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TOM TAT

Nghién citu nay nham muc dich xir Iy kim
logi ndng c6 trong nuée thai xi ma bang phirong
phap keo tu dién héa. Nudc thai xi ma chuwa qua
xit Iy dwoce ldy tir nha méy xi ma véi nong dé cao
cac kim logi Cr, Ni, Cu, Zn (riéng voi Cr, n5ng
dé tong cia Cr(Ill) va Cr(VI) lén dén 350 ppm).
M0 hinh bé thi nghiém co thé tich 2 L. Pién cuc
sdt hinh tru dwoc siv dung trong thi nghiém, qud
trinh vdn hanh dwoc suc khi oxygen nguyén chat
99 % nham ting hiéu qua xit Iy. Két qud cho thdy
rang pH, mdt dp dong dién, va thoi gian xir Iy
dnh hwong lom dén hiéu qua xir 1y cia phiong
phap keo tu dién hoa. Hiéu sudt xir Iy dat hon
99,9 % doi voi tdt ca cac kim logi ning trong

nwoc thai khi van hanh mé hinh voi mat d¢ dong
dién 9,4 mA/em?®, thoi gian 30 phit tai pH nudc
thai 5. Két qua toi wu bang RSM gan nhw tiong
dwong véi két qua toi wu bang thwe nghiém véi
mdt d¢ dong dién 8,79 mAlcm?, thoi gian xir Iy
30,01 phat va pH 4,95. Ngodi ra, phuong phdp
nay cé kha nang xir Iy tot kim logi ning ¢ nhiéu
khodang nong do. Dién cuc trong qud trinh sic
dung bi an mon khéng dang ké qua khdo sdt quét
thé tuan hoan. Véi hiéu qua xir Iy cao, cdch vin
hanh don gian, khong can tiéu tén héa chat,
lwong dién tiéu thu chi 10 kWh/m®, ddy la phuong
phdp trién vong cé thé dp dung trong viéc xir Iy
nwoc thdi xi ma trong thuc #é.

Tir khéa: keo tu dién héa, dién cuec sdt, bé suc khi, mede thai xi ma, kim logi ndng

MO PAU

Kim loai nang phat sinh tir nhiéu nganh coéng
nghiép khac nhau nhu hoa chat, pin va ac quy,
khai khoang, gia cong va ché bién kim loai...
Trong d6, cong nghiép xi ma 1a mot nganh dién
hinh trong xa thai kim loai nang [1]. Nhiéu
phuong phap 1y, hoa va sinh hoc bao gdm hip
phu, két tua, trao doi ion, tham thau nguoc, loc
mang dugc sir dung dé xu ly kim loai ning nhung
van con mot sé ton tai nhu hiéu qua chua cao
hosc tiéu ton nhiéu hda chat [2].

Két taa kim loai nang dudi dang hydroxide 1a
phuong phap hiéu qua nhit trong loai bo kim loai

nang khoi dong thai. Phuong phap nay hién tai
duoc &p dung phd bién bang céch cho hoa chét
keo tu nhu phén nhém hodc phén sit vao, sau d6
diéu chinh pH caa nudéc thai dé loai bo cac chat &
nhiém duéi dang cac bong can keo tu. Tuy
phuong phdp nay hiéu qua, nhung gid thanh cao
do sir dung héa chit, bén canh d¢, viéc thém hoa
chit vao nudc thai c6 thé tao ra cac san pham
phuy, tré thanh chat & nhidm thir cp [3].

Phuong phap keo tu dién héa la ki thuét hiéu
qua dé loai bo cac chat 6 nhidm trong nuéc thai
cdng nghiép. Qua trinh van hanh twong ddi don
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gian, ning lugng tiéu thu hop 1y, lwgng bun hinh
thanh thap, khdng tao ra cac san pham phu trong
qué trinh xu ly; tir d6 cho thay keo tu dién hoa la
mot ki thuat tiém ning dé thay thé cac phuong
phép hién tai, véi kha nang ap dung thyc té cao.
Xuat phét tir thyc tién d6, nghién ciru nay thuc
hién viéc xur ly mot sé kim loai niang trong nuée
thai xi ma bang phuong phap keo tu dién hoa
nham m¢ ra hudng di khac trong xur Iy nuéc thai
xi ma véi chi phi thap, hiéu qua cao. C6 thé dap
tmg duoc nhu cau xir 1y nudc thai cua doanh
nghiép nhung van dam bao viéc bao vé moi
truong [4].
VAT LIEU VA PHUONG PHAP
M5 hinh thi nghiém

Thi nghiém dugc tién hanh trén mé hinh keo
tu dién hoa ty tao gom:

Mot bé hinh tru bang thuy tinh (1) c6 thé tich
2 L. Hai dién cyc sét hinh try rdng c6 duong kinh
7,5 ¢cm va 6 cm, chiéu cao 10 cm, mdi dién cuc
day 3 mm duogc dat vao trong bé, cach day bé 2
cm. Dudi day bé trang bi thanh phan phéi khi, c6

Ngubdn cép dién

nhiém vu phan bé oxygen déu khip bé, déng thoi
khudy tron nudce trong qua trinh xir 1y. Trudc mdi
thi nghiém, cac dién cuc duoc ngam trong HNO;
15 % trong 10 s, sau d6 rira lai bang nudc cat dé
lam sach 16p oxide sit bam bén ngoai dién cuc
trude khi dwa vao bé. Thé tich nuée dua vao bé 1a
1,3 L, va duoc diéu chinh pH bang HNO; 5 N va
NaOH 5N [4].

Binh chira oxygen 99 % (I1) cung cép
oxygen cho mdi thi nghiém véi luu luong 4
L/phut. Khi oxy nay ding dé oxygen héa Fe?'
sinh ra tir dién cuc thanh céc két taa hydroxide.

Ngudn dién di qua mot Inverter chuyén dién
mot chiéu (111), sir dung thiét bi do dién thé cua
Saip Group ¢6 hiéu dién thé 0-15 V, mat d6 dong
tir 0-6 A, diéu chinh dién 4p bang nim vin ting
ddng thoi cuong do dong va dién thé. Ngudn dién
mot chiéu ndi véi hai dién cuc trong bé phan tng.

Nuéc thai sau khi xir Iy dugc chuyén sang
bng Imhoff bang thuy tinh (1V), ling trong 2
tiéng, nuéc sau ling duoc loc qua gidy loc 0,45
pm.
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Hinh 1. M6 hinh thi nghiém gdm 4 bd phan chinh: bé phan wng, binh oxy, ngudn cép dién va éng Imhoff
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Khi cho dong dién chay qua hai dién cuc
trong bé phan mg, qua trinh dién phan sé dién ra
trén hai dién cyc. Cac phan ung dién ra trén hai
dién cyc nhu sau [5]:

Anode : Fe — Fe®* + 2e (1)

Fe?* + 20H — Fe(OH), (2)

Cathode : 2H,0 + 2 e — H,1 + 20H (3)
Phan irng tong thé:

Fe + 2H,0 — Fe(OH), + H,1 (4)

Trong diéu kién acid va cé suc khi oxygen, cac
phan tmg dién ra bao gom:

Anode : 4Fe — 4Fe** + 8e (5)

4Fe?* + 10H,0 + O, — 4Fe(OH); + 8H* (6)
Cathode : 8H" + 8¢ — 4H, 1 (7)

Phan irng tong thé:

4Fe +10H,0 + O, — 4Fe(OH)3 + 4H, 1 (8)

Trong qua trinh hinh thanh cac hydroxide sat
sinh ra tur dién cuc, cac kim loai trong nudc thai
s& ddng két tua véi cac hydroxide sit nay, va
duoc loai bo khoi nude thai.

Nudére thai

Nudc thai dugc ldy tir nha may xi ma tai khu
cdng nghiép thudc tinh Long An. Tinh chat vat Iy
va héa hoc cua nuéc thai dugce liét ké trong Bang
1.

Bang 1. Tinh chét vat ly va héa hoc cua nudc
thai xi ma dau vao

Chi tiéu Pon vi Gia tri
pH - 2,36
Cr mg/L 350+ 3
Cu mg/L 40+1
Ni mg/L 105+ 2
Zn mg/L 5+0,2

b6 dan mS/cm 5,29

Phwong phap thue nghiém

Céc thi nghiém duoc thuc hién dé khao sat
céc yéu té anh huong dén hiéu qua xir 1y nudc
thai: pH, mat do dong dién, thoi gian xu 1y dé tdi
vu héa mo hinh. Sau d6 tién hanh khao sat nong
d6 nudce thai xi ma ¢ diéu kién t6i wu va sir dung

phuong phép dap ung bé mat (RSM — Response
Surface Methodology) dé kiém tra su téi uu héa
md hinh. Khao sat cadc phan urng xay ra va su dn
mon dién cuc bang quét thé CV va Tafel.

Cac kim loai nang Cr, Cu, Ni, Zn, Fe dugc
phan tich bang phuong phap Khéi ph plasma
cam ung (ICP — MS). pH nudc thai dugc do bang
may Schott - LAB 850, d6 dan dugc do bang méay
Schott - Handylab Multi 12. Tat ca thi nghiém
duoc tién hanh & nhiét do phong.

KET QUA VA THAO LUAN

Quaé trinh keo tu dién hoda bi anh huong boi
mot s6 diéu kién nhu pH nudc thai, d6 dan dién
cua nudc thai, mat do dong dién va thoi gian dién
phan. Do vay, dé tang hiéu qua xu ly, cac yéu tb
anh huong nay dugc chon dé khao sat.

Anh hwéng cia pH dén hiéu qua xir Iy kim
loai trong nuwée thai

pH anh huong 1én do dan cua nudc thai, su
hoa tan cua Fe tai dién cuc, su hinh thanh cua cac
hydroxide. Trong thi nghiém khao sat pH tbi uu,
nuée thai xir ly ¢6 tinh chat nhu trong Bang 1,
mat do dong dién duoc giit tai 14,1 mA/cm?, thoi
gian gian xu ly la 60 phat, khoang cach dién cuc
1a 1,2 cm, gia tri pH khao sét tir 2 dén 10.

Hiéu qua xir ly cac kim loai thé hién tai Hinh
2, trong d6, ndng do cac kim loai nickel, dong va
ké&m (Hinh 2 (B), (C), (D)) c6 chung xu hudng la
tai pH cang cao thi ndng do xur ly cang tét. Giai
thich diéu nay 1a do ¢ pH thap, sit sinh ra tai
anode ton tai & dang hoa tan (Fe®") trong moi
truong acid, va chdng chi c6 thé bat dau két tua
khi pH cua nuéc thai chuyén dan 1én trang théi
trung tinh hodc kiém. Khi pH nudéc thai ting, lic
nay sé& dién ra qua trinh cong két hap phu cac kim
loai niang vao cac bong can: sy hap phu cac kim
loai ning vao cac bong can cha yéu do su trao
doi cac ligand. Sy trao ddi céc ligand (L) trong
qua trinh hip phu dugc md ta theo phuong trinh
dudi day:

LH + (OH)OFe — LOFe +H,0 (9)
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Hinh 2. D6 thi biéu dién nong do con lai céc kim loai Cr (A), Ni (B), Cu (C), Zn (D) va nong do Fe du (E) sau xir Iy
khi pH thay doi tur 2-10

Ngoai ra, tai pH cao, trong méi trueong kiém,
cac cation kim loai Ni%*, Cu®* va Zn** con c6 thé
duoc xur ly boi co ché tha hai 1 cac kim loai nay
s& két hop véi OH trong nudc thai tao ra céc
hydroxide kim loai két tua, va bi loai bo khoi
nu6e thai [7].

Trong céc kim loai dwoc xtr ly bang qué trinh
keo tu dién hoa thi vgi Cr, hiéu qua xi ly tuong
dbi & pH cao va tét & pH thap (tr 3, 4 — Hinh
2A). Khi ¢ pH cao, dang crom chii yéu duoc loai
bo khoi dung dich 1a Cr(111) do két tua tao thanh
Cr(OH)s, tuy nhién dang Cr(VI) van ton tai trong
dung dich [8]. O pH thép, hiéu qua xur Iy tét 1a do
ca Cr(VI) va Cr(III) déu duoc xir 1y. Viéc loai bo
Cr(VI1) bang keo ty dién héa gém 2 giai doan:

Pau tién 1a qua trinh khi Cr(VI) thanh
Cr(I1l) & cathode do qua trinh dién phan tai dién
cuc sét trong nudc thai hodc bang ion Fe?* tan ra
tir qué trinh oxy hoa dién cuc sit anode; tiép theo
la qua trinh dong két tua cua hydroxides Fe(IIl)
va Cr(ll1).

Néu xét dén co ché khir Cr(V1) thanh Cr(lII)
do qua trinh dién phan tai cathode trong nudc thai
thi ldc nay, cac phan ang dién ra tai cathode nhu
sau:

Trong méi trudng acid:

HCrO, + 3e” + 7H" — Cr** + 4H,0 (10)

Trong mdi truong kiém:

CrO,% +3e +4H,0 — Cr¥" + 80OH™ (11)

Sau khi Cr** dugc tao ra, n6 s& két hop véi
ion OH" ¢d san trong nudc thai, hoic cac ion OH
sinh ra tir chinh qua trinh dién phén tai cathode
dé tao ra hydroxide kim loai:

Cr* +30H  — Cr(OH), (12)

Khi pH trong khoang 1-6,5, va ndng do Cr
nho hon 520 mg/L, Cr ton tai dudi dang HCrO, .
Néu xét qua trinh khir Cr(V1) thanh Cr(I11) bang
ion Fe? sinh ra tir dién cuc sét anode, thi tai pH
thap, qua trinh nay chiém uu thé:

HCrO, +3Fe?* + TH* — Cr** + 3Fe** + 4H,0 (13)
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Tai pH bang 3, sau xir 1y, pH nudc thai ting
Ién 5,4 (Bang 2). Theo céc tai liéu, Cr(lll) s& &
trong trang thai khong tan khi pH nam trong
khoang 5,8-11. Vay s¢ di, kha ning xtt Iy Cr van
cao tai pH bang 3 (Hinh 2A) 1a vi Cr(III) da két
tua ngay trén khu vuc gan cathode (noi c6 pH cao
hon so véi cac diém khac trong nuéc thai) thé
hién qua dau hiéu két tua trang xuat hién xung
quanh cathode.

Tai pH bang 4, co ché chuyén Cr(VI) thanh
Cr(III) twong ty nhu pH bang 3, tuy nhién, do pH
nudc thai sau xir 1y tang tir 4 1én 6,2 (Bang 2).
Nén Cr(I11) khong chi két tia ¢ khu vuc gan
cathode, ma Cr(I11) con két tua ca & cac khu vuc
khéc trong dung dich, do pH nudc thai lGc nay &
trong gi¢i han két tia cta Cr(ll1) (5,8 < 6,2 < 11)
[5].

Ban dau thi nghiém, tai pH = 4, két taa tring
cia Cr(OH); duoc quan séat thiy & gan cathode,
thém vao do6 1a sy hinh thanh Fe(OH); ¢ mau
niu do xuat hién trong qué trinh xu ly. Vay, s& di
tai pH bang 4, qua trinh xu ly 1a t6t nhat vi

Cr(V1) dé& dang bi oxy héa vé dang Cr(l11) tai moi
truong acid trong dung dich. Tiép theo, khi pH
nudce thai bat dau tang 1én, dang Cr(I11) nay két
tia va duoc x ly loai bo khoi nudce thai [5].

Luong sit du sau qua trinh dién phan dugc
mo ta tai Hinh 2E. Nong d6 sét sau dién phan cao
tai pH 2 va 8. O pH 2, sit ton tai dudi dang cac
ion tan, va khong thé két tua. Tai pH bang 8,
lwgng st tan trong dung dich ting 1én do pH sau
dién phan tang 1én 10,3 (Bang 2). Khi pH cao
hon 10, dang ton tai cua sit s& chuyén tir Fe(OH),
sang Fe(OH), 1am ting ndng d6 sit sau qué trinh
xur ly [6]. Nong do cua st trong diéu kién pH
bing 4 va 5 14 téi wu do pH sau phan ng la 6-8
nam trong khoang két tua t6t cua sit. Nong do st
ldc nay ¢ dudi mirc 2 ppm, dat tiéu chuan QCVN
40: 2011/BTNMT.

Trong cac khao sét tiép theo, pH bang 5 duoc
chon 12 pH t6i wu do hiéu qua xtr ly cua tat ca cac
kim loai 1a tot nhat va tiét kiém héa chit diéu
chinh pH.

Bang 2. Su thay ddi pH trude va sau xi 1y tai mat do dong 14,1 mA/cm?, T = 60 phat, khoang cach 1,2 cm

pHnude thai |5 | 55 | 40 5,0 6,0 7.0 8,0 9,0 10,0
trude xu ly
pHnudethdi | 50 | 5, | 49 8,0 9,2 10,0 103 | 106 | 10,9
sau xu ly

Anh hwéng cia mat do dong dién dén hiéu
qua xi ly kim loai trong nwée thai

Mat do dong dién la yéu t6 quan trong anh
hudng téi hiéu qua xi ly ctia phuong phap keo tu
dién héa [10]. Trong thi nghiém khao sat anh
huong cua mat dé dong dién téi hiéu qua xir ly,
pH nuéc thai dugc chon la 5, khoang cach dién
cuc 12 1,2 cm, chiéu cua dong dién duoc ddi luan
phién sau 5 phat, va mat d6 dong khao sat thay
ddi tir 4,7-18,8 mA/cm?,

Hinh 3 biéu dién kha nang xu ly céc kim loai
ctia phuong phap keo tu dién hoa tai pH bang 5.
Ngay tai mat d6 dong bing 4,7 mA/cm?, cac kim
loai Ni, Cu, Zn di dwoc xu ly tét, va ndng do chi
con trong khoang tir 0,01-0,1 ppm. Vi Cr, ndng
d6 kim loai nay giam manh khi mat d6 dong dién
& mic 4,7 mA/cm? va dat hiéu suat xir ly 99,52
%.
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Hinh 3. Db thi thé hién ndng do con lai sau xtr 1y cua cac kim loai Cr, Ni, Cu va Zn tai cac mat do dong khac nhau

Tuy nhién, chi khi mat @6 dong tang 1én 9,4
mA/cm? (dién thé tuong wng 1a 6 V) thi ndng do
cia Cr mai giam xubng dugi 1 ppm (dua theo
QCVN 40:2011 / BTNMT) va hiéu qua xir Iy ldc
nay dat 99,74 %. Do vay, mic du kha nang xu ly
khi mat d6 dong dién & trong khoang 4,7-9,4
mA/cm? 1a khéng cao, nhung né dong vai tro
quyét dinh trong viéc dua nudc thai sau qué trinh
xtr 1y dat tiéu chuan xa thai. Do vdy, mat d6 dong
t6i wu dugc chon dé st dung cho cac thi nghiém
tiép theo 14 9,4 mA/cm?.

Tuong (tng vai tieng mat do xu 1y, lugng bun
sinh ra s€ khac nhau (Bang 3). Xu hudng lugng
bun tang 1én khi méat d6 dong dién cang lon, do
luong sét sinh ra tir quéa trinh dién phan trén dién
cuc s& cang nhiéu, dan dén lwong bun sinh ra do
két tua hydroxide sit ting theo.

Hién nay c6 nhiéu nghién ciru vé viéc thu hoi
cac kim loai cd gi4 tri kinh té tir cac loai bun sau
xtr 1y, dién hinh 1a cac dang buin tao ra tir cac qué
trinh keo tu dién hoa, nhu ¢ nghién curu nay.

Bang 3. Thé tich bun sau xir Iy khi dé ling trong
1 gio va 2 gio tai cac mat do khac nhau

Mat d6 (mA/cm®) 47 | 94 | 141 | 18,8

The tich bun lang 300 | 490 | 700 | 890
sau | gi¢ (mL)

The tich bun lang 330 | 200 | 540 | 750
sau 2 gi¢ (mL)

Anh huwéng ciia thoi gian dén hiéu qua xir ly
kim loai trong nuéc thai

Thoi gian xtr Iy anh huong dén hiéu qua xir
ly, cling nhu lugng dién nang ti€u thu [11]. Trong
thi nghiém vé thoi gian xir ly, mat d6 dong dién
duoc gitr tai 9,4 mA/cm?, pH 1a 5, khoang cach
dién cuc 1,2 cm, va thoi gian khao sat ¢ trong
khoang tir 15-90 phut.
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Hinh 4. B4 thi thé hién sy phu thudc cua ndng d6 Cr,
Ni, Cu, Zn va pH dung dich sau xtr 1y vao thoi gian xu
ly

Nong do cac kim loai giam manh chi trong
15 phat dau tién (Hinh 4), va dén 30 phat thi cac
kim loai Ni, Cu va Zn déu dat chuin A
QCVN40:2011/BTNMT. Riéng véi Cr, hiéu qua
xir 1y trong 30 phut dau dat rat cao, 1én dén 99,48

pH
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%, va sau thoi gian sau do, lugng Cr giam khong
dang ké. Tuy nhién nong do Cr sau khi xir ky 30
phit vin chua dat chuin QCVNA40:2011/
BTNMT. Néong dé Cr dwoc xur 1y dat chuan khi
dén thoi gian xu ly 60 phat. Do vay, thoi gian xu
1y dugc chon véi loai nuéce thai xi ma véi nong
d6 Cr (350 ppm) la 60 phut.

Hién nay, cic chat hap phu trén thi truong
nhu than hoat tinh hay nhua trao déi ion it dwoc
sir dung dé xir ly cac kim loai nang do nong do
cta cac kim loai nang trong nudc thai qua cao,
cac chat hip phu nay s& nhanh chéng bdo hoa, va
phai thay mai lién tuc rat tén chi phi. Tuy nhién,
khi sir dung phuong phép keo tu dién héa, ndng
d6 kim loai duoc giam dang ké. Tir két qua khao
sat & trén, co thé thdy rang néu dirng qué trinh tai
thoi gian 30 phat, hau hét cac kim loai ngoai trir
Cr déu dat chuin. Theo thuc t& cho thiy néu
ding qua trinh keo tu dién hod tai thoi diém 30
phut va &p dung thém mot phuong phap hip phu
khac dé xir 1y Cr dat chuén s& tiét kiém nhiéu chi
phi ning luong, dong thoi vat lidu hap phu cé thé
sir dung trong thoi gian dai hon nén day la mét
vu thé khi két hop 2 phuong phéap. Do vay, néu
két hop keo tu dién hoa véi 1 bé loc str dung vat
liéu hip phu s& giup phuong phap keo tu dién héa
tiét kiém luong dién tiéu thu, va phuong phap loc
sir dung vat liéu hap phu gilp kéo dai thoi gian
sit dung. Cu thé, néu dirng quéa trinh xir ly & 30
phit, mat do dong 1a 9,4 mA/cm?, pH nudc thai

1a 5 thi luong dién tiét kiém duoc so vai dién hda
trong thoi gian 60 phut 1a 5 kwh/m® (Bang 4).

Trong thyc té, néu thoi gian xir Iy 1a 30 phdt,
chi phi dién dé xir Iy s& dao dong tir 4.300 —
13.600 dong (tuy theo khung gid), véi lugng
nuéce thu hdi dugc sau ling 1a 70 %.

Bang 4. Luong dién tiéu thy twong Gng véi thoi
gian dién hoa tir 15-90 phut

Thoi gian
diénphan | 15 | 30 | 45 | 60 | 75 | 90
(phut)

Luong dién
ti€u thu 251 5 |75 10 | 12
(KWh/m®)

14,4

Khéo sat anh hwéng cia nong dj nwéc thai
dau vao

Nong do cac kim loai ning co trong nudc
thai xi ma dau vao la mot yéu té quan trong dé
lya chon céc théng s6 van hanh nham téi wu hoa
kha nang van hanh, ddng thoi tiét kiém chi phi xu
ly ma van dam bao kha nang xur 1y dat yéu cau.

Két qua khao sét hiéu suat xu ly cua keo tu
dién héa véi cac ndng d6 kim loai dau vao khéc
nhau duoc trinh bay & Bang 5. Nhan thay ring &
ndng do cang thap, hiéu qua xtr ly c6 giam nhung
khong dang ké, tirc 12 higu qua xir ly cac kim loai
& ndng do khac nhau hau nhur 14 gidng nhau. Cho
thiy phuong phap nay c6 kha ning st dung cho
nhiéu khoang ndng do cao thap khéc nhau.

Bang 5. Hiéu qua xir Iy ciia mo hinh khi thay déi ndng d¢ dau vao

Pau vao 1 Pau vao 2 Pau vao 3
KLN Nong do Hiéu suat Nong do Hiéu suat Nong do Hiéu suat
(ppm) (%) (ppm) (%) (ppm) (%)
Cr 350 99,48 250 98,45 100 97,78
Ni 105 99,96 25 99,48 30 98,30
Cu 40 99,91 30 99,29 15 97,11
Zn 5 99,88 4 99,10 2 97,61
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Toi wu héa cdc diéu kign van hanh mo hinh
bang phwong phip RSM

Nham tim céac théng s van hanh tbi wu cho
moé hinh, x4c dinh tuong tac gitra cac bién doc
lap, phuong phap RSM dugc thuc hién thong qua
viéc chay phan mém Design Expert. Céc thi
nghiém trong van hanh mé hinh RSM déu duoc
thuc hién doc 1ap véi cac thi nghiém khao sét ti
wu truge. SO ligu va két qua thi nghiém duoc thé
hién tai Bang 6.

Sau khi thyc hién nhap cac sé liéu vao phan
mém sé& tinh dugc hiéu qua xu ly. Hiéu qua xt ly
Cr, Ni, Cu va Zn duoc tinh todn lan luot la
99,994 %, 99,983 %, 99,9736 % va 99,9664 % &
cac dicu kién t6i uu: mat do dong dién 8,79
mA/cm?; pH 4,95; thoi gian 30,01 phiit.

Cac két qua t6i wu hoa diéu kién van hanh
ciia md hinh bang phuong phap RSM hoan toan
pht hop véi diéu kién van hanh thuc té.

Bing 6. Bang két qua t6i wru hoa thyc nghiém trén md hinh RSM

Yéu t6 anh huong Higuqua | Hiéuqua | Hieuqua | Hiéuqua
STT Mat do Thai gian xu ly Cr xtr Iy Ni xir ly Cu Xt ly Zn
dong dién PH xir ly (%) (%) (%) (%)
1 47 3 15 44,75 45,00 43,52 42,48
2 4,7 3 45 87,72 83,71 84,75 83,78
3 4,7 7 15 46,50 81,90 86,50 83,08
4 4,7 7 45 56,15 93,71 93,70 93,52
5 14,1 3 15 58,02 60,76 65,03 63,52
6 14,1 3 45 99,90 94,46 98,48 93,90
7 14,1 7 15 68,65 97,90 98,90 89,98
8 14,1 7 45 91,75 91,91 91,93 91,91
9 15 5 30 70,12 69,71 69,50 69,06
10 17,3 5 30 99,62 99,81 99,80 99,63
11 9,4 1,64 30 66,20 65,14 65,58 65,25
12 9,4 8,36 30 74,50 98,95 99,10 96,88
13 9,4 5 4,77 45,50 47,71 46,83 45,78
14 9,4 5 55,23 98,75 99,81 99,82 99,00
15 9,4 5 30 98,00 99,05 99,00 98,50
16 9,4 5 30 98,34 99,67 99,60 99,50
17 9,4 5 30 98,34 99,67 99,60 99,50
18 9,4 5 30 98,30 99,00 98,50 99,00
19 9,4 5 30 98,34 99,67 99,60 99,50
20 9,4 5 30 98,00 99,05 99,00 98,50
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Khio sat tinh chat dién cuc

Nham xac dinh cac qua trinh dién ra va
lugng dn mon trén dién cyc khi dugc ngdm trong
dung dich nudc thai ¢ pH 4 va 5, tién hanh quét
thé tudn hoan va khao sat duong ngoai suy Tafel.
Do thi cua qué trinh quét thé tuan hoan duoc thé
hién ¢ Hinh 5.

0.015 -

WE(1).Current (A)
°
2
T

0.005 |-

0.005 [~ e
1 1 ! 1 1
-1 05 05 1

Potential :ppll?d (\%)
Hinh 5. B4 thi caa qué trinh quét thé tuin hoan tai pH
4 (a) va pH 5 (b), téc do quét 100 mV/s, khoang quét
thé tir -1 V t6i +1 V, diém bét ddu quét thé 1a -400 mV

Tir d6 thi, c6 thé thy rang khi dién cuc lam
viéc ¢ trang thai anode thi kha nang hoa tan cua
dién cuc khi & pH bang 4 s& cao hon so véi pH 5,
day 1a mot yéu té quan trong giai thich cho viéc
hiéu qua xir ly Cr cua qud trinh tai pH 4 cao hon
pH 5.

S6 liéu thu duoc tir qua trinh dn mon thong
qua phuong phap quét thé duong ngoai suy Tafel
dugc thé hién ¢ Bang 7. Nhin chung, lwong in
mon cia nudc thai gdy ra trén dién cuc tai ca hai
pH duoc xem la thip, c6 thé chap nhan duoc khi
sir dung dién cyc sit voi dung dich nudce thai nay
trong thuc té.

Bang 8 dua ra sb liéu dé so sanh nghién ctu
hién tai vd&i cac nghién cau st dung cac cong
nghé khac dé xur 1y nudc thai chira kim loai nang.
Thong qua sb lidu, nhan thiy rang phuong phap
dang khao sat c6 hiéu suat xu ly cao so véi cac
nghién ctru khéc [15].

Bang 7. Céc thong s6 an mon dién cuc sit & moi truong pH bang 4 va 5

Théng sé Dung dich nuéc thai ¢ pH 4 Dung dich nuéc thai ¢ pH 5
Ecor (MV) -395 -291,8
Jeorr (Alcm?) 8,63 6,61 x 10°®
leorr (A) 5,44 x 10°® 417 x10°
R, (kQ) 3,98 6,19
Vorr (Mm/nim) 0,201 0,154

Bang 8. So sanh hiéu qua xir ly trong nghién ciru nay vai cac nghién ciu khac

o Nong do dau vao C, (ppm) Hiéu suat xu ly (% N
Phuong phip xtrly ==, Pong | Nikel | Kém PH Crom pong | Nikel | Kém Nguaon
o - - 25 - - - -~ | 100 | - [4]
Ultrafiltration 50 | 50 | 50 | - | 7 | 98 | 98 | 99 | - [16]
Keo tudienhoadung | 445 | 45 | 394 | - 7 | 100 | 100 | 99 - 8]
dién cuc ban 93,2 33,3 57,6 20,4 | 9,6 100 99 98 99 [9]
Nanofiltration - 200 - - - - 96 - - [12]
[ 200 | - - B 08 - - [12]
Loc RO 167 17 26 - 7 99 99 99 - [15]
- - 21 - - - - 97 - [17]
Keotudienhéadung | 350 | 49 | 105 | 5 | 5 | 99 | 100 | 100 | 100 | MNonien
dién cyc hinh tru cliru nay
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KET LUAN

Keo tu dién hoa la mot phuong phap hiéu
qua dé loai bo kim loai nang trong nuéc thai xi
ma thong qua qué trinh cong két taa, cac phan
g dién ra trén bé mat dién cuc va cac phan tng
dién ra trong dung dich [18]. Qua khao sat, hi¢u
suét loai bo toi wu cua cac kim loai 1a khac nhau
tai cac pH khac nhau. Mat d6 dong dién, cling
nhu thoi gian lwu 13 hai yéu t& gép phan quan
trong, khong chi dén hiéu suat xir ly, ma con anh
huong t6i lwong dién tiéu thu trong qua trinh xi
ly [19]. pH téi wu dé xur ly tt ca cac kim loai la
5. Bé xur ly dat dugc QCVN40:2011 / BTNMT,
cudong do dong dién phai & mac 9,4 mA/cm?, va

thoi gian xu Iy téi thiéu la 30 phat. Két qua nay
gan véi két qua téi wu héa thuc hién bang phuong
phdp RSM: pH, mat d6 dong dién va thoi gian xir
ly 1an luot 12 4,95; 8,79 mA/cm?; 30,01 pht.

TAm lai, keo tu dién hoa 1a phuong phap kha
thi, c6 kha nang xir ly hiéu qua cac kim loai ning
trong nudce thai xi ma vai higu suat dat trén 99 %.
Bén canh do, khi ap dung phuong phap nay trong
thuc té, can can nhic thém céc dir kién vé nong
d6 cac kim loai nang dau vao, cac chi tiéu hoa ly
dé lya chon céc théng sb van hanh va két hop voi
cac phuong phap khéac, nham dat téi hiéu suat xu
ly hiéu qua, va tinh kinh té cao [20].

Removal of heavy metals in plating
wastewater by electrocoagulation process
using cylindrical electrodes

e To ThiHien
e Le Minh Hoang
e Nguyen Thi Phuong Thao
e Nguyen Ly Sy Phu
University of Science, VNU-HCM
ABSTRACT

This study focuses on removing the metals:
chromium, nickel, zinc and copper in high
concentrations (particularly with chromium,
whose concentration went up to 350 ppm) in
plating wastewater by electrocoagulation (EC)
method using direct current (DC). The
wastewater was contained in a 2 L batch airlift
reactor; pure oxygen 99.9 % was blown into the
reactor to increase the treatment efficiency.
Cylindrical iron electrodes were used in the cell.
The results showed that pH, current density, and
residence time were three major factors
influencing the treatment effectiveness. Over 99.9
% of heavy metals were effectively removed when

optimizing the operating conditions with the
Response Surface Methodology (RSM) in the
current density 8.79 mA/cm?, 30.01 minutes, at
pH 4.95. Beside the consideration of the
effectiveness of this method in different
concentrations of plating wastewater Cyclic
Voltammetry (CV) scan, and Tafel line were also
used for measuring the existing ability of
electrodes in the wastewater to study situations
happening while operating the cell in the reality.
With high efficiency, simple operation, no cost
for chemical, and the power consumption of only
10 kWh/m?, this method can be used in treating
plating wastewater in the reality.

Keywords: electrocoagulation, iron electrodes, airlift reactor, plating wastewater, heavy metals, RSM
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