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Abstract: In this study, copper-silica nanocomposites were synthesized by using silica nanoparticles
extracted from rice husks as carriers for copper nanoparticles. Copper-silica nanocomposites (Cu-
silicaNPs) were synthesized by a simple and effectively chemical reduction process with hydrazine
as a reducing agent. Cu-silica NPs were characterized by X-ray diffraction, scanning electron
microscopy, transmission electron microscopy, high-resolution transmission microscopy, infrared
spectroscopy and energy-dispersive X-ray spectroscopy. The average size of nanocomposite
materials is about 20 nm. Cu-silica NPs products had a high inhibitory effect on Pyricularia oryzae
and Rhizoctonia solani, causing rice blast and sheath blight.
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Tom tit: Trong nghién ctru nay, ching toi tong hop vat liéu nanocomposite ddng —silica bang cach
sir dung céc hat nanosilica tach tir vo trau lam chat mang dé gin cac hat nano dong.Vat liéu
nanocomposite dong - silica (Cu-silicaNPs) duoc tong hop bang mot quy trinh khir hoa hoc don gian
va hiéu qua vai chat khir 12 hydrazine. San pham Cu-silica NPs dugc dic trung bang nhiéu xa tia X,
hién vi dién tir quét, hién vi dién tar truyén qua, hién vi dién tir truyén qua d6 phan giai cao, phd hong
ngoai va tan sic nang luong tia X. Kich thudc trung binh cua vat liéu composite khoang 20nm. Vat
liéu nanocomposite Cu-silica c6 hiéu luc wc ché cao ddi voi nam Pyricularia oryzae va Rhizoctonia

solani gay bénh dao 6n va khé van trén cay la.

Tir khéa: nano dong, nano silica, nanocomposite, kha ning khang nam, Pyricularia oryzae,

Rhizoctonia solani.

1. Mé dau

Vit liéu nano kim loai thu hat dugc sy quan
tam Ién trong nhitng nam gan day do cac dic
tinh va ¢ng dung cua chdng trong rat nhiéu linh
vuc nhu: quang, dién, tir, co, xtc tic, my pham
va cdng nghé sinh hoc [1-3]. Trong s6 cac nano
kim loai, nano dong (CuNPs) la mét trong nhitng
vat liéu dwoc nhiéu sy quan tdm do né co trix
luong 16N va gié thanh ré so vai vang hoac bac
[4]. Hién nay, CuNps dugc tong hop bang nhiéu
phuong phap khac nhau nhu: phan huy nhiét [5],
phuong phap polyol [6], khit hda hoc [7],
phuong phap buc xa [8], nhiét vi song [9], vi
nht twong [10],...

Tuy nhién, dong ¢ dang kim loai rat nhanh bj
oxy héa thanh cac oxit bén vé mat nhiét déng
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(CuxO (x = 1,2)) [11-13]. Vi vdy, van dé thach
thire trong quy trinh tong hop vat liéu CuNPs d6
la thu duoc cac hat nano dong kim loai 6n dinh
va giam thiéu su oxi hoa cua ching. Gan day, da
¢6 nhitng nghién ctiu cho thay rang dong kim
loai c6 thé khong bi thay d6i néu gan Ién céc chat
mang nhu TiO,, SiO, hoac ZnO [14,15]. Trong
sb cac ma tran nay, silica vo dinh hinh da duoc
g dung trong rat nhiéu linh vuc nhu tong hop
silica thuy tinh bién tinh hoac mang silica mong
[16,17]. Do do bén nhiét dong cua silica va do
bén héa hoc dic biét cua cac kim loai bién tinh
nén lam giam déng ké sy giai phong cac ion kim
loai tir khéi dong gan trén silica [14]. Trong
nhitng nim gan day, di c6 nhiéu nghién ciru vé
ung dung cda vat liéu CuNPs trong linh vat y
dugc va nong nghiép do nd c6 doc tinh ddi voi
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vi khuan va nam [18] cao hon déng ké so vai cac
loai vat liéu nano khac [19]. Cac co ché hoat
dong sinh hoc cta n6 da dugce xac dinh, dac biét
1a cac tac dong doi vai vi sinh vat va té bao thuc
vat hoiac dong vat. Theo mét sé nghién cau, su
tich ty va hoa tan cua dong trong mang vi khuan
lam thay d6i tinh thim cua nd, dan dén sy giai
phong tiép theo cua céc lipopolysacarit, protein,
sinh khéi noi bao va su phan tan cua dong luc
proton trén mang plasma [20]. Mot gia thuyét
khac cho rang céac loai oxy hoat dong (ROS)
duoc tao ra hodc cac ion dugc giai phéng tir hat
nano gay ra qua trinh oxy hoa phéa hay cau tric
té bao [21]. Su hap thu cua c&c ion kim loai trén
bé mat cua vat lidu nano ciing ¢6 thé lam giam
su tao thanh ATP noi bao va phé va su sao chép
DNA [22]. Céc ion dong dugc giai phong khoi
bé mat hat nano ciing co thé tuong tac véi cac
phan tir sinh hoc chira phdt pho va luu huynh nhu
DNA va protein dé lam bién dang cAu tric va pha
V& cac qua trinh sinh héa cua ching [23]. Mat
khac, van khong co dir li¢u déng tin cdy nao giai
thich 10 rang co ché hoat dong cua ddng gay ra
doc tinh té bao cua no ddi vai té bao ngudi. Mot
s6 tai liéu cho thay rang, doc tinh cua vat ligu
Cu/CuxO c6 thé lién quan dén qua trinh oxy hoa
do tao ra cac loai oxy hoat dong (ROS) hoac kich
g oxy hoa [24]. Cac nghién ctru khéc cho thay
mbi twong quan gitra doc tinh ciia nd va do hoa
tan trong ddi cao cua oxit ddng trong moi trudng
sinh hoc [19]. Tuy nhién, tat ca cac co ché, dic
biét 1a trong diéu kién nhiét d6 van chua duoc
giai quyét mot cach day du va chi tiét.

Silica (SiO2) di dwoc nhiéu nha néng hoc
quan tam, dac biét la nano silica v6 dinh hinh co6
hoat tinh cao, cay d& hap thu. Silica gitp cho cay
trong ting kha ning khang cac loai cang thang
(plant stress) tir ¢ tdi wu héa ning sudt cay
tréng, tang hiéu qua kinh té [25]. Mot s6 nghién
ctru cho rang silica tao ra kha ning chdng chiu
cuia nhiéu loai cay tréng dbi voi cac loai sdu bénh
va con triing ¢6 hai va c6 thé dong gop vao viéc
giamty & str dung thudc trir sau va thudc trir nAm
bénh [26]. Cay duoc cung cip du silica s& tao
chat diép luc thuan loi, tang kha nang quang hop,
tang hiéu qua sir dung P va N, giam thiéu sy mat
nuéc nén c6 kha nang chéng han, chéng nong,

chbng ung tot, ting kha nang chdng oxy hoa,
giam tac hai do hat qua nhiéu Fe, Al va Mn [27].
Riéng ddi voi cdy lta thi ham lugng silica c6
trong cay khé cao, khoang tir 2,63 % dén 13,13
% [28]. Piéu nay chang to, cay lda c6 nhu cau
silica kha 1on. Silica c6 céc vai tro chinh trong
cay laa nhu: tong hop carbohydrate, ting ning
suat hat, tong hop phenolic va bao vé thanh té
bao thuc vat [29].

Trong nghién ciu nay, ching toi tong hop
vat liéu nanocomposite dong - silica bang
phuong phép khir hoa hoc véi chat kha la
hydrazine. O day, chung t6i sir dung nano silica
duoc tach truc tiép tir vo trau dé tan dung ngudn
thai caa nganh néng nghiép. Uu diém cua
phuong phap nay 1a diéu kién, thiét bi don gian,
phan tng xay ra nhanh va hi¢u qua. Cu-silicaNPs
tong hop duoc sir dung dé danh gla kha nang
khang nam Pyricularia oryzae va Rhizoctonia
solani gay bénh dao 6n va khd van trén cay lua.

2. Phwong phap nghién ciru
2.1. Héa chat

- V6 trau duogc lay ¢ tinh Thira Thién Hué.
Mudi dong (II) sulfate  pentahydrate
(CuS04.5H,0, d6 tinh khiét 98%), hydrazine
monohydrate (N2Hs.H,0, nong d6 80%) duoc str
dung cia hang Merck (buac). Amoni hydroxit
(NH4OH, 25%) cua Trung Quéc.

- Nguon nadm Pyricularia oryzae va
Rhizoctonia solani dugc phan 1ap tir cay lta bi
bénh dao 6n va kho van tai Thira Thién Hué va
dugc bao quan & phong nghién ctru bénh cay, bo
mon bao vé€ thuc vét, truong Pai hoc Nong 1am
Hueé.

2.2. Cac phwong phap ddc trung vat liéu

Phé tén sic nang lugng tia X (EDX) do trén
may Field Emission Scaning Electron
Microscope S-4800. Anh SEM va TEM duoc
chup trén may Field Emission Scaning Electron
Microscope S-4800 va JEOL 1100. Phé héng
ngoai (FT-IR) do trén may Shimadu IR Prestige-
21. Gian dd nhiéu xa XRD xac dinh c4u tric tinh
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thé cua Cu-silica NPs thu duoc. Anh SEM va
TEM, HRTEM xac dinh hinh thai ciu trac va
kich thugc; phé EDX phan tich thanh phan hoa
hoc cua vat liéu.

2.3. Phuong phdp tong hop vit liéu

2.3.1. Tong hop nano silica tir vo trau

D6t vo trau dé thu duogc tro trau. Nung tro
trau & 500°C trong 3 gio trong diéu kién hiéu khi
cho chéy hét cacbon thu dwgc chit rin mau
tring. Ngam hdn hop nay dung dich HCI 1M
trong 2 gio dé loai hét cac oxit kim loai. Rira sach
nhiéu lan bang nuéc dé loai bo ion CI, loc, siy
kho va nghién bi, thu dugc nano silica vo dinh hinh.

2.3.2. Téng hop vat liéu nanocomposite
ddng - silica

Can 0,5 g silica cho vao binh tam giac chua
50 mL nudéc cat. Hon hop dugc khudy trén may
khuay tir gia nhiét. Thém 1.5 mL NH4OH 5%
vao dung dich trén. Sau d6 cho thém vao 0.5 mL
dung dich CuSO4.5H,0 1mM. Lic nay hdn hop
dung dich c6 mau xanh duong do sy tao thanh
phtic [Cu(NHa)4]*. Gia nhiét hon hop dén 100
°C, sau d6 nho tur tr 2 mL dung dich N2H4.H.0O
dé thue hién phan ang [30]. Sau 5 phat, hdn hop
phan mg c¢6 mau do dic trung cta nano dong.
Ly tam, rira két tua bang ethanol, siy chan khong
thu duoc san pham nanocomposite Cu - silica.

2.4. Phirong phdp danh gid kha néing khdng nam

Kha nang khang ndm dugc danh gia béng
cach nghién ctru anh huéng cua ndng do Cu-
silica NPs dén sy sinh truong cua nam
Pyricularia oryzae va Rhizoctonia solani:

Moi trudng Potato Dextro Agar (PDA) ¢6 bd
sung dung dich Cu-silicaNPs véi cac ndng do 50,
70 va 100 ppm (tinh theo néng d6 cuia Cu®* ban
dau). Cac khoanh ndm 7 ngay tudi c6 duong kinh
6 mm dugc ciy vio trung tam dia Petri (@ = 9
cm) chira méi trudng, nudi ciy ¢ 28 °C. Theo ddi
duong kinh tan nam Pyricularia oryzae va
Rhizoctonia solani va sau 5 ngay nudi cay [31].
Kha ning khang ndm ciia Cu-silicaNps dugc xéc
dinh nhu sau:

HLUC (%) = =2

x 100

Trong d6 HLUC 14 hiéu lyc @c ché; D (mm)
1a duong kinh khuan lac ndm trén moi truong
PDA khong bd sung Cu-silica NPs (d6i chung);
d 1a duong kinh khuan lac ndm trén moi truong
PDA c6 b6 sung Cu-silica NPs véi cac nong do
khac nhau.

3. Két qua va thao luin
3.1. Gian do nhiéu xa XRD

Hinh 1 trinh bay gian d6 nhidu xa XRD cua
vat liéu silica NPs va Cu-silica NPs. Chung t6i
nhan thiy khi do XRD & céc goc rong (20+80°),
& gian dd nhidu xa XRD cua vat liéu Cu-silica
NPs xuat hién 3 peak tinh thé voi cuong do cao
nhat hoan toan triing khop véi phd chuan cua
kim loai dong tai vi tri cac goc 20 = 43,23° (dhi
=2,087A), 20=50,37° (dna=1,807 A), 26 = 74,11°
(dna =1,277 A) tuong tng véi mat (111), (200),
(220) thuoc & mang Bravais trong ciu tric lap
phuong tam dién cua kim loai Cu (JCPDSCard
number 04-0836) [32]. Biéu nay cho phép khang
d3 c6 su hinh thanh tinh thé Cu trong vat liéu tao
thanh. Mit khéc, & gian 46 XRD nay khong thiy
su xuat hién cac peak dic trung cua CuO, Cu0
hay Cu(OH), chiing to trong vat liéu tong hop
duogc thanh phan chia yéu 1a Cu. Ngoai ra, & Hinh
1 con xuat hién mot dinh nhidu xa tia X c6 do
rong ban phd Ién nam trong khoang 19-22°,
ching t6 vat liéu ¢6 kich thudc hat nho va cuong
d6 yéu, gan nhu vo dinh hinh. Day chinh 13 peak
cua silica vo dinh hinh.

(111)

3000 -
& 2500
.5' MW (200)
'E 20007 \M w‘"»...,;"- (zfzo)
§ 1500 - sl susiimpinge CU-silicaNPs
UWODO- L.'“M ’

500 -

silicaNPs
! 1‘U 2‘0 3‘0 ‘ 4‘0 5’0 ' f;O ‘ 7‘U B’O ' 9‘0 ‘
2 theta (°)

Hinh 1. Gian dd nhidu xa XRD cua vat liéu
silicaNPs va Cu-Silica NPs.
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Tir gian @6 nhidu xa XRD, sir dung phuong
trinh Scherer (1) va phan mém OriginPro 8.5.1
chtng t6i tinh dugc kich thugc trung binh cua
tinh thé nano Cu trong vat liéu nano composite
Cu - silica twong ung la 17 nm.

KA
Bcosb (1)

Trong d6: D la kich thudc trung binh cua cac
vi tinh thé (nm); k = 0.9 1a hing s6 khéng cd thix
nguyén; A =0.15406 nm la budc song cua tia birc
xa X; B 1a chiéu rong tai nira chiéu cao cua peak
(FWHM) (radians); 6 1a goc nhiéu xa (radians).

3.2. Anh SEM

Anh SEM cua vat liéu Cu-Silica NPs duoc
thé hién & Hinh 2. Chang t6i nhan thay, c4c hat
nano Cu-Silica c6 kich thudc kha dong déu, gan
véi dang cau véi duong kinh trung binh xap xi
khoang 100 nm va khdng bi co cum thanh tirng
dam.

oL
IMS-NKL 5.0k 4.1mm x20.0k SE

Hinh 2. Anh SEM cua vat liéu Cu-silica NPs.
3.3. Anh TEM

Anh TEM cta mau vat liéu silicaNPs va Cu-
silicaNPs tong hop duoc dua ra trong Hinh 3.
Anh TEM cho thay rd rang hon cau tric bén
trong cua vat lieu. Co thé thay, vat liéu Cu-
silicaNPs thuc ra khéng phai chi c6 cac hat c6
kich thuéc xap xi 100 nm nhu quan sat dugc &
anh SEM, ma céc hat nay lai chira cac hat c6 kich
thudc nho hon, xap xi 20 nm, ching két hop véi

nhau dé tao ra hat I6n hon nhu quan sat thay
trong anh SEM. Kich thudc trung binh cua cac
hat cau trong mau nano silica (Hinh 3a, b) va
nanocomposit Cu - silica (Hinh 3¢, d) déu xap xi
khoang 20 nm chirng té cac hat nano Cu tao
thanh ctling co6 kich thudc trung binh khoang 20
nm va phan b trong ma tran nano silica. Diéu
nay phu hgp véi kich thuéce trung binh cua cac
tinh thé Cu duoc tinh & phd XRD 13 17 nm.

3.4. Anh HRTEM

DPé phan tich rd hon ciu tric cua Cu-
silicaNPs chdng t6i tién hanh chup anh HRTEM
vt liéu, két qua duoc thé hién & Hinh 4. Tir Hinh
4a c6 thé thdy, cac hat Cu-silica NPs tong hop
dugc phan bd dong déu va thé hién hinh thai cau
vai duong kinh trung binh khoang 20 nm. Trén
cac khdi cau nay xuat hién nhitng viing c6 céac
mit phang song song va cach déu nhau, nhiing
viing nay chinh 14 tinh thé nano dong. Nhiing
viing con lai 1a silica v6 dinh hinh. Qua d6 c6 thé
thiy cac hat nano dong hinh thanh duoc gan trén
nén chat mang la cac nano silica.

Théng tin cau tric khéc cua vat liéu Cu-silica
NPs da thu dugc tir hinh anh HRTEM dugc hién
thi trong Hinh 4b. Khoang céch d cia mang tinh
thé c6 thé duoc nhin thay rd rang, xac nhan cac
hat nano déng duoc tong hop 1a tinh thé. Khoang
cach d 120,21 nm da duoc tim thiy bang cach do
khoang céch giira cac mat phang nhu trong Hinh
4b. Khoang cach nay phu hop vai cac mat phang
(111) cua pha fcc cua kim loai Cu la 0,21 nm
[33].

3.5. Phé hong ngoai IR

Phé hong ngoai cua vat liéu silicaNPs va Cu-
silicaNPs duogc thé hién & Hinh 5. Vé co ban, phd
IR cua silica thé hién 3 dao dong chinh cua nhém
Si-O-Si nam trong vung tir 400 - 1300 cm?
(Hinh 5a). Dai nam trong khoang 1000 - 1300
cm? lién quan dén dao dong kéo gidn bat ddi
xung cua Si—O-Si, trong do cac nguyén tir oxy
lam cau néi di chuyén theo huéng nguoc véi cac
nguyén tir Si 1an can va gan nhu song song voi
cac duong Si-Si [34,35]. Dai nam trong khoang
800 cm™* duoc xac dinh la dao dong udn cua Si—
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O-Si, trong d6 oxy di chuyén xap xi theo ding
cac goc vudng dén cac duong Si-Si va trong cac
mit phing Si-O-Si [36]. Cudi cung, dai nim
xung quanh 460 cm chinh 13 dao dong bién
dang cua Si—O-Si [36]. Ngoai ra, peak rong tai
khoang 3468 cm™ twong tng véi dao dong hoa
tri cia nhom OH va nudc cd trong vat liéu.

Khi cd mat cua Cu trong ma tran silica, vat
liu Cu-silica NPs thé hién cac dao dong dién
hinh nhu vt liéu silicaNPs, tuy nhién cac peak

Luong -5009
Print Mag: 80400x @ 51 mm 100 nm

9:50:54 a 03/03/20 HV=80.0kV
TEM Mode: Imaging Direct Mag: 40000x

EMLab-NIHE

Luong -2008

Print Mag: 80400x @ 51 mm 100 nm

9:43:00a 03/03/20 HV=80.0kV

TEM Mode: Imaging Direct Mag: 40000x
EMLab-NIHE

da co su dich chuyén sé song nhu duoc thé hién
trong Bang 1. Dai hap thu ¢ ving 962.5 cm'®
chinh 1 dao dong kéo dan ddi ximg cua nhém
Si—OH cua vat li¢u silicaNPs (Hinh 5a). Sau khi
dua Cu vao n6 s& hinh thanh lién két di vong Si—
O-Cu va s6 song dao dong cua lién két nay dich
chuyén dang ké vé phia 958.6 cm™ (Hinh 5b).
Diéu nay c6 thé gian tiép khing dinh da dua duoc
Cuvao matransilica [37]. Hon nira, Hinh 5b cho
thiy khong co cac peak IR dic trung ctia CuO &
400, 510 va 600 cm* [38].

Chuc 1006

Print Mag: 208000x @ 51 mm 20 nm

2:46:01 p03/07/18 HV=80.0kV

TEM Mode: Imaging Direct Mag: 100000x

EMLab-NIHE

Luong -2002 —

Print Mag: 208000x @ 51 mm 20 nm

9:38:25a 03703720 HV=80.0kV

TEM Mode: Imaging Direct Mag: 100000x
EMLab-NIHE

Hinh 3. Anh TEM cua vat li¢u: (a, b) silicaNPs va (c, d) Cu-silicaNPs.
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Hinh 4. (@) Anh HRTEM cua vat liéu Cu-silica NPs va (b) khoang céach d cua mang tinh thé nano dong.

Bang 1. Su dich chuyén cac peak trong pho IR cua vat liéu Cu-silicaNPs

S6 song (cm™h Ao
SilicaNps Cu-silicaNPs Mo ta
3446.8 3429.4 dao dong hoa tri caa nhom OH va H,0
1637.6 1636.6 dao dong udn cua H,0 bao quanh silica
1103.3 1145.7 dao dong kéo dén bit dbi xing cua Si-O-Si
962.5 958.6 dao dong kéo dan ddi xung cua Si-OH
(silicaNPs) va Si—O—Cu (Cu-silicaNPs)
794.7 798.5 dao dong udn cia Si-O-Si
470.6 462.9 dao dong bién dang cua Si—-O-Si
260
240 ] —(a) silicaNPs
2204 — (b) Cu-silicaNPs
200
180
160 4
= 140
5 120
3 100
o 80
@ 601
40
20
0 5 Y. 2
20 4] § g §
40 ; -

T T T T v
4000 3000 2000 1000 0

S8 séng (cm-1)

Hinh 5. Ph6 hong ngoai cua vt liéu: (a) silicaNPs va (b) Cu-silicaNPs.
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2700
2400
2100
1800
1500
1200
900
600
300
04

Nguyén td  Khai luong (%)
o d 0 57.84
Si 29.64
Cu 12.52
Tong 100
Cu
] t Cu Cu
-
| | | | | | I | |

0.00 1.00 2.00 3.00 400 500 6.00 7.00 800 9.00 10.00

keV

Hinh 6. (a) Anh SEM-EDX va (b) pho EDX cua vat liéu Cu-silica NPs.

Bang 2. Hiéu lyc tic ché cua Cu-silica NPs ddi véi nam P. Oryzae va R. solanisau 5 ngay ciy

) . Puong kinh tan nam (mm) | Hiéu lec Gc ché (%)
Cong thic -
P. oryzae R. solani | P. oryzae | R. solani
0 ppm (déi ching) | 80,167 70,02 0 0
50 ppm 53,833¢ 32,4°¢ 40,0 53,71
70 ppm 24,51 23,5¢ 76,08 | 6643
100 ppm 22,33de 16,3f 79,05 76,71

Ghi chd: trong ciing 1 ¢cét, a,b,c...biéu thi mize dé sai khac giira cac cong thire ¢é ¥ nghia ¢ mirc 0,05.

3.6. Phé EDX

Ching tdi thuc hién do phd tan xa ning
lugng tia X dé khao sét thanh phan chinh cia vat
licu nanocomposite Cu-silica (Hinh 6). Tir pho
EDX ching t6i nhan thiy c6 cac peak ning
lwong chira cac nguyén t6 thanh phan O, Si va
Cu chiém ty I¢ tuong ung 1a 57,84 %, 29,64 %
va 12,52 % khéi lwong mau vat liéu téng hop
duoc.

3.7. Kha nang khdng ndm

Vit lidu nano composite dong - silica duoc
thir nghiém danh gia kha ning wc ché sy phat
trién ciia nAm Pyricularia oryzae va Rhizoctonia
solani gay bénh dao 6n va kho van trén cay lda.
Két qua duoc trinh bay & Bang 2.

Két qua ¢ Bang 2 cho thay: sau 5 ngay ciy
nam thi thi nghiém & dia petri c6 ndng d6 Cu-

silica NPs 100 ppm c6 duong kinh tan nam thap
nhét 12 22,33 mm va 16,3 mm tuong &ng véi nam
Pyricularia oryzae va Rhizoctonia solani. Céng
thire ddi chung (0 ppm) c6 duong kinh hé soi
nam cao nhat - dat toi da (tran dia). Cac cong
thirc con lai déu c6 dwong kinh tan nAm thap hon
cong thire ddi ching véi mirc ¥ nghia thong ké
95%.

Hiéu luc wc ché nim Pyricularia oryzae va
Rhizoctonia solani cua vét liéu Cu-silica NPs
Vi cac nong do 50 ppm, 70 ppm, 100 ppm déu
cao, trong d6 cao nhat 1a ndng d6 100 ppm Vi
hiéu lec uc ché dat 79,05 % va 76,71 % ¢ 5 ngay
sau cay.

Nhu vay c6 thé thay, Cu-silica NPs c6 kha
ning ¢ ché sy phat trién ciia nam Pyricularia
oryzae va Rhizoctonia solani. Kha ning uc ché
thé hién tét nhit & moi trudng PDA c6 bd sung
100 ppm Cu-silica NPs.



N.T.T. Hai et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 4 (2020) 51-61 59

Hinh 7. Buong kinh nam (a) Pyricularia oryzae va
(b) Rhizoctonia solani véi cac nong do Cu-silica
NPs: 0 ppm, 50 ppm, 70 ppm va 100 ppm.

4. Két luan

Vit lidu nano composite dong-silica da duoc
tong hop bang phuong phap khir hda hoc. Cau
tric FCC cua cac hat nano dong dugc xac dinh
bang gian d6 nhidu xa XRD. Cu-silica NPs c6
kich thuéc trung binh khoang 20 nm. Vat li¢u
Cu-silica NPs tong hop duoc c6 kha ning tic ché
su phét trién cua nim Pyricularia oryzae va

Rhizoctonia solani gay bénh dao 6n va kho van
trén cay lGa vai ndng d6 t6i wu 1a 100 ppm trong
moi trudng PDA. Tir két qua trén cho thay vat
liu Cu-silica NPs c6 thé 1a ngudn vat liéu tiém
ning dé ung dung trong linh vuc bao vé cy
trong thay thé cac loai thuéc hoa hoc.
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