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NGHIEN CUU KHA NANG PHONG CHONG NAM MyC
VA MOI HAI GO CUA CAC VAT LIEU NANO TiO,, ZnO, CuO, SiO,,
NANOCLAY

Bui Viin Ai, Nguyén Duy Vwong, Bui Thi Thity, Lé Ngoc Hoan, Hoang Thi Tam
Vien Nghién curu Cong nghiép rung - Vién Khoa hoc Lam nghiép Viét Nam

TOM TAT

Vit liéu nano TiO,, ZnO, CuO, SiO,, Nanoclay dugc phan tan trong dung
mdi nude va trong keo PF dé nghién ctru kha nang bao quan gd. G6 Bo dé
Styrax tonkinensis dugc tam cac dung dich nano va dugc khao nghi¢m hi¢u
luc phong chdng ndm muc Pleurotus otreatus va mdi nha Coptotermes

Tir khéa: Bao quan gd, gestroi. Két qua khao nghiém v&i nAm muc P. ostreatus, g6 duoc tim dung
mbi Coptotermes gestroi, dich TiO, 0,4%; CuO 0,1 - 0,2% v6i ché d tam 0,7Mpa, thoi gian duy tri
nam muc Pleurotus ap luc tam 60 phut dat hi¢u lyc tot véi nam muc. Cac dung dich chira cac
o streatits, vat liéu nano nano con lai déu dat hiéu Iyc trung binh dén kém véi ndm muc. G6 tam keo

PF 25% thuan, keo PF 25% c6 phan tan vat liéu nano v6i ché @6 tam 0 ,7Mpa,
thoi gian duy tri ap luc tam 120 phat déu dat hiéu luc t6t phong chéng nam
muc. Két qua khao nghiém hiéu lyc véi méi nha C. gestroi, g0 tam dung dich
TiO, ndng d6 0,2%; CuO 0,1 - 0,2%; ZnO 0,3% va 0,4% dat hiéu luc tét.
Riéng nano SiO, va nano clay dat hiéu luc kém véi modi. Gb tam keo PF 25%
thuan c6 higu luc trung binh nhung céc cong thirc PF 25% c6 phan tan vat
liéu nano thi nghiém déu cho hiéu luc t6t di véi mbi hai gd.

Studying on the protective effectiveness of wood treated with
nanomaterials TiO,, ZnO, CuO, SiO,, nanoclay against wood destroying
basidiomycetes and termites

Nanomaterials TiO,, ZnO, CuO, SiO,, Nanoclay were dispersed in water

solvent and PF for researching wood protective effectiveness. Styrax

tonkinensis wood treated with nanomaterials was tested for determining the

protective effectiveness of wood preservatives against wood destroying

basidiomycetes and termites. Against the rotting fungi Pleurotus ostreatus,
Key words: Wood high effectiveness was observed. in specimens treated with TiO,
suspensions 0.4% and CuO suspensions (0.1 - 0.2%) by vacuum-pressure
method at 0.7Mpa in 60 minutes. Specimens treated with suspensions of
other nano material demonstrated average and low effectiveness. High
effectiveness was observed in specimens treated with PF 25% with or
without nano material by vacuum-pressure method at 0.7Mpa in 120
minutes. Against the termite Coptotermes gestroi, Styrax tonkinensis wood
trated with TiO, suspensions (0.2%), CuO suspensions (0.1 - 0.2%) and
ZnO suspensions (0.3 and 0.4%) demonstrated good resistance, while
suspensions of the same agents at other concentration illustrated average
effectiveness. Low effectiveness was observed at specimens treated with
nano clay and nano SiO,. Wood specimens of Styrax tonkinensis treated
with nano materials illustrated good effectiveness, while other specimens
treated with PF 25%, without nano material illustrated avareage
effectiveness.

preservation, Coptotermes
gestroi, Pleurotus
ostreatus, nanomaterials.
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L. PAT VAN DE

Tai cac nudc phat trién, cong nghé nano véi
nhimg loi thé diét khuan vuot troi di 1a mot
cong nghé mdi an toan véi nguodi st dung va
moi truong dang dugc nghién clu, ung dung
trong bao quan gb. Vit liéu nano dung dé xu
1y gb & cac dang chinh: dang chat 16ng phan
tan hat nano, dang nhya (resin) dugc phan tan
hat nano, va dang chét pht dugc phan tan hat
nano.

Mot sb loai vat liéu nano d3 duoc nghién ctru
danh gia hiéu lyc phong chdng sinh vt hai gd.
ZnO kich thuéc 20nm va 40nm, néng do 0,06
- 0,22% khi tm vao g5 Van sam Picea abies,
Thong Pinus sylvestris, Dé gai chau Au Fagus
sylvatica duoc thir nghiém véi ndm Poria
placenta. Két qua hao hut khéi lugng mau do
nam lan luot 13 (0,66 - 6,60%); (7,16 - 18,25%)
so v6oi (31,92 - 45,05%) & miu ddi chung
(Bak et al., 2012). Nano TiO, ham lugng
0,25 mg/ml duoc dung dé tim vao gb theo
phuong phap ngam thuong cho 8 loai gb trong
7 ngay sau 50 ngay khao nghi¢m khong c6 su
xam hai ctia nAm muc tréng va muc nau, trong
khi cac mau khong xtr 1y bi xam hai tir 35 dén
70% (Giovani De Filpo et al., 2013).

Nhiing wu diém su dung vat li¢u kich thudc
nano kim loai da dugc kiém ching trong cong
trinh cua Kartal va dong tac gia. Trong cong
trlnh nay, hiéu qua chéng rira troi, chong mbi,
nam moéc va nam muyc cua cac nano kém,
ddng, cac oxit va mudi cia chung di duoc
danh gia. Dung dich thuc bio quan dang
nano, khong chi nang cao hiéu qua chdng sinh
vat hai gd ma con giam thiéu luong hoa chat
stt dung, giam thiéu su ria tréi hoa chat bao
quan khoi gd. GO co khéi luong thé tich
0,37g/cm’ dugc tdm v6i 400ppm dung dich
nano déng, bac, k€m, &p luc 2,5 bar trong 20
phut. Két qua chup quang phé cho thiy khong
c6 su thay doi diém cuc dai lignin va
cacbonhydrat truéc va sau khi thir nim
Trametes vesicolor. Piéu nay cho thiy cac
nano kim loai ndy c6 kha ning khang nim
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muc. Tuy nhién, tic gia ciing cho biét khong
c6 kim loai nano nao thé hién hiéu luc ot véi
nam méc.

O Viét Nam, cong nghé nano la mét linh vuc
moi chi phat trién manh trong nhitng nim gan
day. Véi linh vyc xir Iy nang cao tinh chat gb
moi c6 mot vai nghién ctu st dung vat li¢u
nano TiO, dé nang cao tinh chit co 1y gb (Cao
Qudc An, 2013; Nguyén Vin Thiét, 2013),
song cac nghién ciru nay chua dé cap dén kha
nang cai thién d6 bén tu nhién gb.

Bai bao nay trinh bay két qua danh gia kha
nang phong chdng ndm muc va mdi hai gb cua
vat liéu nano TiO,, ZnO, CuO, SiO,, nanoclay
duoc dung & dang phan tan trong dung moi
nudc va phan tan trong keo PF.

IL VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Vat liéu gb: Go Bo dé (Styrax tonkinensis) 1am
gi4 thé dé tim dung dich nano khao nghiém.
Vat liéu nano: nano TiO,, ZnO, CuO, SiO,,
Nanoclay.

Céc hoa chat thong dung trong phong thi
nghiém vi sinh: agar, con, glucose, nudc cat.
Nam muc tr'flng Pleurotus ostreatus

Loai Mdi nha Coptotermes gestroi.

2.2. Phuong phap nghién ctru

* Chuén bi cac dung dich nano TiO,, CuO,
Si0,, ZnO, nanoclay:

- Vat liéu nano dugc phan tan trong dung moi
nude co sy hd tro cia cac chét hoat dong bé
mit phi hgp. Céc cap nong do gém: TiO, va
Zn0 (0,1; 0,2; 0,3; 0,4%), CuO va SiO, (0,05;
0,1; 0,15; 0,2%), nanoclay (0,2; 0,3; 0,4; 0,5%).

- Vit liéu nano dugc phan tan trong keo PF co
su hd trg cua cac chat hoat dong bé mat phu
hop voi cac cép noéng d6 gom: TiO, (0,5;
1g/lit), ZnO (1; 2g/lit), SiOy, (2,5; Sg/lit),
nanoclay (1; 2,5%).

Cac dung dich nano dugc phan tan trong cac
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dung moi bang thiét bi déng hoa siéu 4m va
khudy tron cat nhanh trong thoi gian 30 phut.

2.2.1. Phwong phdp xdc dinh hiéu lyc ciia g6
xir Iy véi ndm muc

Xt Iy mau g6 trude khi tam thuéc: Mau gd
duogc say kho kiét ¢ nhiét do 103 + 2°C. Can
xac dinh khdi lwong khé kiét cua mau (my).
Giit mau gb trong binh hit 4m dén khi tim.
Tam thude vao mau g6: GO duge tam cac dung
dich nano hodc tim keo PF duoc phan tan céc
dung dich nano theo phuong phép chan khong
- ap luc voi d6 sau chan khong 600 mmHg, ap
luc tdm 0,7 Mpa duy tri trong thoi gian 60
phut d6i véi dung dich nano va 120 phat dbi
v6i dung dich keo PF - nano.

Khir trimg madu trude khi thir nghiém: Mau
truée khi dat vao binh Colexan phai dugc hap
khur trung dé han ché sy phat trién cta céc loai
vi sinh vat khac.

Nudi cdy nam vao binh colexan va phoi nhiém
ndm: Gay nudi ndm muc P.ostreatus trong cac
binh Colexan. Pat mau gb vao binh va day
chit nut bong lai. Xép cac binh trén vao phong
nudi nim duy tri nhiét d¢ 25 -28°C, 4m do 70 -
80%, trong thoi gian 4 thang. Dinh ky 2 tuin
kiém tra bang mat thudng su phat trién va pha
hoai ctia nim, loai bo cac binh bi nhiém tap.
G& madu sau khi phoi nhiém ndam: Hét thoi gian
thir nghiém, tién hanh g& miu ra khoi binh
Colexan, gat bd sgi nam trén bé mat, séy kho
kiét & nhiét do 103 = 2°C va can x4c dinh khéi
lwong mau sau thr nAm (m,).

Pdnh gid hiéu lyc cia thude bdo qudn gé

- Tinh hao hut khéi lwong ciia miu theo
cong thuec:

(m, —m,)x100

m,

H=

Trong do:

H: Ty I¢ phﬁn tram hao hut khéi lugng
ctia moi mau (%);

mo: Khéi lugng kho kiét ciia mau trude
khi thir nm (g);
m,: Khéi luong kho kiét ciia mau sau
khi thir nm (g);
- Panh gia hiéu lyc phong chéng ndm muc:
Dua vao hao hut khéi lugng ciia mau theo
bang sau:

Hao hut khoi lwong ctia mau Hiéu luc
thtr (%)
0<H<5 Tbt
5<H<10 Kha
10<H<20 Trung binh
H >20 Kém

Tinh hop 1€ ciia so liéu

Tinh hop 18 cua sb liéu thir ndAm muyc duoc
danh gia qua mau d6i ching riéng, 1a mau gd
Bo dé khong tam thude dugc dat riéng trong 4
binh Colexan, mdi binh 3 miu. Hao hut khéi
luong cta mau dbi ching riéng phai dat 20%
trg 1én.

2.2.2. Phwong phdp xdc dinh hiéu luc cia g6
xit Iy véi moi

+ Quy cach mau gd: Mau gd dong déu, khong
khuyét tat, chua bi sau nim pha hoai. G sau
khi xé xuyén tam, loai bé phan gd 13i.

Go6 duoc xé thanh mau nho, kich thudc 150 x
30 x 10mm + Imm.

Moi cong thirc thi nghiém c6 5 mau: 3 mau
tam thudc, 2 mau ddi chung. Lap 3 lan;

+ Xu ly mau va tam thudc: Tuong ty mau
thir nam.

+ Khao nghiém: Xép miu khao nghiém trong
moi truong c6 mbi nha C. gestroi dang hoat
dong manh trong thoi gian 1 thang. Kiém tra,
néu thiy trén 70% mau ddi chimg bi mdi pha
hoai thi tién hanh danh gia. G& mau, gat bo dat
bam vao mau, siy mau kho kiét & nhiét do 103
+ 2°C, can xac dinh khéi lugng mau (Mst),
quan sat va dung thudc dé danh gid theo cac
chi tiéu sau: Ti 1 phan trim s6 mau tim c6 vét
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mbi an, ti 16 phﬁn tram s& mau co vét mdi an
rong >lem?, ti 18 phan trim sb mau c6 vét mbi
an sau >1lmm. Cong don diém danh gia cua 3
chi tiéu va xép loai hiéu luc kém, trung binh
hodc tot.

1L KET QUA NGHIEN CUU

3.1. Hiéu lyc phong chong nam muc cia go
Bo deé sau xir ly tam cac dung dich nano

3.1.1. Hiéu lwc phong chéng nidm muc
Pleurotus ostreatus ciia gé Bé dé sau xir ly
tim dung dich léng chira nano

Hiéu luc phong chéng ndm muc Pleurotus
ostreatus cua gd BO d& sau xir Iy tdm dung
dich léng chira nano dugc thé hién qua ty 1€ %
hao hut khdi luong mau thir va tir d6 xép loai
hiéu lyc phong chéng nidm muc, thé hién &
hinh 1.

Ty 16 %

35

Mau tam TiO2

0,1/0.2/0,3/0,4/0,1/0,2/0,3/0,40,050,10,15/0,2/0,050,1|0,15/0,2/0.2/0,3(0,4|0,5
Mau tdim ZnO = Méu thim CuO | Mau tam Si02

MAu tim
Nanoclay

Nong do %

Hinh 1. Hiéu lyc phong chdng nAm muc P. ostreatus cua gd tim cac dung dich nano

Nhan xét: Cac cong thic cia CuO xir 1y gb B6
dé cho thay hao hut khéi lwong mau do nim
chi khoang 5%. Céc cong thirc CuO déu cho hiéu
lyc t6t, riéng cong thirc CuO 0,05% cho hiéu lyc
kha phong chéng nim muc P. ostreatus. Trong
cac cong thuc cia nano TiO,, cap nong do
0,4% cho hiéu lyc tt phong chéng ndm muc
v6i hao hut khéi lugng mau tam dudi 5%, cac
cong thirc khac ctua TiO; cho hiéu lyc kha va
trung binh phong chdng nim muc. Céc cong
thirc thtr nghi¢ém véi nanoclay cho hi¢u luc
phong chéng ndm muc khé va trung binh. Cac
nghién ctru da céng bd ung dung nanoclay
trong xtr 1y gd chu yéu nham ting do bén co Iy
0, chua thay cong bd vé kha ning lam ting
kha niang khang ndm muc. Cac cong thic cta
nano ZnO va SiO, cho hiéu lyc phong chéng
nam muc trung binh va kém.
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Déi chiéu vai cac cong bd thi dung dich nano
CuO khéng c6 hiéu luc phong chéng ndm muc
nau Antrodia sp. (hao hut khéi luong méu 19 -
33%) song dat hiéu luc t6t phong chdng ndm
muc ndu Gloeophyllum trabeum va nim muc
tréng Trametes versicolor, hao hut khoi lugng
mau 3 - 15%, 6%, so v6i mau d6i chimg hao
hut 65%, 30%, mot cach tuong ung va tuong
tu CuSOy4 (Kartal et al., 2009).

Két qua thir nghiém gd tim nano TiO, twong
ty nghién ctru ctia Giovani De Filpo va dong
tac gia (2013) cho thdy mau thir khong co su
xdm hai cia ndm muc, trong khi cac miu
khong xtr Iy bi xdm hai tir 35 dén 70%.

Két qua thir nghiém g& tim nano Silic cho
hiéu lyc phong chdng nim kém hon so véi
Silic vo co. G6 tdm bang dung dich sol cua
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silica tong hop tir dung dich mudi silicat két
hop vé6i boric va TEOS két hop v6i borax cd
hiéu luc tot phong chdng ndm muc Pleurotus
ostreatus (Nguyén Thi Bich Ngoc, 2013).

3.1.2. Hig¢u lwc phong chong ndm muc
Pleurotus ostreatus cua go Bo dé sau xw ly
tam keo PF co phan tan vit liéu nano

Hiéu lyc phong chdng nam muc P. ostreatus
ctia gb B dé sau xir 1y tim keo PF c6 phan tan
vét liéu nano dugc thé hién qua ty 1€ % hao hut
khéi lugng mau thir va tir d6 xép loai hiéu luc
phong chéng ndm muc, thé hién ¢ hinh 2.

30 Keém
25
20
15
10
5 5 s T T ,-t TG‘[ Tét T ’-t = z
ot 5 Tét o 6 Tét Tét
o/ Il = mm | H = =
0 0,5¢g/1 ‘ 1g/1 2.5g/1 ‘ S5g/l 1g/1 ‘ 2g/1 1% 2.5%
PF PF + TiO2 PF + Si02 PF + Zn0O PF + clay Déi

Hinh 2. Hi¢u luc phong chong nam muc P. ostreatus cia cac mau go B6 de tam keo PF phan tan
cac vat liéu nano

Két qua & hinh 2 cho thiy gb B6 dé tim keo
PF don thuan ¢ ndng d6 25% va tam keo PF
25% c6 phan tan nano TiO;, SiO;, ZnO va
nanoclay, déu dat hiéu luc tét. Keo PF da duoc
xtr 1y trén gd Bach dan uro, gb sau d6 dugc
nén ép cho thay hiéu luc tot phong chong nim
muc Pleurotus ostreatus, Lentunus edodes.
Dung dich keo phenol c6 tinh hoa tan trong
nuéc, khi vao trong gd, thong qua gia nhiét s&
tao thanh phan mg tu hop bén trong go, tir d6
ngoai kha ning lam on dinh kich thudc gb
con c6 kha niang bao quan tot. Go da qua xir
1y bién tinh, c6 ASE tir 60 - 70%, thi khong
thidy xuat hién hién tugng bi muc (Nguyén
Quang Trung, 2010).

V61 mic ham lugng keo dat 25%, luong keo
thim vao gd di phat huy tac dung can tré qua

trinh thAm nhap va phat trién cta soi nim vao
sdu trong mau gd, do d6 hiéu lyc phong chéng
nam muc cta cac cong thiuc tim keo PF don
thudn 25% va phéi hop véi cac loai vat lidu
nano déu dat murc tot.

3.2. Hi¢u lyc phong chéng méi cia gb Bo dé
sau xir Iy tim cac dung dich nano

3.2.1. Higu lwc phong chéng moi Coptotermes
gestroi ciia g6 Bo dé sau xiv Iy tim cdc dung
dich long chira nano

Hiéu lyc phong chong mbi C. gestroi clia gb
Bo d¢ sau xir 1y tam cac dung dich 16ng chira
nano dugc thé hién qua cach tinh diém vét mdi
an dé xép loai hi¢u lyc va ty 1€ % hao hut khéi
lwong mau thi, thé hién & hinh 3.
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Hinh 3. Hiéu luc phong chéng mdi C. gestroi cua gd Bo dé tam cac dung dich nano

Néu xét theo cach tinh diém cua vét mbi an
trén mau thr thi c6 3 loai gém nano TiO,,
CuO va ZnO thé hién hi¢u lyc phong chdng
mdi tét va trung binh. Néu xét theo tiéu chi
hao hut khéi lugng mau, cic cong thic nay
cling uc ché hoat dong kiém an cta mbi C.
gestroi (hao hut khdi luong dudi 10%, trir
cong thic TiO; 0,1%). Trong do, cac cong
thic cho hiéu luc tét va cho hao hut khoi
lugng mau dudi 5% la TiO, 0,2%, ZnO 0,3%
va 0,4%, Cu0O; 0,1% va 0,15%. Cac nano SiO,
va nanoclay dat hiéu luc kém va ty 1€ hao hut
khdi lugng khoang 45%, twong duong mau dbi
chung 52,19%.

Két qua thir nghiém véi nano ZnO tuong tu
con nano CuO co sai khic voi mot sd nghién
ctru di cong bd. Cac dung dich nano CuO cho
hiéu lyc phong chéng méi thap hon ZnO hoic
ZnO két hop Ag (hao hut khéi lugng mau 18%
so voi 3%, 4%), mdt cach tuong ung (Kartal er
al., 2009). Nano ZnO 0,5% c6 hodc khong két
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hop Ag c6 hiéu luc t6t phong chdng mbi, cho
ty 16 mdi chét 70 - 76% con nano CuO khong
¢6 hiéu luc phong chdng mbi. So vdi cac kim
loai nay ¢ dang kich thudc 16n thi nano CuO
giam hiéu luc phong chéng mdi (hao hut khéi
luong 18% so vaoi1 3% & CuSOs), nano ZnO
tuong tu ZnSOy4 (Green va Arango, 2007).

Két qua thir nghiém véi nano SiO, twong tu
nghién ctru ciia mot s tac gia. GO théng duge
xur 1y ling dong silica thong qua chuyén héa sol
gel ciia TEOS bi mdi Coptotermes acinacifomis
pha hoai hoan toan, 98% khéi lugng mau thir
dugc mdi dung 1am ngudn thirc dn (Cookson
et al., 2007). G6 B dé va Keo lai tam bang
dung dich sol cua silica tong hop tir dung dich
mudi silicat két hop véi boric va TEOS két
hop véi borax cé hi¢u lyc kém va trung binh
phong chéng mdi C. gestroi (Nguyén Thi Bich
Ngoc, 2013).

Vé6i TiO, va CuO ¢ dic diém chung 1a hiéu
luc phong chdng mbi khong ting ty 1¢ thuin
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theo murc ting cua nong do dung dich xur 1y.
bay la diém khac biét so véi cac loai thude
bao quan gd thong thudng, 14 hiéu luc véi sinh
vat gay hai ting 1én ty 1é thuan véi nong do
dung dich xir 1y. Hién twong nay ciing dugc dé
cap trong nghién ctru ciia Clausen va dong tac
gia (2007).

3.2.2. Hi¢u luc phong chong méi Coptotermes
gestroi ciia g6 Bé dé sau xiv Iy tim keo PF c6
phén tan cdc vat liéu nano

Hiéu luc phong chdng mdi C. gestroi cia gb
Bo dé sau xir 1y tim keo PF co phén tan cac
vat liéu nano dugc thé hién qua cach tinh

diém vét mdi an dé xép loai hiéu lyc va ty 18
% hao hyt khéi lwong mau thir, thé hién ¢
hinh 4.

Két qua ¢ hinh 4 cho thiy gd Bo d& xu Iy tim
keo PF ham luong 25% don thuin thé hién
hiéu luc phong chdng méi trung binh nhung ty
1¢ hao hut mau thép dat 5,3%. Khi g6 duoc xur
Iy keo PF ham lugng 25% c6 phéan tan nano
TiO,, Si0,, ZnO va nanoclay déu thé hién hiéu
luc tot v6i mdi. Kha nang phong chéng mdi t6t
nhat 1a nhém céc cong thirc PF c¢6 hat Nano
clay phan tan, hat ZnO phan tan, hat TiO,
phan tan va cudi cung 13 nhém cong thic co
hat SiO, phan tan.

50
40
35
30
25
20
15
10
B
57 . . < B . . . .
Tot Tot Tot | Tot Tot Tot Tot
0 - |
0 0,5¢g/1 1g/1 2.5g/1 S5g/l 1g/1 2g/1 1% 2.5%
PF PF + TiO2 PF + Si02 PF + ZnO PF + clay Déi
chimg

Hinh 4. Hiéu luc phong chéng mdi C.gestroi ciia gd Bd dé tim keo PF - nano

So sanh véi két qua thtr dung dich nano don
thuan (hinh 3) cho thiy sy két hop keo PF va
cac dung dich nano TiO;, ZnO, SiO, va
nanoclay lam ting hiéu lyc phong chdng mdi
chu yéu trung binh hodc kém lén muc tét
(hinh 4).

IV. KET LUAN

G6 Bb dé tam dung dich TiO, 0,4%; CuO 0,1 -
0,2% v&i ché d6 tim 0,7Mpa, thoi gian duy tri
ap luc tam 60 phut dat hi¢u luc tdt voi ndm
muc P. ostreatus. Cac dung dich nano don
thudn con lai déu dat hiéu luc tur trung binh
dén kém v&i nAm muc. GO Bo6 dé tim keo PF
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25% don thuan va PF 25% c6 phan tan vat li¢u
nano voi ché do tim 0,7Mpa, thoi gian duy tri
ap luc tam 120 phut déu dat hiéu lyuc tt phong
chdng nAm muc P. ostreatus .

G6 Bo dé xir Iy tam dung dich TiO, ndéng do
0,2%; CuO 0,1 - 0,2%; ZnO 0,3 va 0,4% voi
ché 36 tim 0,7Mpa, thoi gian duy tri ap luc
tam 60 phut co hiéu lyc tot voi méi C. gestroi.
Céc nano nay ¢ cac néng do khac dat hiéu luc
trung binh. Riéng nano SiO, va nano clay dat

hiéu Iyc kém. G& tdm keo PF 25% véi ché do
tam 0,7Mpa, thoi gian duy tri ap luc tam 120
phut, c6 hi¢u luc trung binh va cac cong thuc
PF 25% c6 phan tan vat liéu nano déu cho hiéu
luc t6t ddi voi mbi hai gb.

Két qua danh gia hiéu lyc phong chéng con
trung va ndm 1a co sé khoa hoc tét, cing véi
cac danh gia khac vé kha ning cai thién tinh
chat co 1y ciia g6 sau xir 1y dé Iya chon nhimng
cong thirc pht hop nhat dé xu 1y gd.

Anh 1. Mau g6 B6 dé tim PF phan tan nano TiO, thir ndm Pleurotus ostreatus
(Mau thtr ¢ 2 bén, mau doi chimg ¢ gilra)

N

t
4
MAU GO KEO LAI XU LY DUNG DICH
PF 25% + NANO TiO; 0.5g/L

Anh 2. Mau gb B @ tim PF phan tan nano TiO, thir mbi Coptotermes gestroi (bén trai)
va mau doi chimg (bén phai)
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