Tap Chi Khoa Hoc Gido Duc Ky Thudt, 56 1 4(2010) 1 3
Pai Hoc Sir Pham Ky Thuit Tp H6 Chi Minh

NGHIEN CUU PHUONG PHAP KEO TU/BONG TU BE XU LY ION
KIM LOAI NANG TRONG NUGC THAI CUA QUA TRINH LAM SACH
VO TAU BIEN BANG TIANUGC AP LYC

A STUDY OF THE COAGULATION/ ADSORPTION PROCESS TO
REMOVE HEAVY ION METALS FROM WASTEWATER OF SHIP REPAIR
INDUSTRIES USING WATER JET PRESSURE
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TOM TAT

Nhitng né lyc nghién ciru tinh hiéu qud ciia PAC, bentonite va chitosan cho qud trinh keo tu dé
loai bo cac ion kim loai nang tir nuedc thai cua nganh cong nghiép sia chita tau bién. Cac thi
nghiém dwoc tién hanh bang cdch sir dung quy trinh Jar — test tiéu chudn dé xdc dinh hiéu sudt
khi thém vao (i) PAC va bentonite; ((ii) bentonite va Chitosan, (iii) PAC, bentonite va chitosan.

Trong sy két hop thir nhdt PAC va bentonite, hiéu sudt logi doi véi Zn, Cu, Pb va Cd trong nuoc
thai ¢ liéu heong PAC bang 230 mg/l va chitosan bang 20 mg/l. Trong truong hop két hop
bentonite va chitosan, hiéu sudt lam sach cdc nguyén t6 ¢ liéu lirong 200 mg/I bentonite va 10
mg/l chitosan. Két hop PAC, bentonite va chitosan, hiéu suat lam sach cdc ion kim logi nang dat
duge 6 lieu heong 160 mg/l PAC, 20 mg/I bentonite va 10 mg/l chitosan. Khi thém PAC trong sw
c6 mat bentonite dan dén sw loai bé ¢ y nghia cac kim logi nang toi 99%, 97%, 78% va 69%
twong vmg doi voi Zn, Cu, Pb va Cd. Trong khi dé khi thém bentonite va chitosan chi dat dwoc
80,4%, 72%, 45,7% va 39,8% ciia tong Zn, Cu, Pb va Cd. Két hop PAC, bentonite va chitosan
o liéu lwong khac nhau lam tang hiéu sudt lam sach cdc ion kim logi ning (99,5% doi véi Zn,

97,5% doz véi Cu, 87,5 % doi véi Pb va 78,6% doi voi Cd) Tir cdc két qua thu dwoc, c6 thé két
ludn rang sw két hop ciia PAC, bentonite va chitosan véi liéu lwong thich hop c6 thé sir dung dé
lam sach ion kim logi nang trong nuoc thai bang qua trinh keo tu/ bong tu voi hiéu sudt cao.

ABSTRACT

Attempt was made in this study to examine the efficiency of PAC, bentonite and chitosan
dose for coagulation process to remove heavy ion metals from wastewater of ship repair
industries using water jet pressure. Experiments were set up using standard jar test procedures
to determine the performance of adding of (i) PAC and bentonite, (ii) bentonite and chitosan,
(iii) PAC, bentonite and chitosan. In the first combination of PAC and bentonite, the removal
efficiency for Zn, Cu, Pb and Cd in the wastewater were obtained at 230 mg/I for PAC and 20
mg/l for bentonite. In the case of bentonite and chitosan combination, the removal efficiency
of all elements were obtained at 200 mg/l for bentonite and 10 mg/l for chitosan. For the
combination of PAC, bentonite and chitosan, the removal efficiency was obtained at 160 mg/I for
PAC, 20 mg/l for bentonite and 10 mg/I for chitosan. Adding of PAC in the presence of bentonite
resulted in significant removal of the heavy metals reaching up to 99%, 97,5%, 78,3% and
69,4% oftotal Zn, Cu, Pb and Cd respectively while adding of bentonite and chitosan achieved
only 80,4%, 72,0%, 45,7% and 39,8% of total Zn, Cu, Pb and Cd respectively. Combination
of PAC, bentonite and chitosan at different ratios enhanced removal efficiency of the metals
(99,5% for Zn, 97,5 % for Cu, 87,5 % for Pb and 78,6 % for Cd). From the results obtained it
could be concluded that the combination of PAC, bentonite and chitosan at suitable ratios can
be used to remove the heavy elements in the wastewater by the coagulant/adsorption process
with high removal efficiency.



I. MO DPAU

Qua trinh 1am sach v6 tau bién & nudc ta ch
yéu sir dung cong nghé phun hat nix mot loai
vat liu thai ctia cong nghiép ché bién quang
dong. Hién nay cong nghé phun hat nix di bi
cAm su dung ¢ nhiéu nudc do hat nix chira
nhiéu kim loai ning va doc tac dong nguy hai
dén méi truong. Hon nita, xir 1y hat nix sau
khi str dung rat phirc tap va dit tién. Do vay
can thiét phai d6i méi cong nghé dé thay thé
cong ngh¢ su dung hat nix dang hién hitu &
nuoc ta. Cong nghé phun nudc co ap luc cao
dé 1am sach vé tau da duoc s dung & nhiéu
nudc trén thé gidi. O nudc ta mai chi sir dung
cong nghé nay ¢ mot sé nha may van tai bién
v6i quy md nho. Véi tia nudc & ap suat phu
hop, cac loai vat liéu bam trén bé mat vo tau
(16p bong tréc cua son, cac vay oxit kim loai
hinh thanh do nhiém man...) s& dugc rira troi
mot cach dé dang, khong tao d6 nham nhu sir
dung cong nghé phun hat nix, nén van bao vé
duoc thép vo tau.

Mot van dé phirc tap nay sinh trong cong nghé
sir dung tia nudc ap luc la nude thai. O ap
sudt cao va su phan hity cta cac 16p son, vét
liéu ché tao vo tau bj dn mon do nhiém mic
ctia nudc bién nén cac kim loai ¢6 trong thanh
phan son va vo tau co6 thé hoa tan. Do vy,
nudce thai xir 1y vo tau thuong chira mot lugng
16n cac ion kim loai nang nhu Zn** , Cd*",
Pb?* va Cu' .... Pay la nhitng kim loai doc co
thé gy nhirng hiéu ing nguy hai cho nguoi
va dong vat thuy sinh [1].

Dé xir Iy kim loai ning trong nudc thai phan
l6n cac cong nghé da va dang dugc st dung
trén thé gisi bao gdm cong nghé két tua, cong
nghé loc mang, cong nghé trao ddi ion va
cong nghé hap phu [2-5],v.v. Mot cong nghé
khéc dugc sir dung khé hi¢u qué hién nay la
cong ngh¢ keo tu/bong tu [6, 7]. Trong qua
trinh keo tu/bong ty, tdc nhan keo tu thuong
duoc st dung la mudi FeCl, hodc Fe(SO,),
AL(SO,),, poly alumium cloride (PAC, v.v.
Cac hydroxit Fe(OH),, Fe(OH),, AI(OH), khi
keo tu c6 kha nang hap phu ion kim loai néng
trong dung dich bai cac lién két hydro. Nhu
vdy, qua trinh keo tu / bong tu va hp phu sé&
xay ra dong thoi véi sy tach chat rin lo ling
va cac ion kim loai c6 mat trong dung dich.
Qua trinh két hop keo tu/ bong tu va hap phu

Nghién Ciru Phirong Phép Keo Tu/Béng Tu Pé Xir Ly Ion Kim Logi Ning
Trong Nudc Thai Cua Qua Trinh Lam Sach Vo Tau Bién Bang Tia Nudc Ap Luc

s€ dat hiéu qua cao néu nhu tim duoc cac diéu
kién thich hop nhu liéu lugng chat keo ty, trg
bong tu, pH.

Trong cong trinh ndy chung téi tap trung
nghién ctiru kha ning keo twhap phu cia
polyaluminium clohydride (PAC), sét Na-
bentonite va chitosan dé xtr Iy ion Zn*", Cd>*,
Pb?* va Cu?* trong nudce thai xtr Iy bé mat mot
s6 phuong tién ndi di bién bang cong nghé
phun tia nudce ap luc.

II. THU'C NGHIEM

Thu méu va phén tich thanh phan ciia mdu:
mau thi nghiém chura ion kim loai nang dugc
lay tir hé théng xir Iy bé mat bon chira dau
bang tia nudc ap luc. Thanh phan cua mau
nuée duoc phan tich bang phuong phap vonta
— ampe hoa tan sit dung dién cuc thuy ngan
treo (model 797VA Computrace cua hang
METROHM Thuy s¥). Do duc clia mau dugc
do bang thiét bi do do duc model Micro IR
ctia hing aqualytic Pt ; chi sb nhu cau oxy
hoa hoc (COD) duoc xac dinh bang phuong
phap [3] st dung thiét bi do COD model.

Hoéa chit: dung dich PAC 20 mg/ml dugc
diéu ché tir Poly aluminum chloride ctia hing
Alchlor®-AC, Dirc chira 12,4 % Al theo khdi
lugng tuong duong voi 23,5% AlLO,. Sét
bentonite trong nudc cat. Dung dich lO mg/ml
Na- bentonite dugc diéu ché tir Na-bentonite
(Cong ty khoang san lam dong) trong nudc
cat. Dung dich Img/ml chitosan duoc diéu
ché tir chitosan c6 DA = 93% trong dung dich
axit axetic 0,1%.

Quad trinh keo tu / bong tu: Phuong phap Jar-
test dugc str dung dé xac dinh liéu luong chat
keo tu 1a PAC hodc bentonite trong khi d6
chitosan dong vai tro chat trg déng tu. Liéu
luong chit keo tu PAC tir 0 cho dén 300 mg/1.
Liéu luong cta bentonite tir 0 — 50 mg/l .
Liéu luong cua chitosan tir 0 dén 20 mg/1. Thi
nghi¢m Jar-test dugc thuc hién trong 6 binh
dung tich 1000 ml & nhiét d§ phong. Mdi binh
Jar-test chira 500 ml nudc thai. Thém cac chat
keo tu va trg keo tu vao mdi binh, pH ctia cac
dung dich keo tu dugc diéu chinh ngay téi pH
thich hop bang dung dich NaOH 0,1 N va HCI
0,1 N sau khi thém chat keo tu va trg bong tu.
Tién hanh tron nhanh & tbc d6 200 vong phut
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trong thoi gian 2 phut, sau d6 khudy nhe voi
tbc d6 30 vong phut trong thoi gian 5 phut dé
cac hat bong tu tao thanh. Pé im dung dich
trong thoi gian 50 phat. Can than 1y phan
nuéc trong bang pipet (1 ml) dé phan tich
ham lugng cac ion kim loai ndng trong pha
1ong bang phuong phap von ampe hoa tan. Sir
dung dung dich dém axetat pH = 4,7 va dung
dich KC1 3M Ia dung dich di¢n ly.

3. KET QUA VA THAO LUAN

Két qua phan tich ham luong céc ion kim loai
nang Zn**, Cu?*, Cd** va Pb* cung v4i mot sd
chi tiéu khéc dua ra trong bang 1. N6i chung,
ham lugng cac kim loai ning trong mau nude
thai chwa xtr 1y kha cao so véi tiéu chuan cho
phép thai ra méi truong (TCVN- ddi véi nude
thai loai A):

Bang 1. Thanh phan chét 6 nhiém trong nudc thai
Thanh phan Ham luwong Thanh phan Ham lwong
Zn** 20 mg/1 Cd* 0,1 mg/l
Pb* 0,43 mg/l Cu* 3,5 mg/l
COD 200 mg/1 Do duc 4 NTU
D¢ dan dién 121 puS D6 min 2/1000
pH 7,2 Do kiém 120 mg/l theo CaCO,

Anh hwéng ciia liéu lwong PAC khi sir dung bentonite lam chit tro keo tu:

Két qua nghién ctru anh hudng cua liéu luong
PAC khi c6 mat bentonite la chét tro keo tu
dén hiéu suat khir ion kim loai dua ra trong
hinh 1. C6 thé nhén thiy liéu tdi wu ciia PAC
tim duogc 1a 200 mg/l va hiéu suét khir tuong
mg cho cac nguyén t6 Zn, Cu, Pb va Cd la
99%, 97,5%, 78,3% va 69,4%. Su c6 mat cia

bentonite (mang dién tich am trong nudc)
lam tang kha nang keo tu cia PAC. Qua khao
sat vé néng d% bentonite dé cho PAC keo tu,
trong truong hop mau nudce thai nghién ctru,
& nong do bentonite bang 20 mg/1 14 thich hop
cho qua trinh keo tu véi PAC.
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Anh hwéng ciia liéu lwong bentonite khi si
dung chitosan la chit trg keo tu: Qua trinh
keo tu/bong tu xay ra ctia bentonite khi c6 mat
chitosan dan dén lam trong miu nuéc thai
kha hi¢u qua. B9 duc cua nudc thai tu SNTU
giam xudng con 0,5 NTU. Tuy nhién, hiéu
sudt hép phu céac ion kim loai ndng lai giam

ghién Citu Phuwong Phép Keo Tu/Béng Tu Dé Xir Ly lon Kim Loai Nang
Trong Nude Thai Ciia Qua Trinh Lam Sach Vo Tau Bién Bang Tia Nude Ap Luc

dang ké so voi qua trinh két hop giira PAC va
bentonite. Két qua nghién ctru anh hudng cta
lidu bentonite dén hiéu suit khir cac nguyén
t6 Zn, Cu, Cd va Pb (hinh 2) cho thiy véi liéu
lugng bentonite dat 200 mg/l, hiéu suat khu
tuong tng ddi véi cac nguyén té Zn, Cu, Pb
va Cd bang 80,4%, 72,0%, 45,7% va 39,8%.
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Anh hwéng ciia liéu PAC khi cé mt bentonite
va chitosan la chit tro keo tu: Hiéu sut khi
cac ion kim loai trong nudc thai tang rd rét
khi két hgp ba hop chat PAC, bentonite va
chitosan (hinh 3). Véi liéu luong PAC : 160
mg/l, bentonite : 20 mg/l va chitosan: 10 mg/I,
hiéu suat khir dat dugc 99,5% d6i véi Zn, 97,5
% dbi voi Cu, 87,5 % d6i voi Pb va 78,6 % doi

v6i Cd. Tong thé tich bun thai tao ra sau khi
keo tu quan sat dugc nho nhit so qué trinh st
dung PAC va bentonite nhung 16n hon so vdi
qua trinh bentonite va chitosan. Nhung loi ich
thuc té cua qua trinh két hop PAC/bentonite/
chitosan 1a hi¢u qua loai cac ion kim loai nang
khoi nude thai cao nhat.
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Hinh 3. Su phu thudc hiéu suat khir ion kim loai nang vao liéu lvong ctia PAC v6i sur
cO mat cua bentonite va chitosan bH=6.5. [chitosan] = 10 mg/l, [bentonite] = 20 mg/1




Pai Hoc Sir Pham Ky Thuit Tp H6 Chi Minh

Tap Chi Khoa Hoc Gido Duc Ky Thudt, 56 1 4(2010)

Béng 2 dua ra ndng do ion kim loai ning
con lai trong mau nuée thai sau khi tién hanh
keo tu/bong tu bang ba quéa trinh: PAC/ben-
tonite, bentonite/chitosan va PAC/bentonite/
chitosan. Nhin chung, ham lugng cia Zn, Cu

Pb va Cd con lai sau ca ba qua trinh keo tu/
bong tu giam mot cach dang ké. Va co thé sir
dung trong thiét ké xir Iy nuéc thai chua cac
ion kim loai nay.

Bang 2. Thanh phan ion kim loai ning trong nudc thai sau khi keo tu/bong tu
TCVN 5945-1995
Thanh . . . . .
phin PAC/Bentonite | Bentonite/Chitosan | PAC/Bentonite/Chitosan déi véi nuée thai
loai A
Zn** 0,2 mg/l 3,92 mg/l 0,10 mg/1 1 mg/l
Pb* 0,09 mg/1 0,233 mg/1 0,05 mg/1 0,2 mg/l
Cd* 0,03 mg/1 0,06 mg/1 0,02 mg/1 0,01 mg/1
Cu* 0,105 mg/1 0,98 mg/1 0.08 mg/1 0,1 mg/l
IV.KET LUAN TAI LIEU THAM KHAO

Ttr cac két qua nghién ctru 6 thé rat ra nhimg
két ludn sau day:

1. Qua trinh keo tu/bong tu st dung céc tac
nhan keo tu PAC va tro keo tu bentonite va
chitosan kha hiéu qua trong xtr ly nude thai
chtra ion kim loai nang.

2. Hiéu suét loai ion kim loai ra khoi nudc
thai dat trén 98% ¢ qua trinh sir dung PAC/
bentonie va PAC/ bentonite/chitosan ddi véi
ion Zn** va Cu?* va trén 70% dbi voi ion Pb**
va Cd** ¢ qua trinh sir dung PAC/bentonite va
PAC/bentonite/chitosan. Hiéu suat thip nhat
d6i voi cac ion nay quan sat duge & qua trinh
su dung bentonite/chitosan.

Str dung PAC, bentonite va chitosan trong qua
trinh keo tu dé loai bo ion kim loai ning trong
nude thai co vu diém vuot troi so véi su dung
cac hop 5:hét FeCl, — m6t hop chat thuong an
mon thiét bi trong h¢ thong xu 1y va thuong
dé lai luong bun thai 16n [7].

Két qua nghién ctru c6 thé dp dung trong xu
Iy nudce thai chira ion kim loai ndng bao gom
nudc thai stra chira tau bién bang tia nudc ap
luc.
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