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Abstract. The increasing level of heavy metals in the water environmental represents a serious
threat to human health and ecological systems. These contaminants must be removed from water
resources. Various treatment technologies have been developed. In this paper, the potential of
removing heavy metals from aqueous solution by using porous aluminosilicate was studied. The
solid sorbents were synthesized by reaction of sodium silicate and alumino sulfate with sol-gel
method. Effects of synthesis temperature and ratio of AL:Si on synthesized materials and their
adsorption capacity of heavy metals were studied. The characteristics of the sorbents have been
studied by X-ray diffraction, BET,... Their surface area is 210 m%/g, pore volume is 0.79 cm’/g,
the maximum adsorption capacity of material (142.86 mg Pb**/g; 51.54 mg Cd**/g and 64.93

Mn?*/g) were obtained.

]

1. Mé diu

Hién nay, 6 nhiém ngudn nudc béi cac kim
loai ning danh duoc sy quan tim dic biét cla
x4 hoi boi tinh ddc hai cia n6é dbi véi sirc khoe
con ngudi. B3 c¢6 nhidu nghién ciru nhim tich
kim loai ning ra khoi dung dich nudc bing cac
phuong phap khac nhau nhur két tia, keo tu, hip
phu. Trong s6 d6, phuong phép hip phu dugc
str dung rong rai hon ca bdi cic uu diém nhu
xir 1y nhanh, d& ché tao thiét bi va dic biét 1a c6
thé tai sit dung vat liéu hip phu. Vén d& dit ra
12 phai téng hop dwoc vét liéu hip phu vira c6
d% bén co, héa hoc cao vira dam bao téc do va
dung lugng hip phu va ré tién nhim dap ung
céc nhu cu xir Iy nudc tai cac ving nong thon.
Hién nay, cac vit liéu trén co sd silica dugc st
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dung nhiéu nhét cho muc dich hép phu kim loai
ning [1-3]. Kha ning hip phu phu thudc vao
nhiéu yéu té khac nhau nhu ban chét, chu trac
va dién tich bé mit riéng cua vit liéu hép phu.
B&i vy, mot sé nghién ciru d3 huéng dén cac
loai vét liéu silica bién tinh nhim ting kha ning
va hiéu qua hip phu [4-6]. Trong bai bio nay,
chiing t6i trinh bay két qua nghién ctru v& tong
hgp vét liéu Aluminosilicat xép c6 dién tich bé
mit riéng 16n tir nguyén li€u thong thudmg va
kha ning hip phy kim loai ning cia ching
thong qua viéc khao sat kha ning hép phu
Mn?*, Pb**, Cd** trong dung dich nudc.

2. Thue nghi¢m

2.1. Héa chdt va phicong phdp nghién cieu

- Thuy tinh léng tinh khiét c6 ham luong
Si0O, chiém 23-25%, d = 1,4 g/em’.
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- Aly(80,);.18H,0, NH,OH, Cd(NOs),,
Pb(NOs),, MnSO,.H,O0 tinh khiét phan tich.

- Céc phuong phép vat ly hién dai XRD, IR,
BET dugc sit dung dé danh gia cdu tric vat
li€u. Phan tich cation kim loai (Al, Cd, Pb)
bang phuong phiap AAS va xac dinh Mn®* bing
phuong phép persulfate (SMEWW 3500-Mn
BY ¥

2.2. Ché tao vt liéu Aluminosilica bién tinh

Liy 10m] thiy tinh long, pha lodng 5 1an
bang nudc cit rdi khudy déu. Nho tir tir 32ml
dung dich NH,Cl SM .vao dung dich trén. Loc
va rira ¢én pH=7, siy miu & 100°C. Thu dugc
mAu ky hiéu 1a M-0.

Liy 100ml thuy tinh long va 250ml nuéc
cét cho vao cée 2 lit. Khuiy déu thu duoc dung
dich 1 (dd 1). Ly l4n lugt X (g) Al, (SO4)s.
18H;0 va 80ml H,0 cho vio cbc 500ml ta
duoc dung dich 2 (dd 2). Nho tir tir dd 2 vao
dd1, thu dugc két tia mau tréng: Sau d6 rira két
tita nhiéu 14n t6i pH = 7. Loc hit chan khong va
sy két tia trong 24 gio & 100°C.

Trong 6, X 13 khéi luong Aly(SO4)s.18H,0
(Xg) twong tmg vai ti 1€ Al/Si trong vat liéu
Aluminosilicat 1a: 10, 15, 20, 25, va 30%. Ki
hiéu 1an Iuot cic méu vat lidu 1a: M-10, M-15,
M-20, M-25, M-30.

2.3. Khao sdt kha ndng hdp phu ctia cdc vat
liéu

Céc vit liéu duge so bd khao sit kha ning
hép phuy véi ion dai dién Mn?*. LAy 0,2g vét lidu
lic véi 50ml dung dich Mn®* c6 ndng d6 ban
d4u C,. Sau do, xac dinh lugng Mn** con lai C,.
Khio st tai trong hap phu cuc dai theo md hinh
hap phu déng nhiét Langmuir.

3. Két qua thao luin

3.1. Anh huomg ciia ham lugng Al dén kha ning
hap phu cua var liéu

Q(mg/g)
s &

o u»v

M0 M-10 M-15 M-20 M-25 M-30
Vat ligu

Hinh 1. Khé ning hip phu Mn** (Q) cua céc vt liéu.
(Quy di Q=(C,-Cy).V/m)

Két qua khao sat kha ning hip phu Mn?
cla céc vat liéu khac nhau, véi néng d6 ban diu
(C,) 100ppm dugc thé hién trén hinh 1 cho
thiy, vat liéu c6 ham Iuong Al 10% va 15% hé_p
phu tdt nhét, khi ti 1& Al ting 1én thi kha ning
hép phu cia vt liéu ciing giam dan.

3.2 Anh huéng cia nhiét @6 nung dén kha ndng
hap phu cua vdt liéu

Vit liéu M-10 véi ham lugng dugc thuc
hién ché bién & nhiét do siy khac nhau: 100 °C,
200°C. Tiép theo 1a nung & céc nhiét d6 300 °C,
400 °C va 550°C. Sau d6, khao sat kha ning hip
phu Mn** twong tw nhu trén. Céc két qua thu
dugc thé hién trong bang 1.

Bang 1. Anh hudng ctia nhiét 49 nung dén kha ning
hép phu cia vt liéu

Nhi¢t 46 nung (°C) C, (ppm) Ci(ppm) Q (mg/g)

100 100 18,46 20,38
200 100 24,09 18,98
300 100 45,64 13,59
400 100 62,78 9,31

550 100 57,64 10,59
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Tir céc két qua trén, chung t6i thiy vat lidu
silica dugc bién tinh bing 10% Al va sdy &
100°C cho két qua hip phu Mn** 16n nhét.

3.3. Nghién cvru ddc tinh cua vt li¢u

Két qua chup XRD cho thiy céc vit lidu
M-10 khi nung & nhiét 6 khac nhau déu ton tai
o dang v0 dinh hinh.

1069
|

Vael S-O-SI)

15r00 : 10l00 L 5(')0 40;1.0
Hinh 2. Phé IR cta vat liéu M-10.

Hinh 2 13 phb IR cua vit lidu M-10, cho
thdy xudt hién cc pic dic trung cua lién két
Si-O-Si. Pic & 1069 va 793 cm™ dic tnmg cho
dao dong héa tri d6i ximg va bét dbi ximg cia
lién két Si-O-Si, pic & 459 cm™ dic trung cho
dao d6ng bién dang cua lién két Si-O-Si. Pic
dao dong & 586 cm™, theo tic gia Xiu-WenWu
va cac cong su [2], 1a dao dong ctia vong 5 va 6
T-O-T (T 1a Si hodc Al) trén thanh mao quan.
Céc két qua hip phu va giai hip N, cia miu M-
10 cho thiy: vét liéu c6 thé tich mao quan 0,79
cm’/g, dién tich bé mit riéng BET la 209,86
m%/g (~210 m%/g), duong kinh mao quin trung
binh 15,94 nm (~16nm).

Céc két qua nay che thiy chimg t6i 3 didu
ché dwoe vit héu silica xbp bién tinh bing
nhém. Nhom duge dua vie vat liéu theo
phuong phép sol-get ddng két tia, nim trong
chu triic clia mang silic.

3.4. Khé niing hap phu kim logi ndng ciia vat liéu

Dé khao sit anh huéng cia pH dén kha
ning hip phu cation ciia vit liéu, ching t5i
khao sat kha ning hip phu Mn® & vimg pH
nh6 hon 8. O vung pH cao, cation kim loai bi
két tha mot phén vi thé danh gia kha ning hip
phu khong chinh xac.
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Hinh 3. Anh huéng ciia pH dén kha ning
hép phu Mn*" cia vat liéu M-10.

Két qua khao s4t pH hép phu t6i wu dugc
thé hién trén hinh 3. Két qua cho thiy vat liéu
hip phu tét & pH tir 4-7. O pH thip (<3) kha
nang hép phu cation cia vat li€u giam rd rét,
kha niing su hip phu theo co ché trao déi ion.
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Hinh 4. Tai trong hép phu cuc dai cua vat li¢u.
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Khao sét kha ning hép phu ciia vat lidu M-
10 véi cac cation: Pb?*, Cd*", Mn*" theo md
hinh hip phu ding nhiét Langmuir, chiing t6i
thu dwoc tai trong ha’ip phu cuc dai cua vat liéu
véi cic cation Pb”", Cd*, Mn*" lin luot la:
142,86 mg/g, 51,54 mg/g, 64,93 mg/g. Cic két
qua ndy cho thiy kha ning hip phu kim loai
cia vt ligu 14 kha tbt.

Bé danh gia kha ning ng dung va tai sir
dung ciia vt li¢u, ching t6i tién hanh khao st
s hoa tan ciia Si va Ai vao dung dich ¢ cic pH'
tir 4-10 (hinh 5). Két qua thi nghiémngam, lic
sau 24h d6i véi vat liéu M-10 cho théy'lugng Si
va Al tan vao trong dung dich khong; dang k&,
khoéng 0,04% Al (mA,/mvat liéu) va Q,O3%} Sit
(Mg/Myg jigy). Vit liéu tdng hop duoe: bén
mdi trudng pH 4-8, d6 bén giam ki pH: nhé
hon 4 va cao hon 9.
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Hinh 5. Ham lugng S%va Al cua vit liéu M-10 tan
theo su thay doi etia pH méi trudmg.
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Hinh 6. Kha ning gii hdp, tai sinh vat liéu
bang NaCl 0,1M.

Céc két qua nghién ciru khd ning giai hép,
tai sinh vit liéu bing dung dich NaCl 0,1M
dugc thé hién trén Hinh 6. V3t liga M-10 sau
khi hip phu Mn®* bdo hoa duge rita giai bing
dung dich NaCl 0,1M nhiéu. lin: vi cubi cing
dugc rira bing nudc cit dén hét ior CF. Sau do,
vit lidu tiép tuc duoe si dumg hip phu véi
Mn”*. L3p lai céc thi nghigm: trén 3 Kn, ching
t6t nhan thdy vat lidn d& dimg dwgc tai sinh
bang NaCl 0,1M. Dung lingmg hip phu sau 3 1in
tai sinh dat khoang 92% so véi lan diu.

Nghién ciru su hip pinp @ng jon Mn?* cua
vét liéu M-10. Cho dung dich ¢6 ndng d6 Mn**
20ppm chay qua cgt cé chira 0,5g vat kiéu M-10
voi toc 46 dong O,5mb/phit, Vi pm (Bed
volume) = 2,6 mf; tdi gian tiép xic 5,2 phit.
Sau khi chay duge 100mi, lﬁy miu & diu ra dé
dem di xac dinir néng @6 Mn?*. Két qua dugc
thé hién trén hinfe 7.
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Hinh 7. Két qua hip phu dong cua vat lidu.

Tir d6 thi, ta thiy voi 0,5g vat liu c6 kha
ndng xur ly dugc ~338 bed volume (~880ml)
cho dung dich d4u ra c6 ndng 6 Mn** <0,3ppm
(theo QCVN 01:2009/BYT) tir ndng d6 dau vio
13 20ppm. Cdt dat c4n bing sau khi cho 1,43 lit
dung dich Mn** ndng d6 20ppm chay qua cét
Theo thi nghiém nay, tdng luong Mn®>" mang
trén vat liéu hip phu 12 49,95 mg/g.
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Removal of heavy metals from aqueous solution
by using porous Aluminosilicate

Vu Quang Loi, Bui Duy Cam, Do Quang Trung, Nguyen Ngoc Khanh
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Su tdn tai céc kim loai ndng ddc hai trong mdi truong nudc ngdy cang gy anh hudng xiu téi stc
khoe con ngudi va hé sinh thai. Do d6 cin tach loai chiing ra khéi céc nguén nudc. Nhidu phuong
phép xur Iy kim loai ning trong nuéc di duge nghién ciru. Bai bao nay nghlen ctru kha néng tich loai
kim loai ning trong dung dich nudc bing vat liu aluminosilicat x6p di bién tinh. Vit lidu
aluminosilicat x5p bién tinh dugc tdng hop tir nguyén liéu chinh 1a thiy tinh 16ng va phén nhém, bang
phuong phép sol- gel ba nghién ciru dnh hudng cia nhiét 4o va ty 1& cua Al:Si d6i véi vat licu tong
hop va kha nang hép phu kim loai nang cua chiing. Nghlen ctru dic tinh cua vat liéu bang cac phuong
phap nhiéu xa Ron- ghen BET,... Vit heu aluminosilicat x5p téng horp dugc c6 cic théng sb sau: dién
tich bé mat riéng 210 m?g, thé tich 15 xbp 0,79 cm’/g, tai trong hép phu cuc dai d6i véi mot s6 kim
loai ndng 1a: 142.86 mg Pb**/g; 51.54 mg Cd**/g va 64.93 Mn®"/g.



