Tap chi Khoa hoc Cong nghé va Thuc phdm 22 (4) 97-104

NGHIEN CUU NANG CAO HIEU QUA XU LY ANTIMONY
TRONG NUGC THAI NHA MAY SQl

Tran Thi Ngoc Mai, Tran Thi Thiy Nhan*, Trwong Thij Diéu Hién
Truwong Pai hoc Cong nghiép Thuwe pham TP.HCM

*Email: nhanttn@hufi.edu.vn

Ngay nhén bai: 23/5/2022; Ngay chap nhan dang: 18/11/2022

TOM TAT

Nghién ciru duoc tién hanh véi muc dich nang cao hiéu qua xir ly antimony (Sb) trong
nuéc thai nhd may soi nhan tao bang cac chat keo tu goc sat két hop véi mang loc MF nham
thay thé cho qué trinh tuyén ndi dang duoc ap dung tai nha may. Céac yéu té anh huong dén
qua trinh bao gom loai chat keo ty, pH, liéu luong chét keo tu, ndng d6 dung dich Sb ban dau
duoc tién hanh khao sat, dong thoi thuc hién lua chon kich thuéc mang loc MF pha hop.
Nghién ciru da chitng minh dugc poly ferric sulfate (PFS) ¢ hiéu qua xt Iy Sb cao nhét trong
cac chat keo tu géc sat. Két qua nghién ctru da xac dinh duoc diéu kién thich hop khi sir dung
PFS 1a pH 6, luong chat keo tu 12 50 mg/L va sir dung mang loc MF c6 kich thuéc 0.2 um thi
hiéu qua loai bo Sb dat 90%. Co ché qua trinh da duoc mo ta va tuan tha theo duong ding
nhiét hap phy Langmuir. Tém lai, két qua nghién ctru cho thay ring keo tu bang PFS két hop
v6i mang loc MF 1a phuong phap hiéu qua va don gian dé loai bo Sb trong qua trinh xu ly
nudc thai nha may soi nhan tao, hiéu qua xur ly Sb da dugc nang cao nham déap &ng yéu cau
tiép nhan nudce thai cua nha may xir 1y nudc thai tap trung.

Tir khéa: Antimony, keo tu, poly ferric sulfate (PFS), mang loc MF, dang nhiét hap phu.

1. GIOI THIEU

Soi nhan tao dang 13 xu hudng cua nganh may mic do d6 bén va tudi tho cua soi nhan
tao cao hon soi va vai lam tir bong. Tuy nhién, nudc thai nha may soi nhan tao 1a van dé can
quan tim do tac dong cua no dén méi truedng xung quanh, i 1y so bo bang phuong phap tuyén
noi dé loai bo tap chat thd trong nudce trude khi dua vé hé thdng xir Iy nude thai tap trung cua
khu cong nghiép khdng c6 hiéu qua trong viéc loai bo Sb. Do do, hiéu qua xt ly Sb trong giali
doan so bo can dugc nang cao trude khi nudc thai dwoc xir ly tap trung.

Vian d& 6 nhidm méi trudng do cac kim loai ning ngay cang nhan duoc nhiéu sy quan tam
trén thé gisi, trong d6 kim loai Sb dugc Co quan bao vé mdi truong Hoa Ky (USEPA) va Lién
minh Chau Au (EU) cong b la chat 6 nhidém tac dong cao [1]. Sb cd ngudn gdc tir cac hoat dong
tu nhién va nhan tao, dac biét la nganh khai thac mo, dét nhuom va céng nghiép soi da lam gia
tang mirc d6 6 nhidm Sb trong méi truong. Sb co doc tinh cao ddi véi sirc khoe ciia con ngudi,
gay hai cho da, mét, phéi, da day, gan, than, tim va hé than kinh [1]. Nong d6 ti da cho phép
ctia Sb trong nudc ubng theo t6 chuc y té thé gioi (WHO) 14 5 pg/L [2]. Nong db tdi da cho phép
cua Sb trong nudc thai theo dy thao QCVN 40:2021/BTNMT c¢ot B 1a 0,2 mg/L [3].

Dé xtr ly Sb trong nuéce thai, ¢ nhiéu phuong phap di dwoc nghién ciu bao gdbm keo tu,
hép phu, loc mang, keo tu dién hoa... Trong d6, phuong phép keo tu hi¢n dang dugc str dung
phé bién do phurong phap nay co chi phi thap, hiéu qua cao, thiét ké va van hanh don gian [4-8].
Céc chit keo tu duoc str dung gom cé mudi sit va mudi nhom da duoc tién hanh nghién ctu,
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két qua cho thay ferric chloride (FC) c6 hiéu qua cao hon poly-aluminum chloride trong viéc
loai bo Sb [4]. Bong thoi, khi sir dung cac chat keo tu gdc sat con xuét hién sy hap phu lén bé
Mt cuia cac oxit sat ngam nudc hydrous ferric oxide (HFO), diéu nay dong vai trd quan trong
trong viéc nang cao hiéu qua xu ly Sb [5, 8]. Sau qué trinh keo ty, cac bong keo c6 kich thudc
nho khé loai bo hoan toan bang qua trinh ling dan dén hiéu qua xir ly Sb chwa dat dugc yéu
cau ciia nha méay. Mang loc MF c6 kich thudc pht hop dé loai bo cac bdng keo kich thudc nho
1a can thiét voi muc tiéu nang cao hiéu qua xir Iy Sb, dat yéu cau tiép nhan nudce thai nha may
soi cua hé thong xir Iy nude thai tap trung khu céng nghiép.

Do d6, trong nghién ctru nay da thuc hién lya chon phuong phap keo tu bang céc chat
keo tu gdc sit két hop vai mang loc MF dé loai bo Sb trong nuéc thai nha may soi nhan tao.
Tién hanh khao sat anh huéng cua cac yéu té bao gom loai chat keo tu, pH, lugng chit keo tu
vanong do Sb ban dau, dong thoi, xay dung duong ding nhiét hap phu Sb, lua chon kich thudc
mang loc MF. Tir d6, nghién ciru lya chon chat keo tu thich hop ciing nhu x4c dinh cac diéu
kién phu hop dé nang cao hiéu qua xu 1y Sb, dat yéu cau xir ly Sb trong nuéc thai cia nha may
soi nhan tao.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Mau nghién ciu va hoa chat

Nudc thai nha may soi nhan tao sau khi xir Iy so bd bang phuong phép tuyén néi nham
loai bo tap chat trong nudce trudce khi dua vé hé théng xur 1y nudc thai tap trung cua Khu cong
nghiép. Tuy nhién, nong d6 kim loai Sb trong nudc thai con cao, chua dat yéu cau tiép nhan
ctia nha may xir Iy nudce thai tap trung. Do d6, yéu cau dat ra 1a can thay ddi phwong phéap xir
ly d¢é gia tang hiéu qua loai bo Sb, nha méay dua ra yéu cau can thyuc hién loai bo it nhat 80%
nong do Sb trong nuéc thai ban dau.

Mau nudc thai tir nha méy soi nhan tao dwoc lay mau va phan tich nong d6 Sb dau vao
trudc khi xir Iy bang phuong phap keo tu. Két qua nudc thai nha may soi nhan tao ban dau cé
nong d6 Sb nhur sau:

Bang 1. Két qua phan tich nong do Sb trude khi xir Iy keo tu

T Két qua (mg/L)
Chi t,:?uhphan Phuong phap Thiét bi
Ic M1 | M2 | M3 | Trung binh
I SOP_N71:2018 (Ref: TCVN AAS
My 6626:2000) (Can chinh: | 6,62 [ 721 | 654 | 679
Dung dich chuan: 1000 mg Sb/L | 07 — 2020)

Hoa chat duoc sir dung dé thuc hién qué trinh keo ty nudc thai nha méy soi gom c6 poly
ferric sulfate (PFS), ferrous chloride (FC) va ferrous sulfate (FeSO4). Cac thdng so xac dinh
dac trung ctia hda chat dugc nha san xuat Guangzhou Zhangdi IMP & EXP cung cap trong
Bang 2.

2.2. Phwong phap nghién ciru

2.2.1. Phuong phap phan tich Sh

Nong do Sb trong miu nuéc duge xac dinh bang thiét bi AAS theo phuong phap
SOP_N71:2018 (Ref: TCVN 6626:2000).
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Bang 2. Céc thong s6 dic trung hda chit keo tu gdc sit

Giatri
bic tinh
PFS FC FeS0..7H20
Do tinh khiét (%) - 98 98,2
Ham luong sét (%) 21,06 - -
Fe2* (%) 0,05 - -
Chi (Pb), mg/kg 0,0003 0,0003 0,0003
Arsen (As), mg/kg 0,0002 0,0002 0,0002
Mangan (Mn), % - 0,12 0,13
Cadmium (Cd), mg/kg - 0,0003 0,0003
pH (dung dich 1%) 2,2 - -
2.2.2. Quy trinh thi nghiém
Khao sat duoc tién hanh theo so dd sau:
Nudc thai
Thém chét keo tu |
biéu chinh pH v
Khuay
200 vong/phat, 3 phat
Khudy
40 vong/phat, 20 phat
Diéu chinh pH :l

Ling 30 phat

}

Loc mang MF 0,2 um

}

Nudc sau xtr 1v

Hinh 1. Quy trinh nghién ctru xt ly Sb trong nuéc thai nha may soi

Mau nudc thai duoc keo tu bang cac chét keo tu gbc sat gom PFS, FC, va FeSOs. Qua
trinh dién ra ¢ nhiét do phong. Cac thi nghiém keo tu duoc dién ra theo trinh tu: khudy nhanh
Vvéi toe do 200 vong/phdt trong 3 phat va khudy cham & tée do 40 vong/phut trong 20 pht,
sau d6, nuée thai dugce lang trong 30 phut. Nude sau lang duoc loc qua mang loc MF ¢ kich
thuéc phi hop dugc lya chon 12 0,2 um. pH duoc diéu chinh bang 0,1 M HCI va 0,1 M NaOH.
Céc thi nghiém dugc lap lai 3 1an va lay gia tri trung binh.
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3. KET QUA VA THAO LUAN
3.1. Khao sat qué trinh keo tu

3.1.1. Khao sat anh hweng cua pH

pH duogc khao sat trong khoang gia tri 3-10 do khi sir dung céac chét keo tu géc sat thi
ving pH téi uu kha rong trong khoang tir 5-9. Bi véi nudc thai nha may soi thi két qua cho
thiy pH phu hop dao dong trong khoang tir 5-7, & céc gia tri pH thap hon va cao hon thi hiéu
qua xur 1y Sb déu giam dang ké. Cu thé 1a v6i chat keo tu PFS c6 hiéu qua xt Iy Sb cao nhat
tai pH 6, con véi chit keo tu 1a FC va FeSO, thi hiéu qua xir ly trong khoang pH 5-6 1a cao
nhét va dao dong khong dang ké trong khoang nay. Do d6, gia tri pH 6 dugc lya chon dé thuc
hién cac khao sét tiép theo.

100
e 80 | .
~ n/’."".l ¢
» 60 F ° —% —8—PFS
= 5)
2 40 Q o—-FC
'g 2 —A—FeS04
<§ 0 1 1 1 1 1 1 1 1 )
T 2 3 4 5 6 7 8 9 10 11
pH

Hinh 2. Anh huong ciia pH dén hiéu qua xir Iy Sb trong nudéc thai nha may soi

Dang t6n tai ciia Sb trong nudc bi anh huong boi pH va thé oxy hoéa khi. Béi véi gié tri
pH tir 5 dén 10, hai dang vo6 co chiém uu thé ciia Sb trong nudc thai bi 6 nhidm 1a Sh(V) ton
tai dudi dang [Sb(OH)¢] va Sb(lll) ton tai dudi dang Sb(OH)s, su hap phu Sb(V) con phu
thuoc vao kha ning vao sy canh tranh vé vi tri hap phu gitra cac ion hydroxyl. pH khong chi
anh huong dén dang ton tai cia ion antimon trong nudc, ma con quyet dinh dién tich bé mat
cua vat liéu hap phu. Vi vy, gia tri pH 1a mot trong nhitng yéu té quan trong nhat anh huong
dén qué trinh hap phu [8].

3.1.2. Khdo sét anh hweng cua logi chat keo ty va liéu heong chat keo ty

Liéu Iuong chét keo tu dwoc khao sét trong khoang 0-80 mg/L. Véi cling ndng d6 cho thay
FeSO, c6 hiéu qua xir ly thap nhat va PFS c6 hiéu qua xir ly cao nhat. Cu thé vai PFS ¢6 hiéu qua
xir ly thay dbi khong dang ké khi lidu lugng phén tir 50-80 mg/L. Do do, chat keo tu duoc lya chon
1a PFS, va lidu luong chét keo tu phii hop khi xix Iy Sb biang PFS duoc lra chon tai gia tri 50 mg/L,
tai gia tri lidu luong chat keo tu ndy cua PFS cé hiéu qua xu Iy Sb cao nhét dat 90%.

Trong qua trinh xur ly, cac béng keo HFO c6 hoat tinh cao va dugc hinh thanh ngay khi
thuc hién qué trinh keo tu vai cac chat keo tu ¢ goc sit, tuy nhién bong keo nay khong 6n
dinh va nd dé bi chuyén sang dang hydroxit st ¢6 hoat tinh thip hon. Mit khac, chat keo tu
PFS c6 cong thic phan tir 1 (Fea(OH)a(SO4)s-n2)m, €ONg thire nay c6 do phic tap hon nhiéu so
vé6i FC (FeCls) va FeSO,. Do d6, qua trinh thily phan va polyme héa cac ion sit trong dung
dich nuéc cua PFS tao thanh céc bong keo HFO s& ¢6 tinh 6n dinh cao hon va co thé bd sung
ham lugng hydroxyl tao diéu kién cho sy lién két hda hoc giita cac bong keo HFO va Sb. Con
trong qua trinh keo tu véi FeSOs, cac bong keo dugc tao thanh bai sy thuy phén cua cac ion
Fe?* la phuc chat don phan tir don gian nén kha nang hap phu ciia ching kém hon so véi cac
bong keo dugc hinh thanh do qua trinh thiy phan PFS va FC. Ngoai ra, tinh dién tuong tac
gitta cac hat HFO duong va Sb(OH)s 4m ciing 14 yéu t tao diéu kién thuan loi cho viéc loai
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bo Sb (V). Nhu vay hiéu qua xu ly Sb cua PFS cao hon FC va FeSOq 1a phu hop va PFS dugc
lua chon dé néng cao hiéu qua loai bé Sb trong nghién cau tiép theo.

100
$ 80
el
z2 60 —8—PFS
7 40 +—FC
g 20 —a—FeSO4
o
(8. 0 i
es) 0 10 20 30 40 50 60 70 80

Liéu lwong phén (mg/L)

Hinh 3. Anh huéng cua lugng phén dén hiéu qua xtr Iy Sb trong nudc thai nha may soi.

Co ché keo tu xur Iy Sb bang cac chat keo tu gdc sat tai pH 6 dugc mo ta nhu hinh sau:

HO OH
HO—Sb-OH
HO

HO O-Fe=

HO—Sb-OH

HO OH

=Fe-0 OH

*Fe.q OHHO—Sb-OH

HO—Sp-oHHO O
HO OH

Cumulative distribution (%)

0 500 1000 1500 2000 2500
Floc sizes (um)

Hinh 4. Cau tric cua bong keo, hinh SEM va phan b kich thuéc bong keo
khi sir dung chat keo tu PFS @é xur ly Sb [9]

Theo dé, trong qua trinh xir Iy Sb s& dién ra ddng thoi cac co ché keo tu - tao bdng, dong
két tiia va hap phu. Va theo nghién ctru so sanh gitra két qua SEM khi st dung chét keo tu PFS
va PFS/FeS0O, cho thay qua trinh dong két tia dong mot vai trd quan trong [9]. Bong thoi,
kich thudc cac bong keo ciing duoc khao sat cho thiy dat gid tri phan b hat 50% & kich thudc
413 um nén sau qué trinh ling thi mang loc 0,2 um duoc lya chon da c6 thé loai bo hau hét
cac bong keo.

3.2. Khao sat dang nhiét hap phu

Khi sir dung phuong phép loai bé Sh bang cac chat keo tu goc st thi ¢6 nhiéu qua trinh
c6 thé dién ra trong bé phan ng bao gdom két tua, dong két tia va hap phu. Trong d6, qua trinh
két tua va dong két tua da duoc nghién ciru, mat khac qua trinh hap phu cho thiy sy dong gop
dang ké dbi véi hieu qua loai bo Sb [5, 6]. Do d6, viéc loai bé Sh bang phuong phap keo tu la
do sy hip phu cia Sb 1én trén cac bong keo HFO duoc hinh thanh ngay khi keo tu dién ra,
diéu nay da duoc chitng minh qua két qua FTIR cua mot nghién ciru khéc [7].

Do d6, tiép tuc thuc hién khao sat dang nhiét hip phu dién ra trong qua trinh loai bo Sb
bang céc chét keo tu gdc sét, thu dugc két qua nhu sau:

101



Trén Thj Ngoc Mai, Tran Thj Thay Nhan, Triong Thi Diéu Hién

140
120 | A A 4

100 A

(o]
o
T

N A

o o

>
>

Dung luong hip phu Qe
(mg/g)
D
o
>

0o 1 2 3 4 5 6 7 8 9 10
Nong do ban dau Sb (mg/L)
Hinh 5a. Két qua khao sat dong hoc hap phu Sh

o

Dfing nhiét hép phu Langmuir D'fmg nhiét hép phu Freundlich
0,06 6,00
K J
0,05 5,00 .’.“
0,04 4,00 o
@ [5) T
003 ®"y =0,055x + 0,0007 300 @ y =0,9305x + 2,9333
0,02 Pl R?=0,9973 ~ 200 R2=0,9838
0,01 I 1,00
0,00 0,00
0,00 0,50 1,00 1,50 0,00 1,00 2,00 3,00
1/Ce InCe

Hinh 5b. Xay dyng dong hoc hip phu theo Langmuir va Freundlich
Bdng 3. Céc thong s6 mé hinh dong hoc hap phu

Théng sb Langmuir Freunlich
R? 0,9973 0,9838
K 0,013 18,799

Két qua khao sat dang nhiét hap phu cho thdy qué trinh dién ra pht hop mé hinh dang
nhiét hip phu Langmuir véi hé s6 twong quan R? cao hon so vai Freundlich. Bong thoi, két
qua tinh toan cac hing sé trinh bay trong Bang 3. Nhu vay, nghién ciru da xay dung duoc
phuong trinh ddng nhiét hap phu Sb.

3.3. Khao sat anh hwéng cia qua trinh oxy hda

Trong bé phan tng, co thé c6 nhiéu yéu té gay ra qua trinh oxy hoa chuyén Sb(lll) thanh
Sh(V) anh huong dén qua trinh loai bo Sb. Do do, nghién ctu tiép tuc khao sat anh huong dén
hiéu qua xir ly cua chat oxy hda 1a KMnO, trong khoang nong dé tir 1-10 mg/L va qua trinh
suc khi vai thoi gian tir 10-60 phut.

90 r
80 r
70
60 r
50 r
40 ¢
30 r
20
10

0

Hiéu qua xir Iy Sb (%)

1 2 3 4 5 6 7 8 9 10
Nong do KMnO, (mg/L)

Hinh 6a. Két qua anh huong cia nong do KMnO;4
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Hiéu qua xir ly Sh giam khi ndng ¢6 KMnOy4 trong nudc ting 1én, cu thé thay doi tir 90%
xudng con 50% khi ndng d6 KMnOy str dung tang dén 6 mg/L. Sau do, khi khao sét tiép tuc
tang nong do KMnO, tir 6-10 mg/L thi hiéu qua xir 1y Sb dat 6n dinh. Nguyén nhan la do
KMnOy, la chat oxy héa manh, Sb(l11) bi chuyén hda thanh Sb(V) thi kha niang di chuyén va
kha nang hap phu 1én cac bdng keo bi giam xudng nhanh chéng & giai doan dau, sau d6 khi da
chuyén hoa hét Sb(111) thanh Sb(V) rdi thi chat oxy hda khéng con 1am giam hiéu qua hap phu

ion nay lén cac bong keo nira.
200 30 40 50 60

Thoi gian théi khi (phit)
Hinh 6b. Két qua anh huang cua thoi gian thoi khi

100
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0

Hiéu qua xir 1y Sb (%)

10

Higu qua xu 1y Sb giam khi gia ting thoi gian thoi khi, cu thé la néu thoi khi trong thoi
gian 60 phat thi hiéu qua xu ly giam tir 90% xuong con 76%. Ngoai viéc gay can tré do qua
trinh oxy hda thi thoi khi cling lam pha vo bdng keo va anh hudng dén hiéu qua xu ly Sb.

3.4. Khao sat anh hwong caa mang loc MF

Hiéu qua xu ly Sb sau khi ling va sau qua trinh loc bang mang MF duoc so sanh cho thay
hiéu qua ting dang ké tir 85% dén 90% khi c6 sir dung mang loc. Nhu vy, qué trinh loc déng
vai trd quan trong trong viéc hd trg nang cao hiéu suat ciia qué trinh. Kich thudc mang loc
dugc lya chon ¢ dinh 12 0,2 pm qua tham khao kich thudc phi hop dé loai bo cac bong keo
géc sat [8]. Cac bong keo nay da hap phu luong dang ké cac ion Sb trén bé mat va bi loai bo
qua qué trinh ling, tuy nhién van con mot s6 bong keo kich thuéc nho khong dugc loai bo
hoan toan khi ling, qué trinh loc mang MF da giai quyét triét dé van dé nay nhiam nang cao
hiéu qua xir ly Sb.

4. KET LUAN

Nghién ctru da x4c dinh dwoc phuong phap don gian, kinh té va hiéu qua dé loai bo Sb
trong nudc thai nha méy soi nhan tao. Phuong phap keo tu sir dung chét keo tu PFS két hop voi
mang loc MF cho hiéu qua xtr Iy 90%, dat yéu cau xi Iy so bd cua nha may soi trude khi dua vé
nha méy xtr 1y nuéc thai tap trung. Nghién ctru ciing di xac dinh duoc cac diéu kién phu hop pH
6, liéu lugng phén 50 mg/L va xay dung diang nhiét hip phu theo Langmuir, khao sat anh huéng
ctia qué trinh oxy héa, so sanh hiéu qua khi c6 sir dung mang loc MF. Tir d6, nghién ctru dé xuat
van hanh thir nghiém & quy md céng nghiép dé cé thé ap dung thuc té tai nha may soi.
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ABSTRACT

RESEARCH TO IMPROVE THE EFFICIENCY OF ANTIMONY TREATMENT
IN FIBER WASTEWATER

Tran Thi Ngoc Mai, Tran Thi Thuy Nhan*, Truong Thi Dieu Hien
Ho Chi Minh City University of Food Industry
*Email: nhanttn@hufi.edu.vn

In this study, antimony (Sh) in textile wastewater was treated by using iron-based
coagulants combined with MF membranes to replace the current floatation processing and
improve the removal effectiveness of Sh. Influencing factors including type of coagulant, pH,
dose of coagulant, Sb concentration have been investigated and the appropriate MF filter size
was selected. The results showed that poly ferric sulfate (PFS) had the highest Sb removal
efficiency among many iron-based coagulants. Suitable conditions are pH 6, dose of PFS at
50 mg/L and using a 0.2 pm MF filter, the removal efficiency of Sb reached 90%. The process
mechanism has been described and the removal capacity of Sb fitted the Langmuir adsorption
isotherm well. In summary, the results proved that flocculation by PFS combined with MF
membranes is an effective and simple method to remove Sb in textile wastewater treatment process
to match with wastewater receiving requirements of centralized wastewater treatment plants.

Keywords: Antimony, coagulant, poly ferric sulfate, MF membrane, adsorption isotherm.
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