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Abstract. The increasing level of heavy metals in the watarirenmental represents a serious
threat to human health and ecological systems.€lrbestaminants must be removed from water
resources. Various treatment technologies have beerloped. In this paper, the potential of
removing heavy metals from aqueous solution bygiporous aluminosilicate was studied. The
solid sorbents were synthesized by reaction ofusodsilicate and alumino sulfate with sol-gel
method. Effects of synthesis temperature and maftidl:Si on synthesized materials and their
adsorption capacity of heavy metals were studidw: @haracteristics of the sorbents have been
studied by X-ray diffraction, BET,... Their surfaceea is 210 rfig, pore volume is 0.79 cHy,

the maximum adsorption capacity of material (142086 PB*/g; 51.54 mg Ct/g and 64.93

Mn%*/g) were obtained.

1. M& dau

Hién nay, 6 nlim ngubn nuge boi cac kim
loai nang danhduoc ar quan tamdic biét caa
x& hoi bai tinh doc hai cua n6dbi véi sic khoe
con ngroi. DA cé nhéu nghién ¢u nhim tach
kim loai nang ra khbi dung dch nréc bing cac
phuong phéap khac nhau atkét taa, keo &, hap
phu. Trong $ d6, phrong phap Ap phu duoc
s dung ©ng rai ln ¢ boi cacuu diém nhr
xir ly nhanh, @ ché tao thiét bi vadic biét 1a co
thé tai sr dung \at liéu hap phu. Van d@é dat ra
la phai tong hop dugc vat ligu hap phy vira ¢6
d6 bén o, hoa hc cao wa dam hio toc do va
dung lrgng hap phy va & tién nhim dap tng

cac nhu 8u xir Iy nuée tai cac ving ndng thén.

Hién nay, cac &t liéu trén o v silicadugc ar
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dung nh&u nhit cho muc dich Hip phy kim loai
nang [1-3]. K ning hip phu phu thudc vao
nhiéu yéu t6 khac nhau nin ban chit, ciu trac
va dién tich & mit riéng @a Vat liéu hip pha.
Bai vay, mot sd nghién ¢u da hréng dén cac
loai vt liéu silica bén tinh nm ting kha nang
va hiéu qua hip phu [4-6]. Trong bai béo nay,
ching t6i trinh bay & qua nghién &u v tong
hop vat liéu Aluminosilicat >6p cé dén tich k&
mat riéng bn tr nguyén lgu thdng tlrong va
kha ning hip phu kim loai ning aia ching
thong qua vic khio sat kA ning Hp phu
Mn?*, P, Cd* trong dung ith nréc.

2. Thwc nghiém

2.1. Héa clat va phrong phap nghiéni

- Thay tinh long tinh khét c6 ham irong
SiO, chiém 23-25%, d = 1,4 g/cin
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- Al(SO)s18H0, NHOH, Cd(NQ),,
Pb(NQy),, MnSQ.H,0 tinh khiét phan tich.

- Cac plrong phéap ¥t ly hién dai XRD, IR,
BET duoc sr dung dé danh gia @u trGc \at
liéu. Phan tich cation kim 4o (Al, Cd, Pb)
bing phrong phap AAS va xadinh Mrf* bing
pheong phap persulfate (SMEWW 3500-Mn
B).

2.2. CI¥ tqo Vit liéu Aluminosilica bén tinh

Lay 10ml thiy tinh long, pha lodng 5ah
bang nréc cit rdi khudy déu. Nho tir tir 32ml
dung dch NH,Cl 5M vao dung ¢th trén. loc
va nra dén pH=7, 4y miu ¢ 100°C. Thuduoc
mau ky hiu la M-0.

Lay 100ml thy tinh long va 250ml néc
cit cho vao 6c 2 lit. Khifly déu thuduoc dung
dich 1 (dd 1). By lan luot X (g) Al (SQy)s.
.18H,0 va 80ml HO cho vao éc 500ml ta
dugc dung dch 2 (dd 2). Nb tr tr dd 2 vao
dd1, thuduoc két tha mau ting. Sauié rra kKt
taa nhéu lan i pH = 7. Loc hat chan khéng va
siy két tua trong 24 gi & 100°C.

Trongdo, X la khdi luong Al,(SOy)s.18H,0
(Xg) twong ung wi ti I¢ Al/Si trong \at lig¢u

Aluminosilicat la: 10, 15, 20, 25, va 30%. Ki

hiéu lan hrot cac miu vat liéu la: M-10, M-15,
M-20, M-25, M-30.

2.3. Khio séat kla ning hip ph: cia cac vit
lieu

Céc \at liéu dugc v bo khao sat ki nang
hdp phu vai ion dai dién Mn?*. Lay 0,29 it liéu
lic voi 50ml dung dch Mr* ¢6 rbng do ban
dau G,. Saudd, xacdinh rong Mré* con hi C..
Khao sat #i trong Hip phu cuc dai theo mé hinh
hip phu dang nhiét Langmuir.
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3. Két qua thao luan

3.1.4nh heong aia ham lrong Al d@én khi nang
hap phy cia vt liéu

25

20

15

5 i

. ud

M-10 M-15 M-20 M-25 M-30
vatliéu

Q(mg/g)
5

Hinh 1. Kk ning hip phy Mn?* (Q) cia céc 4t lisu.
(Quy ddi Q=(C,-Cy).V/m)

Két qua khao sat ki nang Hp phy Mn?*
cia cac vt liéu khac nhau, & ndng do bandau
(C,) 100ppmdugc thé hién trén hinh 1 cho
thdy, vat liéu c6 hamiong Al 10% va 15% #p
phu t6t nhit, khi ti 16 Al tang 1én thi ki ning
hip phu caa VAt liéu ding gim dan.

3.2.4nh hrong aia nhigt @9 nungdén khi nang
hap phy cia vt liéu

Vat liéu M-10 Wi ham kong duoc thuc
hién ck bién & nhiét d6 siy khac nhau: 106C,
200°C. Tiép theo la nung cac nhét d6 300°C,
400°C va 556C. Saudo, kho séat ki nang hip
phu Mn?* twong tr nhu trén. Cac & qua thu
dugc thé hién trong tang 1.

Bang 1.Anh hrong aia nhit d6 nungdén kha nang
hip phu caa vat ligu

Nhigt @6 nung (C) G, (ppm) G (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 cac Kt qua trén, chdng t6i thy vat licu
silica duoc bién tinh king 10% Al va 8y ¢
100°C cho Kt qua hap phy Mn?* 16n nhit.

3.3. Nghién ¢u dqc tinh aia vt liéu

Két qua chup XRD cho thy cac it liéu
M-10 khi nungd nhiét do khac nhawtéu ©n tai
& dang vodinh hinh.
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Hinh 2. P IR caa \At liéu M-10.

Hinh 2 1a plb IR cua \at liéu M-10, cho
thiy xuat hién cac picdic treng aia lién Kt
Si-O-Si. Pics 1069 va 793 crhdic trung cho
daoddng hoa tr dbi xang va it d6i xing aia
lién két Si-O-Si, pice 459 cnmt' dic treng cho
dao dong bién dang aia lién Kt Si-O-Si. Pic
daodong ¢ 586 cni', theo tac gi Xiu-WenWu
va cac 6éng sr [2], la daodong aia vong 5 va 6
T-O-T (T la Si hac Al) trén thanh mao din.
Cac Kt qua hip phy va gii hip N, cia miu M-
10 cho thy: vat liéu c6 tté tich mao gan 0,79
cn/g, dién tich k& mat riéng BET la 209,86
m?/g (~210 mMig), duong kinh mao gin trung
binh 15,94 nm (~16nm).

Cac Kt qua nay cho thy chiing t6ida diéu
ché duoc vat ligu silica »p bién tinh king
nhém. Nhém duoc dua vao it liéu theo
phuong phéap sol-gelidng Kt tua, rim trong
ciu trac @ia mang silic.

3.4. Khi nang hip phy kim lazi ngng aia vt liéu

Pé khao satanh hrong aia pH dén kha
ning Hp phu cation @a \at liéu, chang toi
khao séat ki ning hip phu Mn** ¢ ving pH
nho hon 8.0 ving pH cao, cation kim 4 bi
két tna mdt phan vi the danh gia ki ning Hip
phu khdng chinh x&c.
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Hinh 3.Anh hréng aia pHdén khi nang
hdp phu Mn?* cia at liéu M-10.

Két qua khao sat pH Bp phs tdi wu duoc
thé hién trén hinh 3. &t qua cho thy vat liéu
hip phy tt ¢ pH tir 4-7. G pH thip (<3) kh
ning Hp phi cation @a \at liéu giam rd @t
kha nang sr hip phu theo @ ché traodéi ion.
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Hinh 4. Tai trong hip phu cuc dai cua Vit liéu.
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Khao séat ki ning hap phu cia vat liéu M-
10 Wi cac cation: PH, Cd*, Mn** theo md
hinh Hp phu ding nhét Langmuir, ching t6i
thu duoc ti trong hip phu cuc dai cua Vat liéu
v6i cac cation PH, CF*, Mn?* lan luot la:
142,86 mg/g, 51,54 mg/g, 64,93 mg/g. Cét k
qua nay cho thy kha ning hip phu kim loai
cua Vit ligu 1a kha ét.

Dé danh gia ki niang ang ding va tai &
dung aia it liéu, ching tdi #n hanh ko sat
su hoa tan ga Si va Ai vao dungidh ¢ cac pH
tir 4-10 (hinh 5). Kt qua thi nghém ngam, ic
sau 24hibi vai vat lisu M-10 cho thy luong Si
va Al tan vao trong dungich khéngdang K,
khoang 0,04% Al (m/my jiew) Va 0,03% Si
(Mg/Myzt 1iew). Vat ligu tong hop duoc bén trong
mdi treong pH 4-8,d6 bén giam khi pH nh
hon 4 va cao &n 9.
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Hinh 5. Hamong Si va Al @a vt liéu M-10 tan
theo & thaydoi cia pH méi tirong.
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Hinh 6. Khi nang gii hip, tai sinh vt liéu
bang NaCl 0,1M.
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Cac Kt qua nghién ¢u kha ning ghi hap,
tai sinh it liéu bing dung dch NaCl 0,1M
duoc thé hién trén Hinh 6. Mt liéu M-10 sau
khi hip pha Mn?* bdo hoadugc nra gii bang
dung dch NaCl 0,1M nkiu lan va c@i cung
dugc nra king nréc cit dén hét ion CI. Saudo,
vat liéu tiép tuc duoc sr dung hip phu Véi
Mn?*. Lap lai cac thi nghim trén 3 &n, chang
t6i nhan thiy vat lieu & dangduogc tai sinh
bing NaCl 0,1M. Dunguong Hip phu sau 34n
tai sinhdat khaang 92% so i lan dau.

Nghién cu ar hap phr dong ion Mrf* cia
vat liéu M-10. Cho dung igh c6 @dng d6 Mn**
20ppm chy qua ét cé chra 0,59 vt liéu M-10
v6i toc do dong 0,5ml/phiat, Vi e (Bed
volume) = 2,6 ml, thi gian tép xtc 5,2 phdt.
Sau khi chy dugc 100ml, fy miu ¢ dau radé
dem di xac dinh rong d6 Mn*". Két qua duoc
thé hién trén hinh 7.
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Hinh 7. K&t qua hip phu dong aia vat liéu.

Tur db thi, ta tHy véi 0,5g \at lidu cé kh
nang xr ly dugc ~338 bed volume (~880ml)
cho dung ¢th dau ra cé Bngddo Mn®* <0,3ppm
(theo QCVN 01:2009/BYT)it ndng d6 dau vao
la 20ppm. Gt dat can ting sau khi cho 1,43 lit
dung dch Mrf* néng d6 20ppm chy qua ©t.
Theo thi nghim nay, 6ng krong Mr** mang
trén\at ligu hap phy 1a 49,95 mg/g.
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4. Két luan

- Pa ng hyp duogc vat lieu Aluminosilicat
x6p Wi cac 1 1é Al/Si khac nhau: 10, 15, 20,
25, 30%. Miu M-10 c6 dén tich k& mit riéng
khoing 210 g, kich throc mao qén trung
binh khang 16 nm.

- Két qua khao sat cho thy vat liéu c6 ham
lwong 10% Al c6 ki nang hip pha tét nhit, tai
trong Mip phu cuc dai véi cation PB*, Cd™,
Mn?* 1an luot l&: 142,86 mglg, 51,54 mgl/g,
64,93 mg/g.

- Vat liéu Aluminosilicat c6d6 bén oo hda
t6t, &€ dangduoc tai sinh Bng dung dch NaCl
0,1M. V6i két qua nghién ¢u trén, it lisu M-
10 hoan toan cé khning ung dé xir ly cac
ngwn nuée bi 6 nhém kim laai nang & Viét Nam.
Loi cam on

Coéng trinh nayduoc hoan thanh & sy hd
trg kinh phi @a Pé tai dic biét cip Pai hoc
Qudc gia Ha Ni, ma $: QG - 09-10. T4c gi
xin chan thanham on PGS. TS Bui Duy Cam -
Chu tri dé tai va cac éng tac vién.
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Removal of heavy metals from agueous solution
by using porous Aluminosilicate
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Hanoi University of Science, VNU, 334 Nguyen Tainoi, Vietham

Sy ton tai cac kim lai ning doc hai trong méi trdng nréc ngdy cang gagnh hréng Xau 6i siec
khoe con ngoi va k¢ sinh thai. Dodd cn tach lai ching ra kbi cac ngén nréc. Nhicu phrong
phap xr ly kim loai ning trong mréc da dugc nghién ¢u. Bai bao nay nghiénra kha nang tach lai
kim loai ning trong dung @h nréc bing VAt lisu aluminosilicat ¥p da bén tinh. \At liéu
aluminosilicat %p bién tinhdugc tng hyp tir nguyén Igu chinh 1a thy tinh long va phén nhém,ang
phuong phép sol-gelDa nghién ¢u anh hrong aia nhigt do va % 1é caa Al:Si dbi véi vat liéu tong
hop va khi nang Hip phu kim loai nang aia ching. Nghiéniw dic tinh @a Vat liéu bing cac plrong
phap nhiu xa Ron-ghen, BET,... ¥t li¢u aluminosilicat ¥p tong hyp dugc cé cac thng $ sau: dén
tich k& mat rieng 210 rfig, thé tich 15 x6p 0,79 cn¥g, ti trong hap phu cuc dai ddi véi mot sb kim
loai nang la: 142.86 mg Plg; 51.54 mg Ctl/g va 64.93 MA'/g.



