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NGHIEN CU'U SU DUNG BIEN CUC NHOM TRONG HE KEO TU BPIEN HOA
PE XU LY COD CUA NUGC RI RAC BAI RAC NAM SON

Lé Thanh Son®", Lé Cao Khai?*®

1Vi_én Cong nghé moi truong -Vién Han lam Khoa hoc Cong nghé Viét Nam,
2Tru‘d‘ng Dai hoc Su pham Ha Ngi 2,

Hoc vién Khoa hoc va Cong nghé - Vién Han lém Khoa hoc Cong nghé Viét Nam

TOM TAT

Nude ri rac voi ham lugng céc chat 6 nhiém rat cao va thuong dao dong, khong 6n dinh, thanh
ph?m 6 nhiém lai phuc tap nén duogc xép vao loai dbi tuong 6 nhiém khoé xtr Iy. Mot hé keo tu dién
hoa st dung céc cdp dién cuc bang nhom, dung tich 1,8 L va sir dung ngudn dién mot chidu duoc
nghién ctru trong phong thi nghiém dé tién xir Iy nude ri rac cua bai ric Nam Son véi muc dich
lam giam dang ké ham luong cac chit 6 nhi®m hitu co, thudn tién cho cac budce xu 1y sinh hoc phia
sau... Cac két qua da chi ra rang cuong d6 dong dién, thoi gian dién phan, pH, khoang cach gitra
cac dién cyc la nhitng thong s6 anh hudng manh dén hiéu qua loai bo céc chit 6 nhiém hitu co
trong NRR béi rac Nam Son bang mot qua trinh EC. Piéu kién t6i uu cho qua trinh EC dé xir 1y
COD cua NRR bai rac Nam Son 1a I = 3A, t = 60 phut, pH = 7, khoang céach gitra cac dién cuc 1
cm. Tuy nhién, hidu qua xir Iy COD bang hé EC sir dung dién cuc nhom 1a khong cao, trong cac
diéu kién toi uu, hiéu suat xtr Iy COD chi giao dong xung quanh 45%.

Tw khoa: Ky thudt méi truong, nudc rvi rac; COD; Keo tu dién hoa; dién cuc nhom, hi¢u qua xir ly.

Ngay nhdn bai: 18/3/2020; Ngay hoan thién: 10/4/2020; Ngay ddng: 04/5/2020

STUDY ON USING ALUMINIUM AS ELECTRODES IN AN ELECTRO-
COAGULATION SYSTEM IN ORDER TO REMOVE COD OF NAM SON
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ABSTRACT

Landfill leachate with very high and fluctuant concentrations and complexe composition of
pollutants, so it was classified as difficult - to- treat pollutant. An electro-coagulation system of
volume 1.8 L using 4 pairs of aluminum electrodes (size 110 cm x 100 cm) and a DC power
source studied in the laboratory to pre-treat Nam Son landfill leachate in order to significantly
reduce the amount of organic compounds, so facilitate the biological post-treatment .... The results
have shown that electrical current, electrolysis time, pH, distance between electrodes were the
parameters which strongly influence the organic pollutant removal efficiency in Nam Son landfill
leachate by an electro-coagulation process. The COD removal efficiency increased when electrical
current, electrolysis time, distance between electrodes decreased and pH in neutral range.The
optimum conditions for electro-coagulation process to treat COD of Nam Son landfill leachate
were: | = 3A, t = 60 minutes, pH = 7, the distance between electrodes was 1 cm. However, the
COD removal efficiency by the EC system using aluminum electrodes is not high, under the
optimal conditions, only 45% of COD was removed.
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1. Mé diu

Su phat trién khong ngimg ciia kinh té, xa hoi
va gia ting dan s trong nhitng nim qua da
dan t6i lugng rac thai sinh hoat (RTSH) phat
sinh ngay cang nhiéu vé ca sd lugng va chung
loai. Theo diéu tra cia Bo Tai nguyén va moi
truong nam 2019, ¢ khu vuc do thi, lugng
RTSH phat sinh khoang 37.000 tin/ngay,
trong khi lugng RTSH phat sinh & ndng thon
trung binh khoang 24.000 tin/ngay. Luong
RTSH phat sinh nhiéu nhu viy nén phuong
phap xir 1y duge dp dung phd bién & cac dia
phuong 14 chén 1ap boi chi phi thip va van
hanh don gian. Tuy nhién, mdt nhuoc diém
16n cua cac bii chon 14p RTSH 1a nuéc ri rc
(NRR), duogc sinh ra do sy ré ri nwdc mua
thAm vao trong long bii rac hoic do d6 4m
san c¢6 ciia RTSH [1]. V&i ham lugng cac chét
6 nhidm ¢ muc rat cao, vuot cac quy chuin
ctia Viét Nam (QCVN) nhiéu 1an, thanh phan
6 nhidém ludn bién dong phirc tap, bao gdom
cac mudi, chat hitu co hoa tan, amoni, kim
loai nang, vi sinh vat,... cho nén NRR la dbi
tugng rat khé dé xir Iy mot cach hiéu qua [2]
—[4]. Thuong qua trinh xir Iy NRR gém nhiéu
budc, trong dé cac qua trinh véat ly, hoa ly,
hoa hoc thuong dung ¢ cong doan dau dé tién
xu ly, giam bot nong do cac chat 6 nhiém va
mot s6 thanh phan phtc tap, kho phan huy
sinh hoc; tiép theo 1a cac qua trinh sinh hoc dé
xtr ly N, P, amoni, cac chét hiru co d& phéan
huy sinh hoc va cudi cing 1a qua trinh khir
trung dé xur 1y cac vi sinh vat. Qua trinh keo
tu duoc sir dung phd bién khong chi cho quéa
trinh xir Iy NRR ma con cho hau hét cac hé
théng xtr 1y nuéc, nude thai dé giam ham
lugng cac chét lo lirng, d6 mau, cac chét hiru
€0,... Tuy nhién, qua trinh keo tu hoda hoc
(CC) thudng tiéu tdn nhidu hoa chit va tao ra
nhiéu bun thai. Mot qua trinh keo tu dién hoa
(EC) hoat dong dya trén nguyén ly dung
ngudn dién mot chiéu dé dién phan, cac dién
cuc lam bang kim loai chuyén tiép hodc nhom
s€ bi hoa tan theo phuong trinh phan Ung
(PTPU) (1) tao thanh cdc hydroxit kim loai
M(OH), (PTPU (2)) c6 do xbp 16n, co kha
nang hip phu manh cic chét 6 nhiém, loai bo
chung ra khoi nude bang cac qua trinh keo tu
va tuyén n01 ¢6 nhidu vu diém hon qué trinh
keo tu truyén théng. That vdy, qua trinh EC

khong sir dung hoa chit dau vao nén tao ra it
bun thai hon, kha nang keo tu cling cao hon qua
trinh CC do bé mit xbp cta cac M(OH), hinh
thanh trong qué trinh dién phén c6 kha nang hap
phu cao hon 100 lan so v6i cac M(OH), sir
dung truc tiép trong qué trinh CC [5], [6]. Ngoai
ra, cac hydroxit c6 thé tham gia vao qué trinh
polyme hoa (PTPU (3)) va cac polyme tao
thanh c6 kha nang hap phy, tao phuc hay két tia
dé loai bo cac chat 6 nhiém [7].

Al — AP + 3¢ 1)
AP + 30H — AI(OH); 2
Al(OH); — (OH),AI-O-Al(OH), + H,O  (3)
Vo6i NRR cta bai rac Nam Son, cac nghién
clru trude day cua cung tap thé tac gia tap
trung chii yéu sir dung dién cyc sit cho qua
trinh EC. Trong nghién ctru ndy, nhom tac gia
thir nghiém st dung di€n cuc nhém cho hé
EC va tién hanh nghién ciru cic yéu té anh
huéng dén hiéu qua cua qua trinh EC trong

xur Iy COD ctia NRR bai rac Nam Son.

2. Phwong phap nghién ciru

2.1. H¢ keo tu dién hoa

Hé EC su dung trong nghién ciru nay bao
gdm cac bo phan chinh 1a bé phan tmg, hé
dién cuc va ngudn 1 chiéu. Bé phan ung lam
bang thay tinh hiru co trong sudt, kich thudc
dai x rng x cao = 14 cm x 14 cm x 21 cm,
dung tich thyc 2L. Hé dién cuc gém 4 cap
dién cuc mic song song, ca catot va anot déu
lam bang hop kim nhom (ham lugng nhém 85
— 97%), kich thuéec 110 mm x 100 mm x 1
mm (hinh 1). Nguén DC VSP4030 (B & K
Precision, CA, M¥) cung cip dong dién 1
chiéu cho hé phan ung. May khuay tir (toc do
200 vong.phat Y duoc st dung dé ting mirc
d6 dong déu cua hé phan tmg.

Trong cac thi nghiém, 1,8L dung dich nuéc ri
rac duge dua vao bé phan Gng, cac dién cuc
duoc néi voi ngudn mot chidu. Axit H,SO, va
NaOH dugc dung dé diéu chinh pH cia NRR
dén gia tri pH mong mudn. Khi ap dit mot
hiéu dién thé gitra 2 dién cuc dé tao ra dong
dién mot chiéu, qué trinh dién phéan s€ dién ra.
Cac thi nghiém dién ra & diéu kién 4 ap suat khi
quyén va nhiét do phong. Cur sau moi 20 phat
phan g, ldy mau, dé ling sau 60 phut, gan
1y phan trong dé phan tich COD.
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2.2. Hod chiit va phwong phdp phén tich
NRR str dung trong nghién ctru nay dugc iy
tir ho chira NRR tép trung cta bii rac Nam
Son, Séc Son, Ha Noi vao thoi diém thang 5
nam 2017 va duoc bao quan trong t6i & nhiét
do 4°C trudc mdi thi nghiém. Ham lugng
COD ban dau cia NRR giao dong trong
khoang 5.500 — 7.000 mg.L™.

H,SO, (98%, Merck), NaOH (98%, Merck)
dugc dung dé didu chinh pH ban dau cua
NRR. Cic hoa chat ding dé phan tich c6 do
tinh khiét cao: H,SO, (Merck, 98%), Ag,SO,
(Merck, 99,7%), K,Cr,0; (Merck, 99,8%),
HgSO,; (Merck, 98,5%), CgHsKO, (Merck,
99%), (NH,).Fe(SO,),.6H,0 (Merck, 99%),
ClegNz.Hzo (Meer, 99%)

Gia tri COD cua NRR dugc phan tich theo
phuong phap dugc quy dinh trong TCVN
6491:1999.

3. Két qua va thao luin

3.1. Anh hwéng ciia cwong dp dong dién va
thoi gian phdn vrng

Dé nghién ctru dnh hudng cia cudng do dong
dién va thoi gian phan ung, NRR dugc dién
phan bang hé¢ EC: 4 cip dién cuc méc song
song, pH ban diu cia NRR bang 8, khoang
cach dién cuc 1 cm, cuong do dong dién thay
dbi tir 1 dén 4A, thoi gian luu nude 1an luot 1a
0, 20, 40, 60 va 80 phut. Hiéu suat xir Iy COD
tai mdi thoi diém duge xac dinh theo cong
thtrc sau:

(b)

Hinh 1. So dé hé thi nghiém EC (a) va hinh anh thyc cua hé thi nghiém EC (b)
COD.—CODy
CoDy
Trong d6, COD, va COD, lan luot 1a gia tri
COD cutia dung dich tai thoi diém t va thoi

diém ban dau.

HY% = .100% (4)

Két qua thu dugc thé hién trén hinh 2. C6 thé
thdy rang hiéu suat xir Iy COD tang dan khi
cuong d6 dong dién ap dat 1€n cac dién cuc
tang va thoi gian dién phan cang 16n. That
vay, theo dinh luat Faraday, luong chit bi
dién phan trén cac dién cuc ty 1€ thuan voi
cuong d6 dong dién va thoi gian, do do khi
thoi gian dién phan cang 16n hodc cuong do
dong dién cang 16n, lugng nhdm bi dién phan
trén anot tao thanh AI** (PTPU(1)) cang
nhiéu, din dén lwong hydroxit AI(OH); va
polyme dugc hinh thanh theo cic phan ng
(2) va (3) cang nhiéu, dong nghia véi viée cac
chat hip phu nay s& hip phu dugc nhiéu chat
hitu co hon, do d6 hiéu qua xtr ly COD tang.
Ngoai ra, ciing theo dinh luat Faraday, khi
cuong d6 dong dién hodc thoi gian dién phan
tang, lugng bot khi H, sinh ra trén catot (phan
tmg (5)) tang. Cac bot khi H, nay s& chuyén
dong di 1én phia trén mat thoang, kéo theo cac
chat 6 nhi®m 1én bé mit (qua trinh tuyén ndi).
Mit khéc, trén bé mit cac dién cuc cling co
thé xdy ra cac phan tng oxi hoa — khir, gitp
phan hay mét s6 chat 6 nhiém vé co, hiru co
[6]. Qua trinh chuyén hoa mot phan dién ning
thanh nhiét nang lam néng dung dich & cuong
d6 dong dién cao ciing c6 thé 1a nguyén nhan.
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Hinh 2. Anh huong cia cuong do dong dién va
thoi gian dién phan den hiéu suat xu ly COD cua
NRR Nam Son
Tuy nhién, két qua trén hinh 2 ciing chi ra
réng, khi cuong d¢ dong dién trén 3A, hi¢u
sudt xir Iy COD ciing ting nhung toc do ting
cham lai. Thyc vay, lay gia tri hidu suat xir 1y
COD sau 60 phut dién phan ¢ cac thoi diém
khac nhau va biéu dién trén d6 thi 3 ta théy,
khi cudng do dong dién ting tir 3A dén 4A,
hiéu suat xir Iy COD ting khong dang ké, tir
37,93% 1én 39,68%. Diéu nay c6 thé 1a do khi
cuong d6 dong dién qua cao, lugng AI** va do
d6 luong hydroxit va polyme tao ra qua
nhiéu, mot phén bam trén bé mat dién cuc tao
thanh 16p mang ngin can qua trinh trao dbi
dién tir trén bé mit dién cuc, din dén qua
trinh dién phan trén cac dién cuc sau doé bi
giam di. Hién twong nay ciing c6 thé giai
thich cho viéc trong khoang 30 phiit dau tién
clia qua trinh dién phan & tat ca cac cuong do
dong dién thir nghiém, téc do xur Iy COD la
nhanh nhat, sau d6 giam dan va sau 60 phut
dién phén, COD cua NRR c6 bi suy gidm
nhung tdc d6 giam 1a khong dang ké do luong
hydroxit va polyme tao ra nhiéu bam trén bé
mit cac dién cuc. Do d6, dé tiét kiém dién
nang, chi nén dién phan trong khoang 60
phut, voi cuong do dong dién khong qua 3A.
3.2. Anh hwéng ciia pH
Dé nghién ctru anh huéng cua pH, NRR dugc
dién phan bé‘mg hé EC: 4 cap dién cuc mic
song song, khoang cach dién cuc 1 cm, cudong
d6 dong dién 3A, pH ban dau cua NRR duge

diéu chinh tir 4 dén 10, thoi gian dién phéan 60
phut. Két qua thu duoc thé hién trén hinh 4.

0 ==

Hisn sar %)

Cwimg da dimz Mo 1A
Hinh 3. Hiéu sudt xir Iy COD ciia NRR Nam Son
sau 60 phut dién phdn ¢ cac cuong do dong dién
khac nhau
Tir hinh 4 ¢6 thé thdy rang pH ban diu anh
huong manh dén hiéu suat xir Iy COD cia
NRR: khi pH ting tir 4 d&én 7, hiéu suét xir ly
COD tang tir 22,8% dén 41,4%, pH tiép tuc
tang tir 7 dén 10, hiéu suat khong ting ma
giam dan xudng con 15,4% & gia tri pH = 10.
Két qua nay c6 thé giai thich nhu sau, mubi
AI* hinh thanh tir phan tng trén anot s& bi
thity phan va ¢ pH = 4 bit dau xuat hién két
tua AI(OH);. pH cang tang, lugng két tua tao
thanh cang nhiéu, do d6 lugng chit hiru co bi
keo tu cang nhiéu, hiéu qua loai bé COD cang
cao. Mat khac, trong qua trinh EC, trén dién
cuc catot xay ra phan ing dién phan nudc tao
khi oxy theo phan tng (5), s€ oxi hdéa mdt
phan cac chat hitu co dong gop vao qua trinh
xtr Iy COD [8]. Va & pH cang cao, phan tng
(6) cang duoc tao diéu kién, do d6 khi pH
tang tir 4 dén 7, hiéu qua xa Iy COD ting lén
16 rét nhu trén dd thi hinh 4.
2H,0 — 4H" + O, + 4e " (6)

10
'l . 6 T " 3 1
pH

Hinh 4. Anh hwéng cua pH ban dau ciia NRR dén
hiéu suat xu ly COD

sl

H 1w s o
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Tuy nhién, khi méi truong bit dau co tinh
kiém, pH > 7 thi AI(OH); c6 thé chuyén dan
sang dang Al(OH), la chat khong co kha
ning keo tu cac chat hiru co [9], [10]. Ngoai
ra, ¢6 thé oxy tao ra nhiéu & phan tng (5) c6
thé oxy hoa dién cuc tao thanh 16p mang oxit
nhdm lam thu dong dién cuc mot phan, 1am
giam hiéu qua dién phan ¢ cac dién cuc, gian
tiép dan dén lam giam hiéu qua xu Iy COD.
pH = 7 ciing xdp xi bang pH ban dau cua
NRR bai rdc Nam Son, do d6 nhém tac gia
chon pH = 7 1a diéu kién t6i wu cho qua trinh
keo tu dién héa NRR dé umg dung trong thuc
té khong tiéu tén hoa chat diéu chinh pH cua
NRR trudce khi di vao hé EC.

3.3. Anh hwong ciia khoing cdch giita 2
dién cuc

Dé nghién ctru anh hudng cua pH, NRR duogc
dién phan béng hé EC: str dung chi 1 cép dién
cuc, mat do dong dién 3,896 mA.cm? (bing
mat d¢ dong dién t6i vu trong cac thi nghiém
trudc), thoi gian di¢n phan 60 phit, khoang
cach gitra 2 dién cuc thay doi 1, 3,5, 7 cm.
Két qua thu dugc thé hién trén hinh 5.

-

Foluosiume ok didn cug fem)

Hidsi il

Hinh 5.'A’nh huong cua khoang cach giita 2 dién
cuc den hiéu suat xir Iy COD cua NRR bai rac
Nam Son
C6 thé thiy rang, hiéu suat xir Iy COD ty 18
nghich véi d6 16n khoang cach dién cuc. Hi¢u
suat xir Iy COD dat dugc tot nhat tai khoang
cach dién cuc 1a 1 cm véi 45,1% luong chét
hitu co dugc loai bo. Khi khoang cach giira
hai ban di¢n cuc cang xa thi hi¢u Suat xir ly
cang thip. Cu thé, hiéu suit xir Iy COD chi
con 26,7% va 22,7% tuong tmg voi d =5 cm

va d = 7 cm. Nguyén nhén co thé 1a do khi
khoang céach gitra cac dién cuc ting, quang
dudng cac ion di chuyén dén cac dién cuc (dé
thuc hién phan ung cho/nhan electron trén cac
bé mat dién cuc) tang, dan dén tro khang cua
dung dich s& lam giam toc d di chuyén cia
cac ion nay, nén cac phan ung (1) va (4) bi
han ché, dong nghia véi viéc hiéu qua xur ly
céc chat hitu co giam. Ngoai ra, khi khoang
cach dién cuc tang trong khi I luon dugc gitr
khong d6i sé& dan dén hiéu dién thé giira 2
dién cuc ting 1én theo mdi quan hé tuyén tinh
trong cong thirc (6) [11], dan dén tiéu thu dién
nang tang lén.

4

U=13 6

trong d6: U - Hiéu dién thé dat giira 2 dién
cue (V);

| - Cuong d9 dong dién (A);

A - Bé mit hoat dong cua cac dién cuc (m?);

d - Khoang cach gitra cac ban dién cuc (m);

k - D¢ dan dién (S).

Rodriguez va cong sy [12], cling chi ra
khoang cach dién cuc anh hudng dén sy hinh
thanh céc bong keo va hat keo tu cua phan
tmg. Solanki va cong su cho rang khoang
cach qué 16n gitta cac dién cuc lam giam dang
ké sy hinh thanh cua béng keo [13]. Cho nén,
khoang cach dién cuc nho 1a lya chon tdt cho
qué trinh keo tu dién hoa.

Tuy nhién, trong qua trinh nghién ciru khi thir
nghiém vai khoang cach dién cuc < 1 cm thy
quéa trinh dién phan khéng 6n dinh (d6i khi
con c6 hién tugng doan mach) nguyén nhan la
do trong NRR ¢6 TSS cao. Vi viy, khong thé
tién hanh & khoang cach dién cuc < 1 cm.

4. Két luan

Cac két qua cua nghién ctu nay di chi ra
rang, cudng do6 dong dién, thoi gian dién
phén, pH, khoing céch gilta cac dién cuc la
nhitng théng s6 anh huong manh dén hiéu
quéa loai bo cac chit 6 nhidm hitu co trong
NRR bai rac Nam Son bang mdt qua trinh
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EC. Hiéu suét xir Iy COD tang khi cudng do
dong dién, thoi gian dién phan tang, khoang
cach gitta cic dién cuc gidam va pH & giai
trung tinh. Tuy nhién, khi cuong d¢ dong dién
hodc thoi gian dién phan qué cao, khoang
cach gitra cac dién cuc qua nho thi hi¢u suét
xir Iy COD ting khong dang ké, tham chi
giam di, trong khi chi phi dién ning tiéu ton
nhiéu hon. Diéu kién t6i wu cho qua trinh EC dé
xtt Iy COD cua NRR bai rac Nam Son la [ =
3A, t = 60 phut, pH = 7, khoang cach giira cac
dién cuc 1 cm. Tuy nhién, hiéu qua xi Iy COD
béng hé EC st dung dién cuc nhom 1a khong
cao, trong cac diéu kién tdi wu chi giao dong
xung quanh 45%.

Lo&i cam on

Cong trinh nay duoc ung ho boi dé tai thude 7
hudng wu tién cip Vién Han 1am Khoa hoc va
Cong nghé Viét Nam “Nghién ctru xir 1y nudce
ri ric bang phuong phap keo tu dién hoa két
hop loc sinh hoc” (VAST 07.01/16-17).
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