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Tém tat - Nghién ctu str dung phwong phap keo tu dién hoa két
hop véi vi dién héa dé xt ly dong thdi hdn hop céc ion Pb?, Zn?*,
Cu? va F trong nuéc thai. Két qua cho thay, diéu kién t6i wu cla
phwong phap nay dat du’cyc khi: pH ban dau cta dung dich 1a 5,
dién &p 1a 5 von, thoi gian xt Iy 1a 30 phat, khéi Iwong hat Fe-C la
60gam, kich thwéc hat Fe-C 1a 20~27mesh. V&i didu kién téi wu
nay va néng dé ban dau cla cac ion la 50mg/L thi hiéu suat x& ly
clia Pb%, Zn*, Cu?* va F lan lwot 12 99.76%, 99.26%, 99.78%,
94.03%. Nwéc thai sau xi ly rat sach va chét Iucyng nwéce tét hon
tiéu chuan xa truc tiép ra mai truong. Co ché xi ly florua chi yéu
1& do sy hinh thanh két tGa AlF(OH)sx va mét phan nhé la do sy
hap phu florua cta sét hidroxit.

T kh,c’)a - keo tu dién hoa; vi dién hda; ion kim loai nang; florua;
co cheé.

1. Pat véan dé

Viéc loai bo cac ion kim loai nang va florua trong nugc
thai cua cac nganh khai thac mo, luyén kim, ma
dién,...dang 1a van dé can quan tam do tinh doc hai cia cac
ion nay ddi véi con ngudi va méi truong. Pac biét nudc
thai trong nganh cong nghiép luyén kim chi va kém c6 do
pH thap, ndng d6 cua cac ion chi, kém, dong, florua rt cao
[1]. Do d6 cac phuong phap xtr Iy nudc thai nhu phuong
phép sinh hoc, phuong phap mang, phwong phap hap
phu,...khong phu hop dé xir Iy nuéc thai luyén kim chi va
kém. Hién nay phuong phap pho bién nhit dé xir ly loai
nu6cC thai nay la phuong phép trung hoa bang voi [2]. Tuy
nhién phuong phap nay c6 nhiéu nhuge diém nhu: sinh ra
lwong bun thai I6n, nuwéc thai sau xir ly ¢6 do cieng cao nén
khong thé tai sur dung, hiéu suat xu ly cac ion kim loai
khong cao va nhit la xi 1y ion florua khong dat tiéu chuan
xa thai ra moi truong [3].

Do d6, viéc nghién ciru mét phuong phap mai phu hop
dé xir Iy nwéc thai luyén kim chi va k&m la cap thiét. Trong
bai bao nay, su dung két hop 2 phuong phap keo tu di¢n
hoa va vi dién hoa dé xtr Iy miu nuée chira ddng thoi cac
ion Pb?*, Zn?*, Cu?*va F. Ca hai phuong phap nay déu cé
nhitng wu diém va nhuoc diém riéng. Nhung khi két hop
v6i nhau s& phat huy uu diém va han ché nhuoc diém cua
ting phuong phap nén rat pha hop cho xir 1y nudc thai
luyén kim chi va kém.

2. Hoa chat, thiét bi va phwong phap nghién ciru

Céc hoa chit sir dung trong thi nghiém bao gom:
Pb(NOa)z, ZnSO4, CUSO4, NB.F, NaCI, HzSO4, HNOg,
NaOH, ....(tAt ca déu tinh khiét phan tich); Quy cach cua
céac dién cuc nhom la: dai 28cm, rong 4.7cm, day 1mm (d6
tinh khiét > 99%); bot Fe-C tu ché tao cd thanh phan
70.4% Fe, 20.7% C, con lai la cac thanh phan khac.

Abstract - Using electrocoagulation method combined with micro-
electrolysis method for simultaneous removal of Pb?", Zn?*, Cu?*
and F from wastewater was studied. The results show that, best
removal capacity of this method for Pb?*, Zn?*, Cu?* and F was
achieved in initial pH = 5, voltage= 5V, time =30 minute, mass of
Fe-C= 60g, particle diameter of Fe-C =20~27mesh. With this
optimal condition and the initial concentration of ions of 50mg/L,
treatment efficiency of Pb?, zZn?', Cu? and F with 99.76%,
99.26%, 99.78% and 94.03%, respectively, the effluent wastewater
is very clear and its quality exceeds the direct discharge standard.
The mechanism of defluoridation is mainly due to the formation of
precipitate AlF,(OH)s and a small part is due to the adsorption of
iron hydroxide.

Key words - electrocoagulation; micro-electrolysis; heavy metal
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Thiét bi sir dung trong thi nghiém bao gom: B6 dung cu
tw ché tao nhu hinh 1, may do téc d6 dong nudc LZB-25,
may bom nuéc, mady KGF50A/50V cung cép dong dién 1
chiéu, may quang phd hap thu nguyén tir AA240FS, méay
PXSJ—-216F va cac dung cu khéc.

2

1 = Nguén dién 1 chiéu
2 — Hé théng diéu chinh
hiéu dién thé
3 — Nudec thai thoat ra
4 — Vdch ngan
5 5 — Bé chita nudce thai
© 6 —May bom nudc
7 — Hé théng diéu chinh
tée d6 nude
8 — Bé xir Iy nudc thai
9 — Hat Fe-C
10 = Cac dién cuc nhém

Hinh 1. Quy trinh ciia phurong phdp keo tu di¢n hoa
ket hop véi vi dién hoa

Trong do6, bd dung cu tu ché tao c6 bé chira nudce thai
véi thé tich 3.5 lit; B& xur 1y nudc thai co thé tich 0.66 lit;
Co6 4 dién cuc nhém, vai cac dién cuc duong va am duoc
dat xen k& nhau; Cac hat Fe-C dugc dat vao khoang khdng
gian gitra 4 dién cuc nhdm. Nhu vay, qua trinh keo tu dién
hoa s& xay ra trén bé mit cac dién cuc nhdm, qua trinh vi
dién hoa sé& xay ra trén bé mat cua céc hat Fe-C.

Xac dinh ndng d6 cua Pb?*, Zn?*, Cu?* bang phuong
phap quang phd hip thu nguyén tir; Xac dinh nong do
florua bang phwong phéap do dién hoa; Xac dinh ham lwong
nhém bang phuong phap chuén d phirc chét.

3. Két qua va thao luan
3.1. Khdo sat @nh hwéng ciia CAc yéu té dén higu sudt xi
ly cac ion

D4i tugng nghién ciru cia thi nghiém Ia mau nuéc chira
hon hop cac ion Pb?*, Zn?*, Cu?* va F". Nong d6 ban dau
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clia cc ion nay déu la 50mg/L. Trong phan nay, sir dung
thi nghi¢m truc giao dé khao sat anh huong cua cac yéu to
dén hiéu suat xir Iy cac ion Pb?*, Zn2*, Cu?* va F~. Céc yéu
t6 va cac muc thi nghiém tuong tmg duoc thé hién trong
bang 1.

Bdng 1. C4c yéu té thi nghiém va cac mite firong iing Lis (45)

Céc yéu tb

Cac muc A B C D £
1 3 10 30 3 14-17
2 4 20 45 4 18-19
3 5 30 60 5 20-27
4 6 40 75 6 28-34

Trong d6, trong diém khao sét cac yéu té 1a: A- pH ban
dau cua dung dich, B- thoi gian xtr ly (phat), C- khéi luong
hat Fe-C (gam), D- dién &p (vOn), E- kich thudc hat Fe-C
(mesh). Cac yéu t khac cua thi nghiém dwoc cb dinh nhu:
khoang cach 2 dién cuc gan nhat 1a 1.4cm, téc do dong
nudc thai 1a 260 lit/gio, nong do cua NaCl 12 0.5g/L.

Dua vao dit liéu bang 1 va cach thiét ké thi nghiém truc
giao loai L16(4°%) [4], tién hanh céc thi nghiém. Sau do sir
dung phuong phap phan tich phuong sai dé phan tich két
qua. Két qua thi nghiém duoc trinh bay ¢ hinh 2.
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Hinh 2. Quan hé giita diéu kién thi nghiém véi higu sudt
xur ly cac ion

Tir hinh 2 nhan thay: Phuong phép keo tu dién hda két
hop véi vi dién hda da xir ly cac ion Pb?*, Zn?*, Cu**va F
trong nudc thai dat hiéu suat cao. Kha ning xur Iy cua
phuong phap nay ddi véi cac ion theo thir tu hiéu suat xu
ly ting dan la Pb?* ~ Cu?* > Zn?* >F. 5 yéu t6 véi 4 muc
tuong tng hau nhu khong anh huong dén hiéu suat xu ly
cta Pb?* va Cu?*. Nhung ching anh huong tuong ddi lon
dén hiéu suat xur ly cua Zn?* va F~. Diéu kién ti wu cho xur
ly dong thoi cac ion Pb, Zn?*, Cu?* va F~ dé dat hiéu suat
cao va gia thanh xir Iy thip 1a AsB3CsD3Es, tuong ing véi
pH ban dau cua dung dich 1a 5, thoi gian xt Iy 1 30 phut,
khéi lugng hat Fe-C 1a 60g, dién ap 1a 5V, kich thudc hat
Fe-C 1a 20~27mesh (mic du diéu kién By va Dy xtt ly Zn?*
t6t hon diéu kién Bz va D3 khoang 2%, nhung khong lya
chon B, va D, 1am diéu kién ti wu vi: lwong Fe-C sir dung
nhiéu hon, ning lwong tiéu hao cao hon, hiéu suat xir Iy F
thip hon va dic biét 1a cac dién cuc phét nhiét 1am anh
hudng dén do bén cua hé théng xir Iy nudc thai).

Tai diéu kién tbi wu nay, tién hanh xu Iy mau nudc chira
céc ion Pb2*, Zn?*, Cu?*va F" bang phuong phép keo tu dién
hoa két hop véi vi dién héa. Sau xir ly nong do con lai cua

cac ion Pb?, Zn?, Cu?*va F tuong ung la 0.118mg/L,
0.369mg/L, 0.112mg/L, 2.986mg/L. Cin cir vao tidu chun
nu6e thai cong nghiép (TCVN 5945: 2005), nhan thiy:
nong do du lwong cua Pb?* nho hon cot B; nong do du
lwogng caa Zn?*, Cu?* va F nhé hon cot A.
3.2. Khdo sat higu sudt ciia cuwong dp dong di¢n

Hiéu suét cua cuong do dong dién dugc dinh nghia la ti
1¢ gitra lwgng kim loai bi an mon & dién cyc trong diéu kién
thuc té so véi ly thuyét. Pay 1a thong sé rat quan trong
trong phuong phéap keo tu dién hoa, vi thong sé nay anh
huong dén tudi tho cua dién cuc [5]. Tién hanh thi nghiém
xtr Iy hdn hop céc ion Pb?*, Zn?*, Cu?*va F~ & diéu kién ti
uu la AsB3CsDsEs. Két qua cho thay, luwgng nhdm bi an
mon thyc té twong g la 0.400g. D6i véi lugng nhdm bi
in mon theo 1y thuyét dugc tinh toan dua vao dinh luat
Faraday [5]. Két qua nhu sau:

Alt  27x1.4x30x60

AT R 3% 96500

Trong d6: ma - khdi lugng nhém bi an mon (g), A-khdi
lwgng mol nguyén tir cia nhém (g/mol), | - cuwong d6 dong
dién (ampe), t — thoi gian (gidy), n - s6 electron trao doi,
F - hang s6 Faraday (96500C)

Nhu vay hiéu suit cia cuong do dong dién 14 170.21%.
Két qua nay cho thay, luong nhdm bi an mon trong thyc té
thi nghiém nhanh hon 1y thuyét, vi ngoai qué trinh &n mon
dién hoa con ¢6 qua trinh an mon hoa hoc. Didu nay c6 y
nghia 16n 1 thoi gian xir Iy nudc thai dugc rdt ngan nén gia
thanh xur 1y nugc thai sé giam.

—0.235¢

3.3. 8o sanh cdc phwong phap
3.3.1. So sanh hiéu sudt x: ly c&c ion

Hiéu suat xir ly cac ion kim loai va florua cua cac
phuong phép dugc trinh bay ¢ hinh 3. Ca 3 phuong phéap
déu duoc tién hanh véi bo dung cu nhu hinh 1. Trong do,
cac diéu kién thuc hién cua timg phwong phap la:

- Phuong phép keo tu dién hoa két hop véi vi dién hoa
duoc thuc hién & diéu kién t6i vu nhu muc 3.1.

_ - Phuong phép keo tu dién hoa cling dugc thuc hién ¢
diéu Kién toi vu nhu muc 3.1, chi khac nhau la ¢ gitra cac
dién cuc khéng c6 hat Fe-C.

- Phuong phap vi dién hoa duoc thyc hién ¢ diéu kién:
k’héi lwong hgt Fe-C la 150g, khong c6 cac dién cuc, con
tat ca cdc dieu kién khac giong véi phuong phap keo tu
dién hda két hgp vai vi dién hda.

B Phuong phap keo tu dién hoa két hop vai vi dién hoa

B Phuwong phap keo tu dién hoa

B phuong phap vi dién hoa
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Hinh 3. So sanh hiéu sudt xiz ly cac ion kim logi va florua
Cua cdc phuwong phap
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Tir hinh 3 nhan thay, phuong phap keo tu dién hoa két
hop véi vi dién hoa cd kha nang xir Iy dong thoi hdn hop
céc ion Pb?*, Zn?*, Cu?*va F~ tét hon so v6i 2 phuong phép
con lai. Bac biét nhan thiy, phwong phap vi dién héa xir ly
F- rat kém. Diéu nay ching to kha ning hap phu F- cua cac
két tua sat hidroxit kém hon nhém hidroxit (két qua nay
tuong dong vai tai liéu [6]).

3.3.2. So sanh mau nuwéc sau xir ly

M3au nudc sau xir Iy bang 3 phuong phép khac nhau

duoc trinh bay & hinh 4.
4 EEC
* 3) \"i’ dién

(2) Keotu ;
N dienhoa hoa
e L

(1) Keo tu dién
hoa két hop vi
dién hoa

Hinh 4. So sanh cac mdu nuwoc sau xir 1y

Tir hinh 4 nhan thay: Mau (1) ¢6 toc do lang két tua rat
nhanh, phan ket tua va dung dich tach biét ré rang, dung
dich sau xur ly trong suot, luong ket tua nho hon mau (2);
Mau (2) c6 toc d¢ lang ket tua chdm hon mau (1), di€u nay
co thé gidi thich la do trong luong riéng cua ket tua nhom
hidroxit nho hon hon hop ket tia nhém hidroxit va sat
hidroxit; mau (3) c6 dang huyen phu nén khong dat tiéu
chuan xur Iy nudce thai.

Nhu vay st dung phuong phép keo tu dién hda két hop
V6i vi dién hoa de xir ly dong thoi cac ion Pb*, Zn*", Cu**
va F~ trong nudce thai 1 tot hon so véi chi sir dung mét trong
hai phuong phap Ia keo tu dién héa hoac vi dién hoa.

3.4. Phén tich co ché xir Iy

Co ché xur Iy nuéce thai cua phuong phap keo tu dién
hoéa k@t hqp véi vi dién hda bao gom 3 co ché hgp thanh:
co ché hap phu cua cacbon,trong hat Fe-C, keo tu dién hoa
va vi dién hda. Mdi co ché cd vai tro xu ly cac ion trong
nudc thai nhu sau:

3.4.1. Co ché hdp phu ciia cachon

Kha ning hap phu cua cacbon trong hat Fe-C ddi véi
cac ion kim loai va florua duoc trinh bay ¢ hinh 5.
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Hinh 5. Cachon hdp phu cac ion kim logi va florua

Tir hinh 5 nhan thy: cacbon c6 kha niang hip phu Pb?*,
Zn%*, Cu?* kém, khong cd kha nang hap phu F. Mdi 1 gam
cacbon co6 dung lwong hap phu 0.225mg Pb?,
0.180mg Zn2*, 0.180mg Cu2*, 0.000mg F-. Nhu vay c6 thé

trén bé mat cacbon cd chira cd&c nhém mang dién tich am
nén c6 kha nang hap phu cac ion duong.
3.4.2. Co ché cia qud trinh vi dién héa

MGi hat Fe-C trong méi truong nudc thai la mot nguon
dién Vi hiéu dién thé rat nho nén kha nang hoa tan sat dién
ra rat cham. Nhung dudi tac dung cua dién truong ngoai s&
tang cuong qua trinh vi dién hoa nhanh hon, gitp rat ngan
thoi gian xt 1y nude thai. Co ché phan ung cua qua trinh vi
dién hoa dugc mo ta nhu hinh 6.
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Hinh 6. Co ché ciia qud trinh vi dién héa
Tir hinh 6 nhan thiy:
1) Phan ung ¢ cuc duong:
Fe — Fe* +2e~ E°(Fe?*/Fe) = - 0.44V

2) Phan g ¢ cyc am: B& mat cacbon ton tai lyc hap
phu céc ion duong va c6 cac electron tu do, nén xay ra cac
phan tng khir mot s6 ion duong tao thanh don chat.

O, +4H" +4e” —2H,0 E%(02/H,0)=1.23V

Cu* +2e" — Cu E°(Cu?*/ Cu)=0.340V
2H* +2e” — H, E’(2H*/ Hp)=0V

Pb? +2e~ — Pb E%(Pb?/ Pb)=-0.126V

Zn?* khong bi khir thanh Zn vi E° (Zn?*/ Zn) nhd hon
E°(Fe?*/Fe).

3) Céc phan ng trong dung dich: qua trinh vi dién hoa
dién ra 1am pH cua dung dich ting 1én, dan dén su hinh
thanh cac két tua sat hidoxit. Cac két taa ndy c6 kha ning
dong két tua vai ion kim loai va hip phu F. Nhung kha
nang hap phu F~ yéu [6, 7].

=Fe-OH | +H,0" +F~ —»=Fe-OH
=Fe-OH { +F +H,0" »>=Fe"..F {+2H,0
=FeO  H" | +F »>=FeO" H>"..F |

3.4.3. Co ché cia qua trinh keo tu dién hoa

Co ché cua qua trinh keo tu dién héa véi cac dién cuc
nhom nhu sau:

(1) Céc phan tng ¢ cuc duong:

Al > AI* + 3¢~ EYAIRY/AI) = -1.662V
2CI- —Cl, + 2e~ E°(2CI/Cl;) = -1.36V
3Al +3Cl, —» 2AICI,

2Al +6H,0 —2AI(OH), +3H,

J.Fl+H,0
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Nhu vay dién cuc nhdm bi &n mon béi 2 qua trinh 13 an
mon dién hoa va &n mon hoda hoc. Nén hiéu suat ciia cuong
d6 dong dién dat gia tri 170.21% (nhu muc 3.2).

(2) Céc phéan tng & cuc am:

BE& miit cuc am ton tai c4c electron tu do, nén xay ra cac
phan tng khir mét s6 ion duong tao thanh don chat, co ché
phan tng twong ty nhu ¢ cyc dm cta qua trinh vi dién hoa.

(3) Céc phan tng xay ra trong dung dich:

lon AP* trong dung dich bi thuy phan tao thanh

AIOH?", AI(OH);, AI(OH), ... Cac ket tia nhom hidroxit
nay c6 kha nang dong két tua vai céc ion kim loai nhu Zn?",
Pb?*, Cu?*. bic biét ket tta nhom hidoxit cé kha nang hap
phu rat tot ion F, phan ung nhu sau [6]:

AI(OH), ¥ + xF~ 2 AIF,(OH), { + XxOH"

Qua trinh hap phu F~ caa nhém hidroxit bi anh huéng
rat 16n boi pH cua dung dich. pH ciia dung dich thich hop
nhét cho qué trinh nay 1a trong khoang 6 - 7 [6]. Néu pH
<6 thi su hinh thanh Al(OH ), khdng nhiéu nén kha nang

hap phu F* kém. Nguoc lai néu pH>7 thi d& dang xay ra
phan tng giai hap F-, phan tmg nhu sau [8]:

AIF,(OH), ¥ +mOH™ = AIF_ (OH),  +mF

4. Két luan

(1) Diéu kién téi wu ciia phuong phap keo tu dién hoa
két hop vai vi dién hoa 1a: pH ban dau 12 5, thoi gian xu ly
1a 30 phut, khéi lwong hat Fe-C 1a 60g, dién p la 5V, kich
thudc hat Fe-C 1a 20~27mesh. Nudc thai sau xir 1y c6 du
luong ndng do cua Pb2*, ZnZ*, Cu?* va F lan luot 12
0.118mg/L, 0.369mg/L, 0.112mg/L, 2.986mg/L. Cin ctt
Va0 tiéu chuan nudc thai céng nghiép (TCVN 5945: 2005)
thi ndng do du lwong cua Pb?* nho hon cot B; Nong do du
lwong cua Zn?*, Cu?* va F~ nho hon cot A.

(2) Co ché xir ly cac ion Ph?* va Cu?* ctia phuong phép
keo tu dién hoa két hop vai vi dién hoa cha yéu 1a do sy
khtr Pb?* va Cu?* tao thanh kim loai Pb va Cu; Co ché xir
ly caa ion Zn?* 1a do sy hinh thanh két taa k&m hidroxit
thdng qua qué trinh dong két taa véi nhom hidroxit va st
hidroxit; Co ché xur ly cua F~ cha yéu 1a do sy hinh thanh
két tua AIF,(OH)ax va mot phan nho 1a do su hap phu cua
cac két tua sat hidroxit.
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