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TOm tat

Bai bao trinh bay két qua nghién cizu cac yéu té dnh hirdng dén qué trinh oxi hoa tién
tien (AOP) phan huy phenol dudi tac dung cia phire xidc tac Mn(Acry)**. Tac nhan oxi hda phenol
droc it dung 1a H,0, do né 1a chat oxi hda manh, khéng déc hai, gia thanh ré. Mat khac, oxi
héa bang H,0, chi tgo ta mét san phdm phu duy nhdt 1a H,O. Bang quy hogch toan phan ba
yéu to, két qua nghién cizu thuee nghiém da tim ra cdc théng sé téi wu trong quy trinh xa 1y chat
6 nhiém hitu co nguon goc phenol trong niréc thai dudi tac dung cua phiic xic tac Mn(Acry)?*.
Tir khéa: Mangan, phuc xtc tac, H,O,, oxi hda tién tién.
Abstract

PHENOL WASTEWATER TREATMENT BY ADVANCED OXIDATION PROCESSES
WITH CATALYTIC COMPLEXION M,(ACRY)*

The Article shows the results of researching factors that affect advanced oxidation
process (AOP) for decomposing phenol by using complex catalyst Mn(Acry)®. The used agent
oxidating phenol is H,O, due to its strong oxidation, is not noxious, and low cost. In other word, the
process only produces a by-product is H,O,. By full planning three factors, the empirical study
results found out optimal parameters in the process of phenolic wastewater treatment rely on effect
of complex catalyst Mn(Acry)?.

1. Giéi thigu

Phenol va dan xuit trong nudc thai cong nghiép la cac chat hiru co gay 6 nhidm méi truong
nudc cia ngudn tiép nhan, dac biét 1a nuéc thai cac nganh san xuit cong nghiép hoa hoc, dét
nhudm, tong hop hitu co, hoa chat bao vé thyuc vat va hoa duoc [3],[9]. Pay la nhitng chat c6 tinh
doc hai cao, gay 6 nhidm méi truong tram trong, khd xir Iy loai bo mot cach triét dé bang cac
phuong phap sinh hoc hogc héa 1y thong thuong [8]. Phuong phap AOP dugc biét dén tir nhiing
nam 1990 &p dung dé xir Iy nudce thai nham dap (g céc yeu cau méi vé tiéu chuan nudc thai cong
nghiép[1]. AOP duoc dinh nghia 1a qué trinh phan hiy oxi héa dwa vao gdc tu do hoat dong
hydroxyl OH” dugc tao ra tic thoi ngay trong qua trinh xu Iy [2], [6]. Vi phenol 1a mot hop chat
hitu co bén rat khd phan hay, nén trong nghién ciru nay chiing t6i dé xuat phuong an ap dung qua
trinh AOP dé oxi hda phenol bang tac nhan oxi hda H,O, khi c6 mat xlc tac ddng thé la phac
Mn(Acry)?* véi mong mudn dat dwoc hidu qua xir Iy cao nhat va chi phi thip nhét [4],[5],[7].
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2. Phuwong phap nghién cwu

2.1. Phwong phdp bé tri thi nghigm (TN)

TN1: Khdo st anh hieong cua thoi gian phdn ing dén hiéu suat phan hiy phenol: Muc
dich: xac dinh thoi gian tdi wu nham tiét kiém dugc thoi gian oxi hda phan hiy phenol ma van
dat dwoc hiéu suat cao. B tri thi nghiém gom yéu t6 c6 dinh [Mn®] = 1ppm, [Acry] = Sppm,
[H,0,] = 0.1M, pH = 8. Thoi gian khao sét: t = 5, 10, 15, 20, 30, 45, 60, 75, 90 (ph(t).

TN2: Khdo sat anh huéng cua pH phan img dén hiéu suat phan hay phenol: Muc dich:
xac dinh dugc gié tri pH tot nhat tai d6 qué trinh oxi hoa phan haty phenol thuan loi nhat. B6 tri
thi nghiém c6 yéu té ¢ dinh [Mn?*] = 1ppm, [Acry] = 5ppm, [H.0,] = 0.1M, thoi gian téi wu.
Thong sb khao sat: pH=7,75,8,85,9,95, 10,105, 11.

TN3: Khdo sat anh hwong cua ty 1é B = [Acry]/[Mn®*] dén hiéu sudt phan hiy phenol:
Muc dich: xac dinh dugc gia tri B tai d6 qua trinh oxi héa phan hity phenol dat hiéu suat cao
nhét. B4 tri thi nghiém c6 yéu té ¢b dinh [Mn®] = 1ppm, [H20,] = 0.1M, thoi gian téi wu, pH
t6i wu. Thong sb khao sat: p=1,2, 3,4, 5,6, 7, 8, 10, 15.

TN4: Khdo sat dnh hwong cia ham leong H,0, dén hiéu sudt phan haiy phenol: Muc
dich: xac dinh duoc ndng d6 H,0, tét nhat dé qua trinh oxi héa phan hiy phenol dat hiéu suat
cao nhét. B6 tri thi nghiém: yéu té c¢b dinh gom thoi gian tdi wu, pH téi wu, B toi wu, [Mn*] tdi
uu. Thong s6 khao sat: [H.0,] =0.02, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.5 (M)

2.2. Phwong phap AOP phan hay phenol

Phan {mg oxi hoa phenol dugc tién hanh trong coc 100mL dat trén may khudy tir & nhiét
dd phong. Hon hop phan ang cho vao theo tha ty: 30mL phenol 1000ppm; HCI hoic NaOH
(diéu chinh pH = 9), Mn?* 100ppm, Acry 100ppm, H,0, 30% va H,O dé tong thé tich phan g
la 50mL. Két thic qué trinh phan ng, san pham duoc ldy ra phan tich xac dinh ham lugng
phenol con lai bang phuong phap phd hap thu phan tir UV- Vis.

2.3. Phuwong phdp phin tich xdc dinh phenol.

Phenol ¢6 trong nudc thai dugc cat ra khoi nudce trong méi treong axit sunfuric, kiém hoa
bang dung dich dém c6 pH 1 10 rdi cho tac dung véi 2 — 6 dicloroquynon diclorimmid (CQC)
s& cho phiic mau xanh cua indophenol. Cudng d6 mau ti 1¢ véi ham lugng phenol. Pé ting do
nhay phan &ng cho thém vao dung dich mét lugng vét déng sunfat (CuSO,) [10]. Sau khi Ién
mau, dem do d6 hap thu A & budc séng 610nm. Ap dung k¥ thuat duong chuan lién hé giira
ham lugng phenol va do hap thu A, xac dinh ham lugng phenol ¢ trong mau bang phuong
phép phé hap thu phan tar UV- Vis [11],[12]. Tir nong d6 phenol trudc va sau khi oxi hoa, tinh
hiéu suat phan hity phenol theo cong thirc:

C,-C

H(%) = x 100 (1)

0
Tm’ng d6: Co: ham lugng phenol trudc khi tién hanh oxi héa (ug); C : ham lugng phenol
sau khi tien hanh oxi hoa (ug).
3. Két qua va thao luan
3.1. Anh hwéng ciia thoi gian phén teng oxi héa dén higu sudt phan hiiy phenol
Thyc nghiém duoc tién hanh trong diéu kign: Mn?* 0.5ppm, Acry 2.5ppm, V,, 5 = 1mL, pH
= 8, thoi gian thyuc hién phan (mg thay doi tir 5 dén 90 phat. Két qua TN dugc trinh bay theo bang 1.
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Bdng 1. Két qua dnh hweng cua thoi gian phdn iimg dén hiéu sudt phan hiy phenol

STT Thoi gian (phat) A C (ug) H (%)
1 5 0.122 9802.5 67.33°
2 10 0.114 9227.5 69.33¢
3 15 0.101 8227.5 72.49°
4 20 0.088 72275 75.91°
5 30 0.068 5752.5 80.83?
6 45 0.067 5702.5 80.99°
7 60 0.067 5677.5 81.08°
8 75 0.066 5602.5 81.33%
9 90 0.066 5575.5 81.41°

Sy thay d6i hiéu suat phan hay phenol theo thoi gian dugc thé hién & hinh 1.

Hinh 1. Anh huéng

cua thoi gian phan ung
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Tir két qua trén cho thay: Thoi gian phan ing oxi hoa tang thi hiéu suat phan huy pheno
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tang nhung khi thoi gian 16n hon 30 phut thi hiéu suit phan hity phenol ting khong dang ké.
Diéu nay c6 thé giai thich 1 do qua trinh phan hily phenol sau 30 phut da di dén giai doan cubi.
Mit khac, khi phan tich Anova cho thay hiéu suat phan hiy phenol sau thoi gian 30 phat 1a nhu
nhau véi mirc y nghia P = 0.5, do d6 chiing t6i chon thdi gian oxi hoa phan hay phenol téi vu 12
30 phut dé khao sat cac yéu td anh hudng tiép theo.

3.2. Anh huwéng ciia pH dén hiéu sudt phén hiiy phenol
Thyc nghiém dugc tién hanh trong didu kién: [Mn?*] = 0.5ppm, [Acry] = 2.5ppm,
V1,0, = 1 ML, thoi gian phan {mg t = 30 pht, pH moi truong thay doi tir 4 dén 12. Sy thay doi
hiéu suit cua qua trinh oxi héa phan huy phenol theo pH ctia méi truong phan ung dugc trinh
bay trong bang 2. Sy thay doi hiéu suat phan huy phenol ¢ cac diéu kién pH khac nhau duoc

thé hién & hinh 2.

Bdng 2. Két qua anh hurong ciia pH dén hiéu sudt phan hiy phenol

STT pH Ado C (ug) H (%)
1 7 0.079 6602.5 77.99
2 7.5 0.075 6252.5 79.16
3 8 0.069 5802.5 80.66
4 8.5 0.060 5177.5 82.74
5 9 0.049 43525 85.49
6 9.5 0.051 44775 85.08
7 10 0.052 4552.5 84.83
8 10.5 0.053 4602.5 84.66
9 11 0.054 4702.5 84.33
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Két qua thuc nghiém trén hinh 2 cho thiy qua trinh oxi héa phan huy phenol bi anh
huéng rat nhiéu boi pH. Khi pH tang, hiéu suat phan huy phenol ting va dat gia tri cuc dai &
pH =9, nhung sau d6 lai giam khi pH > 9. C6 thé giai thich sy phy thudc ctia qua trinh oxi hoa
phenol vao pH nhu sau:

Khi pH < 9, phan tir Acrylamit (R-NH,) c6 chita nhém chitc ~NH, dé dang nhan proton
H* thanh R-NH** khéng ¢ kha ning tao phirc xuc tac véi Mn?* theo can bang [2],[6]:

R-NH,+H"=R-NH;" 2

Khi pH ting dan, nong d6 H* giam dan, can bang (2) s& chuyén dich theo chiéu nghich
tao diéu kién thuan loi hinh thanh phtrc xuc tic Mn(Acry)?* va phirc trung gian hoat dong ting
Ién. Két qua 1a hiéu sudt phan huty phenol ting va dat cuc dai tai pH = 9.

Khi pH > 9, néng do OH" trong dung dich tang, tao diéu kién thuan lgi cho qua trinh thuy
phan Mn? 1am cho phirc chit chuyén dan vé dang hydroxo va bi két tua, 1am cho hé mét tinh
dong thé va giam hoat tinh xuc tac cta phirc, kha ning oxi hoa giam, do d6 hiéu suat phan hiy
phenol giam.

Tir céc s6 lidu thuc nghiém & bang 2, chiing toi chon gia tri pH t6i wu 12 9 dé nghién ctru
cac yéu t6 anh huong khac dén qua trinh oxi hoa phan huy phenol.

3.3. Anh huong ciia ty 1¢ f=[Acryl/[Mn?*] dén hiéu sudt oxi héa ciia hé xiic tic phirc

Thyc nghiém duoc tién hanh trong diéu kién: Mn** = 0.5ppm, V,, o =1 mL, pH =9, nong
d6 [Acry] thay ddi tir 1 dén 15 ppm. Su thay ddi hiéu suat phan huy phenol theo B thé hién ¢ bang
3. Su thay doi hiéu suat phan huy phenol ¢ cac dieu kién pH khac nhau thé hién ¢ hinh 3.

Bdng 3. Két qua anh hweng cua ty 1é = [Acry]l/[Mn?*] dén hiéu suat phan hiy phenol

STT  [Mn*]  [Acry] p Aao C (ng) H (%)
1 1 1 1 0.064 5452.5 81.83e
2 1 2 2 0.059 5052.5 83.16d
3 1 3 3 0.053 4602.5 84.66¢
4 1 4 4 0.049 4327.5 85.58¢
5 1 5 5 0.043 3877.5 87.08b
6 1 6 6 0.035 3252.5 88.16a
7 1 7 7 0.034 3227.5 89.24a
8 1 8 8 0.034 3202.5 89.33a
9 1 10 10 0.033 3152.5 89.49a
10 1 15 15 0.033 3127.5 89.58a
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Két qua thuc nghiém trén hinh 3 cho thdy kha ning oxi hoa phan hity phenol ting manh
khi B tang dén 6, va khi p > 6 thi kha ning oxi héa phan huy phenol van ting nhung khong
dang ké. C6 thé giai thich nhan xét nay nhu sau: Khi B ting thi kha ning tao phuc giita Mn?*
Acry ting din dén kha ning hinh thanh phtic trung gian hoat dong ting va hiéu suét cia qua
trinh phan hiy phenol ting. Khi p > 6, qua trinh tao phic Mn(Acry)®* gan nhu hoan toan nén
qué trinh phan hay phenol ting nhung khong dang ké [1],[4],[5]. Mit khac, khi phan tich
Anova cho thiy cac gia trj hiéu suat phan hity phenol khi khi B > 6 1a nhu nhau v6i mirc ¥ nghia
P =0.5, do d6 chiing toi chon B = 6 12 gia tri téi wu dé khao sat cac yéu t6 anh huong tiép theo.

3.4. Anh hwéng ciia nong dp H,0, dén hiéu sudt oxi héa ciia hé xiic tic phirc

Thuc nghiém duoc tién hanh trong diéu kién: [Mn?]= 0,5 ppm, [Acry] = 3 ppm, pH =9,
thoi gian phan ¢ng t = 30 phat ,thé tich H,O, thay d6i tir 0,5 dén 10 ml. Su thay ddi hiéu suat
cua quéa trinh oxi hda phan hay phenol theo H,0, duoc thé hién & bang 4. Su thay ddi hiéu suét
phan hay phenol & cac nong do H,0, khac nhau dugc thé hién ¢ hinh 4.

Bdng 4. Két qua anh hirong cua nong dg H,0, dén hiéu sudt phan haiy phenol

STT [H20,] Ado C (n9) H (%)
1 0.02 0.0250 2527.5 91.58°
2 0.05 0.0173 1925.5 93.49¢
3 0.10 0.0133 1652.5 94.49°
4 0.15 0.0070 11775 96.08"
5 0.20 0.0044 980 96.73%
6 0.25 0.0043 975 96.75°
7 0.30 0.0042 967.5 96.78°
8 0.35 0.0042 965 96.78°
9 0.40 0.0041 960 96.80°
10 0.50 0.0040 950 96.83"

Tur két qua thuc nghiém trén cho thay [H,0,] tang thi %H ting chtng té kha ning oxi
hoa phén huy phenol tang, tuy nhién, khi [ H202] > 0.2M thi kha nang oxi héa phan huy
phenol van tang nhung khong dang ké. C6 thé glal su bién ddi nay la do H,0, tham gia vao
cau tric noi cau cua phic xdc tac [Mn(Acry)]** @ tao thanh phuc trung gian hoat dong
peroxo [Mn(Acry)H,0,]%":

[Mn(Acry)]** + H,0, = [Mn(Acry)H,0,]** 3)

Do d6, [H,O;] cang ting thi nong do6 phac trung gian hoat dong peroxo
[Mn(Acry)H,0,]** cang nhiéu dan dén tdc do phan ng phan huy phénol ting va lam H% tang.
Con khi tang [H,0,] > 0.2M, ndng do [Mn(Acry)]** da tao phuc trung gian gan hét voi H,0,,
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H% tang thém nhung khong nhiéu va Iam cho qua trinh phan hity phenol di vao giai doan cudi.
Mt khac, khi phan tich Anova cho thiy cac gia tri hiéu suat phan hay phenol khi [H,0,] >
0.2M la nhu nhau v6i mirc y nghia o = 0.05, do d6 t6i chon [H,0,] = 0.2M la gié tri tdi wu.

4 H (%)

95 - —-
94 i
93 ]
Hinh 4. Anh hwéng 92 1
cuia nong dé Hy0, dén 91 1
kha nang oxi héa cua 20 ]

hé xtc tac phuic :z ]

87 -
86 T e S ———
o 1 2 3 4 5 6 7 8 9 10

V (mL)

Téng hop cac két qua nghién ctu qua trinh phan hay phenol phu thudc vao thoi gian, pH,
B, [Mn?*], [H20,] cho phép chiing t6i dua ra két luan: tuy thudc vao timg diéu kién cu thé ma
kha ning phan ¢ng phan huy phenol bang phuong phap AOP dudi tdc dung cua phuc chat
[Mn(Acry)]?* 12 khac nhau. Vi vay, trén thuc té phai khdng ché cac diéu kién sao cho qua trinh
dién ra thuan loi nhat va dat hiéu suit ciing nhu hiéu qua kinh té cao nhat.

3.5. Téi wu hoa thuc nghiém quy trinh oxi héa phén hiiy phenol

Bing quy hoach toan phan ta chon ba yéu té véi cac yéu té khao sat 1a ti 16 p =
[Acry])/[Mn?] (Z4), thoi gian phan tng oxi hda phan huy phenol (Z,) va pH (Zs). Cac yéu tb toi
uu dugc trinh bay trong bang 5.

Bdng 5. CAc yéu té toi wu

Céc yéu té

Cac mirc

B (Z1) Thai gian (Z;) pH (Z5)
Mirc co so 3 30 9
Khoang bién thién 1 15 1
Mic trén (+) 4 45 10
Mtc dudi (-) 2 15 8

Sau khi tién hanh cac thi nghiém téi wu xac dinh dwoc phuong trinh hdi quy day du: Y =
83.023 + 1.052x; — 0.823x%, + 3.469x5 + 2.011x;X, — 0,094 X;X3+ 0.823X,X3 + 0.219X;X,X3
Pé khao sat ¥ nghia cﬁa‘céc hé sb trong phuong trinh hdi quy, chiing toi tién hanh 3 thi
nghiém ¢ tdm vai cac thanh phan nhu bang 6.
Bdng 6. S6 liéu thuc nghiém tai tam quy hoach.

STT Z1 Z2 Z3 Yo' Yot
1 3 30 9 95.075
2 3 30 9 95575 | 24964
3 3 30 9 94.242

Tinh y nghia cta céc hé sé trong phuong trinh hdi quy duoc kiém dinh theo tiéu chuan
Student. Kiém dinh su twong thich cua phuong trinh trén voi thuc nghiém theo tiéu chuan
Fisher. Két qua phwong trinh duoc chon Ia:
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Y=83.023 + 1.052x; + 3.469x3 + 2.011Xx1X,

Tt phuong trinh hoi quy ta nhan thay hiéu suat cua qua trinh oxi héa phan hiy phenol
phu thudc tuyén tinh vao 3 yéu té khao sat 1a: Ti 1é B = [Acry])/[Mn*] (x1), thoi gian phan ang
oxi héa phan hay phenol (x,) va pH méi truong (Xs). Cu thé, mudn tang hiéu suat cua qué trinh
oxi hoa thi chi can ting x1, X2, Xa.

Tbi wu hoa hiéu suat cua qua trinh oxi hda phan hay phenol bang phuong phap duong
dbc. Chon budc chuyén dong cua yéu td xsla 8; = 0.5. Tién hanh céc thi nghiém sb 9, 10, 11,
12, 13, 14. Két qua thuc nghiém chi ra trong bang 7. Su thay doi hiéu suat phan hay phenol &
cac thi nghiém khac nhau dugc thé hién ¢ hinh 5.

Bdng 7: Thi nghiém céc gia tri theo phiong phdp dwong doc

Tén Xy X2 X3 y
Mirc co s& 6 30 9
| by 1.052 0.823 3.469
Khoang bién thién A, 1 10 1
bj * A 1.052 8.23 3.469
Budc §; 1.052 8.23 0.5
Budce lam tron 1 9 0.5 -
Thi nghiém tha 9 4 12 8 92.492
Thi nghiém tha 10 5 21 8.5 93.492
Thi nghiém thir 11 6 30 9 96.775
Thi nghiém thir 12 7 39 9.5 98.575
Thi nghiém tha 13 8 48 10 97.075
Thi nghiém thi 14 9 57 10.5 96.575
H(%)
98 |
Hinh 5. P thi biéu dién hiéu| 97 1
suat phan hiy phenol theo cac| 9 1
yéu to thi nghiém 95 1
94
93 ]
92
91 | | . | . . |
8 9 10 11 12 13 14 Thi nghiém

Thi nghiém thir 12 dat ham luong chét tan cao nhat. Nhu vay cac yéu td nghién ciu co
gid trj t&i wu 1a: ti 16 B = [Acry])/[Mn*]: 6:1; thoi gian phan tng oxi hda phan hiy phenol: 30
phdt; pH méi truong: pH=9. Ung dung trong xtr Iy ngudn nudéce thai cé chaa phenol [7],[13].
Tién hanh thuc nghiém trén 4 d6i twong mau thuc, két qua thu duoc nhu bang 8.
Bdng 8. Két qua Xt Iy nudc thdi chira phenol

STT miu Phenol trwéc AOP (mg/L) Phenol sau AOP (mg/L) H (%) Két qua
1 590 7 98.575
2 590 4 99.325 4
3 590 6 98.908 98.908 = 0.433
4 590 8 98.825
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4. Két luan

Qua trinh thuc nghiém khao sat cac thong s6 tdi wu anh huong dén kha ning phan hay phenol
cua hé xuc tac phicc Mn(Acry)®* va tién hanh tdi wu thuc nghiém ta nhan thiy didu kién téi vu dé
qué trinh phan huy dat hiéu suat cao nhat Ia: thyc hién phan (ng ¢ moéi truong pH = 9; thoi gian
thuc hién phan tng t = 30 phat; nong do H,O, can dung cho qué trinh oxi hoa la 0.2M; ti 1¢
[Acry]/[Mn?*] = 6:1.

Hé xuc tac phuc Mn(Acry)®* véi sy mat cua chit oxi héa H,0, ¢6 kha ning xir Iy nguon
nuéc thai ¢ phenol véi hiéu suat cao. Cac két qua nghién ciru thu duoc 1a co sé khoa hoc dé
g dung giai quyét nhiéu van dé thuc tién khac nhau trong viéc xir ly vin d& 6 nhiém moi
truong bai cac hop chat khé phan hiy cé trong nuéc thai tir cac nha may, xi nghiép.
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