x4c dinh d6 chuyén hoa ciia phenol d6i véi dung dich phenol chuan
(1,25g/lit, tng véi COD ban dau 2978 mg/l), két qua thu nhan duoc thé hién trén bang 3.1 va
hinh 3.1.

Bdng 3.1: P chuyén héa phenol theo thoi gian

Théi gian (phiit) 0 30 60 90 120 150 180

C phenol dau (g/1) 1,25 1,25 1,25 1,25 1,25 1,25 1,25

C phenol dau (g/1) 1,25 0,804 0422 0148 0,111 0,072 0,018

a (%) 0 3566 66,25 88,14 91,16 9424 98,57

Két qua trén bang (3.1) cho thay, d6 chuyén héa phenol ting 1én theo thoi gian, véi t = 180
phut thi phenol hau nhu bi chuyén héa hoan toan (o = 98,57%).
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Hinh 3.1: Pho UV ciia dung dich phenol sau cic khoang théi gian khac nhau
(1): t =0 phut; (2): t = 60 phut; (3): t = 90 phut; (4): t = 180 phut
Khio sat sy anh hwéng ciia pH dén hiéu qua xir Iy COD ciia phenol
Khao sat anh huong ctia pH dén hiéu qua xtr Iy COD véi diéu kién: [Co% o = 10°°M, [HaL]o =
10°M, [H202]o = 2.102M, [COD]o = 2987 mg/l, t =180 phut. Két qua nghién ciru xir Iy COD
phu thudc vao pH nhu sau:
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Bdng 3.2: Anh hwéng ciia pH dén hi¢u qua xir Iy COD

pH 8 9 9,5 10 10,5 11 115 12 12,5

COD diu (mg/l) 2987 2987 2987 2987 2987 2987 2987 2987 2987

COD sau (mg/l) 2816 2719 2320 1561 463 215 1290 1963 2045

HS (%) 574 896 2232 47,75 84,49 92,81 56,81 34,27 31,55

Khao sat sw anh hwdng ciia Co?* dén hi¢u qua xir Iy COD ciia phenol
Chung t61 khao sat su phu thude cua hiéu suét xu ly COD vao néng d6 Co?* voi diéu kién:
[C0%*o: [HalJo = 1, [H202]o = 2.10M, COD dau = 2987 mg/l, pH = 11, t =180 phut.

Bdng 3.3: Anh hwéng ciia nong d9 Co?* dén hiéu suit xir Iy COD

[C0?%*]0,10°M 1 5 10 50 100 200 300 500

COD diu (mg/l) 2987 2987 2987 2987 2987 2987 2987 2987

COD sau (mg/l) 2142 2071 1930 1192 215 127 115 84

HS (%) 28,3 30,66 3538 6009 9281 9575 96,16 97,18

Khao sat sy anh hwéng cia ti 18 [HsaL]o: [Co?*]o dén hiéu qua xir Iy COD ciia phenol

Pt P[HaL]o: [Co?Jo. Khao sat anh huong cia P dén hiéu sut xir Iy COD véi didu kién:
[C0?*]o = 10°M, [H202]o = 2.10°M, COD dau = 2978 mg/l, pH =11, t =180 phiit.

Bdng 3.4: Anh hwéng cia B dén hi¢u suit xir Iy COD

B 0,25 0,5 0,75 1 2 4 6 8

COD dau (mg/l) 2978 2978 2978 2978 2978 2978 2978 2978

CODsau(mg/l) 1540 933 316 214 533 710 854 0918

HS (%) 483 68,66 89,38 92,81 8211 76,15 71,32 69,18

Khio sat sy anh hwéng ciia nong d H-O2 dén hiéu qua xir Iy COD ciia phenol

Khao sat anh hudng ctia H202 dén hiéu qua xt Iy COD véi diéu kién: [Co?*]o= [HaL]o = 10°M,
pH =11, COD déau = 2978 mg/l, t =180 phut.
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Bdng 3.5: Anh hwéng ciia ndng do H20, ddi véi hiéu qua xir Iy COD

[H202],103M 1 4 8 10 20 40 60 80
COD dau (mg/l) 2978 2978 2978 2978 2978 2978 2978 2978
COD sau (mg/l) 1808 1172 436 214 174 172 167 165

HS (%) 39,3 60,66 8536 9281 94,16 9421 94,38 94,46
BAN LUAN

Trong nhiing nghién cuou trude day
[1], ching t6i1 da ching minh phtrc tao bdi
Co?* - axit citric (H4L) co hoat tinh rat cao
trong viéc xuc tac hoat hoa H2O> tao thanh
gbc tu do OH". Két qua trén hinh 3.1 cho
thay, khi thoi gian phan tmg cang kéo dai thi
dinh hap thu cuc dai cta phenol & budc song
230nm cang giam di. V&1 thoi gian phan Gng
180 phut, dinh hép thu cuc dai dd mat han,
ching t6 hau nhu toan b phenol da bi chuyén
hoa thanh cac chit khac.
Két qua khao sat hiéu suat xi Iy COD khi
thay d6i pH trong khoang tir 8-12,5 cho thy,
& gia tri pH = 11, hiéu qua xur Iy 13 tot nhat.
Theo [1], chung t61 da ching minh dugc phtic
dong vai xuc tac cho phan Uing oxy hod céac
co chat 1 phurc hai nhan dong hach [CoLo]*
, phtrc nay dugc hinh thanh trong moéi truong
pH cao do axit H4L da phan ly hoan toan
thanh anion L*. Tai pH thap H4L chua phan
ly hoan toan thanh L*, trong dung dich ton tai
chu yéu cac ion: HaL", HoL%>, HL® dan dén
ndng d6 phrc xtic tic [CozLs]* thap. Vi vay,
hiéu suét xtr Iy COD thap. Khi pH >11, mot
phan phirc xtic tac [CozL2]* bi thuy phan tao
thanh dang hydroxyt két ta s& lam mat tinh
dong thé cua hé.
Tir két qua thyc nghiém cho thiy, khi nong
d6 [Co?*]o tang tir 10 dén 10" mol/l hiéu
suat xtr Iy COD ting dan va khi ndng do
[C0%To 210 mol/l, hiéu suat xir Iy COD
tang dén cuc dai va gan nhu khong thay doi,

két qua nay c6 thé dugc 1y giai nhu sau: Theo
[1], khi [C0?*]o tang tir 10 dén 10°M, phuc
xuc tac dugc hinh thanh 1a phtirc mét nhan co
hoat tinh thap. Khi nong d6 [Co?*]o = 107
mol/l bac phan tmg tinh theo Co?* 1a bac hai,
ching té phirc xuc tac dugc hinh thanh Ia
phtc hai nhan [CozL2]* ¢6 hoat tinh cao nén
hiéu sut xir Iy COD cao hon.

Ttr két qua trén hinh (3.5) cho thy, hiéu suit

xir 1y COD dat cuc dai khi P = 1, ture 12 ti 16
[HaL]o: [C0?*To = 1. Vi pH = 11 thi toan bd
luong H4L c6 trong dung dich da phan ly
hoan toan thanh ion L* [1] va c6 thé suy ra

[L*To: [Co%]o =1 :1, nhu vay P =1 chinh 1a
diéu kién t6i wu cho sy hinh thanh phtic hai
nhan [CozL2]* ¢6 hoat tinh xuc tac cao.

Khi ndng d6 [H202]o ting tir 10°M - 107
mol/l, higu suat xir Iy COD ting rat nhanh,
lic nay hai phan tir HO2 s& di vao noi cau
clia phtc xtc rac hai nhan [Cozlo]* dé tao
thanh phtc trung gian hoat dong peroxo
[CozL2(H202)2]*. Khi [H202]0 > 10M, bac
phan ung cia H,O, bang 0 nghia 1a phuc
trung gian hoat dong peroxo [Cool>
(H202)2]* da dat dén ndng do bio hoa. Vi
vay, khi nong d6 H,0; ting nhung hiéu suat
xir Iy COD gan nhu khong thay doi.

KET LUAN
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Di xac dinh dugc cac diéu kién tbi wu
trong qua trinh xir 1y phenol bang H20; dudi
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tac dung xtic tac cua phirc Co (Il) — Axit
xitric: pH = 11, [Co*To 2107 mol/l; [HaL]o:
[Co?To = 1; [H202]0 2 10M, t = 180 phit.
Tai cac diéu kién tdi wu va sau 180 phut,

phenol gan nhu bi chuyén hoa hoan toan (&

= 98,57%), ching t6 phuc xuc tac tao boi
Co%* va HaL ¢6 hoat tinh rAt manh, mau nude
thai chua phenol sau xt 1y dat QCVN 08-
MT:2015/BTNMT [6].
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