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NGHIEN CUU UNG DUNG PHUONG PHAP FENTON DIEN HOA
PE XU LY THU CAP PO MAU CUA NUOC Ri RAC BAI RAC NAM SON
SAU KEO TU PIEN HOA
Lé Thanh Son', L& Cao Khai*®
lVi_én Cong nghé moi truong - Vién Han lam KHCN Viét Nam,
) ' 2Tywong Pai hoc Sw pham 2, *Hoc vién Khoa hoc va Cong nghé, Vién Han lam KHCN Viét Nam
TOM TAT
Nude ri réc 1a loai nude thai co do bén cao, kho xu ly nhat vi néng dd chét 6 nhiém thuong rat cao
va khong 6n dinh, trong d6 dang cht y 1a d6 mau. Sau qué trinh tién xtr Iy bing keo tu dién hoa,
hon 84,6% d6 mau da duoc loai bd khdi nudc ri rac bai rac Nam Son, tuy nhién gia tri ddu ra cta
d6 mau van vuot qua QCVN 40: 2011 / BTNMT, cot B nhiéu 1an. Cac chit gdy ra d6 mau con lai
trong NRR thuong 14 nhitng chat hitu co bén viing, khong thé xir Iy dugc bang qué trinh keo tu
dién hoa. Vi vay, mot trong nhiing qua trinh oxy hoa tién tién 1a fenton dién hoa da duoc nghién
ctru dé tiép tuc xur 1y nue ri rac bai rac Nam Son sau khi da duoc tién xtr Iy bang keo tu dién hoa.
Qua trinh smh ra goc tur do hydroxyl trong phan ung fenton dién hoa phu thuoc vao pH, nong do
xuc tac Fe?* va cudng do dong dién. O diéu kién t6i wu pH = 3, ndng d6 Fe?* 0,1mM, cuong do
dong dién 1A, sau 60 phut xir Iy NRR ciia bii rac Nam Son bang hé fenton dién héa sir dung vai
cacbon va Platin lam dién cuc, 98,55% d6 mau da bi xur 1y, d6 mau con lai 1a 102 Pt-Co, dat dén
QCVN 40: 2011 / BTNMT, cot B. Két qua nghién ciru dd chimg minh ring fenton dién hoa hua
hen 1a mot phuong phép tiém nang trong thuc té dé xtr 1y thir cap d6 mau ctia nude ri rac bi rac.
Tir khéa: K7 thudt méi truong, nude ri rdc, dé mau, xir Iy thit cdp, fenton dién héa,; goc hydroxyl,
oxy héa tién tién.
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ABSTRACT

Landfill leachate is a high-strength wastewater that is most difficult to deal with because the
pollutant concentration is often very high and unstable, notably the color. After an
electrocoagulation pre-treatment, over 84,6% of the color has been removed from Nam Son
landfill leachate, however the output value of color still exceeds the QCVN 40:2011/BTNMT,
column B many times because these colours are usually sustainable organic compounds which
cannot be treated by electrocoagulation. So, one of the advances oxidation processes, electro-
fenton was employed to secondarily treat Nam Son landfill leachate, after an electrocoagulation
pre-treatment. The generation of hydroxyl radical depends on pH, Fe?* ccatalyst concentration and
current intensity. At the optimal condition: applied current of 1A, pH 3, Fe*" concentration of
0.1m M, after 60 minutes of treatment in an electrofenton system using carbon felt and Pt gauze
as electrodes, 98,55 color in Nam Son landfill leachate has been removed and the output value of
color is 102 Pt-Co, reaching to QCVN 40:2011/BTNMT, column B. The research results indicated
that electro-fenton process can promise as a potential method in practice for secondary treatment
of colors in landfill leachate.
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1. Mé dau

Tang trudng cong nghiép va dich vu lién tuc
tai Viét Nam trong nhitng nam qua da kéo
theo sy gia ting nhanh chong chét thai ran, ca
vé s6 luong va ching loai, dic biét 1a chat
thai ran do thi v6i trung binh ting 12% mdi
nam [1]. Trong sb cac cong nghé xir 1y rac
thai d6 thi thi chon lap 14 mot trong nhimng
phuong phap phd bién nhat vi cach thirc van
hanh don gian va chi phi thap. Nu6c ri rac
(NRR) cua cac bii chén lap rac duoc tao ra
boi qua trinh mua xudng, nudc mua thim
thiu vao trong rac thai va nude vén co cua rac
thai [2]. NRR 1a chit 1éng c6 doc tinh cao boi
chtra cac kim loai nang, cac chét hitu co hoa
tan khac nhau, amoni, vi sinh vét, cac mudi
hoa tan [3 -5]. Thanh phin NRR thudng
khong on dinh va phu thudc vao nhiéu yéu té
nhu thoi gian chon ldp, loai chét thai chon
lap, su thay dbi thoi tiét theo mua, mirc do
mua va nhiét do ctia bai rac. Tat ca nhitng yéu
t6 nay 1am cho viéc xtr Iy NRR tré nén khé
khan va phuc tap. Co mot sd phuong phéap xir
ly di dwoc s dung dé xir Iy NRR, nhu
phuong phap xt ly sinh hoc, k¥ thuét oxy hoa
tién tién, ung dung dit ngip nudc, loc mang,
keo tu va keo tu dién hoa [6]. Mot trong
nhitng phuong phap duoc nghlen clru ung
dung nhiéu trong thoi gian gan day dé xu ly
nudc thai 1a keo tu dién hoa (EC), béi day la
phuong phap khong sir dung hoa chét, do do
it gy ra 6 nhidm tht cip, thiét bi c6 cu tao
don gian, d& van hanh, bao tri, bao dudng,..
[7]. Phuong phap EC dua trén ba qua trinh
chinh la dién hoa, keo tu va tuyén ndi. Pic
biét la cac hydroxit kim loai dugc sinh ra
trong qua trinh dién phan c6 do xbp 16n, kha
ning hip phu cic chat 6 nhidm trén bé mat
hydroxit nay cao hon gip 100 lan so vdi cic
hydroxit dugc sir dung truc tiép lam chét keo
tu [8]. Tuy nhién, cac nghién ctru trude day
clia chung toi [9] da chi ra rang trong cac diéu
kién t6i wu, qué trinh EC mic du loai bo dugc
71,6% d9 mau ciia NRR cuia bai chén 1ap rac
Nam Son, S6c Son, Ha Noi, tuy nhién gia tri
dd mau sau xtt ly van vugt QCVN

40:2011/BTNMT c¢6t B nhiéu lan (727 Pt-Co
s0 v6i 150 Pt-Co). Do d6 sau EC van can mot
qua trinh xtr 1y thtr cap dé xu 1y tiép do mau
vé mirc quy dinh.

C6 thé oxy hoa khir gan nhu 13 16n nhit (2,7
V/SHE), gbc tu do *OH sinh ra tir cac qua
trinh oxy héa tién tién (AOP) la tic nhan co
thé phan huy hiéu qua va khong chon loc cic
chat 6 nhiém hitu co, tham chi 1a cac hop chat
bén, do d6 phu hop dé xir 1y thir cap cac chat
mau hitu co c6 trong NRR ctia bai rdc Nam
Son sau khi di dugc tién xtr Iy bang keo ty
dién hoa dé giam dang ké do mau. Mot trong
s6 nhitng phuong phap AOP duoc nghién ctru
mg dung nhiéu trong thoi gian vira qua la
phuong phap fenton dién hoa (e-fenton) bdi
day 1a phuwong phép it sir dung hoa chit (chi
dua vao ban ddu mot lwong khoang 10™M ion
Fe?* lam chat xtc tac) va chi tiéu tén dién
ning cho qué trinh dién phan bang dong dién
mot chiéu [10]. Mat khac, nudce sau xir 1y boi
qua trinh fenton dién héa hdu nhu khong can
phai qua budc loai bo sét vi ndng d6 Fe?* dua
vao ban dau x4p xi gi¢i han cho phép xa thai
cua Bo Tai nguyén va moi truong (QCVN
40:2011/BTNMT).

Do do6, trong nghién ctru nay chung toi su
dung phuong phép e-fenton dé xu 1y thur cip
d6 mau cua NRR bai rac Nam Son sau khi da
duoc tién xtr Iy biang keo tu dién hoa dé giam
dang ké do mau. Nghién ctru s& tip trung vao
céc yéu td anh huong dén hiéu suat xur 1y do
mau cua qua trinh e-fenton, tir d6 tim ra dugc
cac diéu kién t6i uu cho qua trinh xt 1y.

2. Phuong phap nghién ciru

2.1. Ddc tinh cua nwéc ri rac nghién ciru
NRR str dung trong nghién ctru nay dugc liy
tir hd chira NRR tap trung (hoa 1an ca nudc
rac cli va méi, chua qua xt ly) cua bai chon
lap rac Nam Son, Soc Son, Ha Noi. Sau khi
duoc ldy vao thang 4 nim 2019, NRR dugc
tién xir 1y bang phuorng phép keo tu dién hoa
& cac diéu kién t6i wu nhu mé ta trong cong
trinh nghién ctru trudc do6 cua Lé Cao Khai va
cong sy [9]. Mot vai théng s6 cua mau NRR
nghién ctru duge thé hién trong bang 1.
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Bang 1. Mt s6 théng s6 dic trung ciia NRR thé cia béi rac Nam Son (ldy vdo thoi diém thang 4 ndm
2019) va NRR sau keo tu dién hoa

TT Théongsd Ponvi Nuéeriricthd Nuéeriricsau EC QCVN 40:2011/BTNMT (cot B)
1 pH - 7.9-8.1 85- 89 5,5-9
2 Color Pt-Co 3052 -4075 867 -1157 150
3 COD mg.L*  2308.5 - 2865.6 461,88 — 574,23 150
4 TSS mg.L™* 280 - 320 95-106 100

2.2. H¢ thi nghié¢m di¢n hoa

Céc thi nghiém trong nghién clru nay duogc
thuc hién trong binh phan tng bang thiy tinh,
thé tich 250 mL, Hé dién cuc véi catot 1a vai
cacbon kich thudéc 12 cm x 5 cm (Johnson
Matthey Co., Germany), anot 1a tim ludi hinh
try tron bang platin, kich thuéc 9 cm x Scm,
duoc dat trong binh phan ung sao cho cac
dién cuc song song véi thanh binh va dong
truc voi nhau, catot bén ngoai, anot bén trong
(Hinh 1). Ngudén VSP4030 (B&K Precision,
CA, US) cung cap dong dién 1 chiéu cho 2
dién cuc. NRR can xu ly duoc db ngdp 2 dién
cuc, thé tich 200 mL. Dung dich dugc khudy
tron boi khudy tir va duogc cung cap oxy lién
tuc bang may nén khi.

_ Binh phan
" {mg

_ Catot

Khuéy

tur

Hinh 1. So do hé thi nghiém e-fenton
2.3. Hod chit va phwong phdp phén tich
Na,SO; (99%, Merck) dugc bd sung vao dung
dich dé ting do dan dién (nong d6 Na,SO,
trong dung dich phan tng ~ 0,5M). H,SO,
(98%, Merck) dugc dung dé diéu chinh pH
ban dau ciia NRR vé moi trudng axit.
D6 mau dugc phan tich bang phuong phap do
quang theo TCVN 6185-2008 (Iso 7887-1994).

3. Két qua va ban luin
3.1.Anh hwong ciia pH

Trong qué trinh e-fenton, pH ban dau cua
dung dich déng vai trd quan trong vi né kiém
soat viéc san sinh ra gbc hydroxyl va néng do
cta ion sat [11], do d6 dé nghién cu anh
huong cia pH dén kha niang xir Iy do mau,
mot loat cac thi nghi€ém dién phan NRR c6
cung d6 mau ban dau 1090 Pt-Co véi dong
dién 0,5A, néng do xtc tac dua vao ban dau
[Fe**] = 0,1 mmol.L™, nhung pH cta dung
dich dau vao khac nhau tir 2 dén 6. Két qua
thu dugc (Hinh 2) cho thay pH anh huong rat
16n dén hiéu qua xur Iy d6 mau cua NRR Nam
Son, cu thé khi pH dung dich tang tr 3 dén 6,
hiéu qua x Iy d6 mau giam dan. Nguyén
nhan 14 do khi pH ting, ndng d6 ion H* giam,
dan dén lugng H,0, sinh ra trén catot theo
phuong trinh phan tng (PTPU) (2) giam, do
d6 lwong gbc *OH sinh ra theo PTPU (1) s&
giam, vi vay hiéu qua xur 1y chat mau giam.
Ngoai ra, khi pH ting dan dén viéc 1am ting
kha ning phan tng giita Fe** va OH tao
thanh két tiia Fe(OH); 1am giam hiéu suét qua
trinh xtr Iy [12]. Nguoc lai, khi pH giam dudi
3, thi hiéu suat xir Iy d6 mau ciing khong ting
m‘é giam. Nguyén nhan 1a do khi pH thap,
ndng do ion H' cao, c6 thé xay ra phan tng
gitta H" va H,0, tao thanh ion oxonium
(H;0,") theo phan ung (3) [13], dan dén lam
giam luong H,0,, do d6 hiéu suit xur Iy do
mau giam:

Fe’* + 2H,0, — Fe** + OH + OH" 1)
02 + 2H+ +2e — HzOz (2)
H,0.+ H" > H;0," 3)
Do d6, pH = 3 1a toi wu ddi voi qua trinh xtr
ly d6 mau NRR bang e-fenton. pH = 3 s&
duogc ap dung cho cac thi nghiém ké tiép.
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Hinh 2. Anh huéng ciia pH dén hiéu qua xie Iy do
mau cua NRR Nam Son

3.2. Anh hwéng ciia nong dp xiic tic Fe**
Theo PTPU (1) thi ndng d6 xuc tac Fe** ciing
1a yéu t6 quan trong anh huong dén hiéu suét
xtr 1y d6 mau ctia NRR. D¢ nghién ciru anh
hudng cta ndng do chit xitc tac Fe** dén hiéu
qua xir Iy NRR bang e-fenton, dién phan voi
dong dién 0,5 A cac dung dich NRR ¢0 cung
d6 mau ban dau khoang 1080 Pt-Co va pH =
3, nhung c6 nong do Fe** khac nhau tir 0,05
mmol.L™ dén 1 mmol.L™. Két qua trén hinh 3
cho thiy khi nong d6 Fe?* dudi 0,1 mmol.L™,
hiéu qua xir Iy d6 mau tang khi ndng do Fe**
tang, nguyén nhan la do theo dinh ludt tac
dung khéi lugng, trong PTPU (1) nong do
ban dau cta Fe”* ting, nong do gbc OH® s&
tang, két qua 1a hiéu qua xtr Iy 6 mau ting.
Tuy nhién, khi néng d6 Fe** vuot qua 0,1
mmol.L™ thi hiéu qua xir Iy d6 mau lai giam
khi nong do Fe* ting. Nguyén nhan c6 thé do
xay ra phan ung phu giita Fe** va gbc OH®
(phan tng (6), lam tiéu hao gbc OH®, din dén
hiéu suét xir Iy d6 mau giam.

Fe”* + OH® > Fe* + OH" (4)
Mt khac, cac ion Fe** tao thanh cling c6 thé
phan tng v6i H,0, din dén lam giam hiéu
qua ly d6 mau [14]:

Fe** + H,0, > Fe-~OOH* + H* (5)
Do d6 trong cac nghién ciru tiép theo, nong
d6 chat xac tac Fe?* duoc sir dung 1a 0,1 mM.
3.3. Anh hwéng ciia cwong dp dong dién
Dé nghién ctru anh hudng cia cudng do dong
dién dén hiéu qua xir Iy d6 mau bang e-

fenton, thyc hi€n qua trinh dién phan dung
dich NRR ¢6 pH ban dau duoc diéu chinh dén
3 va ndng d6 chét xuc tac Fe** dua vao ban
dau 14 0,1 mmol.L™* & céc cuong do dong dién
khac nhau bang cach thay ddi dién ap giita 2
dién cuc cua nguén VSP4030.
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Hinh 3. Anh huong ciia nong do Fe** dén hiéu
qua xir Iy do mau cua NRR Nam Son
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Hinh 4. Anh hwéng ciia cuong dg dong dién dén
hiéu qua xu ly do mau cia NRR Nam Son

Két qua thu dugc (Hinh 4) cho thiy hiéu qua
xtr ly d6 mau ty 1€ thuan véi cuong d6 dong
dién dit gitta 2 dién cuc. Két qua nay 1a hop
1y vi theo dinh luat Faraday, lwong H,0, sinh
ra trén catot do su khur 2e cuia O, ty 1€ thudn
v6i cuong d6 dong dién, do d6 luong gbe
OH?* sinh ra theo PTPU  (2) s& ting, két qua la
hiéu quéa xu ly d0 mau tang. Tuy nhién, viéc
st dung cuong do dong dién qua 16n s& dan
dén tiéu tén dién ning, phin tiéu hao dién
nang thanh nhiét ning ciing ting 1én, két qua
1a hiéu suat faraday s& giam. Thuyc té cho thdy
0 cuong do dong dién 1A, sau 60 phut xir ly
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thi hiéu suat xu 1y dat 98,55%, nudc sau xu ly
¢6 d6 mau 102 Pt-Co, da dap ung yéu ciu
QCVN40:2011/BTNMT c6t B. Do d6, cuong
d6 dong dién I = 1A la muc cudong do dong
dién phu hop cho qua trinh xr 1y thir cap do
mau trong NRR bang e-Fenton.

4. Két luan

Céc két qua duoc trinh bay trong nghién ctru
nay chi ra ring qua trinh e-fenton 1a mot
phuong an hiéu qua dé xir Iy tht cdp d6 mau
ctia NRR bii rac Nam Son. Sau qua trinh tién
xir ly bang keo tu dién hoa, gia tri d6 mau ciia
NRR nam trong khoang 867 -1157 Pt-Co,
vuot quy chudn cho phép nhiéu lan. Qua trinh
xir Iy thtr cdp sau d6 bang e-fenton phu thudc
vao nhiéu yéu t6 nhu pH, néng do xic tac
Fe?*, cuong d6 dong dién. Khi van hanh & ché
d6 t6i uu: pH =3 , nong do Fe®* = 0,1mM,
cuong do dong dién 1A, hiéu qua xu ly do
mau lén dén 98,55%, d6 mau sau xir 1y chi
con 102 Pt-Co, dat QCVN40:2011/BTNMT
cot B.
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