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TOM TAT

Trong nghién cou nay, véat liéu
composite PP/ TiO, - nano Ag da duoc téng
hop thanh céng bang phuong phép phdi trén
noéng chay giitta hén hop bét TiO, — nano Ag
véi nhwa nén PP. Céu truc véat liéu dwoc
khdo sat bang céc phuwong phap phén tich
anh TEM va SEM. Két qua cho thay, cac hat
TiO, — nano Ag gan trén nhua nén PP ¢6
kich thuéc khodng 30 — 60 nm. Tinh chét co
ly cua vét liéu dwoc khdo sat théng qua

phuong phép do ubn va gidn dé6 DSC. Két
qua cho théy, tinh chét co ly ctia composite
téng so v&i nhura PP nguyén chét. Ngoai ra,
sw trc ché phét trién cda vi khuén & néng doé
bac thép va sw phén bé tét cia TiO, - nano
Ag trén nén nhua PP thdng qua céc két qua
ctia phbé EDX, gidn db XRD va kha ndng diét
khuén E. coli tbt cta vét liéu da ching té PP
la chét nén thich hop déi véi tac nhan chéng
khuén TiO, — nano Ag.

Twr khéa: Nano Ag, TiO, composite PP/TiO, — nano Ag, khir khuén.

MO PAU

Trong mdi truong séng hién nay ton tai rat
nhiéu loai vi sinh vat mang nhiéu mam bénh khac
nhau dac biét la tai cAc bénh vién, phong may
lanh v.v... Do d6, hang ndm c6 rat nhiéu nguoi bi
nhim khuin va virus tir méi truong séng. Nhiing
virus, nam, men, protein, phan tir hitu co dugc
hinh thanh va ting sinh trén bé mat vat liéu nhya
tao thanh mang sinh hoc. Mang sinh hoc nay
ciing c6 chirc nang nudi dudng va bao vé céc vi
khuan hay nam méc [1, 2]. Dé loai bo mang sinh
hoc nhidm khuén trén vat liéu nhya, phuong phép
thuong dung 14 tay rira vat 1y, nhung khong co
hiéu qua t6t. Sau khi tay rira vai gio, cac chat ban

lai bam trén vat liéu. Nham khic phuc diéu nay,
ching ta can ché tao vat liéu c6 kha niang tu
khéng khuan.

Nhiéu két qua nghién ciru moi day, cu thé 1a
A.Hebeisha [3] da st dung sg¢i TiO, pha tap nano
Ag ng dung trong vai chéng khuin va quang
xUc tac, Hem Raj Panta [4] da tng dung vat liéu
hon hop TiO; — nano Ag trong mang loc nuéc
cho thiy dat hiéu qua kinh té cao, than thién moi
trrdong va cd hoat tinh quang xdc tac trong vung
anh sang kha kién, Mungkalasiri [5] da ché tao
thanh cong mang TiO, — nano Ag trén dé Si, thay
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tinh va sat khong ri bang phuong phap MOCVD,
két qua cho thay mang cé tinh chat khang khuan
cao gap nhiéu lan so véi nano Cu:TiO, va khong
can chiéu dén tr ngoai, mat khac mang cé tinh
nang ty l[am sach nho énh séng trong ving kha
kién. Tuy nhién, phuong phiap MOCVD ma tac
gia da sir dung nghién ctru phai c6 thiét bi dat
tién, ton kém trong san xuat. Piéu nay khong phu
hop cho tng dung trong nganh nhua hién nay.
Céc két qua nghién ctru nay da ching té nano Ag
dong vai tro quan trong trong viéc tdng kha ning
diét khuan cua vat liéu TiO,. Bén canh d6, su uc
ché phét trién cua vi khuan & ndng do bac thap va
su phan bé tét caa nano Ag trén nén TiO, ching
to TiO, la chat nén thich hop d6i voi tac nhan
khtr khuan TiO, — nano Ag [3, 6, 7]. Ngoai ra,
trén thi truong hién nay ciing da xuét hién nhiéu
son khir khuan c6 chaa nano Ag va TiO,. Nhu
vay, loai vat liéu c6 chira thanh phan TiO,— nano
Ag cho thdy c6 nhiéu tiém ning &ng dung trong
y sinh hoc va dang tro thanh ddi tuong nghién
ctru hét sc thi vi nhung phtc tap. Tuy nhién,
cho dn nay it thidy xuat hién cac cong trinh
nghién ciu dé cap dén vat lieu nhya c6 chua
nano Ag va TiO, nham tng dung trong y té, nhua
gia dung va bao bi dong goi bao quan thic an dé
khir khuan ciing nhu phong ngira cac tic nhan
gay bénh.

Trén co s& do6, viéc nghién ciu ché tao vat
liéu nhya chira hano Ag va TiO, c6 kha nang diét
khuan va than thién voi méi truong nham ung
dung trong y té va doi sbng hing ngay cua con
nguoi 12 vin dé mang tinh thoi su, co6 ¥ nghia
khoa hoc va thuc tién cao. Ngoai ra, véi cong
nghé ché tao don gian va gia thanh san pham
chip nhan dugc s& mé ra trién vong ung dung
rong rédi trong khoa hoc ciing nhu doi séng.
Trong bai bao nay, ching téi thuc hién viéc téng
hop vat liéu TiO, pha tap nano Ag va tir d6 ché
tao vat liéu composite PP/TiO, — nano Ag Vvai
hinh thai hoc, tinh chét co 1y va kha ning khir
khuin dugc khao sat cu thé.

VAT LIEU VA PHUONG PHAP NGHIEN
cuu
Vit lidu

Cac hoa chat duoc sir dung trong nghién ciu
nady bao gom: Polyvinyl pirrolidone (PVP,
(CsHgNO),) ¢6 xuit xir tir An Do; mubi bac nitrat
(AgNO3;) va tetraisopropyl  orthotitanate
(Ti(OC3Hy)4) ctia hang Merck (buc); trisodium
citrate.  (NasCgHsO;), sodium  borohydrid
(NaBHy,), hydrogen peroxid (H,0,), acid acetic
(CH3;COOH),  isopropanol  ((CH3),CHOH),
ethanol (C,HsOH) va Methanol (CH3;OH) c6 xuat
xt tr Trung Qudc va nhwa polypropylene cua
h&ng Exxon Mobil-USA.

Phwong phap
Téng hop vit liéu TiO, pha tap nano Ag

Tong hop dung dich nano Ag: Cho 0,3 g
polyvinyl pirrolidone (PVP) vao lo chua sin
20 mL dung dich ethanol. Tién hanh khudy gia
nhiét hdn hop trén & 70 °C trong 1 h. Sau dé, cho
0,02 g AgNO; vao hdn hop trén. Sau khi khuay
15 phat dung dich tao thanh ¢c6 mau vang chanh
[8].

Tong hop dung dich TiO,: Cho 5,8 mL Acid
acetic va 5,0 mL tetraisopropyl orthotitanate vao
lo, khudy & nhiét d6 phong trong 30 phut. Sau do,
cho 1,7 mL isopropanol vao hdn hop trén va
khudy khoang 30 phdt. Cudi cung, cho 4,8 ml
methanol vao hdn hop trén. Sau khi khudy duoc
30 pht dung dich tao thanh c6 mau trong subt.

Tong hop dung dich TiO, — nano Ag: Cho tir
tir dung dich nano Ag vao dung dich TiO, va
khudy & nhiét ¢ phong trong 1 h. Dung dich tao
thanh dem nung & 500 °C thu duoc bot TiO, —
nano Ag [6].

Téng hop vit liéu composite PP/TiO, — nano Ag

Quy trinh thyc nghiém duoc thuc hién bang
phuong phép phdi tron néng chay giira hdn hop
bot TiO, — nano Ag Vvéi nhua nén PP trén may
tron kin Haake Rheomix (Puc). Qué trinh khao
sat didu kién gia cong trén may dya theo gian dd
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ngau luc phéi tron Torque cho thay, sau khi tron
voi nhiét ¢o 180 °C trong vong 2 phut thi nhua
PP da chay déu dong nhat. Hon hop bot TiO, —
nano Ag dugc nap vao may va tiép tuc phdi tron
véi nhua PP néng chay trong thoi gian 2 phat.
Sau d6, mau dugc dwa vao may ép gia nhiét
nhim ép dinh hinh dé c6 miu nhwya composite
thanh pham PP/TiO,-nano Ag [4, 9].

Phwong phap phan tich

Nong d6 cua cac chat duoc xac dinh théng
qua d¢ hap thu cua dung dich bang phuong phap
do phd tir ngoai — kha kién (UV — Vis). Pho UV —
Vis cua mau dugc ghi trén may Cary 100 Conc —
Variant, gi¢i han cta budc séng tur 350 — 900 nm.

Thanh phan pha, hiang s mang, kich thudc
hat dugc xac dinh nho vi tri va cuong do cua cac
dinh trén gian dd nhiu xa tia X (XRD). Mau
duoc ghi trén may D8 — Advance 5005 vai cac
diéu kién do nhu sau: 6ng phét tia X bang Cu c6
bude séng A = 0,154064 nm, nhiét do ghi 25 °C,
goc 20 =20 — 70°, tdc dd quét 0,02 do/s.

Hinh théai hoc ciia miu dugc chup trén kinh
hién vi dién tir quét (SEM), Jeol 6600 va kinh
hién vi dién tir truyén qua (TEM), JEM — 1400,
do phan giai 0,2 nm. Mau dugc phan tan trong
ethanol, siy kho, dua 1én dé ban dudi dang 16p
moéng sau d6 dwoc phu 1&n bé mat mot 16p vang
mong trude khi chup.

Thanh phan phan trim cac chat Ag va TiO,
c6 trong mau dwoc xac dinh bing phd tan xa
niing luong tia X (EDX), JOEL JSM 7401F.

Céc loai dao dong dic trung cua cac lién két
hay cadc nhém chirc cd trong phan tir duoc xac
dinh bang phé héng ngoai (FT-IR). Mau dugc ghi
trén may IMPACT 410 — Nicolet. Mau duoc ép
thanh mang mong cé chiéu day 0,3 — 0,5 mm va
do trong viing c6 s6 séng tir 400 — 4000 cm™.

Tinh chat co 1y bén uén cua miu duge do
theo tiéu chuan ASTM D790 véi sé lwong mau
do ¢6 do 13p lai tir 3 —5 1an va mau cé dang thanh
dai voi kich thude nhu sau: chiéu rong = 12,5
mm, chiéu dai = 125 mm, chiéu day = 3,00 mm.

bic tinh nhiét cuia mau nhu nhiét d6 nong
chay, nhiét d6 thuy tinh héa va phan trim két tinh
dugc xac dinh bang phuong phap phan tich nhiét
lugng ké quét vi sai (DSC) trén may Metler
Toledo trong méi truong khi nito, voi toe do quét
10 %/pht.

Khao sat kha ning diét khuan cua vat liéu
composite PP/TiO, — nano Ag

Khao sat kha ning diét khuin cua vat liéu
composite PP/TiO, — nano trén dbi tuwong vi
khuan dai dién 1a E.coli trong méi trudng LB
theo phuong phap JIS Z 2801:2006 [5].

KET QUA THAO LUAN
Khao sat vat liéu TiO, — nano Ag

Hinh 1 12 phé UV-Vis cua sol TiO, - nano
Ag. Trong d6 nano Ag duoc pha tap véi cac nong
d6 khéc nhau (0,5 %:; 1 %:; 1,5 % va 2 %).

Hinh 1 cho thay, do rong ving cam E, ctia
TiO, giam khi ndng d6 pha tap nano Ag ting tr
0,5 % dén 1 % va khi ndng d¢ pha tap tang tir 1,5
% dén 2 % thi do rong ving cam Eg lai ting.
Ngoai ra, ciing d& dang nhan thiy sy c6 mit cua
nano Ag nong d6 1,0 % trong cau tric cua TiO,
lam giam dang ké ning luwong ving cam (tir
3,32 eV xubng 3,12 eV), nghia 1a bd hip thu dich
chuyén vé ving buéc song dai. Didu ndy cho
thdy hiéu (ng quang xuc tac (diét khuan, ty lam
sach) cua TiO, trong viing anh séng kha kién s&
dugc nang cao khi c6 mit cia nano Ag trong cu
trdc vat liéu.
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Hinh 2. Anh TEM ciia bot TiO, — nano Ag nung & 500 °C

Tir anh TEM (Hinh 2) nhan thiy, su ton tai Hinh 3 1a gian d6 XRD cua bot TiO,, bot
cua cac hat Ag dwoc gan trén bé mat cua vat lisu  TiO, — nano Ag (nong do 2 % Ag) dugc nung &
nén TiO, véi kich thudc trung binh khoang 30 — 500 °C va bot nano Ag. Nhan thdy, trong mau
60 nm. Viéc gan két nay s& dugc khiang dinh  TiO, — nano Ag xuét hién thém pha Rutile (c6 su
thdng qua gian do nhidu xa XRD. chuyén pha Anatase thanh pha Rutile, cu thé 1a

cac dinh nhiu xa 20 = 27,4 % 36,0 ° twong ing
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vGi cdc mat mang (110), (101)) so véi cac dinh ctia nano Ag nguyén chat (26 = 44,2 °). Chlng toi
ddc trung cua pha Anatase dbi véi vat ligu TiO, cho rang, nguyén tir Ag c6 kha niang da thay thé
nguyén chit duoc nung ¢ 500 °C. Mit khac, d6i  vao cac nat mang Titan hoac Oxi. Hay n6i cach
v6i vat liéu TiO, — nano Ag, dinh nhiu xa tai ~ khéc, nguyén tir Ag da “gin két” vao trong cu
goc dic trung cho mat mang (200) cua nano Ag trdc cua TiO.,.

da bi dich vé& phia géc nho so véi dinh nhiéu xa
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Hinh 3. Gidn d6 XRD cua bdt nano Ag (1), bot TiO; (2) va bt TiO,—nano Ag (2 % Ag) duge nung & 500 °C (3)

Khaio sat vit liéu composite PP/TiO; - nano Ag

Chung t6i dd pha tap TiO, — nano Ag vao polypropylen (Hinh 4) ching t6i thiy c6 su
nén nhya PP véi ty 16 khdi lugng pha tap la Xut hién cua cac dinh dic trung cho cac dao
1 % va 3 %. Dé khao sat anh huong cua TiO, — dong C-H cua polypropylen, dugc thé hién &
nano Ag dén ciu trdc cua nén nhya PP, ching Bang 1.

t6i tién hanh do phd IR. Tir phd IR cua
Bang 1. Cac dao dong dac trung ctia polypropylen

Nhom Vi tri (cm™) Kiéu dao dong
2951 Dao dong kéo cang khong ddi xtng
2871 Dao dong kéo cang dbi ximg

-CHs : .
1456 Dao dong bién dang khong doi xing
1376 Dao ddng bién dang ddi ximg
2917 Dao dong kéo cang khong dbi ximg
2838 Dao dong kéo cang dbi ximg

-CH,- :
1456 Dao dong bién dang
1164 Dao dong bién dang

-CH- -

! 997 Dao dong bién dang
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Hinh 4 1a phd IR cua nhya PP va composite nhya PP. Nhu vay, khi tron hon hop TiO, — nano
PP/TiO, — nano Ag. Nhan thiy, phd IR cia  Ag vao nén nhya PP, chat don khong anh huong
composite co cac dinh twong tw nhu phd IR cia dén cau tric nhya PP.

Chu thich
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Hinh 4. Phé IR cua polypropylene (PP) (1) va composite PP/TiO, — nano Ag (2)

Nham khao sat dic tinh nhiét cua vat liéu khi ~ hanh trén cdc mau PP nguyén chit (Hinh 5) va
¢6 su hién dién cua vat liéu TiO, — nano Ag, qua composite PP/TiO, — nano Ag véi ham lugng
trinh phéan tich nhiét vi sai (DSC) da duoc tién TiO, —nano Ag 1a 1 % wt va 3 % wt.
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Hinh 5. Gian dd DSC ctia nhua PP
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Qua trinh phan tich DSC trén cac mau vat
liéu dugc thuc hién thanh hai vong lap quét véi
toc do quét 10 °C/phut. Vong quét dau tién duoc
thuc hién nham loai bo gia tri lich sir nhiét cua
PP (thermal history) véi nhiét d6 quét duoc trai
dai tir nhit do phong 30 °C dén 200 °C, sau d6
mau duoc quét ngudi dén -80 °C va cho gia ting
nhiét tré lai dén trén gia tri nhiét do chay cua vat
liéu (200 °C). Qua trinh quét nhiét nay da cho
thdy mau PP nguyén chat c6 nhiét do chay bat
dau (T,,) tai 164,96 °C va nhiét do két tinh lai tai
111,88 °C.

Thong thuong véi sy phan b ddng nhat &
c4u trdc nano cua TiO, — nano Ag trong polymer
nén (PP) thi dan dén trudng hop s& ¢ su tuong
téc tot gitra hai pha va lam giam d linh dong cua
cac mach PP. Nhu vay vat liéu s& can mot ning

lwong hap thy nhiét 16n hon dé cac mach polymer
chuyén trang thai va lam cai thién cac gia tri
nhiét @6 chay va nhiét do thay tinh héa. Tuy
nhién ciing c6 trudng hop pha phan bé cau tric
nano va cac mach polymer nay déu tro va khong
cd su tuong tac manh véi nhau thi s¢ xay ra
truong hop hau nhue mau composite khdng c6 sy
thay d6i dang ké vé céc gia tri nhiét nhu dang
khao sat ¢ day. Két qua sé lieu DSC cua PP
nguyén chat (Hinh 5) va composite PP/TiO, —
nano Ag véi ham luong TiO, — nano Ag la 1 %
va 3 % dugc tong hop ¢ Bang 2. Tir Bang 2 cho
thdy sy hién dién cua TiO, — nano Ag trong mau,
v6i ham luwong 1 % wt va 3 % wt hau nhu khong
gay anh huong dén dic tinh nhiét cua vat ligu.
Diéu nay thé hién qua su khong thay ddi rd rét
cua cac gia tri Tgva Tr, (Bang 2).

Béng 2. Gi4 tri nhiét d¢ thuy tinh hoa (Tg), nhiét dd chay (Ty,) va nhi¢t do két tinh (T;) ctia nhya
PP, composite PP/TiO, — nano Ag (1 % wt va 3 %wt TiO, — nano Ag)

MAiu khio sat T, (°C) T. (°C) Tm (°C)

PP nguyén chat -68,72 111,88 164,96

PP/TiO, — nano 1% wt -68,64 114,55 163,24
Ag 3% wt -68,40 111,71 164,26

Ngoai ra, két qua nay ciing cho thiy, mac du
gié tri nhiét do két tinh (Tc ~112 °C) cua vat lidu
hdu nhu khong thay ddi nhiéu nhung kha ning
két tinh lai cua mau c6 TiO, — nano Ag duoc cai
thién rd rét, nhat 1a trong truong hop 3 % wt
TiO, — nano Ag (Hinh 7). Khi d6, gia tri nhiét
luong toa ra ting tir 517,64 mJ dén 575,91 mJ.
Diéu nay cho thay vat liéu TiO,— nano Ag déng

vai trd nhu chat tao mam tinh thé va gidp cho qua
trinh két tinh lai cua cac mach PP di&n ra mot
cach dé dang hon.

Theo cac quy trinh téng hop nhua, khi cho
TiO, vao nén nhya thi TiO, c¢6 kha ning gy oxy
hoa va phan hiay quang héa khi vat liéu hap thu
&4nh sang dan dén tinh chit co Iy giam. Do do,
chung t6i da tién hanh do udn theo tiéu chuin
ASTM D790 véi toe d6 udn 12 5 mm/ph.
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Hinh 6. Ung suit ubn cta nhya PP, composite
PP/TiO, — nano Ag (1 %wt va 3 % wt chat don).

Tur Hinh 6 chling t6i thay rang, khi cho TiO,
—nano Ag vao nén nhya PP thi iing suit udn ting
Ién so voi chat nén nhya PP nguyén chat. Bén
canh do6, vai composite PP/TiO, — nano Ag
(3 %wt TiO, — nano Ag) thi (ng suat udn 1a tét
nhét va dat gia tri 51,95 N/mm? va do gian dai
cho gia tri cao nhét 12 0,82 mm (Hinh 7).

Tur két qua so sanh d6 udn & trén, cé thé két
luan dwoc rang khi cho TiO, — nano Ag 3% wt

s
S4800%JIHE 10.0kV 8.6mm x50.0k SE(M,LAQ) 3/18/2014 5

T
1.00um

Hinh 8. Anh SEM ciia composite PP/TiO, — nano Ag.

Tir anh SEM (Hinh 8) cho thiy xuét hién cac
hat TiO, — nano Ag (hinh tron, mau trang) trén bé
mat nhya véi kich thuéc trung binh khoang 30 —
60 nm phu hop vai két qua TEM cua bot TiO, —
nano Ag (Hinh 2). Tuy nhién cac hat phan b

Do gian dai (mm)

T T T
PP Ag-TIO2/PP (1%)  Ag-TIO2/PP (3%)

Hinh 7. B¢ gian dai cua nhya PP, comppsite
PP/TiO, — nano Ag (1 %wt va 3 % wt chat dén).

vao nén nhua PP thi tinh chét co 1y cua nhua
duoc cai thién rd rét.

Nhu vay, véi cac két qua cua phd IR, phéan
tich nhie¢t DSC va do ubén di khang dinh
TiO, — nano Ag khéng lam anh huong dén cau
trac, dac tinh nhiét ciia nén nhua PP va lam ting
tinh co 1y cua vat ligu.

Nham khao sat phan b cua TiO, — nano Ag
trén bé mat vat liéu PP/TiO, — nano Ag, ching toi
tién hanh chup anh SEM.
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Hinh 9. Phé EDX ctia composite PP/TiO, — nano Ag.

khong ddng déu va xuat hién nhiéu trong cac 15
x6p. Do nong d6 Ag trong mau qua nho nén tir
anh SEM khong thé khiang dinh duoc trong céac
hat kim loai nay c6 chita Ag hay khéng. Vi vay,
ching tdi tién hanh do pho EDX. Tir phd EDX
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(Hinh 9) cho thay c6 sy ton tai TiO, - nano Ag
trén bé mat vat liéu PP/TiO, — nano Ag.
Khao sit kha ning diét khuin ciia composite
PP/TiO, — nano Ag

Tu anh SEM (Hinh 8) va két qua phé EDX
(Hinh 9) d4 cho phép khing dinh sy ton tai cua
TiO, va nano Ag trén bé mat nhua PP. Vi vay,
kha niang diét khuan cua vat liéu nhua la két qua
c6 thé dy bao dugc. Khao sat kha nang diét
khuan cia composite PP/TiO, — nano Ag duoc
danh gia bang phuong phap dém khuan lac véi vi
khuan dai dién 1a E. coli. Két qua kiém tra tai
vién Pasteur Tp.HCM V& tinh nang diét khuan
cua vat liéu composite PP/TiO, — nano Ag ma
chung t6i di ché tao dwoc, cho thdy mau c6 kha
nang diét 99,99 % vi khuan E. coli sau thoi gian
tiép xtc 24 gio.

KET LUAN

Trong nghién ciu ndy, chung t6i da ché tao
thanh cong vat liégu PP/TiO, — nano Ag bang
phuong phap phdi tron nong chay vai tinh chat
co ly ting so voi nhya PP nguyén chat. Bén canh
d6, cac két qua thu duoc da chirng té sy phan b
tét cua TiO, — nano Ag trén nén PP. Vat liéu
composite nay thé hién kha nang diét khuan rat
tbt trén vi khuan dai dién 13 E. coli véi hiéu suét
99,99 % sau 24 h tiép xdc. Tuy nhién, mudn dua
céc két qua nghién ctru ndy vao viéc san xuit vat
ligu TiO, - nano Ag trén nén PP trong cac linh
vuc y hoc, cdng nghé moi trudng cling nhu trong
doi song voi vai tro 1a tic nhan khang khuan, thi
can phai thuc hién thém trong céc nghién ctu
tiép theo vé viéc khao sat thoi han diét khuan
cling nhu kha ning bi gidi ly ciia hdn hop TiO, —
nano Ag ra khoi vat liéu nén.
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ABSTRACT

In this study, PP/TiO, — nano Ag
composite were successfully prepared by
melt mixing method. The composites TiO, —
nano Ag and PP/TiO, — nano Ag with
different silver content were characterized by
scanning electron microscopy (SEM),
Transmission electron microscopy (TEM), X-
ray diffraction (XRD) and IR spectrum to
investigate their morphology and chemical
compositions. It was found that the silver
nanoparticles in TiO, matrix were uniformly
distributed and strongly attached to the

polypropylene matrix and the average
particle size of TiO, — nano Ag was from 30
to 60 nm. As the result, the antibacterial
property was obtained via microorganism
test by showing the elimination of more than
99 % of E. coli bacteria. And UV protection
behavior was also observed by UV-Vis
characterization. In the other hand, the
mechanical properties of polypropylene-
TiO,-nano Ag composite were noticeably
improved as compared to the neat

polypropylene.

Key words: Nano Ag, TiO,, composite PP/TiO, — hano Ag, antibacterial
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