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TOM TAT

Vat liéu nanocomposite la linh vuc dang dugc rat nhiéu nha khoa hoc cling nhu nhiing ngudi dam mé khoa
hoc quan tdm do n6 ¢ kha nang tiém tang rat Ién. Trong nghién c(u nay, tdng hop hé hat lai nano Ag/Ti0, béng
phuang phap st dung tac nhan khir va polyme nanocomposite PLA/Ag/Ti0, da dugc ché tao va khdo sét tinh
chdt. Phén tich cdc ddc trung cda hat lai bdng phuong phap vat Iy hién dai nhu: XRD va TEM cho thdy da téng
hop duoc hat lai cd nano Ag phan b6 trén Ti0,. Thit kha ndng khang khuan cda hat lai cho thdy mau hat lai c6
kha nang khang khuan vi 3 chiing vi sinh vat. Ché tao thanh cdng vat liéu t6 hop nanocomposite khang khuédn
trén co s hat lai nano Ag/Ti0, va PLA. Khi thém hat lai vao thi tinh chdt co Iy clia vét liéu thay d6i khong nhiéu.
Thi kha néng diét khudn cla vét liéu nanocomposite théy rang: Salmonella typhimurium (ATCC 14028) va E.coli
ATCC 25922 ¢6 hiéu sudt diét khuan khd giéng nhau. Kha nang diét hoan toan 6 lugng hat lai sit dung trong vat
liu nanocomposite la 0,04%, trong khi d6 S.aureus ATCC 25923 chi bi diét hoan toan khi ty Ié hat lai nano
Ag/Ti0, a 0,05%. Qua d6 cho thdy kha ndng diét khuan clia S.aureus ATCC 25923 yéu hon.

Tir khéa: Nanocomposite, nano Ag/Ti0,, PLA, khdng khudn.

ABSTRACT

Nanocomposite materials are an area of interest to many scientists and science enthusiasts because of their
great potential. In this work, synthesis of nanoparticle hybrid Ag/TiO, by using reducing agent method and
preparation of polymer nanocomposite were investigated and their properties were characterized. Analysis of
the characteristics of hybrid particles by modern physical methods such as XRD and TEM showed that hybrid
particles with Ag nanoparticles distributed on Ti0, have been synthesized. The antibacterial ability of the hybrid
particles showed that the sample has antibacterial ability with 3 strains of microorganisms. Successfully
fabricated antibacterial nanocomposite based on Ag/Ti0, and PLA. When adding hybrid particles, the physical
and mechanical properties of the material do not change much. Testing the bactericidal ability of
nanocomposites found that: Salmonella typhimurium (ATCC 14028) and E.coli ATCC 25922 had quite similar
bactericidal performance. The fully antibacterial ability of the materials was at nanoparticles hybrid content of
0.04%, while by S.aureus ATCC 25923 the nanoparticles hybrid content was 0.05%. The result indicated that the
antibactericidal ability of S.aureus ATCC 25923 is weaker.
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1. MG PAU

Céng nghé nano la nganh céng
nghé lién quan dén viéc thiét ké,
phan tich, ché tao va iing dung céc
cdu trug, thiét bi va hé théng bang
viéc diéu khién hinh déang, kich
thudc trén quy mo nanomet. O
kich thudc nano, vat liéu sé cé
nhing tinh nang dac biét ma vat
liéu truyén théng khéng co dugc.
Tinh chat dugc biét dén nhiéu nhat
clia nano bac la kh3a nang diét
khuan ctia vat liéu nay. Nhiéu linh
vuc tUr y t€ dén san xuat hang tiéu
dung da su dung nano bac nhu
moét tdc nhan gidp cho cac san
pham tao ra c6 dudgc khd nang
khang khuén, giup chdm séc va bao
vé stic khde con ngudi. Ngoai ra dé
cai thién tinh khang khudn cla
nano bac, tién hanh két hop nano
bac véi cac oxit khac, nhu hat lai
nano Ag-ZnO [1], hén hogp
nanosilverferrite [2], hat nano lai
Fe;0,-Ag dang 16i - vo [3-5] hay
qua ta doi [6]... PGi vai cac hat lai
Fe;O,-Ag nano & dang 16i - v,
ngudi ta thay rang hoat tinh khang
khudn clia ching la chéng lai cac
vi khudn Gram am (ké cd E-coli) 1a
tét han so véi cac hat nano bac [3,
7]. Tuong ty nhu vay, d6i vdéi
nanocomposite ferrite bac [8], cac
tdc gia da chi ra rang hoat tinh
khang khuédn cao hon so véi cac
hat nano Ag riéng va cac loai chat
khang khun khac.
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Vat liéu nanocomposite la composite véi vat liéu gia
cudng co kich thudc nanomet. Tinh chat dac biét cla loai
vat lieu nay |a su két hop thanh cong cac tinh chat riéng néi
troi ctia méi vat liéu riéng ré trong hiéu ung kich thudc
lugng td. Polyme composite la vat liéu quan trong dugc
Ung dung trong nhiéu linh vuc, ti linh vuc yéu cau cao nhu
may bay, tau vi try dén nhing Ung dung théng thudng
trong cudc séng hang ngay. Trong nhiing nam gan day,
nhiing tinh chat t6i uu cha vat liéu composite st dung chat
gia cudng véi kich thudc micro da dat dén muc téi han do
tinh chat chung ctia composite ludn la sy hai hoa cta cac
tinh chat riéng biét [9, 10].

Chinh vi vay viéc nghién ctu téng hgp, t8 hgp, phdi
tron dé ché tao ra nhing sdn pham, vat liéu uu viét haon,
phuc vu ddi séng con ngudi cling nhu ting dung trong cac
nganh cong nghiép, hang tiéu dung, dung cu chua dung
thuc pham. Trong c6ng trinh nay tién hanh téng hop vat
liéu nanocomposite tir PLA va Ag/TiO,, sau d6 thir tinh chat
cd ly va kha niang khang khuén clia chung.

2. THUC NGHIEM
2.1. Héa chat

Cac hoa chat cia hang Merck gém: bot TiO,, AgNO,,
NaBH,. polylactic acid (PLA) (ty trong 1,24g/cm?, Trung Quéc)
2.2. Phuong phap téng hgp hat lai Ag/TiO,

Can 0,2g TiO, phan tan trong c6c thay tinh co chua
200ml nudc cat réi cho cbe thuy tinh ¢é chia dung dich TiO,
Ién may khudy tir khudy trong 15 phut, réi tién hanh siéu am
trong 60 phut.

Can 0,01g AgNO; phan tan trong 20ml H,O, dem siéu
am trong 5 phut roi cho vao dung dich TiO, dang khudy
trén trén may khudy tu, tiép tuc khudy lién tuc trong vong
30 phat.

Can 0,01g NaBH, hoa tan vao 30ml nudc cat thu dugc
dung dich NaBH,, r6i cho nho giot ti tir dung dich NaBH,
vao hén hgp c6 chua TiO, va AgNO, van dang trén may
khudy tu. Sau khi nhé xong NaBH, ti€p tuc khudy trong
vong 60 phut. D€ 13ng, loc 1y phan chat rén phia dusi dem
di sdy 3105 - 110°C dén khi khéi lugng khong déi. Mau hat
lai dugc dem di do X-Ray, TEM dé danh gia kich thudc hat,
khd nang phan tan cla vat liéu.

2.3. Ché tao vat liéu nanocomposite PLA/Ag/TiO,

Vat liéu nanocomposite PLA /Ag/TiO, dugc ché tao tao
biang phuong phap trén néng chay trén hé may do luu
bién trang thai nong chay Rheomix 610 cla hang Haake
(CHLB Buc) cho cac polyme nhiét déo va vat liéu polyme t6
hap, buéng tron kin, sir dung 2 truc canh trén loai Roller
theo tiéu chudn ASTM D2538. Vat liéu nanocomposite
PLA/Ag/TiO, vdi ty |& hat lai s& dung dé khao sat: 0,01%,
0,02%, 0,03%, 0,04% va 0,05%. ché tao theo quy trinh nhu
sau: Bot PLA va hat lai nano Ag/TiO, sau khi say kho dugc
phoi trén véi cac ty 1é khac nhau truéc khi dua vao may
tron kin hai truc. K&t thuc qua trinh mau dugc lay ra, ép trén
may ép & nhiét do 180°C, luc ép 100kg/cm? trong thai gian
4 phat. Cac mau vat liéu sau khi ép, tao mau roi dem di do
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tinh chat co ly nhu dé bén kéo dut, d6 dan dai va kha nang
khang khuan.

2.4. Phuong phap xac dinh ciu truc va kha nang khang
khuan ctia vat liéu

- Anh SEM dugc chup trén thiét bi do kinh hién vi dién
tl quét phat xa trudng Hitachi S-4800.

- Mau dugc do kinh hién vi dién td truyén (TEM) qua trén
may Jeol HRTEM 3010 c6 dién thé tir 100 - 300kV, cho dé
phan gidi déi vai diém anh 13 0,17nm va déi véi anh mang
tinh thé 13 0,14nm, d6 phong dai tir 50 dén 1.000.000 lan.

- Ph8 nhiéu xa Ronghen clia mau nghién ciu dugc ghi
trén may Siemen D-5000. Ong phét tia X bdng Cu véi budc
song K, = 1,5406A°, dién ap 30kV, cudng dé dong 6ng phat
0,01A°, gbc quét thay d&i tir 10 dén 70° téc dd quét 0,052
do/pht.

- Cac tinh chat ca ly clia vat liéu nano composit nhu dé
bén kéo (8), ing suat dan héi (ing suat Young, E) va d6 dan
dai tuong déi khi dut () dugc xac dinh théng qua thi
nghiém kéo ddit mau véi mot hinh dang chuan trén may do
tinh chat co ly Tinius Olsen H100KU, Hounsfield, Anh. Do
theo tiéu chu&dn TCVN 4501-1:2014 (ISO 527-1:2012) & 25°C,
téc d6 kéo 10 mm/pht. S6 lugng mau do ti 3 - 5 mau dé
lay két qua trung binh.

- Khéo sat kha nang diét khuan trén cac ching vi sinh
vat kiém dinh bao gém: Vi khudn Gr(+): Staphylococcus
aureus (ATCC 25923). Vi khuan Gr(-): Escherichia coli (ATCC
25922), Salmonella typhimurium (ATCC 14028).
3.KET QUA VA THAO LUAN
3.1. Két qua téng hop hat lai Ag/TiO,

* Két qud nhiéu xa tia X (XRD)

Mau TiO, chua lai hda va sau khi lai hoa v6i Ag da dugc
chup X-Ray, két qua dugc thé hién trén hinh 1.

T gian d6 nhiéu xa tia X cung cdp truc ti€p nhing
théng tin vé muc dé trat tu cla cac 16 x6p, cau tric 16 x6p
cla vt liéu. Khoang do 20, téc d6 0,008%giay, nhiét do
25°C. Trén gian d6 XRD clia mau Ag/TiO, ta thay xuat hién
cac peak nhiéu xa ctia Ag. Két qua nay ching té vat liéu
téng hap dugc co cau tric tinh thé Ag/TiO, va dé tinh khiét
cao cling nhu qua trinh téng hgp hat lai nano Ag/TiO, da
thanh céng. T gidan d6 XRD cla Ag/TiO, ta thdy peak dac
trung clia nano Ag & goc quét 20 tir 38 - 39°.

IS
l’t

¥ "‘W! Wiy Lv"‘mwl ‘ka’\l!-ap.lwtﬁmfw’“‘ MT

AAAAAAAAAA

POF Database Copyright | Centre for Diffra loDrI(DD)
opyright 5003.2018 CRYSTAL IMPACT, Bo

Vol. 59 - No. 2B (Apr 2023) e Journal of SCIENCE & TECHNOLOGY | 141



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

1

2000 30.00 .00 £0.00 60.00 70.00 2000 9000 10000 11000

£ 20012018 CRYSTAI IMPACT. Rana. G

Hinh 1. Gian d6 XRD mau Ti0, (a) va mau hat lai Ag/Ti0, (b)
* Két qud dnh hién vi dién tir truyén qua (TEM)
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Hinh 2. Anh TEM ciia hat lai Ag/Ti0,

Anh TEM (hinh 2) cho thay rdng cac hat nano Ag da
phan tan va bam trén bé mat chat mang nano TiO,.

* Khdo sdt khd ndng diét khudn cua hat lai Ag/TiO,

TU hat lai nano Ag/TiO, téng hgp dugc, ching toi da
ti€n hanh tha hoat tinh khang khudn cla chat nay trén cac
chiing khudn vi sinh vat kiém dinh bao gém: vi khudn Gr(+):
Staphylococcus aureus (ATCC 25923), vi khudn Gr(-):
Escherichia coli (ATCC 25922), vi khuan Gr(-): Salmonella
typhimurium (ATCC 14028).

Tién hanh nhu sau: dung pipet, hut 100ul dung dich vi sinh
vat da dugc hoat hoa va trang déu trén bé mat thach. Buc 16
trén bé mat thach, dudng kinh 16 thach d, = 8mm. Hut lan luot

2

50ul dich miu & nong dé Omg/mL, 8mg/mL, 16mg/mL,
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40mg/mL nho vao giéng thach. Bay ndp dia petri lai, cho vao
t0 am 37°C dé vi khuan phat trién trong 18 - 24h. Lay cac dia
thach ra khoi ta am. Po va ghi lai D;: dudng kinh vong vo
khuan. Két qua thu dugc thé hién trén bang 1.

Béng 1. Hoat tinh sinh hoc clla mau hat lai nano Ag/Ti0,

Nong do Hiéusé D, - d,, (mm)
hatlai | D, Dudng kinh vong vd khudn (mm), d, =8 Dutng kinh giéng (mm)

nano bac Staphylococcus S Salnonella
(mg/mL) pal{reus Escherichia col tyhimurium

0 0 0 0

8 2 6 6

16 4 8 8

40 7 8 8

Tu bang 1 cho thdy, mau hat lai cé kha nang khéng
khudn Staphylococcus aureus, Escherichia coli, Salmonella
typhimurium cta hat lai da téng hop duoc.

3.2. K&t qua téng hgp vat liéu nanocomposite

a) Anh huéng cia hat lai nano bac téi tinh chdt co ly

Két qua do tinh chat co ly cta vat lieu polyme
nanocomposite dugc thé hién trong bang 2.

Bang 2. Cac tinh chat co Iy clia vat liéu nanocomposite

Mau | Hamlugnghat | Do bénkéo Ppodandai | Ungsuat

lai (%) dut cucdai | twongddikhi | danhoi

(MPa) dut (%) (MPa)

MO 0 49,32 3,54 1582,9
M1 0,01 48,84 3,45 1574,2
M2 0,02 48,21 3,48 1541,2
M3 0,03 4791 342 15031
M4 0,04 4741 3,39 1498,7
M5 0,05 4712 3,40 14789

Khi ham Iugng hat lai nano Ag/TiO, tang tu 0 [én 0,05%,
d6 bén kéo dut clia vat liéu nanocomposite giam dan tu
49,32MPa xuéng 47,12MPa. Su gidm ctia do bén kéo dugc
gidi thich béi hat lai la cac hat vo co, kich thudc phan tu
nho nén no lam gidm dé bén kéo. Su giam d6 bén kéo
khong nhiéu so v&i mau khéng phdi tron hat lai.

Tuang tu d6 dan dai tuong doi giam rat it ti 3,54% cla
PLA nguyén chat xuéng 3,39% cla vat liéu chita 0,04% hat
lai. Nhu vay muc dé gidm khong dang ké, hay noi cach khac
khi cho hat lai vao PLA v&i ham lugng khao sat khong anh
hudng nhiéu dén d6 dan dai khi dut.

V6i Ung suat dan héi clia vat liéu nanocomposite gidm khi
ham lugng hat lai nano Ag/TiO, ting Ién. Cu thé, iing suat dan
hoi giam tir 1582,9MPa cla riéng PLA xuéng 1478,9MPa clia
vat liéu nanocomposite v&i 0,05% hat lai. Tuy nhién su gidm
nay khong nhiéu vi ham luong hat lai strdung rat it.

b) Hinh dnh SEM cua vdt liéu nanocomposite

Mau vat liéu nanocomposite gitia PLA va hat lai nano
Ag/TiO, dugc chup anh SEM. Két qua dugc thé hién trén
hinh 3.

Trén hinh 3 cho thdy, cac hat lai da dugc bao boc va
phan tan trong nhua PLA. Qua trinh phéi tron vat liéu da
thanh céng.
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Hinh 3. Anh SEM vét liéu nanocomposite cila PLA va hat lai nano Ag/Ti0,

¢) Khd ndng khdng khudn cia vét liéu nanocomposite

Vat liéu nanocomposite PLA va hat lai nano Ag/TiO,
dugc tién hanh do kha nang khang khuan. Két qua do kha
nang khang khuan dugc thé hién trén bang 3.

Bang 3. Hiéu sudt diét khudn ctia vat liéu nanocomposite vdi céc ching vi
sinh vat

Ham luong hat lai Hiéu sudt diét cac chiing vi sinh vat
Ag/Ti0, (%) Staphylococcus Escherichia coli Sallnone.lla
aureus tyhimurium
0 0 0 0
0,01 20 29 34
0,02 43 67 70
0,03 76 82 86
0,04 91 100 100
0,05 100 100 100

& ham lugng hat lai nano Ag/TiO, trong mau 1 0,01%, thi
hiéu suat diét déi véi S.aureus ATCC 25923 |a 20%, con ddi vai
Salmonella typhimurium (ATCC 14028) va E.coli ATCC 25922 thi
hiéu suat cao hon, 1a 29% va 34%. Sau d6 hiéu suat diét déi
vGi cac chling tdng nhanh khi néng dé hat lai nano Ag/TiO,,
va tang cham dan khi gan dat dén hiéu suat diét 100%.

Salmonella typhimurium (ATCC 14028) va E.coli ATCC
25922 c6 hiéu suat diét khudn kha giéng nhau. Trén bang 3
cho thdy céc s6 liéu nay gan bang nhau. Trong khi dé
S.aureus ATCC 25923 chi bi diét hoan toan khi ndng dé hat
lai nano Ag/TiO, la 0,05%. Qua d6 cho thay hiéu suat diét
khuén cta S.aureus ATCC 25923 yéu hon.

4, KET LUAN

Quéa trinh nghién cdiu da téng hop hé hat lai nano

Ag/TiO, bang phuang phap st dung tac nhan khii. Phan
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tich cac dac trung clia hat lai bang phuong phap vat ly hién
dai nhu: XRD va TEM cho thdy da téng hgp dugc hat lai c6
nano Ag phan bé trén TiO,.

Ché tao thanh céng vat liéu t6 hgp nanocomposite khang
khuan trén ¢ s& hat lai nano Ag/TiO, va PLA. Khi thém hat lai
vao thi tinh chat co ly cda vat liéu thay déi khéng nhiéu. Thit
khé nang diét khudn cta vat liéu nanocomposite thay rang:
Salmonella typhimurium (ATCC 14028) va E.coli ATCC 25922 ¢6
hiéu sut diét khudn kha giéng nhau. Kha ning diét hoan toan
& lugng hat lai st dung la 0,04%. Trong khi d6 S.aureus ATCC
25923 chi bi diét hoan toan khi ham Iugng hat lai nano Ag/TiO,
1a 0,05%. Qua dé cho thdy kha nang diét khuan cta S.aureus
ATCC 25923 yéu han.
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