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Abstract

Mesoporous thiol-functionalized SBA-15 silicas (HS-SBA-15) have been directly synthesized by co-condensation
of tetraethyl orthosilicate (TEOS) and 3-mercaptopropyltrimethoxysilane (MPTMS) with triblock copolymer P123 as-
structure-directing agent under hydrothermal condition. The sample was characterized by EDX, IR and N, adsorption—
desorption measurement. The sorption behaviors of Pb*" on the sample were studied. Freundlich isotherm was found to
describe the sorption data better than Langmuir isotherm and pseudo second order kinetic model could fit the rate

equation of that Pb*"ad sorption on HS-SBA-15 solid.

1. MO DAU

O nhiém kim loai ning 1a mot vin d& mdi trudng
phd bién va dang 1a mbi quan tdm ciia nhidu qubc
gia trén thé gidi vi cac ion kim loai ning tan trong
nuée c6 thé duge tich lity dan trong chudi thic an va
vi vay tré thanh mot yéu t6 nguy hiém dén sirc khoe
con nguoi. Viéc nghién ctru tim ra cac phuong phap
loai bo va thu hdi kim loai niang tir cac ngudn nudc
dang thu hut sy quan tim cua nhiéu nha khoa hoc.
Nhiéu phuong phap khac nhau duoc st dung dé xir
1y nuéc thai chira kim loai nang da dugc cong bd
trong nhitng nam gén day nhu: sy khir, su két tua,
déng két tua, thim thau nguoc, trao ddi ion, dién
phan, hip phu.... Trong cac phuong phap d6 hap
phu 1a mdt trong nhitng phuong phap hiéu qua va
kinh t& nhét nén dugc st dung réng rdi trong xir li
nude thai. Nhiéu loai chat hap phu khac nhau ciing
da dugc str dung dé hép phu céc ion kim loai nang
nhu: than hoat tinh, zeolit, khoang sét...[1]. Va gin
day vat li¢u silica mao quan trung binh (MQTB)
(HMS, MCM-41...) dugc bién tinh voi cac tac nhan
khac nhau dugc sir dung ngay cang tang nhu 1a mot
chat hip phu trong xir li nudc thai vi ¢6 d6 chon loc
cao ddi véi cac ion kim loai, ddc biét 1a khi bién tinh
bé mit cta cac vat lidu nay bﬁng cac nhom chirc hitu
co thich hop [2].

Trong bao bai bao nay, vat licu MQTB SBA-15
bién tinh véi nhom thiol (-SH) da dugc thuc hién
bang phuong phép truc tiép. Tinh chat hip phu cua
vat liéu SBA-15 bién tinh ddi véi ion Pb* trong
dung dich nudc cling da dugc khao sat.

2. THUC NGHIEM

Vit lidu SBA-15 bién tinh bang nhém thiol dugc
tong hop bang phuong phap thiy nhiét tryc tiép
tvong tu nhu téng hop SBA-15 [3] tir cic hoa chat
ban dau la: tetractyl orthosilicate (TEOS),
3-mercaptopropyltrimethoxysilane (MPTMS), chat
dinh huéng cau tric (PHCT) P123 (pluronic)
EO,PO7EO,y va axit HCIl. Qui trinh dugc mé ta
nhu sau: 2g P123 dugc hoa tan vao 75 ml HC1 2 M
dén dung dich trong subt. Tiép theo 4,5 g TEOS
dugc thém vao dung dich va khudy manh & 40°C.
Sau 30 phut, 0,693 ¢ MPTMS dugc thém vao hon
hop va tiép tuc khudy manh trong 2 gio, r0i khudy
nhe trong 24 gid. Sau d6 hon hop sol-gel duoc lam
gia & 100°C trong 24 gio. Két ta dugc loc, ra va
siy & 70°C trong 24 gio. Sau do, két tua dugc
soxhlet trong etanol 72 gio dé loai bo chat PHCT.
San pham duoc ki hiéu la: HS-SBA-15.

Cac phuong phap dic trung miu tdng hop:
Puong dang nhiét hap phy-khir hap phu N, duoc do
& 77K trén thiét bj Ommisorp-100. Phd hong ngoai
(IR) trong ving tir 4000 - 400 cm™ duoc ghi trén
may IR-Prestige-21(Shimadzu) va phan tich nang
lugng tan xa tia X (EDX) dugc ghi trén may JED-
2300, JEOL.

Tinh chat hip phu ciia mau HS-SBA-15 dugc
khao sat qua sy hdp phu ion Pb>" trong dung dich
nuéc. Nong do Pb*" dugc phan tich bang phuwong
phap Von-Ampe hoa tan anot véi ky thuat ghi dong
xung vi phan (DP) dung dién cuc giot thuy ngan treo
(HMDE).
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3. KET QUA VA THAO LUAN

Két qua phan tich nguyén t6 bang EDX cho thay
su ton tai ciia cac nhom thiol trong vat li¢u bién tinh
véi ti 16 mol MPTMS/TEOS = 0,124. Ti 1é mol
MPTMS/TEOS danh gia bang phwong phap phan
tich nguyén t6 thap hon so vdi ti 16 d6 ¢ trong hdn
hop ban dau (0,174), diéu nay c6 18 do mat mot phan
nhom SH khi x@ 1i soxhlet. Tuy nhién, lugng
MPTMS vao trong mang cAu tric vat liéu SBA-15
trong nghién ctru ctia chung téi ciling twong ty nhu
két qua cua cac tac gia khac [1, 4].

Su ton tai cua nhom thiol con duge khéng dinh
thém bang phd IR. Pho FT-IR ciia mau HS-SBA-15
duogc ghi tir 400 dén 4000 cm™ va dugc trinh bay &
hinh 1. M6t dao dong yéu dugc quan sat & 2571 cm™
duoc qui cho dao dong bién dang ctia nhém SH [5].

CAu trac MQTB trét tu cua vat liéu HS-SBA-15
dugc nghién ctru bang dang nhiét hip phy va khir
hap phu N,. Hinh 2 trinh bay dang nhiét hap phu va
khtr hap phu N, cia mau HS-SBA-15 va ctua SBA-
15. Nhén thiy rang, tit ca cac duong dang nhiét thu
dugce ciia mdu HS-SBA-15 ciing nhu SBA-15 déu
thude loai IV theo phan loai IUPAC [6], hinh dang
cta chiing dic trung béi sy hip phu da 16p cung voi

Hoang Van Pirc va cong sy

sw ngung tu mao quan trung binh. Do déc dang nhiét
6 khuynh hudéng chuyen ve€ cac gia tri ap suat tuong
d6i thap hon khi chuyén tir SBA-15 qua mau HS-
SBA-15 cho thiy duong kinh mao quan ctia mau
HS-SBA-15 nh¢ hon cua SBA-15. Cac dac trung
x6p tinh toan tir dang nhiét hip phu va giai hap nito
cho thiy, dién tich bé mait giam tir 587 xudng 543
m?/g cung v6i sy giam thé tich 16 xp 0,65 dén 0,58
cm’/g, dudong kinh mao quan giam tir 64,2 dén 50,2
A cung sy ting thanh mao quéan tir 57,8 dén 74,7 A
khi c6 mat ciia cac nhom thiol trong tuwong mao
quan. Su thay doi thé tich mao quan, kich thudc mao
quan va chiéu day tuong mao quan c6 thé duoc giai
thich nhu sau. Cac nhom methoxy cia MPTMS c6
thé ngung ty ddng thoi voi TEOS dé hinh thanh nén
mang cau tric vo co, cac chudi mercaptopropyl ¢6
thé tuong tic v6i cac nhom ua nude cua chat DPHCT
P123 bang cac lién két hidro va tao nén céu trac
duoc sép xép trat tu. Khi loai bo chat PHCT, céc
chudi mercaptopropyl c6 thé tai sip xép dé hinh
thanh cac nhom chirc hitu co vuon ra tr tuong vo co
vao trong cac kénh mao quan, két qua 1a mot phan
khong gian bén trong cac mao quan di bi chiém,
dong thoi gia ting dan chidu day twong mao
quan [7].
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Hinh I: Phd FT-IR ciia mau HS-SBA-15 tong hop

Kha niang hap phu ion Pb*" tir dung dich nuéc
cia mau HS-SBA-15 tong hop duoc danh gia trong
diéu kién sau: nhiét do 30°C; pH dung dich 5,5; cac
dung dich Pb>" ndng d6 khac nhau tir 30 dén 110
mg/l duge pha tir mubi Pb(CH;C00),.H,0; thé tich
dung dich Pb*" ldy cho mdi lan thi nghiém (V) la
150 ml; khéi luong chit hap phu (HS-SBA-15) mdi
lan thi nghiém 1a: m = 0,05 g. Dung luong hip phu
(DLHP) (q,) dugc tinh theo cong thure sau:

_(G-C )V
! m
Trong d6: Cyva C, 1a nong do ion kim loai ban dau
va tai thoi diém t, mg/l.

Hinh 3 trinh bay DLHP theo thoi gian voi céac
ndng do ion Pb>* ban dau khac nhau (30 - 110 mg/l).
Két qua cho thdy rang, DLHP ting khi ndng d¢ ban
dau ciia Pb>" ting 1én va qua trinh hap phu xay ra
nhanh & trong khoang 20 phit dau tién (dat khoang

348



TCHH, T. 49(3), 2011

hon 90% so véi DLHP luc can béng) sau do6 qua
trinh xay ra cham lai va dat can bang khoang tir phut
40. Téc d6 hap phu xay ra nhanh ciing cho thiy su
tiép can d& dang cua cac ion Pb** véi cac nhém —SH,
hay noi cach khac né ciing gian tiép cho thiy sé
luong nhom —SH, sy phan b nhom —SH trén bé mat
cling nhu sy dong nhat cac kénh mao quan cua vat
liéu HS-SBA-15 14 rét cao.

Dong hoc hép phy 1a mot bo thong sé quan trong
trong viéc ap dung cic qué trinh hap phu vao xtr ly
nudc, boi vi dong hoc hép phu c6 thé duoc st dung
dé du doan tdc do tach loai chat 6 nhidm khoi dung
dich nuée trong thiét ké cong trinh xtr Iy nuéc bang
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Hinh 2: Dudng ddng nhiét hip phu-kht hap phu
N, ctia SBA-15 va HS-SBA-15

}’huomg trinh (§6ng~hoc biéu kién bac nhét dang
tuyén tinh dugc bicu dién dudi dang:

In(g, —q,) =In(q,) —kt (1)

,Phuong trinh (;I(f)ng hoc biéu kién bac hai dang
tuyén tinh dugc biéu dién dudi dang:

t 1 t

. @)
qt k2 qe qe

Trong d6: g.: 14 DLHP tai thoi diém can bang, mg/g;
g.: 1a DLHP tai thoi diém ¢, mg/g; k1 1a hing sb toc
d6 hap phu biéu kién bac nhat (phut™); &»: 13 hing sb
téc d6 hip phu biéu kién béc hai (g/mg.pht).

Hbi qui tuyén tinh cac gia tri (qe-q) v6i t theo
phuong trinh (1) d6i v6i mo hinh biéu kién bac nht,
va cac gia tri (1/q) voi t theo phuong trinh (2) cua
mé hinh biéu kién bac 2. T cac gia tri do dbc va
doan cit voi truc tung cua cac duong tuyén tinh ta
tinh duoc cac héng ) dong hoc ki va k. Muc do
tuyén tinh ciia cac gia tri thyc nghiém theo mé hinh
dugc danh gia bang hé s tin cdy R>. Két qua cac
tham sé dong hoc va hang s tin ciy duoc trinh bay

Tong hop vt liéu mao quan...

phuong phap hip phu. Tuy nhién, cic tham sé dong
hoc thuc (intrinsic adsorptive parameters) rat kho
xac dinh, vi qua trinh hap phu kha phirc tap, bi anh
huong nhiéu yéu t6: khuéch tan, ban chét cau tric
x6p, thanh phan héa hoc ciia chét hap phuy,.... Do do,
hién nay nguoi ta thuong ing dung cac phuong trinh
dong hoc hinh thure dé xac dinh cac hang s toc do
biéu kién. Trong phan nay, hai mé hinh dong hoc
thuong dugc st dung nhit dé nghién ctru dong hoc
clia su hép phu kim loai da duoc st dung, do la:
phuong trinh dong hoc biéu kién bac nhat (the
pseudo-first order) va phwong trinh dong hoc biéu
kién bac hai (the pseudo-second order) [3, 8].
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Hinh 3: Dung lugng hép phu theo thoi gian ¢ cac
ndng d6 Pb** khac nhau

& bang 1. Nhan thdy rang cac hé sd tin cdy ctia mo
hinh biéu kién bac hai 16n hon nhiéu so vé6i bac nhat
va gan voi don vi. Két qua nay cho thiy, mo hinh
dong hoc biéu kién bac hai mo ta tot hon qua trinh
hap phu so véi mo hinh biéu kién bac nhét. Két qua
nay ciing phu hop véi cong trinh nghién ctru sy hip
phu ion kim loai 1én véat liéu HS-MCM-41 [5].

Trong nghién ciru ndy, hai mo hinh dang nhiét
hap phu phd bién nhat 1a mo hinh dang nhiét
Langmuir va Freundlich ciing da duogc sir dung dé
nghién ctru dang nhiét hap phu.

Phuong trinh ddng nhiét Langmuir dang tuyén
tinh nhu sau [8]:

K,C, 1 1 1 1
m— hay —=—+
1+K,C, q, 4,

KL qm C

e

q,= 3)

Phuong trinh dang nhiét Freundlich dang tuyén
tinh nhu sau [9]:
1

q.=K,C"" Ing,=InK, +—
n

hay InC, (4)

Trong d6: g, 1a DLHP tai thoi diém can bang (mg/g);
g la DLHP cyc dai (mg/g); C. 1a ndng do chat bi
hap phu tai thoi diém cén bang (mg/l); K; 14 hang s6
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hap phu Langmuir (I/mg) dic trung cho ai luc cua
tam hép phu; Kr (/g) va 1/ 1a cic hing sb
Freundlich.

Hoi qui tuyén tinh 1/g, v&i 1/C, d6i véi mo hinh

Hoang Van Pirc va cong sy

Langmuir, va Ing. v6i InC. d6i véi md hinh
Freudlich. Twr cac gia tri do dbc va doan cit cua truc
tung ta tinh dugc cac gia tri tham sb ciia phuong
trinh dong hoc. Két qua trinh bay & bang 2.

Bdng 1: Mot s6 tham sb ctia phuong trinh dong hoc biéu kién, hap phu Pb** trén HS-SBA-15

Pong hoc bac 1 Pong hoc bac 2
Néng , .

d@, mg/l R2 kl’ qe,exp ) qe,exp ’ R2 k2 XIO- 5 qe,exp s qe,exp 5

phut’ mg/g mg/g g/mg.phut mg/g mg/g

30 0,829 0,037 16,54 57,17 0,998 5,78 58,82 57,17

50 0,643 0,030 14,57 66,51 0,999 6,77 71,43 66,51

80 0,867 0,026 16,54 87,41 0,999 5,50 90,91 87,41
110 0,892 0,019 13,65 107,66 0,999 5,40 111,11 107,66

q. " gia tri DLHP cén bang tinh theo phuong trinh dong hoc; qfexp

nong do can bang.

: gia tri DLHP cén bang tinh tir ndng d6 dau va

Bdng 2: Cac gié tri tham s6 ctia phuong trinh dang nhiét Langmuir va Freudlich

Ding nhiét gm (Mg/g) Ky hodc K¢ n R’
Langmuir 111,11 0,1233 - 0,831
Freundlich - 29,0495 3.3898 0,929

Tir két qua bang 2 cho thiy rang, ding nhiét
Freundich c6 hé s tin céy cao R?*=0,929 va cao hon
so v6i hé sb tin cdy R? = 0,831 cua ding nhiét
Langmuir. Do d6, c6 thé cho rang qué trinh hap phu
jon Pb*" trén HS-SBA-15 tuan theo ding nhiét
Freundich t6t hon dang nhiét Langmuir. Két qua nay
ciling tuong tu két qua cia Lam va cong su [9] khi st
dung vat lieu HS-MCM-41 dé hap phu vang. Két
qua bang 2 ciing cho thiy do hdp phu dat gié tri cao
la 111mg/g & 30°C. So véi cac chat hip phu khac
nhu cao lanh (d6 hap phu: 31,75 mg/g [10]) hay
bentonite (d6 hap phu: 30 mg/g [11]) thi HS-SBA-
15 ¢6 dung luong hap phu vuot troi. Tur cac két qua
trén co thé biéu dién kha ning hip phu ion Pb*" cua
vat licu HS-SBA-15 theo phuong trinh sau:

I
q =29,0495.C, 7" =29,0495.C,"*"

4. KET LUAN

Vit liéu SBA-15 bién tinh bang nhom thiol da
duoc tong hop thanh cong bang phuong phap dong
trung ngung. Két qua dic trung cho thdy ring mau
téng hop van duy tri dwoc cdu trac luc lang hai chiéu
trat ty, kich thudc mao quan dong déu. Tuy nhién
gia tri cia cac tham s6 dic trung cho cAu tric vat
liéu c6 thay ddi so v6i SBA-15 khi c6 mit cua cac
nhoém thiol trong mau. Cu thé 1a khi c6 mat cua céc

nhom thiol thi dién tich bé mat (Sgger) va kich thude
mao quan (d,) giam, chiéu day thanh mao quan (ty)
tang. Vat liéu HS-SBA-15 thé hién kha nang hip
phu rat tot dbi voi ion Pb*". Do hap phu dat gia tri
cao. Sy hip phu xay ra theo mé hinh Freundlich, toc
d6 hap phu tuan theo phuong trinh dong hoc phan
ng bac 2 biéu kién. Tur cac két qua do, co the thdy
rang, vat liéu HS-SBA-15 1a vét liéu c6 trién vong
trong hap phu dé xtr Iy va thu hoi kim loai ning (Pb)
trong nudc.
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