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Nghién ctru g dung phirc xtc tac giira ion kim loai chuyén tiep coban (II)
va axit xitric dé xir Iy chat 0 nhiém hiru co trong nwdc thdi dét nhugm
Nguyén Pirc Trung, Tran Thu Van, Nguyén Ngoc Tué"

Tom tit: | | | | | | | |

Trong nhirng nim tré lai diy, hwéng nghién ciru vé wng dung nhirng wu thé ciia phire xic tac dong thé trong xir ly
moi trlr()’ng dang dugc cac nha nghién ctiru quan tim va phat trién. Bai bao thao luin vé phuwong phap xi ly cac chét
6 nhiém hiru co trong nudrc thai dét nhugm sir dung hydrogen peroxide (H Oz) dudi tac dung caa phirc chét giira ion
kim loai chuyen tlep coban (II) va axit xitric (H, L). Nghién ctru da khao sat cac thong so anh huéng dén hiéu qua xir
1y nhu cau oxy héa hoc (COD) dé xac dinh cac dleu kién phan tng tdi wu theo thong s6 COD duoc quy dinh trong
QCVN 13-MT:2015/BTNMT. Trong diéu kién t6i wu 12 pH 9,5, nong do ban diu 1 2,0.10-° M déi véi ca [Co*], va
[H,L],, cing nhw nong do ban dau 12 2,0.10° M déi véi [H,0,],, hiéu qua xir ly COD la 87,1% (khozng 65 mg/l) sau
150 phut Tinh kha thi cia phwong phap gop phan dang ke vao su phat trién bén virng cuia cic co' s¢ san xuat cong
nghiép. Day 12 co' sé dé dé xudt thém cac phwong phap bd sung nham xir ly nuédc thai nhudm dét bang cach str dung
cac phirc chit xiic tic dong thé & nhigt do méi treong va ap suat khi quyeén.

Tir khéa: Co™, H,0,, H L, nwéc thii dét nhugm, phire chit dong thé.
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Abstract:

In recent years, the research direction on the application of the advantages of homogeneous catalytic complexes
in environmental treatment has gained significant interest and development. This article discusses the findings
of a method for the treatment of organic pollutants in textile wastewater using hydrogen peroxide (H,0,) with
the assistance of a homogeneous complex formed by the transition metal ion cobalt (II) and citric acid (H,L). The
parameters affecting the efficiency of chemical oxygen demand (COD) treatment were investigated to identify the
optimal reaction conditions according to the COD standards specified in the technical regulation QCVN 13-MT:2015/
BTNMT. Under the ideal conditions of pH 9.5 and initial concentrations of 2,0.10° M for both [Co*'] , and [H,L] as
well as an initial concentration of 2,0.10° M for [H,0,] , the treatment efficiency for COD was 87.1% (about 65 mg/l)
after 150 minutes. The feasibility of the method significantly contributes to the sustainable development of industrial
production facilities. This serves as a basis for proposing additional methods for the treatment of textile dyeing
wastewater using homogeneous catalyst complexes at ambient temperature and atmospheric pressure.

Keywords: Co™, H,0,, H L, homogeneous complex, textile wastewater.
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1. Dat van de

Nudéce théi tr cong doan dét nhuém da va dang gay ra
nhitng anh huong khong nho ddi véi méi truong nude noi
chung va sirc khoe con ngudi bi ham luong chat hitu co
kho phan huy, cac chit mau, cling nhu su tdn du chat hoat
dong bé mat. Bén canh cac phuong phap phd bién dé xur ly
nudc thai dét nhudém nhu keo tu, hép phu... thi viéc ing dung
phuong phap oxi hoa tién tién mang lai nhiéu két qua kha
quan [1-4]. Phtrc xtc tac gitra ion kim loai chuyén tiép (Fe?',
NiZ", Co*...) va cac phdi tur thich hop (EDTA, Histidine,
H L...) duoc lya chon cho qua trinh chuyén hoa H,O, sinh
ra cac gbe tu do c6 kha ning oxi hoa cac chat hitu co doc hai
thanh CO,, H,O hodac cac hop chét it doc hai hon [2-6]. Bén
canh do, mot sb loai phtc chét ¢o trong moi truong, tham
gia vao phan tmg Fenton hoa, mo rdng vung pH xt 1y so véi
Fenton c6 dién, giam dugc lugng 1on bun thai so voi hé cd
dién do tiét kiém duoc néng d¢ ion kim loai cling nhu H,O,.
Theo nhiing nghién ctru va bao cdo cua N.N. Tue (2004)
[3] va N.V Duong (2004) [4] da ching minh su hinh thanh
phtrc gifta ion Co*, Ni** - H,L c6 hoat tinh cao trong qué
trinh xuc tac hoat hoa H,O, tao thanh géc tuw do OH{7, 8].
Trong nghién ctu nay, kha nang tmg dung phtc xtic tac
giita ion Coban (II) va phdi tir axit xitric (H,L) trong xir Iy
chat hitu co doc hai va kho phan hity sinh hoc ¢6 trong nudc
thai dét nhudm (trude khi dua ra hé thong xtr 1y) dugc thu
thap tir Cong ty TOP TEXTILES (Ha Nam) da duogc phdi
hop khao sat nhdm ning cao ning lyc kiém so4t moi truong
ctia Cong ty. Chi s6 COD dugc st dung 1am chi s6 danh gia
hiéu qua ctia qua trinh xir Iy. MAu nudc thai cé gia tri COD
ban dau 13 525 mg/l, pH=7,8; d0 mau 1026 Pt/Co va TSS la
116mg/1. Hé phan tmg duoc t6i wu dé mang lai hiéu suit cao
nhit bang cach khao sat c6 diéu kién cua méi trudng phan
ung nhu pH, né)ng do ion Co*, [H,L], [H,0,]. Hai h¢ phan
ung sau s€ dugc lya chon dé khao sat cac su thay doi trén:

Nude thai-Co?*-H,0, (I)
Nude thai-H,L-Co**-H,0, (II)
2. Phuong phap thuc nghiém

Mau nudc thai dugc thu thap tir Cong ty TOP TEXTILES
(Ha Nam) theo TCVN 6663-1:2011 (ISO 5667-1:2006).
Chi sb COD truée va sau khi xur Iy dugc sir dung dé danh
gi4 hiéu qua cta phuong phap duoc Iya chon. Lan lugt mau
nudce thai, ligand H,L, Co* va H,0O, dugc cho vao binh phan
mg 3 ¢b, dat trén may khudy tir gia nhiét AREC.X Velp.
Sau mdi khoang thoi gian s& 1dy mau di phan tich COD theo
TCVN 6491:1999 (ISO 6060:1989).
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3. Két qua va ban luan

Thuec té cho thdy, viéc nghién ciru vai trd cua phirc xuc
tac giita ion Co*" va phdi tir thich hop trong xir 1y chit 6
nhidm hiru co dudi tac dung cua tac nhan oxi hoa 1a cac gbc
tur do 1a rat tiém nang. Hé (I) duoc lya chon dé xac dinh kha
nang xir 1y khi khong c6 phdi tir (axit xitric-H D).

Nude thai-Co*-H,0, (I)

Diéu kién phan tmg: [C0*]¢=3.10¢ M; [H,0,],=2.10° M;
COD, =525 mg/l; pH=9,0; t=120 phut. Gia tri COD
(521 mg/1) sau xur Iy khong khac biét dang ké so véi COD
ban dau (525 mg/l). Trong mdi trudng pH tuong ddi cao,
v6i ndng d6 16n [Co?*] (~10 M), cac ion Co?* ¢6 thé bi thuy
phan dé tao thanh cac hydroxit c6 ndng d6 khac nhau, dan
dén két tiia khién hé tro nén dyc, mét tinh ddng thé va khong
¢6 hoat tinh xuc tac [3, 4]. Nghién ctru tiép tuc lya chon va
khao sat hé (II):

Nuée thai- H,L-Co**-H,0, (II)
3.1. Anh hwéng ciia diéu ki¢n moi trwong pH

Trong s nhitng tac nhan da dé& cap & trén, diéu kién
clia moi truong phan tmg (pH) quyét dinh rat 16n dén hiéu
qué cta quéa trinh chuyén hoa H,O, thanh gbc tu do OH-
va diéu kién dé ton tai phuc chét c6 hoat tinh xuc tac. Két
qua nghién ciru sy anh hudng ciia mdi trudng dén hiéu
sudt cia qua trinh xir Iy COD cua nudc thai duge lay tir
nha may dét nhudm duogc trinh bay trén hinh 1 cho théy
hi€u qua xu ly tang ty 1é€n thuan vdi pH (dat cuc dai tai
pH=9,5). Céc phan g dugc tién hanh ¢ cac diéu kién sau:
[Co*] =[H,L]=3.10°M, [H,0,],= 2,5.10° M , pH duoc
khao sat tai cac gia tri 7,5; 8,0; 8,5; 9,0; 9,5; 10,0; 10,5.
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Hinh 1. Anh hwéng ctia méi trwong pH dén qua trinh xir ly COD.
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Thuc nghiém qua trinh xtr Iy nudc thai cho thiy hiéu qua
ctia qua trinh xtr 1y 13 rat thip khi hé phan tng c6 pH<7, va
khi ting gia tri pH ctia moi truong 1én pH=9,5 thi hiéu suét
clia qua trinh phan mg ciing tang ty 18 thuan. Két qua thuc
nghiém chimg minh rang, & mdi trudng pH thap thi nong
d6 ion L* sinh ra khong dang ké, trong hé phan tng thi H L
tdn tai chu yéu o dang axit [9, 10]. Do do, hoat tinh cua xtc
tac tao thanh trong hé phan mg 1a khong cao, ndng d6 phic
chat hoat dong thap.

Khao sat gia tri pH trong khoang 7,5+9,5 thiy ring, qua
trinh xwr Iy cho hiéu suét tang dan va dat cuc dai tai pH=9,5.
O khoang pH nay, ndng do6 phtic chat hoat dong tao thanh
¢6 hoat tinh xtic tac cho qua trinh chuyén hoa H,O, tang lén
theo chiéu ting cua gia tri pH do khi pH tang thi nong do
ion H* giam, chiéu ctia phan tmg phan ly cia H ,L (1) s€dich
chuyén vé phia phai, phia tao nhiéu ion L*, phtic xuc tac
dugc tao thanh nhidu hon va hé c6 hoat tinh r rét. Qud trinh
proton héa ctia H,L dugc thé hién trong phuong trinh (1):

+ + + +
- — — N —H

HL H,L > HL* HL* > L* (1)

Khi tang gia tri pH Ién trén 9,5, hé c¢6 hién tugng van
duc, nguyén nhan co thé do c6 mot lugng 16n ion Co*" bi
thily phan tao thanh phuc hidroxo khong c¢6 hoat tinh xtic
tac hodc chuyén thanh hydroxit, néng do phirc chat hoat
dong giam. Mt khac, H,0, kém bén ¢ nhiig gi4 tri pH cao,
d& bi phéan huy thanh O, va H,0 [6, 7]. Gi4 trj pH=9,5 dugc
nghién ctru Iya chon dé thyc hién nhimg khao sat tiép theo.

3.2. Anh huéng ciia 1y I¢ néng d@p [H L] va [Co™]

Ty 1¢ giita [H,L] va [Co*] dugc biéu dién boi hé so
B. Piéu kién qua trinh khao sat dwoc dién ra nhu sau:
B=[H, L]o/[Co*]o; [Co*[o=3.10"° M; pH=9,5; [H 0O ,]o=
2,5.103 M. Su thay débi néng do H,L dugc khao sat thong
qua gia tri f vai cac gia tri duoc khao sat 1a 0; 0,5; 1,0; 1,5;
2,0 va 3,0. Hiéu suét cta qué trinh xur ly COD dugc trinh
bay trong hinh 2.

Véi gia tri B=0, phtrc chit gan nhu khong duoc tao
thanh, hé chi gém c6 ion Co?' tai gia tri pH=9,5, COD cuta
mau thu dugc co gid tri xép xi véi mau thai ban dau. Hé
nghién ctru (II) tr¢ thanh (Nudc thdi - Co**- H,0,). Trong
h¢ khi khong c6 sy tham gia cta ligan (H,L), khi tién hanh
& diéu kién moi trudong co gia tri pH 16n (khoang 9,5), ion
Co*" & trong diéu kién nay bi thuy phén tao thanh két tia c6
hoat tinh xtc tac rat thip 1am cho dung dich nghién ctru mat
tinh dong thé [4].
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Hinh 2. Anh hwéng cua ty 1é ndng dé [H,L] va [Co*].

Khi p>0, sy c6 mit cua ligan (phdi tir) H,L, twong tac
phdi tri dugc hinh thanh giira ligand va ion Co?*. Mic du &
gia tri pH cao, nhung ndng d6 ion kim loai Co?* giam xudng
dang ké, ddn dén qua trinh hinh thanh phirc chit hidroxo va
hydroxit bi can tré, ndng do phirc chat ¢ hoat tinh xtc tac
tang 1én. Két qua cho thiy, hiéu qua xir Iy COD cao nhit dat
71,67% tai gié trj B=1 ([Co*]:[H,L]=1:1). Két hop véi két
qua khao sat pH c6 thé thy rang, phirc chat dugc tao thanh
1a phirc da nhan [Co,L,]%, day la phirc chat kim loai chuyén
tiép c6 hoat tinh cao ddi véi qua trinh xtc tac dé chuyén hoa
H,O, va sinh ra géc tu do c6 kha nang oxi hoa cao - géc tu
do HO [2-4]. Tai B=1, gén nhu toan bd lugng L* da tham
gia tao phirc véi Co** trong hé (IT) va phurc xuc tac dat gia tri
cuc dai, ting toc do qua trinh phan hay H ,0,, tao gbe tu do
‘OH, tang hiéu qua xu ly COD.

Khi B>1, ngoai qua trinh oxi hoa cac chat hitu co, phdm
nhudm co san trong mau nude thai, thi khi du mot luong 16n
H,L cling gy can tr¢ cho qua trinh phan tng, do dy cling
la tdc nhan phan g vo6i goc tu do OH- dugc sinh ra, do d6
lam giam ndng d6 gbc tu do trong hé, din dén lam giam
kha ning COD céc chit 6 nhiém khéc (hiéu suat xtr Iy COD
giam). Gia tri p=1 duogc chon 1a gia tri tbi wu cing voi pH
(9,5) cho cac khao sat tiép theo.

3.3. Anh hwéng ciia nong dé [Co?]

Nhiéu nghién ctru cho thiy, ion Co** doc 1ap khong co
hodc c6 hoat tinh rat thap khi tham gia cic phan g hoa
hoc, nhung khi ion nay twong tac, hinh thanh lién két v6i
céc ligan (phéi tir) thich hop thi lai cho thdy hoat tinh xtc
tac rat rd rang. Trong nghién ciru nay, diéu kién ciia phan
tmg dugc gitt nguyén véi cic gia tri f=1, [H,0,]=3.10°M,
pH=9,5; thoi gian phan tmg 120 phut, khoang ndng d6 Co*
khao sat tir 1.10° t61 6.10°M .

42



Khoa hoc Tu' nhién | Héa hoc; Khoa hoc Ky thudt va Céng nghé | Ky thuat héa hoc; Ky thuat méi trudng n—

400 100
90
80
70
60
50
40
30
20
10

350

300

250

5200
£

%

150
100
50
0

1

Hinh 3. Anh hwéng cia ndng dé Co?.
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Hiéu qua cia qua trinh xtr Iy COD ting dan va dat gia
tri cao nhat khi ndng dé cua ion trong hé [Co*] ,=2.10° M.
Diéu nay thé hién trén hinh 3. C6 thé tai gia tri nong d6 nay
sy hinh thanh phic chét da nhan ¢ hoat tinh, xtc tac cho
qua trinh xtr 1y 1a thuan loi.

3.4. Anh huéng ciia néng dp H,0,

Qua trinh khao sat sy anh huong cta néng do H,0, toi
hiéu suét cua qué trinh xtr Iy COD duoc xét trong khoang
tr 0,5 dén 4 mM, céc yéu t6 khac duoc gitt ¢b dinh [Co?"]
1a2.10° M, B=1, pH=9,5 trong 120 pht.

Khi thay d6i nong do H,0, tir 0,5.10° 1én 4.10°M (hinh
4) cho thiy, hiéu suat ctia qua trinh xir 1y néng d6 COD véi
mau nude thai dét nhudém trén c6 xu hudng ting tir 41,9 1én
85,7% (dat cuc dai tai gia tri nong do H,0,1a 2.10°M). Khi
ham luong H,O, tang cling thic day lam ting nhanh téc do
phan tng, do qua trinh nay thiic ddy mot lugng 16n gbc HO-
duoc sinh ra tn cong vao mot cac phan tir chat 6 nhiém hitu
co, chuyén thanh cac chat vo co nhu CO,va H,0, 1am giam
thiéu gia tri COD ctia mau nudc thai dét nhuom.
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Hinh 4. Anh hwéng cta néng dé H,0,
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Tuy nhién, khi nong do H,O, trong h¢ tang lél} trén
ngudng phan Ung thi hiu qua cé xu hudéng gidm doi voi
qua trinh xir Iy COD. Mit khac, & diéu kién pH cao, lugng
H,O, du trong hé¢ phér} ung s€ lam tang gia tri COD do dugc
cao hon so voi thye t€, thém mot lwgng H,O, du nay c6 kha
nang phéan huy sinh ra H O va O,, dong thoi ¢6 kha ning
oxy héa H,L dan dén hi¢u qua xur Iy c6 thé bi gidm ¢ ving
nong do H,O, lon.

3.5. Anh hwong ciia thoi gian hé phén iing

V6i cac thong sb duge tdi wu hoa nhu pH, B, [Co*'],
[H,0,], nghién ctru tién hanh khao sat khi thay doi thoi gian
phan tng cua h¢ téi qua trinh xtr Iy COD ctia nudc thai dét
nhuom (hinh 5).
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Hinh 5. Anh hwéng thei gian hé phan ng.

Qua két qua thu dugc cho thay, khi thoi gian phan ting
clia hé tang 1én thi hidu sut qua trinh xtr Iy COD tang tir
37,1 1én 87,61% (65mg/l), 0 mau dat 32 Pt/Co sau 150
phat. Didu nay dugc 1y giai 1a do khi thoi gian phan Gmg nho
hon 150 phat thi luong chit 6 nhiém chwa bi phan hay hoan
toan, hé van ton QH mot luong 16n H,0, dan dén hiéu suét
qua trinh xtr ly thap. Khi tang thoi gian phan Gng, thoi gian
tuong tac giita chat oxi hoa va chat 6 nhidm ciing ting lén,
hé dan 6n dinh, din dén hiéu suét cta qua trinh xir Iy COD
ciing nhu dd mau ciia mau nghién ctru ting 1én (hinh 6).

Hinh 6. Mau nwéc thai trwdc va sau qua trinh xtv ly bing phirc
xuc tac.



4. Két luan

Nghién ctu da dugc thuc hién va xac dinh dugc bo
thong s ti wu cho qua trinh xtr 1y dat hiéu qua cao nhat tai
gia tri pH=9,5, ndng d6 phirc chit 1a 2.10 M, gia tri p=1,
[H,0,] =2,0.10°M, thoi gian phan Gng la 150 phut, nhiét
dd khao sat & 30°C. Gia tri COD cua mau nghién ciru thuc
té sau qua trinh xur 1y 12 65 mg/I (giam 87,61% so véi miu
ban dau (525 mg/l)), do0 mau 32 Pt/Co, dat cot (A) QCVN
13-MT:2015/BTNMT. Tiém ning ciia phirc chit xuc tac
[11] trong xur Iy moi truong, dugce hinh thanh gitta ion kim
loai chuyén tiép Co (II) va ligan H ,L da duogc nghién ctru
va chimg minh c6 tng dung cao, gop phan ting cuong giai
phap xu ly nudc thai qua trinh dét nhuom ctia Cong ty TOP
TEXTILES (Ha Nam).
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