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TOM TAT

Xur Iy mede vi rae dang la van dé cdp bach do ham leong chat 6 nhiém I6m, khé xir 1y bang cdc
cong nghé truyén thong. Gan day, cdc hé tac nhén tao chudi oxy hoat tinh dang dwoc nghién ciru
ng dung. Bai bdo gidi thidu két qua nghién ciru vé kha ndng xir Iy nude ri rdc cia hé
FeS0.7H:0/NaOCl. Két qud nghién cieu cho thdy, tic nhdn tao chudéi ROS hé
FeS04.7H20/NaOCl ¢6 hiéu quda xir 1y nwde thai ri rdc véi gia tri COD giam gan 80%, gid tri TDS
gidm 71,2%, mau sdc ciia nuede chuyén tic mau den ddm sang mau ndu nhat, mii héi théi khong
con sau thoi gian 30 phit phadn ttng o nhiét do phong, pH = 6,9.

Tir khéa: Nudc thai ri rac; Chudi oxy hoat tinh; ROS.
1. MO PAU

Nuée ri rac 14 loai nude thai dugc sinh ra tir qué trinh phan huy vi sinh voi cac chat hitu co
trong rac, tham qua cac 10p rac, kéo theo cac chét lo limg, keo va chit hoa tan tir rac thai. Nudc ri
rac thuong bi 6 nhiém nang bdi cac chét hiru co, kim loai ndng, cac chit vo co doc hai, vi sinh vat,
khudn,... tic dong rat xdu véi moi truong, sirc khoe con ngudi néu khong duge xur 1y triét dé.
Thanh phan cia nude ri rc ciing rat khac nhau, phu thudc vao loai rac duoc thu gom va dem chon
1ap ciing nhu thoi gian chon 1ap [1, 2].

Trude day, nudc ri rac thuong duge xir Iy bang mot sb phuong phap truyén thong nhu: Phuong
phép sinh hoc béng vi sinh vét dé phan hity chat hitu co [3], phuong phap hoa hoc dé loai bo hoic
trung hoa cac chat gy 0 nhiém [4] va phuong phap vat 1y nhu loc, ling, bay hoi dé loai bo cac
chat rin va mot s6 chat hoa tan [5].... Gan ddy, mot sb cong nghé méi dang dugce nghién ctru thu
nghiém kha nang xu ly nude ri rac nhu UV/fenton [6], oxy hoa bang ozon va AOPs [7], keo tu [8],
[9]. Céc giai phap ndy cho thay hiéu qua va phu hop dé loai bo chit 6 nhlem hiru co, tuy nhién,
chiung c¢6 mot s6 han ché vé diéu kién pH (thuong phai duy tri 2,5 - 3,5), can hoa chat bd sung
(rnu01 sat, chat diéu chinh pH, chét oxy hoa), phat sinh chat thai thir cap (bun), can phai trung hoa
- lang loc trude khi xa ra méi truong, cling nhu yéu cau cao vé trang thiét bi.

FeS04.7H,0 thuong dugce sir dung trong xir Iy nudc thai thong qua mot sé co ché hoa hoc va
vat Iy nhu 1am chit xtc tic trong phan ng fenton truyén thdng, 1am chit tro keo tu,... [11]. Khi
c6 mit cua H,0; trong hé chita FeSO4.7H20, cac gdc hydroxyl duge hinh thanh nhd phan émg
fenton co dién (1). Sau d6 gbc hydroxyl s& pha hity khéng chon loc cht hiru co 6 nhidm bang phan
(g oxy héa-khir (2), phan tng dehydro (3), phan g cong electrophyl goc hydrocarbon (hydroxyl
hoa) (4) [12-14].

Fe?* + H,0; — Fe®* + OH + HO- D
‘OH +RX — RX*" + OH" 2
RH+ -OH — R+ H,0O (©))

RHX + -OH — RHX(OH) 4)

NaOCl c6 kha ning oxy hoa cac chat hiru co 6 nhiém trong nudc thai, 1am thay doi cau tric
cuia ching va tao ra cac san pham cé cau trac khac hodc cé phan tr lugng nhé hon. Ngoai ra,
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NaOCl con cé kha nang diét khuén, virus, vi sinh vat, tac nhan gdy bénh trong nudc thai ri rac
[15]. Viéc phdi hop FeSO4.7H20 véi NaOCI duogce cho c6 kha ning hinh thanh nén chudi tac nhan
hoat tinh manh - ROS gém H,0,, HO', HOO, O, O;", O3, 'O2. Trong ho chit oxychloride kim
loai kiém, ngoai gbc hydroxyl, oxy nguyén tu, superoxyde, anion hydroperoxyde con co gbc
perhydroxyl tao thanh t6 hop céc tac nhan ROS ¢ cép d6 nguyén tir. Trong do, thé oxy hoa cuia cac
tac nhan oxy hoéa nhu goc hydroxyl, oxychloride; 0zon, peracetic acid; hydroperoxyde; oxygen;
chlorine dioxyde; hypochlorite ion; natri hypochloride 1§n luot 1a 2,8; 2,9; 2,07; 1,81; 1,78; 1,57,
1,23; 0,95; 0,94 va 0,94 mV. Nguoi ta cho rang, khi phan tmg véi nuéc va c6 mit cua dnh sang
thuong, oxychloride kim loai kiém sé& ty hinh thanh ning lugng dao dong ndi sinh ciia kim loai
kiém - khoang, qua do kich hoat ROS [10]. Nham déng gop thém vao viéc tim ra giai phap ky
thuat phu hop dé xtr Iy nudc ri rc, bai bao nay s& trinh bay mot s két qua nghién ciru kha ning
xUr Iy nudc ri rac bang tac nhan tao chudi oxy hoat tinh hé FeSO4.7H,0/NaOCl.

2. THU'C NGHIEM

2.1. Hoa chat

- FeS04.7H,0, Xilong Scientific, 99,7%, Trung Qudc;

- H,SO., Fisher Scientific, 96%, USA;

- NaOH, Fisher Scientific, 97%, USA;

- Ag>S04, Guangzhou Chemical Reagent, 99,6%, Trung Quéc;

- K2Cr,05, Xilong Scientific, 99,8%, Trung Qudc;

- (NH,)2Fe(S0.),.6H.0, Xilong Scientific, 99%, Trung Qudc;

- Thudc thtr feroin, Merck, Pirc.

Mau nude ri rdc sir dung trong nghién ctru dugc lﬁy tu bai thu gom cua Coéng ty Méi truong
Trung Nguyén - Vinh Yén - Vinh Phic v6i cac thong s6 dac trung nhu sau.

Bdng 1. Ddc trung nuoc thdi ri rac cua Cong ty Moi truong Trung Nguyén.

T Théng s6 6 nhiém Pon vi Khodng gia tri
1 Mau - Pen dam
2 Mui - Hoi, thoi
3 pH - 6,5+75
4 COD mg/L 8500 + 9500
5 TDS mg/L 9000 + 11000
6 Cin tho lo limg % (vé khoi lugng) 15+22

2.2. Phwong phap nghién ciru

Mau nudc ri rac l4y tai hién trudng, chuyén vé phong thi nghiém, loc qua lop vai x0 dé loai can
to, rac,... luu, bdo quan trong ti mat trudce khi thi nghiém. Céc thi nghiém déu dugc ti€én hanh &
nhiét d phong (27 £ 2 °C).
2.2.1. Khao sat anh hwéng cia ham heong cdc cdu ti trong hé tac nhan FeSO4.7H20/NaOCl.

100 mL mau nudc ri rac dugc 1dy lan lugt vao cac binh tam giac dung tich 250 mL kho sach.
Diéu chinh pH ctia hdn hgp bang NaOH 0,1 M va HC1 0,1 M. Tinh toan, can luong FeSO4.7H,0
cho vio timg binh tam giac, khuay trong vong 10 phat. Sau d6, thém luong xac dinh NaOCl vao
céc binh mau rdi khudy tiép thém 10 phat. Cac binh mau dwoc dé yén trong thoi gian 15 phat, &
nhiét d6 phong, tién hanh quan sat, danh gia truc quan lwong két tia ciing nhu do trong cua cac
mAu sau xir y. Ty 18 cac thanh phan chit tham gia trong hdn hop phan tmg va pH cac mau dugc
néu trong bang 2. Cac mau dugc loc hit chan khong dé loai bo két tiia va xac dinh chi s6 TDS
bang but do, xac dinh gia tri COD theo TCVN 6491:1999 [16]. Hiéu suét xtr Iy duoc tinh theo
cong thirc sau:
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C_
H=22

x 100(%)
0

Trong do:
- H 14 hiéu suét loai bo COD;
- Co 14 gia tri COD cua nudc ri rac ban dau;
- C la gia tri COD cua dung dich sau xur 1y.
Bing 2. Ky hiéu mau va ty 1é cdc thanh phan trong thi nghiém.

Tén er(')'c m VNaOCI Tén Vnu'drc m VNaOCI
pa | nnie | FeSOLTHAO | (ML) | pH | x| nrc | FeSOL7H:0 | (ML) | pH
(mL) (9) (mL) (9)

M1 100 - 1,0 6,9 | M12 | 100 0,05 0,75 |69
M2 100 - 1,0 89| M13 | 100 0,05 1,0 6,9
M3 100 - 1,0 99 | M14 | 100 0,025 0,5 6,9
M4 100 0,05 1,0 6,9 | M15 | 100 0,075 0,5 6,9
M5 100 0,05 1,0 8,9 | M16 | 100 0,05 1,25 |69
M6 100 0,05 0,25 |69 | M17 | 100 0,05 15 6,9
M7 100 - 0,25 |69 | M18 | 100 0,05 15 8,9
M8 100 0,05 0,5 6,9 | M19 | 100 0,05 15 9,9
M9 100 - 0,5 6,9 | M20 | 100 0,05 15 2,2
M10 | 100 - 0,75 |69 | M21 | 100 1,0 0,5 6,9
M11 | 100 0,05 0,5 6,9 | M22 | 100 0,05 2,0 6,9

2.2.2. Khao sat kha nang phan vmg con lai ciia hé tdc nhan tao chuéi ROS

ORP (Oxydation-Reduction Potential)- thé oxy hoa khu- 13 thong sb danh gia kha ning ciia mot
dung dich cé thé oxy hoéa hodc khir cac chét hoa hoc khac. ORP duoc do bﬁng don vi mV va gia tri
clia n6 c6 thé duong hoic 4m. ORP dwong- dong nghia véi viéc dung dich c6 tinh oxy hoa manh,
tire 1 ¢6 kha nang nhan dién ttr tir cac chit khac. Cac chit oxy hoa nhu clo, ozone, hydrogen peroxyde
thuong lam tang gia tri ORP cua dung dich. Nguoc lai, ORP am- dung dich ¢ tinh khir manh, tirc 1a
c6 kha ning cho dién tir cho cac chét khac. Cac chat khir nhu cac hop chét chira sulfur hodc kim loai
nhu k&m va sit c6 thé 1am giam gia tri ORP ciia dung dich. Trong nghién ctru nay, chung t6i tap
trung xac dinh thoi gian duy tri hoat tinh oxy hoa ctia hé FeSO4.7H,0/NaOCl/nudc ri rac va diéu
chinh ty 1 FeS04.7H.0 hoic NaOCI nham thu dwoc hdn hop c6 gia tri ORP nhu hé ban dau.

Thi nghiém duoc tién hanh nhu sau: Ldy 300 mL mau nudc ri rac cho vao cbe thuy tinh 500
mL. Thém 0,15 g FeS04.7H,0 vao cdc, khudy 10 phut, sau d6 thém 4,5 mL NaOCI khudy tiép 10
phiit. Dé lang, sir dung bt do dé xac dinh va ghi lai gia tri ORPq. Tién hanh khao sat sy thay doi
gi4 tri ORP ctia hdn hop theo thoi gian phan tmg voi tan suat 1 gid/1 1an do cho t&i khi gia tri ORP;
= 80% ORP, thi ghi lai thoi gian t. Lan lugt thém vao cac hdn hop FeS04.7H,0 hoic NaOCl véi
lugng 0,16 g FeSO4.7H20 hoac 0,02 mL NaOCI; 0,08 g FeSO4.7H20 va 0,01 mL NaOCl dé xac
dinh loai tac nhan thém vao 1am cho hdn hop c6 gia tri ORP tét nhit. Sau khi xac dinh duoc loai
tac nhan thém vao, diéu chinh luong cho téi khi ORP=ORPy thi dirng lai. Panh gia, két luan loai
va lugng hoa chét can thém vao dé ORP cua hdn hop dat vé gié tri ban dau.

3. KET QUA VA THAO LUAN
3.1. Anh hudng ciia ham hrong céc cdu tir trong hé tac nhan FeSO,.7H,0/NaOCI.

Thay d6i ham luong FeS04.7H:0 trong khoang 0 + 0,075 g, ham lugng NaOCl trong khoang
0,25 + 1,5 mL va pH cua hon hop trong khoang 6,9 + 9,9 (bang 2), két qua phan tich COD, TDS
ctia hon hop phéan tng sau loc bo két tua dugc thé hién trén hinh 1 va hinh 2.
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Anh hwéng ciia ham lwong FeS04.7TH,0
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Hinh 1. Anh hueong ciia ham lwong FeSO4.7H,0 (a) va NaOCI (b) 1én hiéu sudt xir Iy COD va TDS.

Két qua & hinh 1a cho thay, ham luong FeSO47H,0 c6 anh hudng rd rét dén hiéu suat xu Iy
COD va TDS cutia nudc ri rac. Vai ham lugng FeSO47H.0 dudi 0,05 g (M9 va M14) hi€u qua xu
ly COD dat tuong dbi thap, khoang 35%, chi s6 TDS vén duy tri cao (~4500-5000 mg/L), cam
quan nudc sau xtr 1y khong trong, it két tia. Khi ting lugng FeSO,7H,0 1én 0,05 g (M11), hiéu
qua xir Iy COD gia ting va dat 56,34%, chi s6 TDS c6 xu huéng giam (dat 4450 mg/L). Nguyén
nhan c6 thé do FeS04.7H20 d3 tao két tiia hodc hd tro tao két tia nho phéan ung tao phuc it tan
giita ion sit (IT) v6i chat hiru co c6 trong nude ri rac nhu axit humic, axit fulvic,... qua 6 1am giam
chi s6 COD va TDS cuia nuée. Ban than FeSO4.7H,0 ciing c6 kha ning oxy hoa mot sé chét hiru
co trong nudc thai nho viéc phan ing tng nude, cé sy hd tro cia NaOC] da hinh thanh nén cac tac
nhan oxy héa ROS nhu hydroxyl (OH-), hydrogen peroxyde (H202),.... Chinh ROS s& phan tng
v6i chét hitu co dé tao ra cac chat khong tan hodc pha huy hoic tao ket tua, giup loai bo chung
khoi nude ri rac. Ngoai ra, FeSO4.7H20 1a mét chit c6 kha ning tao bong | két tiia trong qua trinh
xu ly nude thai, khi cac bong két tiia nay hinh thanh, ching lo limg trong mau xtr 1y (quan sat bang
mat duoc). Khi ting ham lugng FeSO47H,0 1én 0,075 g, hiéu suat xir Iy COD tang nhe, khong
dang ké (56,92%). Tiép tuc tang lugng FeSO4.7H,0 tir 0,075 g 1én 1,0 g, hiéu suat xir Iy COD va
TDS thay d6i khong déng ké (hiéu suét xir Iy COD tir 56,92% - 61,83%; TDS tir 4280 mg/L - 4120
mg/L). Viéc gia ting luong FeSO4.7H,0 tiép s& 1am ting hiéu qua xtr Iy COD, giam chi s6 TDS
va giup nudc sau xir 1y trong hon, tuy nhién s tiéu tén hoa chat va hinh thanh nhiéu két tua- ban
chira mubi sit (II). Do d6, nhém nghién ctru lya chon ham lugng FeS04.7H,0 14 0,05 g 14 gia tri
t6i wru cho cac khao sat tiép theo.
Anh hwong ciia ham lwong NaOCl

Két qua & hinh 1b cho thiy, ham lugng NaOCI thém vao c6 anh huéng dén hiéu suét xir Iy
nudc ri rac. Vi ham lugng NaOCl dué6i 1 mL (M6, M11, M12) hi€u qua xu 1y COD dat chua cao
(< 60%), gia tri TDS ctia miu sau xir Iy cao hon so v61 cac mau con lai, nudc sau xir 1y con duc.
Khi tang lugng NaOCI thém vao, hiéu sudt xtr Iy COD cang cao, TDS cang giam, nudc sau xt 1y
trong dan 1én. Nguyén nhan 1a do NaOCl c6 kha néng oxy hoa, tu phan huy tao oxy tu do, OCI -
cac ion nay c6 thé oxy hoa khir manh, nhanh chéng tic dung véi cac chat hitu co. Ngoai ra, NaOCl
con ¢ kha ning diét khun, virus, vi sinh vat, tic nhan gay bénh va ngan chin sy phat trién cua vi
sinh vat trong qua trinh xir Iy nude ri rac [12]. Pic biét, trong hdn hop s& dién ra phan ung giita
Fe?* va OCI" tao ra chudi tic nhan ROS c¢6 hoat tinh manh. Cac ROS niy s& oxy-hoa cac chét hiru
co trong nudc thai, bién chiing thanh cac dang khong doc hai hoac dé dang loai bé hon [9]. Phan
ng gitra Fe?* va OCI" ciing c6 thé tao ra két tia nhu Fe(OH),, Fe(OH)s va két tta nay c6 thé hap
thu- hip phu cac chat hitu co, chat doc hai,... qua d6 1am giam ndng do cua ching trong hon hop
sau xir ly. Vi mau M17 lugng NaOCl them vao 1a 1,5 mL cho hiéu suat xir Iy COD dat 78,4%;
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TDS dat 2980 mg/L, M20 v6i lugng NaOCI thém vao 1a 2,0 mL ta thiy hi¢u sudt xir Iy COD dat
80,42%, TDS dat 2870 mg/L, nhu: vay, so Sé’l’lh 2 mau ta thay luong hoa chat thém vao la dang ke,
tuy nhién, xu huéng tang hi¢u suat xtr Iy thap, khien cho viéc thém tac nhan NaOCI khong mang
lai nhiéu y nghia, vi vy nhom tac gia danh gia lugng NaOCI thém vao la 1,5 mL la gia tri toi uu.
Anh hwéng ciia pH

Anh huong ctia pH 1én qua trinh xtr Iy dugc thé hién ¢ hinh 2.
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Hinh 2. Anh hwong ciia pH 1én hiéu sudt xit Iy COD va TDS.

Két qua cho thdy, & pH = 6,9 hiéu qua xir Iy t6t nhat, chi sé TDS it bi anh huong. Hiéu suat xi
1y COD giam nhanh, chi s6 TDS ting khi giam hoic ting pH. Nguyén nhén c6 thé 1a do, v6i gia
trj pH cao 1am cac chit 6 nhidm trong nudc ri ric c6 xu hudng tan ra, do bén cia cac bong két tia
cling giam khi tang hodc giam pH. S& di & M20 c6 hiéu sudt xtr Iy COD thap nhu vay 1a do M20
dugc xir Iy & pH = 2,2. Trong moi truong axit, NaOCI khong xir Iy nude thai tét vi né chuyén hoa
thanh axit hypochlorous (HOCI), mic da HOCI 1a mét chat oxy hoa manh hon nhung n6 kém 6n
dinh va dé bi phan huy, dic biét 1a dudi 4nh sang hodc nhiét d6 cao. M19 dugc xur ly trong moi
truong kiém (pH=9,9) cho hiéu sut xir Iy chi dat 21,53%. S¢ di higu suat xir 1y thip nhu vay 1a vi
Fe?* khong xur 1y nudc thai hiéu qua trong méi trudng bazo do dé dang két tua thanh sit hydroxide
(Fe(OH), khong tan khi pH cao, 1am giam ndng do Fe** trong dung dich. Didu nay can tré qua
trinh tao gdc hydroxyl (*OH) trong phan tmg, lam giam hiéu quéa oxy héa cac chit 6 nhidm. Ngoai
ra, & pH cao, Fe?* d& bi oxy héa thanh Fe* va ciing két tua, giam kha ning tham gia vao cac phan
g xtr Iy nude thai, ddn dén hiéu sudt xtr 1y khong cao. Nhu viy, viée xir Iy 100 mL nudc ri rac
bang hé tac nhan FeSO,.7H20/NaOCI dat hidu qua tot nhat & pH = 6,9, lvong FeS04.7H,0 14 0,05
g; lugng NaOCl 1a 1,5 mL, phan tmg & nhiét do phong, thoi gian 30 phit. Két qua nay hoan toan
phu hop vé6i két qua cuia cac nghién ctru da duge cong bd trude dé [1, 2].

3.2. Khao sat kha ning phan @ng con lai ciia h¢ tao tac nhan ROS

Két qua phan tich chi s6 ORP ciia hdn hgp FeS04.7H,0/NaOCl/nuéc ri rac voi chu ky 1 gio/1

14n va do chénh 1éch ORP khi thém tac nhan dugc thé hién trén hinh 3a va hinh 3b.

ORPt

o 1 2 3 4 5 6 7 8 FeS04.7H20 NaOCl FeS04.7H20/NaOCl

Theoi gian (gio) Téac nhan
Hinh 3a. Chi s6 ORP ciia hon hop xir Iy Hinh 3b. Chénh léch ORP khi thém vao
theo thoi gian. tac nhan/hé tac nhan khac nhau.
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Két qua & hinh 3a cho thdy, gia tri ORP cua hdn hop FeS04.7H,0/NaOCl/nuée ri rac giam dan
theo thoi gian va sau 8 h chi s6 ORPg dat 406 mV (~ 80% ORPy). Tién hanh thém ham luong tac
nhan nhu di trinh bay ¢ trén va theo doi gia tri ORP, két qua dugc trinh bay trén hinh 3b. Co thé
théy, khi thém FeSO4.7H20 hodc thém hé tac nhan FeSO4.7H>O/NaOCl, gia tri ORP cang giam.
Trong khi d6, khi thém NaOCI vao s& lam ting ORP ciia mau kha tét. Do do, tién hanh khao sat
luong NaOCI thém vao hdn hop dé chi dd ORP;= ORP, véi lugng thém 0,02 mL/lan. Két qua
duogc trinh bay trong hinh 4 duéi day:

500
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qung thém vao (mL)

Hinh 4. Anh hwéng heong NaOCI thém vao hon hop phan img,
Két qua cho théy, sau 10 lan thém- twong duong 0,2 mL NaOCI (mdi lan 0,02 mL NaOCl) gia
tri ORP dat 502 mV, gan bang vdi gia tri ORPo (505 mV). Khi d6, dung dich van c6 kha nang xt
ly 1am giam COD, TDS cua nudc ri rac nhu da dat & mau ban dau.

MAU TRUGC XU LY

v

a) Mau nweée ri rdc trude xie 1y, b) Mdu nwée sau xir 1y.
Hinh 5. Mdu nur6c ri rac triréc va sau xi ly.
4. KET LUAN

Hé tac nhan FeSO4.7H,0/NaOCl tao chudi oxy hoat tinh- ROS ¢6 thé su dung nhu mot giai
phap hiéu qua dé xur 1y nudce ri rac. O pH = 6.9, luong FeSO4.7H,0 1a 0,05 g; lugng NaOCl 1a 1,5
mL, phan tng & nhiét ¢ phong, thoi gian 30 phit, 100 mL nudc ri rac c6 thé duge xir 1y vai chi
s6 COD giam dat 78.4%, chi s6 TDS giam 71,2%, mau sic clia nude chuyén tir mau den dam sang
mau nau nhat, khéng c6 mui hoi théi. Pay 1a két qua nghién ctru budce dau vé hidu qua xtr Iy caa
hé tac nhan tao chudi ROS va 1a co s dé trién khai cac nghién ctru tiép theo nham tim dugc giai
phap hoan chinh 4p dung dé xtr 1y hiéu qua nudc thai ri réc.
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ABSTRACT

Study on the treatment of landfill leachate using FeSO4.7H.O/NaOCI
for Reactive Oxygen Species generation

Leachate treatment is an urgent issue due to the high concentration of pollutants, which
are difficult to treat using traditional technologies. Recently, reactive oxygen species (ROS)
generating systems have been studied for potential applications. This paper presents the
research results on the leachate treatment capability of the FeSO+7H:0/NaOCl system. The
study shows that the FeSO+«7H-O/NaOCI ROS-generating system is effective in treating
leachate, reducing COD by nearly 80%, TDS by 71.2%, and changing the water color from
dark black to light brown, while eliminating foul odors after 30 minutes of reaction at room
temperature, pH = 6.9.

Keywords: Leachate; Reactive Oxygen Species; ROS.
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