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KHA NANG BAO VE MAU SAC GO CUA SON PU
CHUA VAT LIEU NANO TiO,, ZnO VA NANOCLAY HYDROPHILIC

Bui Vin Ai, Nguyén Thi Hing, Hoang Trung Hiéu, Hoang Thi Tam, Bui Thi Thiy
Vién Nghién curu Cong nghiép rung, Vién Khoa hoc Lam nghiép Viét Nam

TOM TAT

Gbd khi duoc str dung ¢ diéu kién ngoai troi chiu tac dong rét 16n cua cac yéu tb
thoi tlet nhu anh sang, nhiét d9, d6 4m, gid... lam dnh hudng 16n dén do bén
ctia gd dic biét 1a anh huwong téi mau sic cua go Céc loai chit phi nhu son,
vecni, ddu nhua... duge st dung phu 1én bé mat g0 d& han ché tac dong bét loi
cua cac yéu t6 ty nhién. Son PU dugc phan tan vat liéu nano: TiO,, ZnO va
Clay hydrophilic da@ dugc danh gid kha nang cai thién mau sic gb Bb dé

Tir khoa: Son PU, (Styrax tonkinensis (Pierre) Craib. ex Hardw) va gd keo Lai (4cacia mangium
bdo v€ mau sdc, vat x Acacia auriculiformis) so v6i son PU théng dung. Cac cong thirc son PU phin
liéu nano tan nano TiO, (<100nm) 0,1%, nano TiO, (21nm) 0,1%, nano ZnO 0,1% va

nanoclay hydrophilic 0,1% da duoc xac dinh lam gia ting dang ké hiéu qua
bao vé mau sic cho gd. Cac miu gd sau khi dugc son phu va dat trén gia phoi
& diéu kién tu nhién trong vong 12 thang, dinh ky do dac, ly s6 liéu. Ty 1¢ thay
d6i mau sic AEy (%) cta ca gd Bd dé va gd keo lai da dugc son pha bang PU
chtra vat liéu nano déu nho hon 12%, mau son béng PU thong thuong dat 18%,
so voi miu d6i ching khong phu mat dat trén 30%. Két qua nghién ctru cho
thy, PU bién tinh b&i nano c6 thé giam dang ké hién tuong bién mau cho 0.

Color protection capability of PU paint enhanced with dispersed nano
particles of TiO,, SiO,, ZnO, Nanoclay hydrophilic

Wood used in outdoor conditions is extremely influenced by environmental
factors such as light, temperature, humidity, wind and so on. These processes,
at the same time are causing greatly effect on the durability of the wood,
especially on the color of wood. Therefore, coating materials such as paints,
varnishes, resinous oils... are employed on the surface of wood in order to
reduce these adverse effects. In this study, polyureathane (PU) paint
reinforcement with nano particles (TiO2, SiO2, ZnO and nanoclay) were
: investigated on Styrax tonkinensis (Pierre) Craib. ex Hardw and Acacia hybrid
particles wood. All samples were then exposed under natural environmental condition in
12 months. The results of this study were compared to those of common PU
paint. It is indicated that with the use of 0.1% nano TiO, (<100nm), 0.1% nano
TiO; (21nm), 0.1% nano ZnO and 0.1% nano clay could significantly increase
wood color protection, the discoloration of both wood species coated with nano
modified PU were less than 12%, while ordinary PU treated wood was 18%.
This value of control samples was was 30%. From above indication, it can be
concluded that the reinforcement of PU paint with nano particles can
significant reduce discoloration of wood.

Keywords: PU paint,
color protection, nano
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I. DAT VAN BE

Mau sic 1a mot ddc tinh co ban truc quan doi
vGi gb va cac san pham tir gd. Son phu cho gb
la mot trong nhitng phuong phap don gian va
pho bién nhat dé bao vé g trudc cac tac dong
ctia thoi tiét hodc két hop giita bao quan va
son phu ciing lam ting do bén cia gb trude sy
tac dong cua cac tdc nhan moi trudng, vi sinh
vat, su on dinh kich thudc tir d6 1am tang tudi
tho sir dung cua gb. Son phit PU (polyurethane)
hién dugc st dung nhiéu trong ché bién gd ¢
Viét Nam. Xu hudng nghién ciru cai tién son
PU la ché tao cac loai son PU gbc nude (son
phan tan trong nudc) dé giam thiéu t6i da cac
chat hitu co bay hoi gy anh huong dén moi
trudng va nang cao tinh chdng chiu cho g
trude cac tdc nhan nhu tia UV, sinh vat gay
hai; béng cac vat liéu nano v0 co nhu cac oxit
Zn0O, TiO; va nano clay.

Nano TiO, 1a mot loai vat liéu phé bién nhu
nanoclay trong viéc ché tao cac loai mang
phu tién tién, trong d6 c6 mang phu cho gb
dung ngoai troi. Pé danh gia anh hudng cua
vat liéu nano 1én chit lwong mang phu cho
gd dugc dung lam van Op tuong ngoai troi
hai loai vat liéu la TiO, va nanoclay dugc
thém vao chit phu loai Acrylic véi ham
luong 1%, va 0,5% cho mdi loai néu sir dung
ca 2 loai vat liéu. Mau dugc thir d6 6n dinh
v6i thoi tiét trong phong thi nghiém véi thiét
bi gia toc. Cac két qua thu duoc cho thy su
c6 mat cua vat liéu nano lam tang chét luong
clia chét phu trong viéc bao vé gd, va chét
luong mang phu dat hidu qua cao nhét khi sur
dung hon hop ca 02 loai vat liéu (Selamawit
Mamo Fufa et al, 2012).

Nghién ctru ciia Boris Forsthuber cho théy,
Nano TiO, c¢6 thé phdi hop voi hydroxy -
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benzotriazole (BTZ) dé bao vé 16p phu acrylic
cho gd khi sir dung trong méi truong cd ngudn
tia UV 16n. Céac két qua thuc nghiém cho thay,
BTZ c6 mit trong chat phii gitip cho gd tranh
khéi su tac dong cua qué trinh quang hoa,
TiO, giup bao v€ mang phu vi giit cho mang
phi co6 diém thuy tinh hoa kha cao (Boris
Forsthuber et al., 2013).

Nghién ctru st dung vat liéu ZnO kich thudc
nano dé cai thién hiéu qué cho son nhil loai
acrylic dugc st dung cho son gb ngoai troi.
KV thuat ché tao loai son nay la dung thiét bi
khudy tron cit nhanh dé phan tan chit long
nano ZnO di dugc lam bén truéc do bang
thiét bi dong hoa siéu am. Mau sau khi phu
duoc dua vao thiét bi thir do 6n dinh thoi tiét
co gia tbc. Hiéu qua cia son duoc danh gia
qua su thay d6i mau, giam do day, mat do
bong. Cac két qua thu dugc cho thay, voi 2%
ZnO di cai thién dang ké do bén cua son
(Bernard Riedl et al, 2014).

Bui Vin Ai da nghién ctru danh gia kha niang
phong chdng sinh vat hai gd ctia son PU gbc
nudc c¢6 phan tan cac hat nano TiO;, SiO,,
ZnO, nanoclay. Két qua thu duogc cho thiy
v6i son PU phén tan nano & mot s6 nong do
da néang cao hi¢u luc chéng sinh vat hai gS
so voi son PU thong thuong (Bui Vin Ai et
al, 2015).

Bai bao nay trinh bay két qua nghién ciru vé kha
ning bao vé mau sic gd cua son PU chira vat
liéu nano TiO,, ZnO va nanoclay hydrophilic.

IL POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Di twong nghién ciru

- Son PU phan tan cac hoat chit nano TiO,,
Si0,, ZnO, Nanoclay theo cac cong thuc sau:
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Bang 1. Cac cong thic son PU phan tan nano xr 1y thi nghiém

TT [Son PU phan tan vat liéu nano| Néng do vat liéu nano phan tan trong PU (%)
1 [PU +nano ZnO 0,1;05;1

2 |PU + nano SiO2 0,5; 1

3 | PU + Nanoclay hydrophilic 0,1; 0,5

4 | PU +TiO2 Rutile <100nm 0,1;0,5; 1

5 [PU+TiOz2 21nm 0,1; 0.5

6 |PU nguyén

- Gia thé gb: dung dé xtr Iy son PU phuc vu
khao nghiém: G& B dé (Styrax tonkinensis),
g0 keo lai (Acacia hybrid).

Kich thuéc mau: 20mm x 80mm x 375mm;

S6 lwong mau: 3 mau/cong thic bao gom 2
mAau phun son va 1 mau dbi chimg son phit PU
khong c6 nano;

Yéu cau ky thuat: Mau gd khong co mit,
khong bi nit, khong bi con tring va nam gay
hai trudc khi thir nghiém. Go khong dugc van
chuyén thuy, ngdm nudc, xtr 1y héa chét hoic
hap bang hoi nudc

2.2. Phwong phap nghién ciru

- Chudn bi méu thie: Son st dung trong
nghién ctru 12 son 2k 14 loai son 02 thanh phan
(phan béng va phan cimg), dung ngoai troi ctia
hang Becker Acroma.

DPé phan tan nano trong son PU, chéat hoat
dong bé mat duoc su dung la: span, NP9,
etanol amin (ETA), LAS.

Nano TiO,, ZnO, SiO, va nanoclay dugc phan
tan vao dung méi xylen di c6 chit hoat dong
bé mit 1an luot span/NP9/ETA, LAS véi cac ti
1¢ span (NP9/ETA, LAS ) trén ham lugng vat
liéu nano lan luot: 1:10; 1:5; 1:2 va 1:1. Hon
hop dung dich dugc dua vao binh thiy tinh va
phéi tron bang may khudy tir. Téc do khudy tir
1a 400 - 600 vong/phit trong 4 gio, tiép tuc

thém 70g phan bong khuay tiép trong 15 phut
& tde d6 400 vong/phut.

- Phwong phdp xir Iy son PU-nano lén miu
g6: Miu sau gia cong duoc dé on dinh trong
diéu kién phong thoi gian 1 thang. Mau duoc
tién hanh son phu cac cong thirc son PU phéan
tan nano vai ap luc 4kg/m3. S6 luot phun 1a: 3
luot, mbi luot cach nhau 5 phit dé dam bao do
kho cua son.

- Phwong phdp ddinh gid dé bén mau ciia gé
phii mdt son PU véi tia UV

Mau gb sau khi son phu dugc dé 6n dinh mang
son & diéu kién phong trong thoi gian 2 tudn,
sau d6 duogc quét son ankyd 2 dau trudc khi
dua di phoi trén gia ngoai troi. Mau gb thir dat
trén gia véi bé mat gd dugc son phu ¢ phia
trén. Gia dit mau nghiéng & géc 45°C hudng
vé noi ¢6 nhiéu tac dong nhit cua anh sang voi
mat son phu dugc hudng 1én phia trén. Thoi
gian dat mau tir thang 9/2014 - thang 9/2015.
Dinh ky 3 thang mot 1an 13y s6 liéu.

Dé danh gia mic d6 chdng chiu tia UV téi
mau sic gd, ap dung phuong phip khong
gian mau Hunter Lab, dugc phat trién bai
R.S.Hunter nhu 1a m¢t khong gian mau
khong ddi, duoc doc truc tiép tr may do mau
bang quang dién (phuong phap ba budc song
phan hoi).

Gia tri trong khong gian mau dugc xac dinh
bang nhimng cong thiic sau:
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L=100 /Y

~ Yo
a= 175\:,-":% * [ ( %) - ( %) ]
b= 7ow,‘.‘-‘""% [(%) ()]

Trong d6: X,Y,Z: Gia tri 3 tac nhan kich thich
cua vdt mau (ciing c6 thé st dung gia tri
Xi10Y10Z10).

Xo0,Y0,Zo: Gia tri 3 tac nhan kich thich cua
may khuéch tan phan xa ly tuong.

Su sai khac mau sic AEy trong khong gian
mau Hunter Lab duwoc xac dinh bang cong
thirc sau:

AEh= /(AL)?+ (Aa)2+ (Ab)2

AL, Aa, Ab: su sai khac vé gia tri L, a, b giiita
vat mau va mau muon dat duoc.

Tom lai tir viée do cac bude song phan hoi va
qua cac cong thuc tinh cua cac khong gian
mau ma ta c6 thé do dugc gia tri chinh xac ciia
cac mau thong qua ba gia tri XYZ(RGB) hay

L*a*b. Day chinh la nguyén 1y cua cac may do
mau. N6 giup ngudi str dung co thé thiét lap
dugc cong thirc mau méi tir nhimg mau gbc
san c¢6 hay tim ra dung sai giita cac mau dé tir
d6 pha chinh mau mot cach nhanh chong va
chinh xac.

Trén co so nguyén ly do, may do mau s€ xac
dinh d6 bén mau thong qua ba gia tri XYZ
(RGB) hay L*a*b, tir d6 danh gia d6 bén mau
ctia gd phii mit son PU véi tia UV theo thoi
gian, mau duoc phoi ngoai bai thir tu nhién,
trén gia do.

Thiét bj do mau:

Méy do mau: CHROMA METER CR - 410,
KONICA MINOLTA, JAPAN

Tu s6 lidu thu duoc, xt 1y phan tich, tinh toan,
xac dinh dugc mau thir c6 d6 bén mau tot nhat
voi tia UV.

III. KET QUA VA THAO LUAN

3.1. P bén mau gb B6 dé sau phii mit bing
PU - nano

D6 bén mau gd sau pht mat PU thé hién bang
su sai khac mau sic cua gS AEy, duoc trinh
bay tai bang 2:

Bang 2. Sai khac mau sic AEy cua gd Bd dé son phii PU - nano

) . Gia tri mau sic AEy theo thoi gian
TT Cong thirc

9/2014 | 12/2014 3/2015 6/2015 9/2015

1 PU + nano TiO2 <100nm 1% 86,81 81,80 79,14 73,76 71,97
2 |PU + nano TiO; <100nm 0,5 % 84,46 80,92 78,34 71,67 66,65
3 |PU + nano TiO; <100nm 0,1% 81,64 79,04 76,54 75,06 73,44
4 |PU + nano TiOz Rutile 21nm 0,1% 81,69 79,11 76,61 74,74 72,80
5 |PU + nano TiO; Rutile 21nm 0,5% 84,10 78,38 75,89 67,78 64,80
6 |PU +nano Zn0O 0,1% 85,32 81,43 78,86 76,13 75,01
7 |PU + nano ZnO 0,5% 81,52 79,64 77,11 74,20 69,79
8 |PU +nano ZnO 1% 86,06 79,72 77,20 75,63 62,27
9 |PU + nano SiO; 0,5% 80,96 77,99 75,54 71,49 70,14
10 |PU + nano SiOz 1% 84,06 80,96 78,44 67,56 62,56
11 |PU + nano nanoclay hp 0,1% 83,11 81,79 79,21 75,73 73,30
12 |PU + nanoclay hp 0,5% 81,81 76,76 74,35 70,30 54,15
13 |MAu d/c phi PU nguyén 82,68 81,52 78,96 70,24 64,96
Giatri TB téng thé 84,44 79,93 77,40 72,64 67,83

Ty I& léch mau TB theo thoi gian (%) 5,25 3,53 7.18 6,95
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Nhan xét: Tu s liéu trén cho théiy gia tri mau
sdc cha tat ca cac mau déu giam xudng theo
thoi gian. Ty 1€ 1éch mau theo thoi gian (%)
dot dau tién tir thang 9/2014 dén 12/2014 bang
5,25, cao hon giai doan tha 2, tu thang
12/2014 dn thang 3/2015 bang 3,53, do anh
hudng cua thoi tiét & Ha Noi, hang nim c6 4
mua 1o rét, giai doan thr 2 d6 thoi tiét cudi
mua déng chuyén sang dau mua xun, nhiét do
thip nhit trong nam (17, 6°C), cuong do anh
sang tia UV yéu nhét, vi vy do giam mau sic
ctia gd AEy 1a thap nhit, noi cach khac 1a diéu
kién thoi tiét tic dong dén mau sic gd thap
nhat. Tiép theo trong thoi gian tir thang 3/2015
dén thang 6/2015 thu duogc ty 18 1éch mau cia
g0 AEy 1a cao nhét 7,18, twong tng thoi ky
nay 1a cudi xuan chuyén sang he, thoi tiét nong

nhat trong nim, cuong do anh sang tia UV
manh nhat, vi vay gS bi phai mau nhanh nhéat.
Thoi ky tiép theo 6/2015 dén thang 9/2015, ty
1¢ 1éch mau cua gd AEy la 6,95, tuong Ung
thoi ky nay 1a cubi mua hé chuyén sang mua
thu, thoi tiét vAn con nong, cuong d6 anh sang
tia UV cao, mau con bj anh huéng ctia mua,
gio, vi vay ty 1€ 1éch mau cao nhu vay.

Cung trong diéu kién méi trudng, tac dong cua
tia UV nhu nhau, ty 1€ 1éch mau g5 AEy cua
cac mau dugc phun PU bién tinh khac nhau
thu duoc khong gidng nhau, Két qua sap xép
tang dan cua ty 1¢ thay doi mau AEy theo thoi
gian (%), gi6i han trén 1a miu d6i chimg son
PU nguyén ban, dua ra dugc 8 cong thuc co ty
1¢ thay d6i mau AEy nho hon miu ddi ching
pha PU thuan.

Bang 3. Két qua sip xép ting dan cia ty 1& thay d6i mau AEy (%) gb B6 @&

T cgzghtiﬁ:.‘pc G Bb dé son phii PU bién tinh Tvie tAhI?:’ ((‘;Si ma
1 CT4 PU + TiO2 <100nm 0,1% 10,04
2 CT6 PU + TiO2 21nm 0,1% 10,88
3 CT3 PU + nanoclay hp 0,1% 11,81
4 CT5 PU + Zn0O 0,1% 12,08
5 CT10 PU + SiO; 0,5% 13,36
6 CT7 PU + ZnO 0,5% 14,39
7 CT1 PU + TiO2 <100nm 1% 17,09
8 CT23 PU + TiO2 21nm 0,5% 17,14
9 CT13 MA&u d/c phtl PU nguyén 21,43

Ty 1¢ thay d6i mau A EH (%)
25

20

15

10 -

| I
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CT4 CT5

CT10 CT7 CTI

CT23 CT13

Hinh 1. Ty 1¢ thay d6i mau gé Bo dé theo thoi gian (%)
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a. Bd dé dbi chirng (khong phi PU)

d. PU + 0,1% TiO2 <100nm

—

b. B4 dé& dbi chirng pht PU nguyén

c. PU+0,1% TiO2 21nm

Il
|

d. PU +0,1% ZnO

e. PU + 0,1% nanoclay hydrophilic

Hinh 2. Mau g6 B6 d thi nghiém vé tic dong ctia son PU-nano dén mirc d¢ thay doi mau sic

¢ dicu kién ngoai troi

3.2. P bén mau gd keo lai sau phit mit bang PU - nano

Két qua do mau sac cia gb keo lai duoc son phi sau thoi gian thir nghiém ngoai mdi truong

dugc tong hop tai bang 4:

Bang 4. Sai khac mau sic AEy ctia gd keo lai son phu PU - nano

. . Gia tri mau sac AE4 theo thoi gian Ty lé léch mau
i Céng thirc PU - nano 9/2014 | 1212014 | 3/2015 | 6/2015 | 9/2015 (%)
1 |PU + TiO, <100nm 1% 79.67 | 7517 | 7269 | 69,06 | 6495 18,48
2 |PU + TiOz <100nm 0,5 % 66,59 | 6505 | 6290 | 6083 | 5842 12,28
3 |PU + TiO, <100nm 0,1% 70,42 68,78 | 66,51 | 6571 | 6439 8,563
4 |PU + TiO; 21nm 0,5% 79,64 73,94 | 7150 | 67,54 | 66,96 15,92
5 |PU+TiO, 21nm 0,1% 68,79 | 6657 | 6438 | 6314 | 5892 14,36
6 |PU+2n00,1% 76,14 7417 | 71,72 | 7041 | 68,09 10,57
7 | PU+2Zn0 0,5% 69,75 | 6807 | 6582 | 6456 | 62,78 9,99
8 |PU+2Zn0O 1% 6547 | 6455 | 6242 | 5943 | 57,57 12,07
9 |PU+Si020,5% 7563 | 7311 | 70,69 | 6843 | 6620 12,47
10 |PU +Si0; 1% 72,62 6260 | 6053 | 6162 | 57.78 20,44
11 |PU + nanoclay hp 0,1% 7729 | 7482 | 7235 | 7041 | 6855 11,31
12 |PU + nanoclay hp 0,5% 68,02 66,60 | 6442 | 6390 | 5691 16,34
13 |M&u d/c pht PU nguyén 69.87 | 6831 | 66,06 | 5954 | 57.27 18,03
Gia tr TB tong thé 72,30 69.36 | 67,08 | 6497 | 6221
TY 16 16ch mau theo thoi gian (%) 4.96 363 | 465 | 442
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Nhdn xét: Tir s6 lidu trén cho thy gi4 tri mau
sdc cua tit ca cac mau déu giam xubng theo
thoi gian. Ty 1€ 1éch mau theo thoi gian (%)
dau tién tir thang 9/2014 dén 12/2014 bang
4,96, cao hon giai doan thi 2, tu thang
12/2014 dn thang 3/2015 bang 3,63, do anh
huéng cua thoi tiét & Ha Noi, hang nam c6 4
mua, giai doan thir 2 d6 thoi tiét cudi mua
d6ng chuyén sang ddu mua xun, nhiét do thap

nhat trong ndm, cuong dd anh sang tia UV yéu
nhat, vi vay d0 giam mau sac cua go AEy la
thap nhat, n6i cach khac 1a go bén mau.

Két qua sip xép ting dan cua ty 1& thay dbi
mau AEp theo thoi gian (%), gidi han trén 1a
mau déi chimg son PU nguyén, dua ra dugc
15 cong thirc ¢o ty 1& thay d6i mau AEy nho
hon miu PU nguyén két qua duoc trinh bay
trong bang 5.

Bang 5. Két qua xép tang dan cuia ty 18 thay d6i mau AEy (%) g0 keo lai

T Mau gé Keo lai son phi PU bién tinh Ty Ié thay déi mau (%)
1 PU +TiO2 <100nm 0,1% 8,56
2 PU +TiO2 21nm 0,1% 9,95
3 PU + Zn0O 0,5% 9,99
4 |PU+2Zn0O0,1% 10,57
5 |PU +clay hp 0,1% 11,31
6 |PU+2ZnO 1% 12,07
7 |PU+ TiO2 <100nm 0,5 % 12,28
8 PU + SiO; 0,5% 12,47
9 [PU + TiO2 21nm 0,5% 15,92
10 |[PU + nanoclay hp 0,5% 16,34
11 | MA&u d/c pha PU nguyén 18,03

Ty 1¢ thay d6i mau AEH (%)

20

18

16

14

12

S N B~ O
!

CT4 CT3 CT7 CT5 CTé6 CT9 C

T2 CT10 CT23 CT8 CTI13

Hinh 3. Ty 18 thay d6i mau g0 keo lai theo thoi gian (%)
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a. Keo lai di chirng (khdng pha PU)

d. PU + 0,1% TiO2 <100nm

b. Keo lai dbi chirng phii PU nguyén

d. PU +0,1% ZnO

c. PU +0,1% TiO2 21nm

e. PU + 0,1% nanoclay hydrophilic

Hinh 4. Miu gb keo lai thi nghiém vé tic dong ctia son PU-nano
den mirc do thay d6i mau sac ¢ dicu kién ngoai troi

Téng hop két qua tuyén chon cac cong thirc
PU c6 kha niing bao vé mau sic gd Bo d¢ va
Keo lai tot tir 2 bang trén, chon dugc 4 céng

thirc son PU két hop véi vat liéu nano phu hop
nhét cho ca 2 loai gb.

Bang 6. Cong thic PU - nano phii hop bao vé mau gd B6 d¢, keo lai

TT | Céngthirc son phi PU bién tinh | Ty Ié thay déi mau Bo dé (%) | Ty lé thay déi mau keo lai (%)
1 | PU +TiO2 <100nm 0,1% 10,04 8,563
2 | PU+TiO2 21nm 0,1% 10,88 9,953
3 |PU+2Zn00,1% 12,08 10,57
4 |PU + nano clay hydrophilic 0,1% 11,81 11,31
IV.KET LUAN TiO,, ZnO va Clay hydrophilic phan tan trong

Vit liéu g trong qua trinh sir dung ludn chiu
tac dong cua cac yéu to thoi tiét nhu bic xa
mat troi, su thay ddi cua nhiét do, d6 4m, anh
sang...Cac yéu t6 nay gdy anh huong rat 16n
t6i su 6n dinh mau sac cia gd. Két qua nghién
ctru kha ning bao vé mau sic gb cua son PU
chira vat liéu nano dad xac dinh dugc nano
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son PU & cép néng d6 0,1% da han ché mirc
d6 suy giam mau sic gd. Ty 1¢ thay d6i mau
sic gb AEy (%) dat tir 8,56% dén 11,31% & gd
keo lai va 10 - 12% & gd Bd dé. Trong khi gb
duoc phu son Pu khong chura vét liéu nano dat
tuong Ung la 18,03% va 21,43, mau gb
nguyén, khong son phu dat tuong ung 1a 31,11
va 42,17%.



Bui Van Ai et al., 2017(4) Tap chi KHLN 2017
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