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Toém tit
) Vit liéu nano silica cau tric rong (HMSN) da de.o’c tong hop thanh cong tit" nguon ’nguyén li'éu tro trdu.
Keét qua phan tich FTIR, XRD, TEM va BET ,cho thay, HMS]Y co dang hinh cau va cau truc f’éng vé‘i kich
thude hat trung binh lc‘z~ 200 nm, la vat liéu xop co dién tz'f:h bé mat vat liéu 635, 78rm2.g—1, the tich 1o 0,128
cm3.g-1, dwong kinh [0 trung binh 5,20 nm. ){RD cho thay sw hién dién va bd{z chat vo dinh hinh cua silica.
Vat liéu HMSN thu dwoc co kha nang xir Iy tot Methylene blue, dung lwong hap phu MB cua vat lieu HMSN
dat murc t0i da la 30,21 mg/g.
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Abstract

Hollow mesoporous silica nanoparticles (HMSN) materials were synthesized using the rice husk. The
HMSN samples were performed with X ray diffraction (XRD), FTIR, SEM, TEM and nitrogen adsorption
(BET). The analysis results indicated that HMSN had hollow spherical shape structures with the surface
area of 635.78 m?/g, pore volume of 0.128 cm®/g and pore size of 5.20 nm. XRD showed the presence and
amorphous nature of silica. The obtained HMSNs exhibited good ability to adsorb methylene blue, and the
maximum adsorption capacity reached 30.2146 mg/g.
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1. Mé diu

Methylene blue (MB) 12 mét hop chat nhudém
thuong duoc sir dung trong nhidu nganh cong nghiép
nhu dét may, y té, va hoa sinh. Tuy nhién, khi thai
ra moi truong, methylene blue c6 thé gay hai cho hé
sinh thai va stc khoe con nguoi. MB c6 kha nang
lam 6 nhiém ngudn nudc, giam kha ning quang
hop cua thuc vat thuy sinh, va gdy ra cac van dé vé
ho6 hap va di tng ddi voi con nguoi. Do d6, viée xir
1y methylene blue trong nudc thai 1a v cling can
thiét dé bao vé moi trudng va stc khoe cong dong.
Céac phuong phap xir Iy methylene blue phd bién
bao gdm: Phuong phap hap phu, phuong phap oxi
hoa, phuong phap sinh hoc va phuong phap xtc
tac quang. Trong d6, phuong phap hap phu la mot
phuong phap hiéu qua va kinh té trong viéc loai bo
MB. Cac vat liéu hép phu thuong dugc st dung bao
gém than hoat tinh (Benhachem & cs., 2019), dat
sét (Phuong & cs., 2023), va cac vat li€u c6 nguén
gbc tu nhién nhu muyn dira (Thanh & cs., 2022), vo
trau (Lan & cs., 2022).

V4t liéu nano silica ciu tric rSng (hollow
mesoporous silica nano particles - HMSN) la mdt
trong nhitng loai vat li¢u duoc téng hop tur chat
ngudn 1a silicon. HMSNs thé hién cac dic diém
céu truc doc dédo duge ing dung trong nhiéu linh
vuc. Thir nhat, su két hop 16 rong bén trong va 16p
v6 mao quan trong cau tric lam cho cac hat HMSN
c6 khéi lugng riéng thap va c6 tinh thdm cao (Wu
& cs., 2013; Chen & cs., 2014). Thu hai, khoang
trong bén trong hat HMSN ¢6 thé dugc dung nhu
noi chira dé tai cac chét xuc tac trong phan g xuc
tac hay lam chat mang nano dé luu trir va phan phdi
thudc cho cac Gmg dung y sinh sau khi dugc bién
tinh 1am bén bé mat (Nguyen &cs., 2020). Thir ba,
16p vo véi do day kich thude nano rat thuan loi dé
chuyén luong chit phan ung va san pham ra/vao
16 rdng, cha yéu cho cac pha l6ng, hay mang va
phéng thich thudc hodc van chuyén cic phan tir
khac. Dic biét, khi 6ng mao quan trén 16p vo ngin
hon nhiéu thi sy khuéch tan tro nén it quan trong,
bé mat bén trong 16p vo dugc st dung hi¢u qua hon
khi cac hat HMSN duoc dung nhu chit hd trg xac
tac (Kuwahara & cs., 2019).

Céc khoang tréng bén trong ciia hat nano rong
thuong co thé duoc ché tao bang cach sir dung cac
khung mém nhu giot nhii trong (Nguyén & cs., 2014),
micell chat hoat dong bé mat (Kim & cs., 1998) va
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khuoén polymer (Zhang & cs., 2002); va su dung cac
mau cimg nhu hat polymer (Vu & cs., 2021), silica
(Nguyen & cs., 2019) va carbon (Titirici & cs., 2000).
Va 16p vo bén ngoai duoc tao thanh tir hai thanh phan
1a chét tién than silica va chét hoat dong bé mat. Chat
tién than silica thuong dugc str dung 1a Tetraethyl
orthosilicate (TEOS) hodc Tetramethyl orthosilicate
(TMOS) trong khi d6 c6 hai chit hoat dong bé mat
thuong dung 1a Cetyltrimethylamnonium bromide
(CTAB) va Octadecyltrimethoxysilane (C18TMS)
(Fang & cs., 2011; Chen & cs., 2010). Céc chit tién
than silicon va cac chit hoat dong bé mat trén déu 1a
nhirng hoa chét dét tién do do khong c6 loi vé mat
kinh té. Vi vay trong nghién ctru nay ching t6i tip
trung vao viéc sir dung ngudn tién chét silicon tir cac
phé phém ndng nghiép 1a tro triu dé ha chi phi téng
hop ddng thoi ciing gop phan dua them g1a1 phap
nang cao gia trj cta phé pham trau va tro trau. Co s&
dé chting t6i lya chon ngudn tro tréu 13 vi ham luong
Si02 chiém tir 85 dén 95 % vé khdi luong. Pay ciing
la nguén silica ma da dugc nhiéu nha khoa hoc sir
dung dé téng hop cac loai vat liéu silica nhu SBA-
15 (Quach & cs., 2020), nano SiO, (L€ & cs., 2015;
Nguyén & cs., 2014).

Trong nghién clru nay, vat liéu mao quan
HMSNs duoc tong hop bang ngudn silica thu duoc
tir tro trau va khung mén 1a Pluronic 123 (EEO20-
PPO70-PEO20), Mn = 5800 g/mol.

2. Thyc nghiém

2.1. Thiét bi, dung cu, héa chit.

Trong nghién ctru nay, tac gia van dung cac
thiét bi hién dai dé xc dinh céc dic tinh cua vat lidu
téng hop dugc nhu: may do FT-IR, may do UV-Vis,
méy do TEM, X-ray va thiét bj do do hap phu va giai
hap nitrogen... Mot s6 hoa chit co ban nhu NaOH
(99,5%, hoa chat tinh khiét), NH3, C,H.OH (99,5%,
hoa chat tinh khiét), Pluronic 123 (99,5%, héa chat
tinh khiét), Methylene blue (99,5%, hoa chat tinh
khiét) dugc cung cap boi Aldrich.

2.2. Phwong phép tong hop vat liéu

Tro tru duoc thu gom & 10 gach Minh Trang,
TP. Cao Lénh, tinh Pdng Thap Tro duoc sang dé
loai bo dat, cat, d4 va cac chat ban, ngdm trong 150ml
dung dich NaOH 3M, khudy tir gia nhiét 110°C trong
3 gi0. Sau do, loc br:ing than hoat tinh thu dugc dung
dich trong sudt (dung dich A)

P123 dugc hoa tan trong dung dich NH,,
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C,H,OH va nuéc cét tao dung dich trong sudt (dung
dich B). P123 trong dung dich B hinh thanh cac
micelle hinh ciu trong diéu kiéu base va hd tro cua
dung moi ethanol. Nho tir tu dung dich A vao dung
dich B dé tao két tua. Toan bd hdn hop dugc dua vao
binh thuy tinh nut kin, u nhiét & 105°C trong 24 gid
dé tao gel. Gel dugc rira sach bang nudc cat dén trung
tinh, sy qua dém & nhiét d6 105°C va nung tir nhiét
d6 phong dén 500°C, tbc d6 nung 10°C/phut trong
khong khi va thoi gian nung 3h.

Pac tinh cua vat li€éu nano silica rSng duoc xac
dinh bang cac phuong phap do TEM, FT-IR, X-ray
va hép phu va giai hp nitrogen.

2.3. Phuong phip hip phu methylene blue
cuia vat liéu HMSN

Tién hanh thi nghiém can 0,1 gam vat li¢u nano
silica 16 rdng, cho vao binh tam giac 250 mL, cho
100 mL dung dich methylene blue vao binh. Sau do,
khudy déu trén may khuéy tir && qua trinh hap phu
xay ra va trich dung dich dé do nong d6 MB bang
may do UV-Vis. Nghién ctru nay khao sat dung luong
hap phu (mg/g) va hiéu suat hap phu (%) Methylene
blue cta vat liéu HMSNs qua céac yéu td thoi gian,
nong do MB, khéi lwong HMSNSs, nhiét do hap phu
va tbe do khudy.
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hap phu (mL) va m 1a khdi luong chét hip phu (g).

3. Két qua va thao luan

3.1. Pic tinh cia vat liéu HMSN

Vat lieu HMSN dugc do phd hong ngoai bang
thiét bi quang pho FTIR - 84008 Shimadzu, v&i chat
nén KBr. Két qua do mau hong ngoai (FT-IR) cia
mau vat liéu SBA-15 trude va sau khi nung dugc
thé hién trong Hinh 1(A). Két qua do FTIR cua mau
HMSN cho théy trong phd ctia mau vat lisu HMSNs
c6 su dao dong trong viung 890 cm™, 990 cm! va
1090 cm! 1a cua cac lién két Si-O-Si. Su hién dién
cta lién két O-H trong nhom Si-OH duogc thé hién
trong viing 3470 cm™'. Mau truéc nung cho thiy dao
dong tai 2950 cm' 1a cua lién két C-H trong P123,
sau khi nung lién két C-H tai dao dong 2850 cm™! bi
mét di (Nguyen & cs., 2019; Quach & cs., 2020).
Diéu nay cho thay da loai bo thanh cong P123 bang
phuong phap nung tai 500°C trong 3h.
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Hinh 1. Ph6 FTIR ciia vat liéu HMSM truée va sau nung (A) va nhiéu xa tia X (B)

Vat liéu HMSM dugc do XRD goc 16n bang
thiét bj Bruker D2 phaser khoang do 2 tir 10-80°,
toc do quét 1a 0,02; str dung ngudn birc xa Cu K,
1,54 A. Két qua do mau nhiéu xa tia X (XRD) cua
mau cua vat liéu HMSN duoc trinh bay trong Hinh
1(B). Gian d6 goc rong nhiéu xa tia X ctia mau
HMSNSs cho théy vat liéu c6 ham lugng silic cao
v6i cdu trac vo dinh hinh chu yéu do nhiéu va cé
nén rong. Piém cuc dai tai 20 véi 22,5° 1a nhiéu

xa cua tinh thé silic (Quach & cs., 2020).

Hinh thai cua vat liéu HMSN duoc xac dinh
bang phuong phap hién vi dién tir truyén qua TEM.
Két qua do duoc thé hién trong Hinh 2, v4i dd phong
dai 100k (A) va 200k (B), cho thiy HMSN ¢6 ¢ dang
hinh cau va cdu trac rdng vai kich thudce hat trung
binh 12 200 nm. Pic biét hinh 2A cho thay c6 cac 15
mao quan c6 kich thudt khoang 5 - 6 nm.
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Tién hanh do hép phu va giai hip dang nhiét
N, tai 77 K cua vét ligu HMSN béng thiét bi
Quantachrome Nova 2000e meter. Két qua xac dinh
do xép cua vat lidu nhu sau: dién tich bé mat 1a
635,78 m2.g"', thé tich 15 0,128 cm®.g"!, duong kinh
16 trung binh 5,2 nm (Hinh 3).
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3.2. Két qua hip phu Methylene blue ciia vt
liéu HMSN

3.2.1. Anh huong cua thoi gian dén qud trinh
hdp phu MB

Két qua khao sat anh hudng cua thoi gian tiép
xuc dén dung lwong va hiéu suat xtr Iy MB duoc trinh
bay trong Bang 1 va Hinh 3.

Biing 1. Anh huémg ciia thoi gian tiép xic
den dung lwgng

Hinh 2. Anh TEM ciia vat liéu HMSN: (A) d§ phong dai 100k va (B) dd phéng dai 200k

Thoi Dung lwong (mg/g) bo

gian Iéch
STT t Lin1 Lin2 Lan3 Tl;ul;lg chuin

(phiit) mh(sp)
| 30 2,72 2,72 272 2772 0,0001
2 50 6,17 6,17 6,17 6,17 0,0001
3 70 11,09 11,09 11,09 11,09 0,0002
4 90 11,18 11,18 11,18 11,18 0,0001
5 120 10,21 10,21 10,21 10,21 0,0004
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Hinh 4 cho thdy dung lwvong hép phu MB ting theo
thoi gian xir 1y, tuy nhién khi thoi gian tang khao sat
tir phut thir 70 dén phut thir 90 thi dung luong ting rat
cham do vat liéu dan dat t6i trang thai can béng. Sau do
dung lugng giam tir phut thir 90 tré di do trong khoang
thoi gian trude vat li€u dat toi trang thai can bé'mg va
ndng do6 MB trong dung dich luc ny thap hon ndng do
MB c¢6 trong chét hap phu dan dén MB trong hat silica
giai phong trd lai din dén nong do MB trong vit liéu
hap phy gidam 1am cho dung lugng hép phu giam. Dung
luong ting nhanh tir luc bat dau phat thir 70 va dat cao
nhat tai phat thir 90 1a 11,18 mg/g va 79,40 % (Bang
1). Tuy nhién, trong khoang thoi gian tir phut 70 dén
phiit 90 dung luong ting khong dang ké so voi phut thir
90 vi vay dé tiét kiém thoi gian nén chon cot mde 1 70
phiit dé 1a diéu kién khao sat cac yéu t6 anh huong khac.
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Hinh 4. Anh huéng cia thoi gian tiép xic
dén dung lugng

3.2.2. Két qua khao sat anh hwéng nong do dén

quy trinh xu Iy MB
Biang 2. Anh hwéng ciia ndng dd tiép xic dén dung
lwong va hiéu suit hap phu MB

(=]

STT N6ng do Dung lwgng Hi¢u suat
(ppm) (mg/g) (%)
1 5,00 3,64 74,00
2 10,00 7,47 74,54
3 15,00 11,09 78,78
4 20,00 12,89 66,09
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Két qua khao sat anh huong ndng do tiép xac
dén dung lugng hap phu va hiéu suat hip phu MB
duoc trinh bay trong Bang 2 va Hinh 5.

Hinh 5 cho thdy dung luong va hiéu suét hip
phu MB ting theo ndng d6 MB ban dau trong dung
dich. Tai nong d6 ban dau ciia MB 1a 20 ppm, mat
du dung lwong hip phu 16n nhit nhung hiéu sudt hip
phu lai giam. Két qua nay pht hop vé mit hiéu suat
do nong d6 ban dau ting dan dén lugng du MB ciing
tang va hiéu suét thap. Do do, 15 ppm la néng d6 ban
dau caa MB cho hiéu qua hap phu t6t nhat va duoc
chon dé khao sat cac yéu té anh huong khac.
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Hinh 5. Anh hwéng ciia nong do MB
dén dung lwong hap phu va hiéu suit hip phu MB
3.2.3. Két qua khao sat anh hwong khoi hrong
chdt ran dén quy trinh xir [y MB
Két qua khao sat anh huong khéi lugng chit ran
tiép xtac dén dung luong va hiéu suat hap phuy MB
dugc trinh bay trong Bang 3 va Hinh 6.
Béang 3. Anh huéng khoi lwgng chat ran
tiép xic dén dung lwong

- Khoilwgng  Dunglwgng  Higu suat
chat ran (g) (mg/g) (%)
1 0,03 11,08 22,26
2 0,05 11,84 39,63
3 0,07 11,97 56,10
4 0,10 12,07 78,45
5 0,15 8,59 86,28

Két qua khao sat tir Hinh 5 cho thiy khi dung
lwong hap phu va hiéu sut hap phu ting khi ting khoi
luong chat hap phu. Tuy nhién, khi ting tir 0,10 g 1én
0,15 g thi hiéu suit tang nhung dung luong lai giam.
Nguyén nhén 14 do khi ting lugng chat hap phu thi
luong chit MB bi hép phu ting do d6 hiéu suét ting,
nhung dung luong hap phu giam 1a do giam luong
tiép cua chat ran voi MB.

Do d6, khdi lugng 0,10 g HMSN duoc Iya chon
dé khao sat cac yéu t6 anh huong khac dén qua trinh
hép phu MB cuia vat liéu HMSNSs.
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Hinh 6. Anh hwéng ciia khoi ll}’(_mg chit hap phu dén
dung lugng va hiéu suat hap phu MB
3.2.4. Két qua khao sat anh hwéng nhiét do dén
quy trinh xu ly MB
Bing 4. Anh huéng nhié't d@’tiép xtic dén dung hrong
va hiéu suat hap phu MB

gpp Nhiétdd  Dungluong  Hiéu suat
(°C)  hap phy (mg/g) hap phy (%)
1 30 19,67 67,29
2 40 21,86 74,77
3 50 24,59 84,11
4 60 26,23 89,72
5 70 22,41 78,78

Két qua khao sat anh hudéng nhiét do tiép xtc
dén dung lugng va hiéu suat xir Iy MB dugc trinh bay
trong Bang 4 va Hinh 7. Hinh 7 cho thdy dung luong
va hiéu suat hip phu MB ting khi nhiét do tang tir
30°C dén 60°C, sau d6 dung luong va hiéu suat hap
phu giam khi ting nhiét d6 hap phy 1én 70°C. Tai nhiét
d6 60°C, HMSN hép phu MB dat hiéu suit 89,72%
va dung luong hip phu cao nhat 14 26,23 mg.g"'. Két
quéa nay 1a do khi nhiét do tang 1a cho MB khuéch tan
va tuong tac tot vao cac 16 mao quan cit HMSNS, tuy
nhién khi nhiét do tang tor 60°C 1én 70°C thi qua trinh
giai hip cia MB ting do khuéch tan manh.
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3.2.5. Két qua khdo sat anh hwéng toc do khudy
dén quy trinh xu Iy xanh Methylene
Két qua khao sat anh hudng toc d6 khudy tiép
xuc dén dung luong va hiéu suat xtr Iy MB duoc trinh
bay trong Bang 5 va Hinh 8.
Biing 5. Anh huémg toc dj khudy tiép xic
dén dung lwong

STT Téc do khudy Dung hrong D§ léch
(rpm) (mg/g) chuan (SD)
1 200 4,10 0,04
2 400 25,68 0,50
3 600 26,23 0,17
4 800 26,78 0,31
5 1100 26,23 0,48

Hinh 8 cho thay dung lwong hip phu MB ting
khi téc d6 khudy tir 200 rpm dén 400 rpm, sau d6 thay
d6i khong dang ké khi tang téc do 1én dén 1100 rpm.
Diéu nay dugc giai thich 1a tbc do khudy ting lam
tang tdc do khuéch tan MB vao HMSNS. Tai tde do
khudy dat 800 rpm, dung lu:orng hép phu MB 1a cuc
dai 26,78 mg/ g khi tdc d6 khuay dat 1100 rpm, dung
luong glarn Didu nay xay ra do toc do khudy qua cao
lam ting téc d6 khuéch tan va tuong tac gitra MB va
silica nhanh chong, dén dén trang thai can bang nhanh
hon va giai phong MB tr¢ lai.
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Hinh 8. Anh huéng cia toc d9 khudy tiép xic
dén dung lugng

4. Két luan

HMSN s di duoc tong hop thanh cong tir tro
trau voi khung mén 1a P123 trong di€u kién base. Két
qua phan tich dac tinh cua vat liéu cho thay HMSN
c6 dang hinh cau va cau trac réng voi kich thude
hat trung binh 1a 200 nm, dién tich bé mit 1a 635,78
m2.g-1, thé tich 15 0,128 cm3.g-1, duong kinh 15
trung binh 5,2 nm.
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Két qua khao sat kha niang hip phu MB cua vt
liéu HMSNSs xéc dinh diéu kién tot nhat dé hap phu
MB véi dung lugng hap phu MB cao nhat 30,21 mg/g
12 0,10 g chat hip phu, nong MB ban dau 15 ppm,
thoi gian hép phu 70 phut, nhiét d6 60 °C va tbe do
khudy 800 rpm.

Lo&i cdm on: Nghién cuu nay dugc tai trg boi
truong Pai hoc Sai Gon thong qua dé tai mi sb
CSB2023-46.
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