TAP CHI HOA HQC THANG 8 NAM 2015

DOI: 10.15625/0866-7144.2015-00168

53(4) 491-496

BIEU CHE VAT LIEU NANO SiO, CAU TRUC XOP TU TRO TRAU
DE HAP PHU XANH METYLEN TRONG NU'O'C

Nguyén Vin Hung', Nguyén Ngoc Bich', Nguyén Hiru Nghi', Tran Hiru Biang’, Ping Thi Thanh L&
'Khoa Héa - Sinh - Ky thudt néng nghiép, Trirong Pai hoc Pong Thap
’Khoa Ky thudt xdy dung, Trwong Cao dang GTVT - TP. Ho Chi Minh
’Phong Cong nghé Hoa - Méi truong, Vién Cong nghé HAUI, Pai hoc Céng nghiép Ha NGi
Dén Toa soan 20-02-2015; Chip nhan ding 26-8-2015

Abstract

Mesoporous silica nanoparticles was extracted successfully from rice straw ash (RSA) by using sodium hydroxide
solution to produce a sodium silicate solution and then precipitated by adding HCI solution until the pH value about 3.
The prepared products were characterized by EDX, XRD, SEM, TEM, FT-IR and BET methods. It was found that the
optimal synthesis conditions for the preparation of SiO, nanoparticles in the weight ratio RSA/NaOH = 1/2.4,
respectively and products were calcined at 550°C in 2h. In this condition the obtained SiO, powders were monoclinic
crystal system, mesoporous structure and large specific surface area (258.3 m%g). Moreover, the performance of
nanosized SiO, powders was tested by the adsorption of methylene blue in a batch system under different adsorbent
dosage, different initial dye concentrations and different pH values. The results show that the maximum adsorption
capacity was 20.41 mg.g”" and a high pH is favorable for adsorption. Further, equilibrium isotherms of the adsorption of

methylene blue on SiO, fit well to both the Langmuir model and Freundlich model.
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1. GIOI THIEU

Vit lidu SiO, duoc biét dén tir 1au voi nhidu ing
dung nhu lam vat liéu xtc tac, vat liéu dién moi,
chat hip phu khi, hap phu ion kim loai ndng, chit
mang vo co [1]... Dé ché tao loai vat liéu nay co thé
thuc hién bang nhiéu phuong phép khac nhau nhu
sol-gel, két tua hoa hoc, phuong phap vi nhii tuong
va ky thuat thuy nhiét [2]. Tuy nhién, da phan cac
nghién ctru trén thudng sir dung ngudn chét du cua
silic & dang tinh khiét, dat tién va chi dung lai & quy
md thi nghiém nén han ché kha ning tung dung thuce
té cua SiO;. Do véy, xu huéng tim ra ngudén nguyén
lidu sin co, ré tién va giau silic dé ché tao loai vat
liéu nay dang dugc quan tam.

Viét Nam 1a qubc gia san xuit gao dimg thir hai
trén thé gii voi san luong gao udce tinh trung binh
dat khoang 42 ti tan trén nam [3]. Vo tru sau khi
chay, cac thanh phan hitu co bi phan hay va thu
dugc tro trdu. Tro triu 13 mot trong nhitng nguyén
liéu gidu SiO, nhit, dat khoang 90 dén 98 % vé kh01
lwong nén no 1a ngudn nguyén liu 1y tudng dé tong
hop vét liéu SiO; [3].

Trong cong trinh nay, ching toi thong bao mot
s6 két qua vé& ché tao vat lidu nano SiO, c6 kich

thudce hat bé, do xdp cao va dién tich bé mit riéng
16n bang cach hoa tan tro triu trong dung dich
NaOH, sau d6 tao gel trong mdi truong axit. Pac
trung cua san phém dugc xac dinh béi mot sb
phuong phap hoa - 1y hién dai va tinh chit hip phu
cua vat liéu SiO, dugc danh gid théng qua kha nang
loai bé hop chat mau xanh metylen & nong do cao
trong dung dich nudc.

2. PHUONG PHAP NGHIEN CUU
2.1. Thye nghiém

Nguyén liéu tro triu duoc ldy tir nha may Gach
Khdi Tan Ky Nguyén, khu cong nghiép Thinh Phac,
huyén Bén Luc, tinh Long An. Cac héa chat chinh
dugc st dung trong thuc nghiém la NaOH va HCI
déu cua hang Xilong, Trung Qudc.

- Didu ché bot nano SiO,: Tro trdu sau khi thu vé
dugc sang déu qua rdy c6 kich thude khoang 2 mm
va sdy dén kho. Ly 100 gam tro trdu cho vao cdc 2
lit d4 chtra san 1 lit dung dich NaOH 6 M, khudy
tron déu va gia nhiét hdn hgp phan tng trong 4 gio &
100 °C. Loc liy dung dich va axit hoa bang dung
dich HC1 4 M cho dén khi dung dich c6 méi truong

491



TCHH, 53(4), 2015

axit dat gia tri pH ~ 3. Loc, rua két taa nhiéu 1an
bang nudc cét va etanol, sau d6 sy kho & 100 °C
qua dém va cudi cing nung & 550 °C trong 2 gi0, thu
dugc san pham 1a SiO,. Hiéu suit cta qua trinh tach
Si0, dugc xac dinh bang cach cin san pham cudi
cung va so vdi lugng cia SiO; c6 trong 100 gam tro
trau.

- Panh gia kha nang hip phu cta san pham: Kha
nang hap phu cia cac mau duoc danh gia bang cach
cho mot luong xac dinh bot SiO, vao 100 ml dung
dich xanh metylen ¢6 ndng d6 va pH thich hop.
Khudy tron huyen phu & nhiét do phong dén khi dat
duoc can bang hap phu - giai hdp phu hoan toan.
Hiéu suit hap phu cua bdt SiO, dugc xac dinh bang
cach so sanh néng do cua xanh metylen trudc va sau
khi bi hdp phu. Nong d6 ctia xanh metylen duogc xéac
dinh ba"mg cach do do hép thu quang (Abs) & cuc dai
hap thy Am, khoang 664 nm trén may UV2450-
Shimadzu, Nhat Ban.

2.2. Cac phuwong phap xac dinh

Gian d6 nhiu xa tia X (XRD) cta mau bot SiO,
duogc ghi trén nhiéu xa ké tia X D8 Advance Bruker,
véi tia CuK,, c6 A = 0,154056 nm, ghi ¢ 25 °C, gbéc
quét 20 tir 10 dén 80°, toc do quét 0,03 %s.

Anh hién vi dién tir quét SEM cuia mau bot SiO,
dugc chup trén thiét bi Hitachi-S4800. Anh TEM
dugc chup trén kinh hién vi dién tr truyén qua
JEM1010 (JEOL-Nhat Ban).

Phé tan sic ning luong tia X (EDX) duoc ghi
trén thiét bi JED-2300 Analysis Station trong ving
gidi han ning lugng quét tir 0-20 kev. Dién tich bé
mat BET dugc xac dinh tr dudng déng nhiét hép
phu-giai hap phu nito tai 77 K trén thiét bi
Quantachrome NovaWin (M¥). Ph6 FT-IR duoc ghi

Bdng 1: Thanh phan (%) theo khbi

Dang Thi Thanh Lé va cong sy

boi thiét bi TENSOR 11 - Bruker trén nén KBr.
3. KET QUA VA THAO LUAN
3.1. Xac dinh mdt s6 dic trung cia vat ligu SiO,

Trong qua trinh diéu ché SiO,, chung toi di khao
sat mot s6 yéu td chinh c6 anh huong dén qua trinh
tach SiO, tir tro trdu. Két qua cho thdy, diéu kién
thich hop dé tién hanh diéu ché tmg véi ty 1& khoi
lugng tro trAu/NaOH trong 1 lit dung dich 1a 1/2,4,
phan tmg dugc thuc hién ¢ 100 °C trong 4 gio va san
pham dugc nung & 550 °C trong 2 gio.

Tro tréu sau khi thu vé& duoc xac dinh thanh phan
boi phuong phap phan tich pho hap thu nguyen to
AAS (bang 1). Két qua phan tich cho thay, Si0; 1a
thanh phan chinh trong tro triu va chiém ty 1& vé
khdi lwong khoang 85,40 %. Két qua nay khac mot it
so v6i cong trinh [3] di cong bd khi cho ring ham
luong SiO, trong tro triu thudong chiém khoang 90
dén 98 % vé khdi lugng. Nguyén nhan c6 thé do thd
nhudng & mdi ving khic nhau thi ham luong SiO,
trong tro trau s& khong nhu nhau.

V6i nhimng diéu kién phan tmg da khio sat bén
trén, trong 100 gam tro trdu (c6 khoang 85,40 gam
Si0,) ching t6i tach dugc khoang 85,00 gam SiO, va
nhu viy SiO, trong tro trdu gan nhu dugc tach hoan
toan (hiéu suat > 99,5 %). Mit khac, tir két qua ghi
phd EDX (hinh 1) cho thdy, vat lidu SiO, diéu ché
duoc c6 thanh phan nguyén tir chu yéu la Si (28,78
%) va O (57,92%), ty 1& % nguyén tir Si/O xap xi 1/2.
Ngoai ra, mau con 1an mét it C ma c6 thé do cac hop
chat hitu co chay chwa hét trong qua trinh nung mau.
Nhu véy, vat liéu SiO, diéu ché duoc kha tinh khiét
va thich hop sir dung lam vat liéu hap phu ciing nhu
mdt s6 img dung khac c6 lién quan.

lugng cua cac chat trong tro triu

Céc chat trong tro triu Si0, | Fe 04

CaO | MgO | K,O | ALOs | Chétkhac

Thanh phan khéi lugng (%) | 8540 | 025

083 | 065 | 1,53 | 2,15 9,19

Két qua ghi phd EDX xac dinh thanh phan cac
nguyén td trong mau nhu trén ciing kha phii hop khi
chung t6i chup phd FT-IR. Tur két qua phd FT-IR
(hinh 2) cho thdy, cac vung hdp thu tai 465,64;
808,20 va 1097,08 cm™ 1a nhitng dao dong dbi ximg
va bt dbi ximg cua lién két Si-O-Si [2]. Dai hép thu
tai 3446,96 cm” dugc quy gan cho dao dong cic
nhom -OH cua nu6e bi hip phu va dai tai 1635,12
cm™ 1 dao dong cua cac phan tr nude hap phu [2].
Ngoai ra, cac dai hép thu rét yéu tai 2855,57;
2926,62 va 2959,37 cm™ duoc cho 1a dao dong cua

cac lién két C-H. Nhur véy, két qua ghi phd FT-IR da
xac nhan duogc 1a dac trung cho vat liéu SiO, va Kkét
qua cua ching toi ciing phu hop vé6i két qua nghién
cuu da duoc bédo cao trong cong trinh [4].

Két qua XRD (hinh 3) cho thay, mau nghién ctru
ton tai chi yéu ¢ dang pha tinh thé SiO, thudc hé
mang mot nghiéng monoclinic, dinh pic dic trung
ung voi cac goc 20 khoang 6,83° (d = 13,19); 19,76°
(d=4,64);22,82° (d = 3,94); 24,92 (d = 3,59)... Bén
canh pha tinh thé mau SiO, con 1an mot it pha SiO,
vO dinh hinh.
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Hinh 1: Pho EDX va thanh phan céc nguyén t6
trong mau SiO,
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Hinh 3: Gian dd XRD ctia miu SiO,

Puong biéu dién theo toa do BET trong qua
trinh hap phu - giai hap phu N, & 77 K trén chat xtic
tac SiO, duoc dwa ra ¢ hinh 4. Két qua xac dinh
duoc dién tich bé mit riéng cua vat liéu SiO, khoang
258,3 m?*/gam. Két qua nay cho thy, vat liéu SiO,
diéu ché duoc tir tro triu c6 dién tich bé mat riéng
kha 16n va ciing phi hop voi cac két qua chup anh
SEM va chyp anh TEM. Tt anh SEM (hinh 5) va

oo
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Hinh 5: Anh SEM cua mau SiO,

3.2. Panh gia kha ning hip phu xanh metylen
trong dung dich nwéc trén bét nano SiO,

3.2.1. Xdc dinh thoi gian cdn bang hap phu - gidi hdp
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Hinh 2: Ph6 FT-IR ctia mau SiO,
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Hinh 4: Phd FT-IR ctia mau SiO,

anh TEM (hinh 6) nhan thdy, mau SiO, ¢ dang vi
tinh thé gém nhiéu hat nho két tu lai voi nhau tao
nén cac khdi SiO, ¢ cdu tric x0p. Pay 1a dic diém
quan trong gitp cho vat lidu SiO, tach tir tro trau co
dic tinh hap phu tét cling nhu gitp ting nhanh qua
trinh khoang hoa khi dugc sir dung 1am chét phu gia
xi mang.

200.01m

Hinh 6: Anh TEM ctia mau SiO,

Pé xac dinh thoi gian dat can bang hap phu -
giai hip phu xanh metylen (MB) trén bot SiO,,
chung toi thay ddi thoi gian hip phu tir 0 dén 90
phut va gitr ¢6 dinh cac luong: SiO, 0,3 g, ndng do
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MB 100 mg/l (pH ~ 7). Dung lugng hzfip phu MB
trén bot Si0, dugc xac dinh thong qua biéu thuc:

q: = V(Co-C)/m (H

Trong do, q, la dung lugng hép phu tai thoi diém t
(mg/g); V 1a thé tich dung dich chat bi hip phu (1);
C, 1a ndng d6 ban dau cua chét bi hip phu (mg/l); C,
1a ndng do tai thoi diém t cua chat bi hap phu (mg/l)
va m 1 luong chét hap phu (g).

Dang Thi Thanh Lé va cong sy

Céc thong s6 cho qua trinh hip phu MB trén vat
lidu SiO, duogc trinh bay trong bang 2. Do thi biéu
dién sy phy thudc gitta dung luong va thoi gian hip
phu duoc dwa ra & hinh 7. Két qua cho thay, khi ting
dan thoi gian hip phu dung luong hip phu ting. Qua
trinh hdp phu xay ra nhanh chong trong khoang 30
phut dau tién, sau do6 toc d6 hdp phu cham lai va gan
nhu dat cAn bang tai thoi diém 45 phat. Tuy nhién,
dé dam bao can bang duoc thiét 1ap hoan toan, thoi
gian hap phu 60 phit dwoc chiing t6i giit ¢ dinh cho
céc thi nghiém tiép theo.

Bdang 2: Cac thong s hap phu xanh metylen (MB) trén bot SiO,

Thoi gian Luong SiO, Thé tich Nong d6 C, cua Nong d6 Dung luong
hap phu (phut) (2) dung dich (1) MB (mg/1) C, cia MB (mg/1) | hép phu q, (mg/g)

0 0,3 0,1 100 100 0

10 0,3 0,1 100 52,92 15,69
15 0,3 0,1 100 44,49 18,50
30 0,3 0,1 100 41,97 19,34
45 0,3 0,1 100 39,45 20,18
60 0,3 0,1 100 38,29 20,57
75 0,3 0,1 100 37,92 20,69
90 0,3 0,1 100 37,20 20,93
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Dung lwgng hap phy, mgl/g
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o

Thoi gian hap phuy, phat

Hinh 7: DO thi biéu dién sy phy thudc giita
dung lugng hap phu va thoi gian hap phu

3.2.2. Anh hwéng ciia heong chat hdp phu

Dé khao sat anh huong cua lwong chit hip phu,
bdt SiO, voi lugng thay ddi trong khoang tur 0,10
dén 0,50 gam duogc cho vao cbc chira 100 ml dung
dich MB c6 ndng d6 40 mg/l (pH ~ 7). Khudy huyén
phu trong 60 phit dé dat can bang hap phu-giai hap
phu. Céac thong s6 cho qua trinh hép phu tai thoi
diém can bang dugc trinh bay trong bang 3.

Két qua & bang 3 cho thiy, dung luong hip phu
(qe) ting khi giam lugng SiO, va q. dat gia tri cuc
dai (28,48 mg/g) ing voi luong SiO, 0,1 gam. Diéu
nay c6 thé dwoc giai thich khi ham lugng SiO, bé da
tao diéu kién thuan loi cho cac phan tr MB phéan tan
nhanh dén bé mat SiO,, din dén kha ning hip phu
manh hon va hé nhanh dat dén trang thai can bﬁng

hon, c6 nghia 1a ctt trén mdt don vi gam SiO, s€ co
nhiéu phan tir MB dugc hip phu 1én. Mic du véi
ham luong twong d6i bé nhung SiO, lai c6 dung
lwong hép phu cao, ching té day 1a loai vét lidu co ai
Iuc hép phu manh ddi voi MB.

Béi vi chiing t6i quan tdm dén viéc loai bo hiéu
qua cac hop chat hitu co doc hai co néng do cao
trong moi truong nudc nén tuy voi ham lugng SiO,
0,1 gam, vat liéu c6 q. dat gia tri 16n nhét nhung
hiéu suét hép phu chi dat khoang 71,20 %. Do do,
ching t6i chon lugng SiO, 0,3 gam (c6 hiéu suat hap
phu 16n hon 90 %) lam diéu kién thich hop cho cac
khao sat tiép theo.

Bang 3: Anh huong cia luong bot SiO, dén dung
lugng hap phu (q.) va hiéu suat hap phu (H%)

Is‘i‘”g"”;%g/) 01 | 02 | 03 | 04 | 05
Co(mg/l) | 40 | 40 | 40 | 40 | 40
C.(mg/l) |11,52] 9,68 | 3,07 | 1,61 | 0,75
e (mglg) | 28,48 | 15,16 | 12,31 | 9,60 | 7,85
H (%) 71,20 | 75,80 | 92,33 | 95,98 | 98,13

3.2.3. Anh hudng ciia pH dung dich xanh metylen

Dé khao sat anh huong cua pH dung dich MB
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dén qué trinh hép phu, 0,3 g bdt SiO, dugc cho vao
100 ml dung dich MB 40 mg/l. Dung dich MB dugc
diéu chinh pH trong khoang tir 1,5 dén 9,5 (bang
HCI1 0,1 M hodc NaOH 0,1 M). Khudy huyén phu
trong 60 phut dé dat can bang hap phu- giai hap phu.

Dung luong hip phu q. va hiéu suét hap phu
dugc trinh bay trong bang 4. Tir bang 4 cho thay, khi
tang dan gia tri pH dung dich MB dung lugng hap
phu va hiéu suét phip phu ting. Theo M. N. Ahmed
va R. N. RAM [6], cdc nhom hydroxyl trén bé mat
SiO, ton tai cAn bang axit - bazo nhu sau:

> SiOH] «%+ 5 > SiOH + H* (1)
>SiOH «%2 5 > Si0™ + H* Q)

Tt cac phuong trinh (1) va (2) nhén thdy, khi
tang dan gia tri pH can bang s& chuyén dich theo
chiéu ting tich dién 4m trén bé miat SiO, (>SiO).
Két qua gay ra lyc hat tinh dién manh mé& gitra chat
bi hip phu MB mang dién tich duong va chat hip
phu SiO, mang dién tich am va do d6 lam tang dung
luo‘ng va hiéu suit hip phu. Nguoc lai, khi giam dan
gia tri pH can bang s& chuyén dich theo chiéu ting
tich dién duong trén bé mit Si0; (>Si0H, ") va lam
giam dung luong va hiéu sudt hap phu. Cac quy luat
bién doi trén trong nghién ctru cia chung 61 ciing
pht hop véi két qua nghién ciru trong cac cong trinh
[5, 6]. Nhu vay, méi truong pH dung dich MB thich
hop dé hap phu trén vat liéu SiO, ndm trong ving
pH 16n hon 7.

Bang 4: Anh huong cua pH dung dich MB dén dung
luong hap phu (q.) va hi€u suat hap phu (H%)

Diéu cheé vat ligu nano SiO; cau truc xop...

khi ting ndng d6 MB ban dau. Bang 5 con cho thiy,
khi ting ndong d6 MB hiéu suat hip phu MB trén
SiO, giam, ddc biét giam manh khi néng do MB ban
dau > 60 mg/l. Do @0, ching t6i nhan thiy néng do
MB thich hop dé khao sat 1a 40 mg/1.

Bang 5: Anh huéng cua ndéng d6 MB ban dé}l (Co)
dén dung luong hap phu (qe) va hiéu suat
héap phu (H%)

Co(mg/!) | 20 | 40 | 60 | 80 | 100
C.(mg/l) | 043 | 3,03 | 17,30 | 25,82 | 33,38
g (mg/g) | 6,52 | 12,32 | 18,53 | 18,06 | 20,22

gghdﬁlg 1,5 | 35 | 55| 75 | 95
Co(mg/l) | 40 | 40 | 40 | 40 | 40
C.(mg/l) | 19,68 | 15,78 | 7,44 | 2,64 | 0,68
Qe (mg/g) | 6,77 | 8,07 | 10,85 | 12,45 | 13,12
H (%) 50,80 | 60,55 | 81,40 | 93,40 | 98,30

3.2.4. Anh huong ciia nong dg xanh metylen

Nhim xac dinh néng d6 MB thich hop cho qua
trinh hdp phu, 0,3 g bot SiO, duoc cho lan luot vao
trong 100 ml dung dich MB (pH ~ 7) & cac ndng do
khac nhau: 20; 40; 60; 80 va 100 mg/l. Khuéy tron
huyén _phu trong 60 phut dé dat can bang héap phu-
gial hap phu. Cac gia thong sO vé anh huéng cia
nong d6 MB dén hiéu suét hap phu MB trén bt
Si0O, duoc trinh bay trong bang 5.

Két qua tir bang 5 cho théy, khi tang dan ndng
do MB dung luong hap phu q. tang. Piéu nay cac tac
[6] cho rang, co su ting hiéu tng gradien ndng dod

3.2.5. Bdang nhiét hdp phu

Hai mé hinh dang nhiét hdp phu phd bién nhét
dé mo ta trang thai can bang hap phu 1a phuong trinh
Langmuir (2) va phuong trinh Freundlich (3), duoc
cho tuong ung duéi day [5]:

1 1 1

—= + @)

qe qmaxKLCe qmax

logq, =logK; +L10gCe 3)
Np

Trong d6: gue 1a dung luong hap phu cuc dai
(mg/g), g. la dung lugng hap phu tai thoi diém can
bang, C, 12 ndng do chit bi hap phu tai thoi diém can
bang (mg/l), K, la hang sO can bang hap phu
Langmuir (L/mg), ny la hang sd chi cuong do hap
phu va Ky 14 hang s6 can bang hap phy Freundlich.

KL, qmax dugc xac dinh dya vao phuong trinh
tuyén tinh hap phu déng nhiét Langmuir biéu dién sy
phu thudc cua C./q. vao C.. K¢ va 1/ng dugc xac
dinh dya vao phuong trinh dudng thing Freundlich
biéu dién sy phu thudc cua logq. vao logC.. Cac gia
trj C. va q. cho sy tinh toan duoc 1ay tir bang 5. Cac
thong sb tinh toan thu dwoc theo hai mé hinh trén
dugc trinh bay trong bang 6.

Bang 6. Cac thong s6 theo hai m6 hinh dang nhiét
hap phu MB trén bot nano SiO,

MO hinh Langmuir MO hinh Freundlich
Ky Qmax 2 K 2
R n R
(Limg) | (mg/g) (mg/g)
0,604 | 2041 | 09934 | 396 | 8515 | 0,9779

Tt bang 6 cho thdy, mé hinh Langmuir va mo
hinh Freundlich déu c6 hé sb tuong quan R kha cao
thé hién tinh pht hop ban cht vat liéu hap phy theo
ca hai md hinh nay. Gié tri qm.x Langmuir 1a 20,41
mg/g va hing s6 K; 1a 0,604. Gia tri R, thé hién sy
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wa thich hip phu [R.= 1/(14+K.C,)] qua tinh toan c6
gi4 tri 0,04 cho thay su hdp phu MB thuén loi xay ra
boi vi gia tri nam trong khoang 0 va 1 [5].

Theo cong trinh [5] gia tri ny trong phuong trinh
Freundlich dugc sir dung dé xac dinh sy hap phu cho
du d6 13 hap phu tuyén tinh (np = 1), hap phu hoa
hoc (ng < 1) hay hap phu vat 1y (ng > 1). Nhu vay,
qua trinh hip phu MB trén bot SiO, trong nghién
ctru cia chung t6i thudc dang hdp phu vat 1y do ¢
gia tri ng > 1.

4. KET LUAN

b3 diéu ché thanh cong vit liéu SiO, co cAu trac
x6p tir tro trdu va da xac dinh dugc mot sd ddc trung
cta vt liéu. Bot SiO, diu ché dugc chu yéu 0 pha
tinh thé mot nghiéng monoclinic, cd céu trac x6p va
c6 dién tich bé mat riéng 1on (khoang 258,3
2/garn) Dong thoi, da danh gia dugc mot s6 yéu tb
anh huong dén qua trinh hdp phu xanh metylen
trong dung dich nudc trén bot nano SiO,. Két qua
cho théy, qua trinh hdp phu phu hop theo ca hai mé
hinh hap phu dang nhiét Langmuir va Freundlich voi
cac hang sd hap phu cén bing tuong tng la 0,604 va
8,515. Vat lidu SiO, ¢6 4i luc hap phu vat Iy manh
déi vOi xanh metylen (qmax = 20,41 mg/g va hi¢u
sudt hip phu 16n hon 90 % ¢ ndng d6 dau cta xanh

Lién hé: Pang Thi Thanh Lé

Dang Thi Thanh Lé va cong sy

metylen 1a 40 mg/1).
TAI LIEU THAM KHAO

1. J. F. Chen, H. M. Ding, J. X. Wang, L. Shao.
Preparation and characterization of porous hollow
silica nanoparticles for drug delivery application,
Biomaterials, 25(3), 723-727 (2003).

2. Z.Luo, X. Cai,R. Y. Hong, L. S. Wang, W. G. Feng.
Preparation of silica nanoparticles using silicon
tetrachloride for reinforcement of PU, Chemical
Engineering Journal, 187, 357-366 (2012).

3. Van Hai Le, Chi Nhan Ha Thuc and Huy Ha Thuc.
Synthesis of silica nanoparticles from Vietnamese
rice husk by sol-gel method, Nanoscale Research
Letters, 8, 58 (2013).

4. 1. A. Rahman, P. Vejayakumaran, C. S. Sipaut, J.
Ismail, C. K. Chee. Effect of the drying techniques on
the morphology of silica nanoparticles synthesized
via sol-gel process, Ceramics International, 34, 2059-
2066 (2008).

5. A. A. Jalil and et al. Amino modified mesostructured
silica nanoparticles for efficient adsorption of
methylene blue, Journal of Colloid and Interface
Science, 386, 307-314 (2012).

6. M. N. Ahmed and R. N. Ram. Removal of basic dye
from waste-water using silica as adsorbent,
Environmental Pollution, 77, 79-86 (1992).

Phong Cong nghé Hoa - Mdi truong, Vién Cong nghé HAUI

Pai hoc Cong nghiép Ha Noi

Phudng Minh Khai, Quan Bic Tir Liém, Ha Noi
E-mail: thanhledang@yahoo.com; Dién thoai: 0904140542.

496




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


