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Tom tat

Nghién ciru trinh bay qud trinh tong hop vit liéu nano bac trén nén silica mao quan
rong (Ag@HMSN) tir tro trdau nham g dung khang khudn. Vit liéu HMSN dwoc tong hop
bang phwong phap sir dung P123 lam chdt tao khuén, sau dé nap nano bac thong qua phan
img khir AgNOs bang citric acid. Két qua XRD cho thdy vat liéu silica ton tai & dang vé dinh
hinh va bac dwoc phdn tan tot trong hé mao quan. Anh TEM xdc nhdn cdu triic rong nhiéu 16p
véi kich thiede khodang 10-25 nm, cdc hat nano bac ¢é kich thuée khodng 22 nm, trong khi phé
EDS ghi nhén su hién dién ciia Si, O va Ag véi ham lirong bac khodng 1%. Két qua thir khang
khudn cho thdy vit liéu AG@HMSN c6 khd néing ikc ché Escherichia coli va Bacillus subtilis,
trong dé hiéu quda tang theo ham lirong bac va manh hon doi véi E. coli. Nghién ciru cho thdy
Ag@HMSN la vit liéu tiém ndng cho cdc vmg dung khang khudn va xir 1y méi treong.
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Abstract

This study presents the synthesis of silver-loaded hollow mesoporous silica
nanoparticles (Ag@HMSN) derived from rice husk ash for antibacterial applications. HUSN
was synthesized using P123 as a structure-directing agent, followed by the incorporation of
silver nanoparticles through the reduction of AgNO:s using citric acid. XRD results revealed
that the silica framework was predominantly amorphous, while silver nanoparticles were well
dispersed within the mesoporous structure. Meanwhile, TEM images confirmed a multilayer
hollow structure with pore sizes ranging from approximately 10-25 nm, Ag nanoparticles with
22 nm of particle size, and EDS analysis verified the presence of Si, O, and Ag with a silver
content of about 1 wt%. Antibacterial tests also demonstrated that Ag@HMSN exhibited
inhibitory activity against Escherichia coli and Bacillus subtilis, with antibacterial efficiency
increasing as the silver content increased and showing stronger activity toward E. coli. These
findings together indicate that Ag@HMSN is a promising material for antibacterial and
environmental treatment applications.

Keywords: Ag@HMSN, antibacterial, HVISN, rice husk ash, silver nanoparticles.
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1. Giéi thiéu

Hién nay, viéc tin dung phé phdm ndng nghiép nhu vo trau co tiém ning, ing dung
rdng rai trong thyc tién. Trong v6 trau ¢6 chita ham lugng SiO, trong tro trau chiém ty 1¢ 16n
90 — 98% (L€ & cs., 2013). Theo WHO, Viét Nam la mét trong nhing qudc gia co tinh trang
khang khang sinh cao trén thé 2101, no de doa dén sirc khoé va cudc song ctia nguoi dan vi khi
bi bénh sir dung céac loai thudc thong thudng khong thé trc ché hodc tidu diét cac vi khuan,
virus, nAm hodc cac ki sinh trung. Vi thé, c6 rat nhiéu nghién ctu vé tinh khéng khuén, dic
biét 1 tir nano bac dugc nghién ctru va cong bd gan day. Tir thoi xa xua con ngudi da biét sur
dung bac 1am d6 trang stc, tién t&, d6 dung,... Ngudi ta thuong dung nano bac dé diéu trj cac
vét thwong hd, vét bong do nano bac c6 tac dung khang khudn manh da dé trc ché nhiéu loai
vi sinh vat (Qiao & cs., 2023). Nano bac ¢ kich thuéc nhd hoat dong hi€éu qua nhung c6 xu
hudng két tu lai v6i nhau nén mat kha ning khang khuan, dé khic phuc vin dé nay cac nha
khoa hoc d3 nghién ctru phan tan cac hat nano bac vao cac chat mang. Mot trong cac chét
mang c6 tiém niang st dung hidu qua 1a vat liéu hollow mesoporous silica nanoparticle
(HMSN) do c6 cdu trac x6p didc biét. Co mot sd nghién ctru vé tong hop vat licu silica c6 cdu
trac rong. Téc gia Quach (2024) da c6 nghién ctru ‘Khao sat kha nang xir Iy Methylene Blue
(MB) cua vat liéu nano silica cau truc rong dugc tong hop tur tro trau” khao sat kha ning xir Iy
nude thai nhiém MB bang HMSN va dat duoc két qua tdt, tai nhiét d6 60 °C, HMSN hép phu
dat hiéu suat 89,72%. Nguyén (2021) da nghién ctru tong hop vé bién tinh nano silica ciu truc
rdng vdi Polyethylene Glycol, va dinh hudng ching dung dé mang thudc chéng ung thu, qua
nghién ctru théy duoc hat hat tao rSng tao thanh kha déng déu, cu trac hat khong bi pha vo,
thy rd 16 rng . Va hé chat mang nay co hiéu sudt va kha niang mang thudc cao.

2. Tong quan Iy thuyét

Trong nhiing ndm gﬁn day, vat liéu nano bac két hop véi vat liéu vo co dugce tng dung
manh mé trong cac nghién ctru khang khuén, v6i nhiéu phuong phap tong hop nham téi wu
hoa hiéu qua. Cac cong trinh nghién ctru qudc té di thir nghiém cac phuong phap két hop nano
bac voi HMSN ciing duogc thuc hién ngdy cang nhiéu va thuong duoc tong hop bang phuong
phap sol-gel. Trong bao cio ciia Verma & cs. (2020) da tong hgp HSNPs (Hollow silica
nanoparticles) duoc ché tao bang cach sir dung ZnSe@SiO; lam khu6n mau, tong hop bang
phuong phép sol-gel. Trong mot quy trinh dién hinh, 0,5 g hat nano 13i-vé dugc chuyén vao
cde thuy tinh chira 50 mL dung dich chita nude DI + 30% HCI, khudy dung dich va mau cua
dung dich chuyén tir khong mau sang vang nhat (ZnSe), do su phat tin cua 16i. Sau d6, mau
dugc rira nhiéu lan bang nude DI va ly tim. Mau thu dugc duoc say chan khong & 80 °C trong
24 gio .Trong bao cao, HMSN duoc tong hgp qua phuong phép Stober cai tién, trong d6
CTAB (Hexadecyltrimethylammonium bromide) duoc str dung 1am chat tao khuén va TEOS
(Tetraethyl orthosilicate) 1am tién chat silica. Dung dich phan ting dugc diéu chinh pH bang
amoniac hoac NaOH, sau khi khuéy tron, TEOS duoc thém dan déu dudi dang giot. Sau 24
gio 11, cac hat thu dugc nung & 10 °C/phut dé loai bo khuén hitu co, tao ra HMSN (Khoeini &
cs., 2019). Nano silica duoc tong hop tir vo triu ciing da duoc bio céo trong nghién ctru cua
(Jyotl & cs., 2021). V6 trau duge 1am sach bang nuge khu ion dé lai bo chat ban. Sau do, vo
trau dugc phO’l dudi anh mat troi 12 gid. Dot vo trdu trong 2 gid & 400 °C, va nung trong 2
gio & 600°C. Khudy véi dung dich NH4Cl trong 2 gid. Sau d6 loc hdn hgp bang nudc khir ion
dén khi pH bang 7. Tiép tuc khiy voi dung dich NaOH 2,5 N & 80°C trong 2 gid. Trung hoa
lai dung dich béng nuée khir ion 4m va thu dwogc natri silica. Sau khi thu duoc natri silica xr
li bang axit H,SO, ddm dit, cho dén khi pH bang 2 thi dung dich két tiia. Sau d6 nung trong 1
gidr & 400 °C thi thu duogc nano silica. Nam 2019, Wang va cong su da nghién clru “Chét khu
trung bang hat silica mesoporous v6i kha ning kiém soat giai phong Ag*, kha ning tach hiéu
qua va hoat tinh khang khuan”: Qua trinh téng hop cac HMSN bang cach sir dung cac hat
hematit (Fe,O;3) lam mau cing, dugc tao ra trong qué trinh hoa tan nhiét, sau d6 dugc phu
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trong quy trinh sol-gel hai budc vdi silica (Si0) dé tao thanh cac hat 16i-vo (Fex0:@8S102).
Sau d6, 18i sit oxide dugc an mon bang Hydrochloric acid ddm déc va san pham duoc sdy kho
trong diéu kién méi truong xung quanh dé thu dugc HMSN. Nghién ctru nay phat trién mot
hé théng khang khuan da trén cac hat nano bac dugc bao boc boi silica rdng (HMSN). Cau
truc hai 16p cuia hat glup kiém soat sy phat thai ion bac (Ag") tir 46 dam bao hiéu qua khang
khuan cao chdng lai vi khuan Escherichia coli. Ngoai ra, 16p ngoai cua silica con ngan chin
su oxy hoa bac, cho phép sur dung trong cac ung dung xt Iy nude (Wang & cs., 2019). Krakor
& cs. (2021) da nghién ctru d tai “ Vién nang silica trung tinh rdng chira dong, nano bac ,
kém oxit dé duy tri nén vimg hiéu qua khang khuan”. Nghién ciru nay cho thdy Ag khi két
hop v6i vién nang silica rong thdy dugc cac hat nano bac hoa tan cham trén bé mat HMSN va
su khuéch tan Ag™ qua 16p vo silica tao ra su giai phong ion Ag" mot cdch manh mé, tinh
khang khuén tang 1én, 1am giam kha nang sdng sot ciia vi khuan gram am nhu E.coli, gram
dwong nhu B. Subtilis dat biét 1a vi khuan E.coli. Nuti & cs. (2024) da nghién ciru “Diéu chinh
cac hat nano bac phu silica mesoporous va mang pha tap polyurethane dé ting cuong ung
dung khang khuan”. Nghién ctru nay cho thiy viéc bao boc cac hat nano bang silica
mesoporous dugc dy doan s& ting cuong do hoa tan trong nhiéu loai dung méi khac nhau cho
pheép tich hop vao cac ma tran polyme ky nudc thong qua phuong phap Casting, khong can
tr& hiéu qua khang khuan ciia nano bac, ma con ting cudng khang khuan nhu cac ching vi
khuan gram 4m mot cach hiéu qua hon .

Trong bai nghién clru ndy, tac gia trinh bay phuong phép tong hop vat lidu Ag@HMSN
c6 dac tinh khang khuan.

3. Vit liéu va phwong phap nghién ciru

Hod chit: Mot s hod chit st dung dé tong hop vit liéu Ag@HMSN nhu NaOH 96%,
AgNO3 99,5%, NH4Cl 99,5%, CsHs07.H,0 99,5% (Trung Quoc); Pluronic 123 (Sigma
Aldrich); HCI 35-37%, nuéc cat 2 1an, NH4OH 25-28%, C,HsOH 90° (Viét Nam).

T 5ng hop HMSN: Vo triu duoc rira sach, séy kho, tro hoa, dem nung ¢ nhiét d6 700
OC & trong thoi gian 2h thu dugc tro trdu c6 mau xam trang. Dung dich A: 13y 1g tro triu cho
vao coc khudy v6i 10 mL NaOH 2M khudy trong 1 gio ¢ nhiét do 100 °C; trong qué trinh
khiy cho thém nudc khir ion vao dé giit nguyén thé tich hdn hop ban dau; sau khi khuay xong,
tién hanh loc, thu duoc dung dich ¢c6 mau vang nhat. Dung dich B: Cho 2,1 g P123 két hop
v6i 20 mL dung dich d€m amoni, 20 mL ethanol va 20 mL nuéc khir ion; sau do, khuéy hon
hop dung dich trong 1gid. Tiép tuc, cho tir tir dung dich A vao dung dich B khudy tiép tuc 1h,
trong qua trinh khudy xuét hién két tia tring. Tién hanh dem hdn hop nay gia hoa 8 gior & 90
°C, loc mau. Tiép tuc dem mau nung & nhiét do 500 °C trong 3 gid, thu dugc cac hat HMSN
c6 mau tring nga.

Téng hop Ag@HMSN: Tong hop Ag@HMSN bang cach phan tan hdn hop AgNOs va
HMSN vao nude cat hai 1an. Sau d6 dun hoi luu hdn hop nay, nhiét d6 hdn hop trong binh
cau phai dat dén 90 °C. Sau d6 tiép tuc dun 30 phat. Trong thoi gian dun hdn hop, lay citric
acid monohydrate hoa tan v&i nudc cat hai 1an. Sau khi du thoi gian dun hdi luu 30 phit, cho
hdn hop acid citric monohydrate vira hoa tan dwgc vao binh ciu xuét hién cac hat két ta. Roi
tlép tiép tuc dun héi Iwu hdn hop nay dén khi hdn hop dat 90 °C, khudy hén hop trong 50 phit,
hén nay van tiép tuc gia nhiét & 90°C. Sau khi dun hén hop nay xong, dem ly tam hon hop
trong khoang 15 phut. Sau do, lay hdn hop di dem ly tam, loc, va sdy trong khong khi thu
dugc cac hat rin Ag@HMSN. Vit liu Ag@HMSN dugc tong hop thanh cong voi nong do
AgNO; khac nhau dugc ky hiéu Ag«@HNSM, trong d6 x 1a nong do mol/L cua dung dich
AgNO;.

Thir khdng khudn: Hoat tinh khang khuin duoc danh gia bang phwong phép duc 13
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thach (agar well diffusion). Vi khuan duoc nudi cy trén méi trudng TSA trong 24 gio, sau
d6 pha huyén phu trong dung dich SPW va diéu chinh mat dé theo chuin McFarland (~107—
108 CFU/mL). M6t lugng 0,1 mL huyén phu duoc trai déu trén bé mit thach MHA, tiép theo
tao cac giéng va bo sung 50 uL mau thir. Chloramphenicol va HNSN duoc sir dung lan lugt
lam d6i chimg duong va am. Cac dia dugc dé khuéch tan trong 15 phit, sau d6 1 & 37 °C trong
1620 gio. Hoat tinh khang khuan dugc xac dinh thong qua dudng kinh vong vo khudn hinh
thanh xung quanh giéng.

4. Két qua va thao luin
4.1. Pac tinh cuia vit licu Ag@HMSN
4.1.1. Két qua do phé nhiéu xa tia X (XRD)

Vit ligu duge do nhidu xa tia X goc rong 26 tir 5° dén 80° bang thiét bi D2 Phaser,
Brucker, Duc tai Trung tdm phén tich quc t€ - Truong BH Cong Thuong TP. HCM. Két qua
do thu duogc dugc thé hién trong Hinh 1.

Ag@HMSN
~ HMSN

; MW MM
WWW H«%
W WMWMvmmmwWw%wwww..w.,W.me,,,.,

Cuwong do (a.u.)

i
A A i

10 20 30 40 50 60 70 80

Go6 nhiéu xa 20
Hinh 1. Gian d6 XRD ciia vat liéu Ago.n@HMSN

Gian d6 XRD ciia mau cho thiy mot dinh tdn xa rong va cuong do manh trong khoang
goc 20 tir 20° dén 25°. Pay 1a dic trung cua silica vo dinh hinh, tao nén khung xuong cua hat
HMSN. Sy xuét hién cua dinh rong nay khéng dinh cAu trtic nén silica 12 cAu trac vo dinh hinh
(Quach, 2024). Pang chi y, phd khong ghi nhan cac dinh nhidu xa sic nét dic trung cho bac
kim loai. Diéu nay co thé giai thich 1a do cac hat nano bac dugc bao boc trong HMSN (Siddiki,
2023) va dong thoi ciing c6 thé do ham luong bac qua nhé nén tin hiéu peak nhidu xa thip va
bi nén silica che l4p trong gian d0 XRD (Balas, 2018). Nhin chung, két qua nay budc dau cho
thdy cac hat Ag dugc phan tan trong hé 16 xp hodc long rdng cta vat liéu HMSN va khong
lam phé v& cAu tric cia HMSN.

4.1.2. Két qua do TEM
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Hinh thai cta vét liéu dugc xac dinh bang phuong phép I}ién vi dién tir truyén qua
(TEM) trén thiét bi JEM2100, JEOL — Nhat Ban. K&t qua dugc thé hién trong hinh 2.

200.0nm

500.0 nm

Hinh 2. Anh TEM ciia vét liéu HMSN (A) va Ago10@HMSN (B)

Hinh 2(A,B) cho thiy cac hat nano silica c6 hé thong 16 x6p nhiéu 16p véi kich thudce
khoang 10 — 25 nm. Bén trong hat xuét hién cic vong dong tim tdi—sang, chimg t6 c6 15i rdng
va 16p vo ¢6 hé mao quan trung binh phat trién kha dong déu. Bé mit vo thé hién mang ludi
mao quan trung binh cua silica rd rang. Pang chu ¥, cic chim den ddm mau xuat hién trén va
trong vo hat chinh 1a cac hat nano bac véi kich thudc khoang 22 nm dugc hinh thanh va phan
tan trong vat liéu (Hinh 2B). Két qua nay phu hop vai két qua do EDS.

4.1.3. Két qua do EDS

Thanh phan nguyén t6 cia vat liéu duoc xac dinh bang phuong phap phd EDS trén thiét
bi JSM-IT 200, JEEL — Nhat Ban. Két qua dugc thé hién trong Hinh 3 va Béang 1.

Pho EDS (Hinh 3B) ctia mau Ago.10@HMSN cho thay cac dinh dic trung cia O-Ka va
Si-Ka Xudt hién rd rang, ching t6 nén vat liéu chu yéu 1a silica, phti hop véi cau trac HMSN
da tong hop. Pdng thoi, cac dinh Ag-M va Ag-L (trong ving khoang 0,3-3,5 keV) duoc ghi
nhan véi cudng do kha rd (Hinh 3B), dong thdi hinh anh mapping (Hinh 3A) va anh phan b
nguyén td Ag (Hinh 3C) ciing khang dinh sy hién dién cta bac trong vat liéu v6i ham lugng
Ag khoang 1,00% theo khdi lugng (Bang 1) diéu nay phit hop véi két qua xuat hién hat nano
bac trong anh TEM. Nhu vay, qué trinh dua Ag vao hé¢ HMSN da thanh cong mac du ham
luong con khiém ton.
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Hinh 3. Phd EDS ciia vt liéu Ago.1@HMSN: Anh mapping phan cac nguyén t0 (A),
phd EDS xic dinh thanh phin nguyén té (B) va anh phan bé mdi nguyén t6 (C)
Bang 1. Thanh phén khdi lwgng cac nguyén td trong vt liéu Agy0@HNSM

Nguyén t6 C 0 Si Cl Ag
% Khoi eong 48,00+ 0,13 33,97+0,17 17,03+0,17 0.56+0,04  1,00£0,11

4.2. Két qua do khang khuin

Két qua cho thdy vat lieu Ag@HMSN c6 kha nang khang khudn dbi véi E. coli va B.
subtilis, trong khi mau HMSN thuan khong thé hién hoat tinh khang khuan (Hinh 4). Khi nong
do Ag* tang, duong kinh vong v khuan ciing ¢6 xu hudng ting, ching t6 hoat tinh khang
khuén phu thudc vao ham luong bac. Ngoai ra, vat liéu thé hién hiéu qua khang khuén E. coli
manh hon so véi khuin B. subtilis véi dudng kinh v6 khudn twong Gng 1an luot 1 6,78 mm
va 4,69 mm cho méu vat liéu Agy 10@HMSN. Pay 1a mot xu hudng kha pho bién ddi véi nhiéu
hé vat lidu chira AgNPs va c6 thé dugc giai thich boi su khac biét trong cAu tric thanh té bao
giita vi khudn gram am va gram dwong. E. coli 13 vi khuén gram am, c6 16p peptidoglycan
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mong (khoang 2-7 nm). Trong khi do, B. subtilis la vi khuin gram duwong vdi lop
peptidoglycan day hon nhiéu (20-80 nm), dong vai tro nhu mét hang rao vat 1y han ché su
khuéch tan ciia cac hat nano bac vao bén trong té bao (More, 2023).

Agy o @HMSN

Ag, o @HMSN

J \
)
Syl

Ag, < @HMSN

Bacillus subtilis Escherichiacoli

Hinh 4. Két qua do khang !(hulen véi vi !(huzzln E.coli (phai)
va két qua do khang khuan véi vi khuan B.subtilis (trai)

Biang 2. Két qua do khang khuin ciia vit liéu Ag@HMSN

Puong kinh vong vé khuin
Chloram
Tén khuén phenicol  HMSN  Agoon@HMSN  Agoos@HMSN Ago 10@HMSN
200 ppm
Escherichia coli 11,38 mm nd 4,55 mm 6,57 mm 6,78 mm
Bacillus subtilis 8,97 mm nd 2,99 mm 4,27 mm 4,69 mm

5. Két luan

Vit liu Ag@HMSN da duge tong hop thanh cong voi ciu triic rong va phén tan bac
trong mang ludi mao quan. Két qua cho thay ca hai mau déu c6 kha nang tre ché E.coli va
B.subtilis. Mac du hiéu qua khang khuan khong vuot trdi nhung ching té sy phan bo va on
dinh cta bac trong HMSN. Nhin chung, Ag@HMSN la vt liéu htra hen cho ng dung khang
khuan va c6 the tiép tuc t6i uu hoa ty 1¢ bac dé dat hi€u qua cao hon.

Loi cam on: Nghién ciru nay duoc tai tro boi truong Pai hoc Cong Thuong Thanh phé
Hd Chi Minh v&i mi dé tai 1a 17 theo QD sb 4234/QD-DCT ngay 26/12/2024 vé viée giao
nhiém vu thue hién dé tai khoa hoc va cong nghé cip Trudng danh cho sinh vién, hoc vién,
nghién ctru sinh ndm hoc 2024-2025 (dot 2).
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