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ABSTRACT

Halloysite from Thach Khoan, Phu Tho province showed nanotube
structure with a chemical formula AlLSi>Os(OH)4.2H.O when fully
hydrated and Al,Si>Os(OH)4 when dehydrated, specific surface areas are
15.7434 and 22.0211 m?/g. Halloysite was used to study on adsorption
behaviour of Pb®, Cd%*, Zn®* (M?*) ions. The effect of factors on the
M?* adsorption efficiency was investigated. The adsorption efficiency of
Pb?*, Cd**, Zn** obtained 90.75; 73.75 and 67.09 % respectively under
the suitable condition: halloysite mass of 0.7 g/50 mL solution, initial
concentration of 40 mg/L M**, pH for Pb?*, Cd?*, Zn®* = 531, 6.2; 5.6
espectively, contact time of 80 minutes (for Pb?*, Cd*) and 100 minutes
(for Zn®*) at room temperature (30 °C). Adsorption isotherm curves
were studied based on Langmuir and Freundlich models. The kinetic of
the adsorption process was investigated following the first-order-
pseudo and second-order-pseudo models. Removal efficiency of Pb®",
Cd?* and Zn®* from the wastewater of lead, zinc mining — Cho Don, Bac
Kan was 99,59 %; 92,08 % va 99,46 %, respectively.

Gidi thiéu chung

céc tac nhan chinh lam gia tang tinh trang & nhiém
nudc, gay anh hudng dén chét lugng nudc va sdc

Ngay nay, thé gidi khong chi déi mat vai cudc khiing
hodng thiéu nudc ma van dé chat lugng nudc cling
nhan dugc sy quan tam Ién tU ngudi dan va cac nha
khoa hoc. Su gia tdng dan s6, su tang trudng md
rong cla cac khu doé thi va codng nghiép, cdng thém
sU tadng cudng cla cac hoat déng néng nghiép la

khde con ngudi.

Céc ion kim loai nang dugc thai ra do cac nganh
cdng nghiép nhu khai thac khoang san, ma dién,
thudc da, dét nhudm, ché bién thép, luyén kim, hoa
chét, son, ... khi xa thai vao moi trudng lam 6 nhiém
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nguodn nudc. Cac chét thai nay gady anh hudng réat
I6n ngay ca khi chiing c6 ndng dé thap do ddc tinh
cao va kha nang tich Ity 1au dai trong co thé séng.

K&m 1a nguyén t6 vi lugng can thiét trong g thé,
nhung khi ndng do qué gidi han cho phép thi sé gay
ra cac triéu chiing: nén mua, mat nudc, budn ngu,
hén mé, mét can bang dién giai, dau bung, thiéu
mau, thiéu sy phdi hgp gilta cac ca bap va suy than.
K&m ¢ kha ndng gay ung thu dét bién, gay ngd déc
hé than kinh va tham chi anh hudng dén viéc sinh
san, quai thai. Chi va Cadimi la kim loai nang c6 déc
tinh cao, chi gay déc cd ca quan than kinh trung
uong 1an than kinh ngoai bién, gay ra cac bénh vé
than, tim mach. Dac biét, chi gay tac déng man tinh
téi phéat trién tri tué. Ngo déc chi con gay ra bién
chiing viém ndo & tré em. Tuy theo muc dé nhiém
doc co thé gay ra nhiing tai bién, néu nang cé thé
gay ti vong. Cadimi xam nhép vao ¢ thé dugc tich
ty & than va xuong, gay nhiéu hoat déng clia mét s§
enzim, gay tang huyét ap, ung thu phdi, thing vach
ngan mdi, lam r&i loan chdc ndng than, pha hay tdy
xuang, gay anh hudng dén ndi tiét, mau, tim mach

[1].

Da c6 nhiéu nghién cliu dua ra cac phuong phép xa
ly kim loai nang trong nudc nhu: phuong phép két
ta hda hoc, phuang phap két tia dién hda, phuong
phép tach bang mang, phuong phap trao déi ion,
phuong phap hdp phu, phuong phap sinh hoc v.v..
[2]. Trong s6 cac phuong phép nay, phucng phap
hép phu cho hiéu qua xtr ly cao dugc nhiéu nha khoa
hoc quan tdm nghién ctu. Pac biét, trong mot s6
nam gan day nhiing vat liéu hdp phu cé ngudn géc
ty nhién nhu laterit, bazan, dat bun do, zeolt,
bentonit, kaolin, apatit, haloysit ...[3-8], cac polymer
tu nhién: chitin, chitosan, tinh bot, ... va cac vat liéu
tai ché tUr phu phdm néng nghiép [9-14], khéng
nhiing dugc cac nha khoa hoc Viét Nam ma trén thé
giGi hét stic quan tdm do cé uu diém: chi phi thép,
hiéu qua hép phu cao, than thién vai moi trudng.

Haloysit la loai mot loai khoang sét tu nhién thudc
nhom kaolin. Cong thidc hda hoc cla haloysit khi
ngam nudc la Al;Si>Os(OH)4.2H,0 va khi & dang khur
nudce 1a AlLSiOs(OH). (vidt tét 1a HAL). HAL c6 thé
tén tai dudi nhiéu dang hinh théi khac nhau nhu
dang &ng, dang cau va dang I&p. Trong nhiing nédm
gan day, do co nhiing dac tinh uu viét nhu cdu tric
siéu nho dang 6ng, khéng déc, dé bén ca hoc cao,
... va c6 gia thanh ré hon so vdi nano carbon dang
6ng nén HAL dugc cac nha khoa hoc quan tam va
&p dung nhiéu trong cac finh vuc Ung dung khac

nhau nhu trong dugc phdm, y hoc, thuc phém, vét
liéu cao cép, ndng nghiép va mai trusng.

Trong cong bd trudc, ching toi da cong bd dac
trung hoda ly cta vat liéu haloysit [3]. Trong bai bao
nay trinh bay két qud nghién cliu khd nang xt ly
dong thdai cac ion Pb**, Cd?*, Zn®* trong nudc thai
mo chi, k&m tai khu vuc huyén Chg Bon — Bac Kan
cla haloysit.

Thuc nghiém va phuong phap nghién cdu
Ldy mdu va gia céng mdu haloysit

Mau haloysit nghién ctu dugc 18y sau cong doan
tuyén clla mo kaolin Lang Béng, Thach Khoan, Phu
Tho. Cac mau sau do dugc trén déu va dugc tach loc
st dung phuong phép sang ray uét ¢ kich ¢& mat
ludi 32 um. Mau dudi mat sang dugc gan loc va
dugc dem di sdy kho & nhiét d6 60 °C. Mau sau khi
khé dugc si dung dé thi nghiém va phéan tich trong
cac budc tiép theo [3].

Xdc dinh pHpzc cua haloysit

Gia tri pH tai dé bé mat cia trung hoa dién tich
(pHpz0) dugc xéc dinh bang phuong phép do dé léch
pH. Trong phuang phép nay, 0,5 g dugc cho vao 50
mL dung dich KCI 0,01 M ¢ pH ban dau (pHo) khac
nhau, dugc diéu chinh bang dung dich HCI 0,01 M
hodc KOH 0,01 M. H&n hap sau do dugc khudy bang
may khudy tu trong 30 phut & t6c dé 800 vong/phut.
Cudi cling, loc 18y dung dich va xéc dinh lai pH (pHs)
clia nudc loc. T s6 liéu thu dudc, vé dé thi biéu dién
sy bién déi clia ApH = pHo — pHs theo pHo.

Hdp phu Pb**, Cd*, Zn?* bdng haloysit

Kha nang hép phu cac ion kim loai nang cta haloysit
dugc nghién clu bang cach cho mét lugng vat liéu
haloysit vao binh chita 50 ml dung dich M?* (M: Pb,
Cd, Zn) & céc diéu kién can nghién clu va thay déi
moét trong cac yéu té anh hudng nhu: thai gian hap
phu (5 = 50 phut), pH clia dung dich (3,6 + 6,7), khéi
luong (0,3 = 1,0 @), ndng db cac ion Pb?*, Cd**, Zn**
ban dau (20 + 80 mg/L) va khudy dung dich vdi téc
dé 400 vong/phut. Sau do, loc tach chét rén, lay
phan dung dich dé dinh lugng ion M** con lai bang
phuong phép khéi phé plasma cao tan cdm Ung
ICP-MS (Thermo Scientific (Buc) ICAP Q ICP-MS tai
Trudng Pai hoc Md - Bia chat). Dung lugng hap phu
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va hiéu sudt hdp phu dugc xac dinh bang phuong
trinh (2.1) va (2.2) [15].

Q=(Co—-0.V/m 2.7
H = (Co—C).100/Co (2.2)
Trong do:

+ Q (mg/g) va H (%) lan luot la dung lugng
hap phu va hiéu suét hap phu.

+ Co (mg/L) va C (mg/L) lan luct la ndng dé cac
ion M?* ban dau va con lai sau hap phu.

+ V la thé tich dung dich hap phu (L)

+ m la khéi lugng (q).

Kha nang hdp phu M?* clia HAL dugc tinh todn
dya trén dudng hdp phu dang nhiét Langmuir va
Freundlich [15].

Phuong trinh tuyén tinh Langmuir:

C_GC 1 (23)
Q Qm KL'(?m
Phuong trinh tuyén tinh Freundlich:
LnQ = Lnk + L .LnC, 2.4
n

vGi Ce (mg/L) 1a ndng do ion M** & trang thai
can bang, Q (mg/g) la dung ludng hap phu & trang
théi can bang, Qm (Mg/g) la dung lugng hap phu cuc
dai, K. 1a hang s6 Langmuir, Ke va n la cac hang s6
Freundlich.

DPdng hoc clia qua trinh hap phu dugc nghién
clu theo hai m6d hinh déng hoc: mé hinh gid bac 1
(2.5) va mé hinh gia bac 2 (2.6) [15].

IN(Qe — Q) = INQe — kit 2.5)
t/Qr = t/Qe + 1/(ko. Q%) (2.6)

Trong d6, Qe la dung lugng hdp phu & trang
thai can bang (mg/g), Q: la dung lugng hép phu &
thai diém t (mg/q), ki va ko 1an luct 1a cac hang s6
t6c d6 bac 1 (min™) va bac 2 (g/mg/min).

Két qua va thao luan
Hinh thdi, cdu trdc va pHezc cta haloysit

Hinh thdi, cdu tric cta haloysit

Két qua do TEM (hinh 1) d& chi ra rang, haloysit cé
cdu tric dang éng va két quéd do BET da cho théy
haloysit c6 dién tich bé mat riéng 15,7434 va 22,0211
m?/g.

Hinh 1; I;im;‘énh TEM cla haloysit & ti 16 500 nm
(trai) va 100 nm (phai)

Xdc dinh pHpzc cta haloysit

154
y=-0,8921.x - 5,3174

2 _
o] RE=09955

0,54

0,0

ApH

0,5

-1,0

1,5

2,0
Hinh 2: Su bién déi ApH theo pHo

Sy bién déi clia ApH theo pH, dudc gidi thiéu trén
hinh 2. TU do thi, xac dinh dugc ApH = 0 tai gia tri
pHs bang 5,99. Biéu nay cé nghia la pHpze clia HAL
bang 5,99.

Anh hudng cta cdc yéu té dén qud trinh hdp phy MP*
bdng vt liu HAL

Anh hung cia thdi gian tiép xtic

80

—a—Pb
—e— Cd
—a—2Zn

70

60

Hiéu suét, %

50

40

(:.) ZIO 4I0 6'0 BIO 160 1é0 1tI40 160
Thei gian, phat

Hinh 3: Anh hudng clia thai gian tiép xdic dén hiéu
suat hap phu
mual = 0,6 g; Co (M**) = 50 mg/L; pHo (Pb™*, Cd?**,
7Zn*") =531,6,2; 56, T =30 °C
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Sy bién déi hiéu suat hap phu Pb**, Cd** va Zn’* cla
HAL theo thdi gian dudc gidi thiéu trén hinh 3. Trong
khodng thai gian khdo sat, hiéu suét hdp phu tang
nhanh trong 50 phdt dau (ddi vai Pb?*, Cd®*) va 100
phit dau (d6i v&i Zn?Y), sau dod tang cham. TU 80
phit trd di (d6i véi hdp phu Pb?*, Cd?*) va 100 phut
tr& di (d6i vai Zn®*) hiéu suét hap phu én dinh do su
hdp phu tién t&i trang thai can bang. Tu két qua
cling cho théy, khd ndng hap phu gidm dan theo thu
ty Pb%* > Cd?* > Zn*. D€ thu dugc hiéu sudt hap
phu cao va khéng tén nhiéu thai gian thi thdi gian
hdp phu tién hanh trong 80 phut (d&i véi hép phu
Pb?*, Cd*) va 100 phdt (d6i v&i Zn®*) dugc st dung
cho nghién ctu tiép theo.

Anh hudng cta pH dung dich

Viéc loai bd cac ion Pb?*, Cd**, Zn’* phu thudc nhiéu
vao pH ctia dung dich vi pH lam thay déi tinh chat
bé mat clia chét hap phu. TU gié tri pHpze = 5,99, tién
hanh khao sat & cac pH xung quanh 5,99, nhung dé
tranh hién tugng tao cac két tia M(OH),, anh hudng
clia pH da dugc khao séat trong diéu kién pH < 7. Két
qua theo d6i bién thién hiéu suét hdp phu cla HAL
dugc gidi thiéu trén hinh 4. TUr day nhan thay, trong
khodng pH khdo sat, hiéu suat hdp phu tang khi pH
tang. Két qua nay dugc giai thich la do trong moi
trudng axit, HAL bj proton hda va khi dé bé mat cla
hat sé tich dién duong nén lam giam sé lugng tam
hdp phu cla hat va xay ra sy hdp phu canh tranh
gilta ion H* va ion M?* do do lam gidm kha nang hap
phu clla HAL. Khi pH tédng, mat do dién tich duong
clia bé mat gidam dan, kha ndng hdp phu M?* s& ting
dan cho dén khi pH > pHezc thi bé mat cla hat tich
dién am sé thuan Igi cho su hdp phu M?*. Tuy nhién,
dé co thé xt ly lugng I6n ma khong phai digu chinh
pH, gid tri pH ban dau cla dung dich Pb®* (5,31);
Cd?* (6,2); Zn** (5,6) gan bang hodc 16n hon so Vdi
pHpzc dugc lua chon cho qué trinh hdp phu cac ion
M?* & nhiing nghién clu tiép theo.

100

—a— Pb
—e— Cd
—a— 7N

90

80

70+

60 o

Hiéu suat, %

50

40 4

30 1

3 4 5 6 7
pH
Hinh 4: Biéu do hiéu sudt hap phu M** bién déi theo pH
mua = 0,6 g; Co (M?*) = 50 mg/L; t = 80 phut (Pb?*,
Cd®*) va 100 phut (Zn®*) ; T = 30 °C

Anh hung cta khéi luong chét hdp phu

Két quad nghién ciu anh hudng cla khéi lugng vat
liéu HAL dén hiéu suét hdp phu cac ion kim loai nang
M?* thé hién trén hinh 5. Khi khéi lugng vt liéu ting
tlr 0,3 dén 0,7 g, hiéu suét hdp phu tdng nhanh sau
dé tang cham dan do qua trinh hdp phu tién tdi
trang théi can bang. Tai khéi lugng 1,0 g HAL, hiéu
sudt hdp phu dat t6i 94 % (d6i v&i Pb*), 82,68 %
(d6i v&i Cd?*) va 73,66 % (d6i vai Zn?t). BE dat dugc
hiéu suédt hdp phu tuong déi cao nhung khong s
dung lugng vét liéu nhiéu, khéi lugng 0,7 g HAL dugc
chon dé nghién ctu x( ly cac ion kim loai ndng M?*.

100

—=—Pb

904 |—»—Cd
—a— Zn

80 o

=

& 701

3

]

5‘3 60

I
50
40
30 1

T T T T T T T T
02 03 04 05 06 07 08 09 10 11
Khéi lwgng halloysite, gam

Hinh 5: Anh hudng cta khéi lugng vat liéu HAL dén
hiéu suét hap phu
Co (M) = 50 mg/L; pHo (Pb**, Cd?*, Zn?*) = 5,31, 6,2;
5,6; t = 80 phit (Pb?*, Cd*") va 100 phut (Zn®); T =30 °C

Anh huéng cia néng do Pb°*, CdF*, Zn”* ban ddu

100 4

90 4 —e—Cd

80

&

Hiéu suat, %

701

60 4

50

40

20 30 40 50 60 70 80
Noéng d6 ion ban dau, mg/L
Hinh 6: Anh hudng clia néng do ion M** ban dau
dén hiéu suét hdp phu mpa = 0,7 g; pHo (Pb?*, Cd**,
7n*") =531,6,2;56; t=280phut (Pb**, Cd**) va
100 phut (Zn?*); T = 30 °C

K&t quad nghién ctu cho thdy, khi ndong do Pb*,
Cd?®*, Zn** tang tir 20 = 80 mg/L, hiéu sudt hdp phu
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gidm dan (Hinh 6). D€ dat dugc hiéu sudt hdp phu
dung trong khoang 20 + 40 mg/L. Két qua cling chi
ra rang, khd ndng hap phu clia HAL ddi véi cac ion
kim loai ndng theo th( tu sau: Pb®* > Cd** > Zn®*.
Tai ndng dd 40 mg/L, hiéu sudt hdp phu Pb?*, Cd?",
Zn?* dat 90,75; 73,75 va 67,09 %.

Puding dang nhiét hdp phu

Tién hanh hap phu cac ion M?* & diéu kién thich hgp

s

, y =0,2645.x + 0,3247

1 R?=0,9981

6

5
o
B 44
Q 3
RS

24

14

ol (@)

T T T T T T T
5 0 5 10 15 20 25 30 35
C, (mg/L)

tuong déi cao, ndng do Pb**, Cd?*, Zn** cé thé su
da nghién ctu: 0,7 g HAL vdi thai gian hdp phu 80
phut (d6i véi Po?* va Cd®*), 100 phut (d6i véi Zn?*) &
pH tu nhién (pH ban dau), nhiét dé phong (30 °C) va
néng do M** ban dau thay ddi. Sau do, xac dinh
néng dé M?* con lai & trang thai can bang (Ce), tUr do
c6 thé tinh dugc cac gia tri InCe, INQ, ti s6 Ce/Q va
xay dung phuong trinh déng nhiét hép phu
Langmuir (Hinh 7a, 8a, 9a) va Freundlich (Hinh 7b,
8b, 9b).

144 y=0,2229.x +0,6178
R®=0,9731 L]

In(C)

Hinh 7: Budng dang nhiét hap phu Pb?* tai 30 °C theo Langmuir (a) va Freundlich (b)

16

144 y =0,3636.x + 1,4851
R?=0,9852

124

=
1)
!

CJQ (@)

T T T T T T T T T
0 5 10 15 20 25 30 35 40
C, (mg/L)

104 y=0,217.x + 0,0032
R?=0,9426

In(Q)

(b)

05 1,0 15 2,0 25 3,0 35 4,0
In(C,)

Hinh 8: Budng dang nhiét hdp phu Cd®* tai 30°C theo Langmuir (a) va Freundlich (b)

1 y=0,28444x + 1,24799
10{ R*=0,9638

c,/a (g/L)

ol (a)

0 10 20 30 40
C, (mgiL)

1.2 .
114 y=0,13364x + 0,59652 .
R? = 0,72207

1.0
0.9
Sos4
0.7 4
0.6
0.54

0.4

T T T T T T
-2 -1 0 1 2 3 4

Hinh 9: Budng dang nhiét hdp phu Zn?* tai 30 °C theo Langmuir (a) va Freundlich (b)

Bang 1: Cac hang sé thuc nghiém Qm, Ki, K¢, n trong phuong trinh Langmuir va Freundlich

Hap phu M?* Langmuir Freundlich
Qm KL R2 n KF R2
Pb** 3,79 | 0,75 0,9981 4,49 1,85 0,9426
Cd* 2,75 | 024 | 09852 3,82 1,00 0,9426
Zn°" 3,57 0,23 0,9638 | 7,48 1,82 0,7221
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Dua vao do thi clia cac dudng hdp phu dang nhiét,
xéc dinh dugc cac hang s6 thuc nghiém: dung luong
hadp phu 16n nhat tinh theo dudng dang nhiét
Langmuir (Qm), hang s& thuc nghiém Langmuir (Ki)
va cac hang s6 thuc nghiém Freundlich (Kr, n). Két
qua tinh toan dugc dua ra & bang 1. Két qud thu
dudc cho thay, su hdp phu cac ion M?* trén haloysit
tudn theo mé hinh hép phu dang nhiét Langmuir
trong diéu kién nghién clu. Dung lugng hép phu cuc
dai cla haloysit d6i véi cac ion Pb®*, Cd?*, Zn* [an
lugt 1a: 3, hdp phu M** trong diéu kién: 50 mL 79;
2,75 va 3,51.

Bdng hoc clia qué trinh hap phu

Nghién cttu su dung dich M** 40 mg/L, khé&i lugng
HAL 0,7 g, pHo = 6,3 bién déi theo thai gian & 30 °C.
TU day da xay dung dugc do thi cia phuong trinh
doéng hoc gia bac 1 (Hinh 10a, 11a, 12a) va gia bac 2
(Hinh 10b, 11b, 12b). TU cac do thi trén Hinh 10, 11, 12

-0,2

-0,4 4 .
-0,6 . y =-0,016.x - 0,4022
08 . R®=0,9215
87 -1,0 4
o 2]
E -1,4 4
-1,6 4
18
-2,0
-2,2 (a)
-2,4 T T T T T T
0 20 40 60 80 100 120
t (phat)

6 thé tinh dugc cac hang s6 t6c dé hdp phu (k) va
dung lugng hdp phu & trang thai can bang (Qe). Két
qua tinh toan dudc gidi thiéu trong bang 2. TU bang
2 cho thdy, gia tri Q. tinh theo phuang trinh déng
hoc hdp phu gid bac 1 clia Pb?*, Cd**, Zn®* Ian luct la
0,98; 1,33; 2,21 mg/qg, khac xa gia tri Qe xac dinh tu
thuc nghiém (3,10; 2,97; 2,71 mg/g), ddng thai hé s6
hoi quy R? = 0,9251; 0,9189; 0,8220 khac nhiéu so vdi
1. Trong khi dé Qe tinh theo phuong trinh déng hoc
hdp phu gid bac 2 (3,07; 3,09; 2,89 mg/g) khong
khac nhiéu so vai Qe tU thuc nghiém (3,10; 2,97; 2,71
mg/g), ddng thai hé s6 hdi quy R? = 0,9996; 0,9988;
0,9942 Ian lugt vai Pb?*, Cd?*, Zn?* rét gan 1.

Két quéd nay chiing to trong diéu kién nghién cuu,
qué trinh hdp phu Pb**, Cd?*, Zn®* bang HAL khdng
tuan theo phuang trinh déng hoc hép phu gia bac 1
ma tuén theo phuong trinh déng hoc hédp phu gia
béac 2. Hang s6 t6¢c do hdp phu xac dinh dugc lan
lugt bang 0,085 0,048, 0,031 g/mg/phut.
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Hinh 10: M6 ta & liéu thuc nghiém hap phu Pb* bang phucng trinh déng hoc hdp phu gid bac 1 (a) va gia bac 2
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Hinh 11: M6 ta 6 liéu thuc nghiém hép phu Cd** bang phuang trinh déng hoc hdp phu gia bac 1(a) va gia bac 2 (b)
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Hinh 12: M6 ta 56 liéu thuc nghiém hép phu Zn?* bang phuong trinh déng hoc hap phu gia bac 1(a) va gia bac 2 (b)

Bang 2: Céc gia tri k va Qe tinh theo phuang trinh déng hoc gid bac mét va gia bac hai

Phuang trinh ddng hoc gia Phuang trinh d6éng hoc gid Qe

Héap phu bac mot bac hai thyc
M Q. ks 22 Qe ke . nghiém
(mg/g) | (phit™) (mg/g) | (a/mg/phit) (mg/9)

Pb?* 0,98 0,016 0,9251 3,07 0,085 0,9996 3,10

Cd** 1,33 0,042 0,9189 3,09 0,048 0,9988 2,91

Zn°" 2,21 0,030 0,822 2,89 0,031 0,9942 2,71

XU ly mét s& ion kim loai nang Pb?*, Cd?*, Zn** trong
nudc thai mé chi, k8m — Chg Bon, Béc Kan

Trén co s& diéu kién thich hop dé xir ly ting ion kim
loai nang Pb?*, Cd?*, Zn?*, c& thé dua ra quy trinh x{ ly
dong thai 3 ion kim loai nang Pb?*, Cd**, Zn®* trong
nudc thai bang vat liéu HAL (quy md phong thi
nghiém) (Hinh 13).

Ung dung quy trinh dé xtr ly mau nudc thai dugc 14y
tai ho thai ciia mo chi, kém Ling Véng tai huyén Chg
Pon - tinh Bac Kan. Két qua xU ly cac ion kim loai nang
Pb?*, Cd?*, Zn®* dugc thé hién trong bang 3.

Bang 3: K&t qua xr ly mau nudc thai mo chi, kém

Ling Véang

" A T " A Hiéu

Chi Nong dd déu Nong d dau SUAt
N vao (trudc xrly) | ra (sau xrly) o,

tiéu (opm) (opm) xu ly

pp pp %)

Pb** 1,1840 0,0049 99,59
Cd?* 0,137 0,0090 92,08
Zn%* 2,1652 0,018 99,46

Két qua thu dugc cho théy, hiéu sudt xt ly cac ion kim
loai ndng trong nudc thai dung vat liéu haloysit dat
hiéu qua cao: 99,59 % (v&i Pb**), 92,08 % (Cd*") va
99,46 % (Zn*")

Dung dich dau vao:

Nudc thai mod chi, kém

(Pb?* + Cd?* + Zn?" ..); pH tu nhién; nhiét

dd phong

-t =100 pht

- My tien = 0,7 9/50 mL

- V iy = 400 v/ phit

A 4

Vat liéu hap phu
Haloysit

Loc tach chat rin

Dung dich ddu ra

Do ICP-MS xac dinh ndng dé céc
ion Pb?*, Cd?*, Zn?*

Hinh 13: Quy trinh xUr ly ddng thai 03 ion kim loai nang

Pb®*, Cd**, Zn®* trong mau nudc thai
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Két ludn

Khoang sét haloysit da dugc st dung dé nghién clu
qué trinh hdp phu cac ion kim loai nang Pb?*, Cd*",
Zn’*. Két qud thu dugc cho thdy, qué trinh hdp phu
chiu sy anh hudng cla cac yéu t8: pH, nong do M**
ban dau, khéi lugng chét hdp phu, thai gian tiép xic.
T dé, lua chon dugc diéu kién thich hop dé xir ly cac
ion kim loai nang Pb?*, Cd?*, Zn®* trong mbi trudng
nudc: khéi lugng haloysit 0,7 g/50 mL dung dich, ndng
dd M?* ban dau trong khoang 20 + 40 mg/L, thdi gian
tiép xtc 80 phut (d6i vai Pb?*, Cd**) va 100 phut (d6i
VGl Zn*), pH 5,31, 6,2; 5,6 lan luct déi vai P, Cd**,
Zn®* tai nhiét dé phong (30 °C). Qué trinh hap phu
tuan theo mé hinh dang nhiét hdp phu Langmuir véi
dung lugng hap phu cuc dai Pb?*, Cd**, Zn’bang 3,79;
2,75; 3,51 mg/g. Tai ndng dé M?* 40 mg/L & diéu kién
hédp phu thich hgp dé nghién clu, hiéu sudt hdp phu
dat 90,75; 73,75 va 67,09 % lan luct vai Pb?*, Cd™,
Zn’*. Ung dung quy trinh xr ly déng thai 03 ion kim
loai nang trong mau nudc thai md chi, kém Ling Vang
tai huyén Chg Bon, tinh Bac Kan cho théy hiéu sudt x
ly cao: 99,59 %; 92,08 % va 99,46 % lan lugt d6i vdi
Pb?*, Cd** va Zn*. K&t qua nay md ra trién vong cho
viéc Ung dung khoang sét haloysit tu nhién loai bo cac
ion kim loai ndng trong nudc bi & nhiém véi quy md
ISn.

L&i cdm aon

Cam on dé tai cép cd s& ma s6 T22-51 da gilp hoan
thién nghién clu.
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