Cong nghiép rung

ANH HUONG CUA MOT SO YEU TO CONG NGHE PHAN TAN NANO
TITANDIOXID (TiO,) PEN CHAT LUQGNG MANG TRANG SUC
TREN SAN PHAM GO

Pham Thi Anh Hdng', Cao Quéc An’
L2 Trwong Pai hoc Lam nghiép

TOM TAT

Bai bao trinh bay két qua nghién ctru vé anh huéng ctia ndng do va thoi gian phan tan nano TiO, dén chat
lwong mang trang sirc trén bé miat gd. Vat liéu nano TiO, dwoc phén tan trong dung moi Butyl acetate co chat
hoat dong bé mat LAS & cac néng d6 0,05%; 0,1%; 0,15%; 0,2%; 0,25% trong cdc muc thoi gian 1 gio, 2 gio,
3 gio, 4 gid, 5 gid bang song siéu 4m va thiét bi khudy tir, sau d6 bd sung phan son bong PU, chit cimg PU va
khudy déu véi tde do 200 - 300 vong/phut trong 15 phit. Dung dich chit phii nay dugc phun 1én bé mit cac
mau g5. Két qua cho théy, do hép thu tia cyc tim ctia dung dich son PU co phéi troén nano Ti0O, rat manh so voi
dung dich son PU déi chung. Chit lugng mang son PU-Ti0, da cai thién dang ké hon so v&i mang son PU déi
chimg: Do clng tang tir 3,29 1én 4,09 H; ty 1¢ ton thit khdi lwong do mai mon giam tir 0,1305% xubng
0,1057%; d6 bén hoa chat va nudc tang tir mirc 4,01 dén muc 5; d¢ léch mau AE ciing giam tir 14,85 xudng
9,62, khong c6 hién twong nirt hay bong tréc ctia mang son PU-TiO, trén bé mit gd; ddng thoi khong cb su
thay d6i dang ké vé cuong do hap thu hong ngoai dic trung cho cac nhém chirc cdu truc héa hoc trong mang
son PU phéi tron v&i nano TiO,. Nhu vay, dé dam bao chét lugng trang cho san phiam gd va dem lai higu qua

kinh té nén sir dung nano TiO, & ndng d6 0,158% va phén tan trong 3,651 gid 1a thich hop.
Tir khéa: Dung méi, mang phii, nano TiO,, phén tan, sin phim g.

1. PAT VAN DE

Trang stc san phim gb 1a cong doan quan
trong trong san xuat dd0 moc véi muc dich 1am
ting tinh thim m¥ va bao quan san pham. N6
c6 thé tién hanh trudc hodc sau khi lip rap
thanh san phém. Hién nay, c6 rat nhiéu loai
chat phu long duoc dung trong nganh gd nhu
Nitrocellulose, Polyurethane (PU), Ankyde...
Trong d6, PU duoc sir dung phd bién nhét dé
trang sttc san pham gd boi ching c6 nhiéu vu
diém nhu mang son khoé nhanh, bam dinh tét,
phang min, c6 do cimg va do bong cao, gia
thanh phu hop. Tuy nhién, loai son nay cé
nhuoc diém la chiju anh sang tu nhién kém nén
mang son d& bi bién mau, kha ning khang 4m
va hoa chit khong cao. Do d6, viéc nghién ctru
giai phap nang cao chit luong mang son PU
trén bé mat gd 13 rit can thiét va c6 y nghia.

Titanium dioxide (TiO,)la mdt vat liéu ban
dan ving cAm rong, mau tréng, tr lau da duoc
mg dung trong nhiéu nganh céng nghiép nhu:
son, nhua, giéy, my phém, duoc phém... No6 1a
vat liéu khong ddc hai, than thi¢én véi modi
truong, ¢ tinh 6n dinh hoa hoc cao (Kim va
cong s, 2005), co kha nang khang khuan, diét

ndm mdéc va ty lam sach bé mat (P A
Charpentier va cong su, 2012; Yixing Tang,
2013) va chéng duoc tia UV (Thien Vuong
Nguyen et al, 2016; Mirela Vlad, 2009), c6 kha
nang khang am, cai thién d6 bén bam dinh, do
bén va dap (Thien Vuong Nguyen et al., 2016),
c6 tac dung lam sach khong khi, lam sach nuée
va co gia thanh thap. Xuét phat tir nhing 1y do
trén, tac gia dd tién hanh nghién cGu anh
huong ctia mot sé yéu td cong nghé phan tan
nano TiO, dén chit lugng mang trang stc trén
bé mit gd.
2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

G sir dung cho nghién ctru 1a Keo lai (4cacia
auriculiformis x mangium) c6 y = 0,58 g/em’, do
tudi 12 - 14 nam khai théc tai Hoa Binh;

Son PU 2 thanh phan (son 16t, son bong) va
chat ctng PU cia hing Oseven; Dung moi
Butyl axetate c6 do tinh khiét 99,5%; Chat
hoat dong bé mat Linear alkyl benzen sunfonic
acid (Las);

Hat nano Titanium dioxide (TiO,) kich thudc
40 nm mua tai Chiét Giang, Trung Quéc, c6 do
tinh khiét 98%, mau tréng, dang bot min;
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Thiét bi str dung: Str dung thiét bi song siéu
am Ultrasonic Cleaner model PS-40 cia Trung
Qudc, thiét bi khudy tir Hot & Magnetic Stirrer
model MS-300HS caa Han Qudc, thiét bj phun
son tu dong Cefla Mito K 01 gdm 4 sung phun;

Dia diém thi nghiém: Vién Cong nghiép g0,
Cong ty TNHH cong nghé Delta Viét Nam; Cong
ty TNHH Xay dung xuét nhap khau Ha Lam.

2.2. Phuong phap nghién ciru

Trong nghién ciru nhom tac gia da tién hanh
thi nghiém da yéu t6.

Yéu t6 c¢b dinh: Dung moi phan tan
Butylacetate da co chét hoat dong bé mat LAS
(ty 1& nano TiO, va chat LAS 1a 1:2 tinh theo
khéi luwong), tbc dd phan tan 400 - 600
vong/phut va phan tan & nhiét d¢ thuong 25 +
2°C. Ap suit phun 0,2 MPa dbi v6i son 16t, son
mau va 0,18 MPa dbi véi son bong; Tbc d6

sung phun son 16t, son mau, son bong: 70
m/phut; Téc d6 bang tai: 4,8 m/phat; Khoang
cach phun: 20 cm; B nhét khi phun cua son
16t, son mau: 40 mPa.s, son bong 37 mPa.s,
huéng sung phun di 2 chiéu.

Yéu td thay dbi: Néng d0 nano TiO, ¢ 5 muc:
0,05%; 0,1%; 0,15%; 0,2%; 0,25%; Thoi gian
phan tan nano: 1 gio; 2 gio; 3 gio; 4 gio; 5 gio.

Trén co so 1y thuyét quy hoach thuc
nghiém, nhom tac gia ap dung ké hoach trung
tam hop thanh truc giao v6i cac yéu t6 da du
dé xac dinh anh hudng cua 2 yéu té 4p suit va
tbc do phun dén mot sb chi tiéu chat luong
mang trang suc. K& hoach thuc nghi¢m bac 2
duoc thuc hién ¢ cac murc: Murc trén (+1); murc
duéi (-1); mue trung gian (0); cdc mic sao md
rong (+a), (-a). Do do, ta c6 bang thyc nghiém
theo phan mém xt Iy OPT nhu & bang 1.

Béang 1. Ma tran quy hoach thyc nghiém

N Dang ma Dang thuc
¢ X, X, Nong d9 nano TiO, (C,%)  Thoi gian phan tén (r, gio)

1 -1 -1 0,1 2
2 +1 -1 0,2 2
3 -1 +1 0,1 4
4 +1 +1 0,2 4
5 - 0 0,05 3
6 +a 0 0,25 3
7 0 -a 0,15 1
8 0 +a 0,15 5
9 0 0 0,15 3

* Cdc bwdc tién hanh thwe nghiém tao
méu nghién civu:

GO tron Keo lai duoc tién hanh xé thanh (xé
pha, x¢ lai), séy dén d6 Am 10 + 2%, sau d6 bao
bbén mit va danh nhin dat V8 (Rypax < 60 pm)
co kich thudc: dai x rong x day = 350 x 100 x
18 mm, bé mat phai sach bui.

Tién hanh phén tan nano TiO vao dung moi
Butyl acetate da co chét hoat dong bé mat LAS
bang thiét bi song siéu am két hop véi thiét bi
khudy tir voi tbe do 400 - 600 vong/phut &
nhiét d6 thuong (theo cic ché do ¢ bang 1).
Sau d6, b6 sung phan son bong va chat ctng
PU va khudy déu bang may khudy tir véi tdc

dd 200 - 300 vong/phtt trong 15 phut.

Cac budc cong nghé trang stc bé mit gd
bang son PU va PU-TiO;:

Bude 1: Xir Iy bé mit san pham gd: Cha
nham bé mat gb bang loai gidy 120#, 180#,
240#, 3204, sau d6 lam sach bui g va kiém tra
d6 nhin, d¢ am.

Budc 2: Son 16t (2 16p): Ty 1é pha son:
Son 16t (2) + Cuang (1) + Dung méi (2,5) (theo
ty 1¢ khdi lugng). Sau mdi lan son 16t can say
kho va cha nhdm mang son.

Budc 3: Sdy kho va cha nham mang son 16t:
Cac mau gb sau khi son 16t xong dé hong phoi
tu nhién trén cac gia ¢ nhi¢t d¢ thuong T = 25
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+ 2°C, d6 am khong khi 65 + 5%. Sau khi kho
hoan toan, tién hanh cha nham bang loai gidy
nham 400#, sau d6 lam sach bui va kiém tra
chat lugng.

Budc 4: Son mau: Ty 1€ pha son: Son 16t (2)
+ Cung (1) + Dung méi (2,5) + tinh mau (theo
ty 1€ khéi lugng); DY nhot phun: 40 mPa.s; Ap
sut phun: 0,2 MPa;

Budc 5: Sdy kho: Cac méu gb sau khi son
mau cling dé hong phoi tu nhién trén gia ¢
nhiét d6 thuong T = 25 + 2°C, 6 am khong
khi 65 + 5%.

Budc 6: Son bong: Son PU bong da phdi tron
v6i nano TiO,. Ty 1€ pha: Son bong (2) + Clng
(1) + Dung méi (3) (theo ty 18 khdi luong);

Budc 7: Say kho va kiém tra chat luong san
pham: Siy mang son kho hoan toan, sau d6 6n
dinh miu va cdt mau theo cac tiéu chuin dé
kiém tra chat luong san pham.

* Tiéu chudn va phwong phdp kiém tra
chit lwong mang trang sikc trén sin phim gé:

Po d6 hip phu tia UV cua dung dich son
PU va PU phéi trén nano TiO, dugc kiém tra
bang may quang phd hap thu phéan tir UV-Vis,
Model UVS-2800, hang Labomed-My, dai
quét bude song tir 190 nm dén 900 nm va st
dung Cuvet thach anh dé do mau. Do cung cua
mang son duoc kiém tra theo ASTMD 3363;
P mai mon cia mang son theo EN
1339:2000; d6 bén hoa chét cua mang son theo
DIN 68861-1 (nhom 1A).

Kha niang chbng bién mau cua mang son
kiém tra bang dén UV cong suat 40 W, budc

3000

song 350 nm; khoang cach tir dén t&i bé mit
mau: 50 mm, thoi gian chiéu tia UV: 960 gio.
Kha ning chdng bién mau ciia mau gd di son
phi1 dugce danh gia bang sy chénh léch giira cac
chi s6 mau sic bé mit cia mau trude va sau
khi chiéu tia UV & cac thoi diém 6 gio, 12 gio,
24 gio, 48 gio, 72 gio, 96 gio, 144 gio, 192
gio, 240 gio, 312 gio, 384 gio, 456 gio, 528
gio, 600 gio, 672 gio, 750 gio, 816 gio, 888
gi0, 960 gio. Cac chi s6 L*, a*, b* duogc do
bang may do mau sic BYK cua hing san xut
BYK-Gardner tai Puc, do 3 diém trén 1 mau
dé xac dinh gia tri trung binh, sau dé tinh cac
chi s6 mau theo cong thirc:

AL*=L*yy-L*, (D)
Aa*=a*yy-a*, (2)
Ab* = b* - b*, 3)

AE =~AL*> +Aa** +Ab*>  (4)

Trong dé: L*, - D6 sang mau ctia mau trudc
khi chiéu UV, L*yy - BJ sdng mau cua mau sau
khi chiéu UV, a*, - Chi sb a* ctia mau trudc khi
chiéu UV, a*yy - Chi s6 a* cua mau sau khi
chiéu UV, b*, - Chi s6 b* cia mau trudc khi
chiéu UV, b*yy - Chi sd b* ciia mau sau khi
chiéu UV. Sb liéu trong nghién ctru duge xur Iy
bang phan mém excel va phan mém OPT.
3. KET QUA VA THAO LUAN
3.1. Két qua phd UV-Vis ciia dung dich son
PU doi chirng va PU két hop véi nano TiO,

Két qua phd UV-Vis cia dung dich son PU
d6i chimg va PU phdi hop nano TiO, duoc
trinh bay ¢ hinh 1, 2.

Do hap thy
2
—1=]
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19000 wom

Buwdc song (nm)
Hinh 1. Phé hip thu UV-Vis ciia dung dich son PU dbi chirng
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Buwdc song (nm)
Hinh 2. Phd hip thu UV-Vis ciia dung dich son PU phéi trén nano TiO, ¢ nong d9 0,15%

Qua két qua ¢ hinh 1, 2 cho thay, d6 hap thu
tia cuc tim cua dung dich son PU két hop véi
nano TiO, & néng do 0,15% rit manh so véi
dung dich son PU dbi chimg. Cac hat nano
TiO, khi h?ip thu tia cuc tim da tao ra hi€u ing
che chin tia UV cho 16p phu polyme, do do
16p phit PU ¢6 nano c6 kha ning chdng lai tac
nhan giy ldo hoa (tia UV) t6t hon so véi 16p

Hinh 3. Anh SEM ciia mang son PU
dbi chirng (x4000)

Hinh 5. Anh SEM ciia mang son PU-TiO, &
ndng d9 0,1% phin tan trong 3 giv (x1000)

pha PU d6i ctng (Thien Vuong Nguyen et al.,
2016).
3.2. Xac dinh sy ton tai hat nano TiO, trong
mang son PU trén bé mit gé

Két qua phan tich ciu tao hién vi cia mang
son PU trudce va sau khi phéi tron voi vét liéu
nano TiO, dugc thé hién tir hinh 3 dén hinh 12.

xoeg

Hinh 4. Anh SEM ciia mang son PU-TiO, &
ndng d9 0,05% phan tin trong 3 gio' (x500)

SBum BB81

Hinh 6. Anh SEM ciia mang son PU-TiO, &
ndng d9 0,15% phan tin trong 3 gio' (x500)
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Hinh 7. Anh SEM cia mang son PU-TiO, &
nong d 0,15% phan tan trong 4 gio' (x1000)

Hinh 9. Anh SEM cia mang son PU-TiO, &

ndng d 0,2% phéin tin trong 3 giv (x10.000)

Hinh 11. Anh SEM ciia mang son PU-TiO, &
ndng d9 0,15% phan tan trong 1 gio' (x500)

Kich thudc cua cic hat nano rit nho cho
phép chiing xAm nhép vao nhiing 16 siéu nho,
cac ving mao dan trong mang polyme (Thien
Vuong Nguyen et al., 2016). Qua céac hinh anh
SEM cho thdy, trang thai bé mat ctia mang son
PU d6i chimg va mang PU-TiO, trén bé mat gd
déu khong co hién twong nit, bong tréc. Pidu
nay cho thdy, khi bd sung vt liéu nano TiO, &
cac nong d6 va thoi gian nghién ciru vao trong
son PU chua anh huong rd rét dén moi lién két
tao mang cua hé polyme gitta cac nhom chuc
NCO (isocyanate) véi OH (hydroxyl) cua

Hinh 8. Anh SEM cia mang son PU-TiO, &
nong d 0,15% phén tan trong 5 gio (x5.000)

Hinh 10. Anh SEM ciia mang son PU-TiO, &

nong d 0,25% phan tan trong 3 gio' (x5000)

Hinh 12. Anh SEM ciia mang son PU-TiO, &
ndng d9 0,15% phan tin trong 2 gio' (x30.000)

mang son. Mit khac, mang son PU d6i chung
(hinh 3) tron min, déng nhat mot mau den, con
mang son PU-TiO; & cac néng d06 0,05%; 0,1%
va 0,15% phan tan ¢ thoi gian 3 gio, 4 gio, 5
gi0 cling tron min va c6 cac hat nano TiO, mau
tréng phan tan déu, khong co su két tu cua hat
nano trong mang son PU (tir hinh 4 dén hinh
8). Tuy nhién, mang son PU-TiO, & ndng do
0,2% va 0,25% phan tan trong 3 gid hodc ¢
ndng d6 0,15% phén tan trong 1 gio, 2 gid van
con co sy khic biét 16n vé mau sic, cu thé
trong mang son van xuat hién cic vét mau
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trang cia vat liéu TiO,, didu nay cho thiy céac
hat nano TiO, phan tan khong déu, vin con
hién twong két tu thanh timg dam trong mang
son PU (tir hinh 9 dén hinh 12). Nguyén nhan
dan dén huong tuong nay c6 thé 1a do thoi gian
phan tan chua phu hop.
3.3. Anh huéng dén dd cling cia mang
trang suc

Théng qua xir Iy hdi quy bang phan mém OPT
xay dung dugc phuong trinh tuong quan gitra
néng do va thoi gian phan tan nano TiO, véi do

ciing mang trang surc (cong thirc 5a va 5b).
Phuong trinh dang ma:
Y =2,575+5,011X; — 0,083X,>+ 0,075X,
—0,250X,X; + 0,003X,° (52)
Phuong trinh dang thuc:
Y =-23,417 +167,899C — 33,320C* +
0,7337 - 1,000Ct + 0,0001t>  (5b)
D6 thi quan hé giita nong d6 va thoi gian
phan tdn nano TiO, vdi d§ cliing cua mang
trang strc dugc thé hién ¢ hinh 13.

3.84
4 - 3.36 3.47

Do clrng cila mang trang sirc
(H)
N

P& 0,1% 0,2% 0,1%
chirng 2h 2h 4h

N6ng dd va th&i gian phan tan nano TiO, (C, %; T, h)

0,2% 0,05% 0,25% 0,15% 0,15% 0,15%
4h 3h 3h 1h 5h 3h

362 3.78 3.73

Hinh 13. Biéu d6 quan h¢ giita ndng d9 va thoi gian phén tan nano TiO, véi d§ cirng
ciia mang trang sic

Két qua phan tich phuong sai (Anova) do
cling clia mang trang stc & cac ndng do va thoi
gian phan tan nano TiO,: F = 13,868; Fcrit =
1,947348 (F > Ferit), diéu nay chimg minh rang
do clng cua mang trang strc giita cac nong do
va thoi gian phan tan nano TiO, da c6 su sai
khéc va hé s6 ciia phuong trinh déu c¢6 ¥ nghia.

Qua biéu d0 ¢ hinh 13 nhén thiy, do clng
mang son PU-TiO, cao hon mang son PU d6i
ching vi ban than nano TiO; la mot 6 xit kim
loai nén c6 do ctng cao. Khi thay d6i nong do
va thoi gian phan tan nano TiO,, d§ cung cua
mang son PU-TiO; cling duogc cai thién, tang
tir 3,29 1én 4,09 H (tang 11,55% dén 28,85%
so v6i mang son PU ddi chimg). Cu thé 1a khi
nong d6 va thoi gian phan tan nano ting thi do
cing cua mang trang suc tang. Nguoc lai, khi
ndng d6 va thoi gian phan tan nano giam, do
ciing cia mang trang strc giam. Tuy nhién, dd
cing cua mang son PU-TiO, & cic ché do
(ndng d6 0,2% phén tan trong 2 gid; nong do
0,25% phan tan 3 gio; ndng d6 0,15% phan tan

1 gio) khong déu boi khi nong do nano TiO,
tang 1én, thoi gian phan tan ngin thi cac hat
nano phan tan khong déu trong mang son PU
(theo két qua chup SEM tir hinh 9 dén hinh 12).
3.4. Anh huwéng dén kha ning chiu mai mon
clia mang trang sirc

Thong qua xir Iy hdi quy bang phin mém
OPT xay dung dugc phuong trinh tuong quan
gitra ndng d6 va thoi gian phan tan nano TiO,
v6i ty 1& khéi luong ton thit do mai mon cua
mang trang suc (cong thirc 6a va 6b).

Phuong trinh dang ma:

Y =0,217 - 1,003X; + 1,972X,* - 0,012X,

+0,117X,X; — 0,001X,° (62)

Phuong trinh dang thuc:

Y =26,168 - 288,915C + 788,879C* -
0,391t +2,334Ct - 0,0017>  (6b)

D6 thi quan hé giita ndng d6 va thoi gian
phan tan nano TiO, véi ty 1& khdi luong t6n
that do mai mon ctia mang trang strc duoc thé
hién & hinh 14.
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N6ng dd va th&i gian phan tan nano TiO, (C, %; T, h)
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Hinh 14. Biéu d6 quan h¢ giira nong d9 va thoi gian phén tan nano TiO, véi ty 1¢ khdi hrong ton that
do mai mon ctia mang trang sirc

Két qua phan tich phuong sai (Anova) ty 18
khdi luong t6n that do mai mon cia mang
trang strc & cac ndng do va thoi gian phan tan
nano TiO;: F = 46,599; Fcrit = 1,947348 (F >
Fcrit), didu nay ching minh rang ty 1& khoi
luong ton thit do mai mon ciia mang trang strc
gitta cac néng do va thoi gian phan tan nano
TiO, di co su sai khac va hé sé ctua phuong
trinh déu c¢6 ¥ nghia.

Tir két qua cho thy, ty 18 tén that khdi
lwong do mai mon ctia mang son PU-TiO, thap
hon so véi mang son PU dbi chimg (hinh 14).
Nguyén nhan do nano TiO; la mdt 6 xit kim
loai c6 d6 cting twong ddi cao nén khi cho
nano TiO; vao trong son da cai thién dugc do
mai mon cua mang son. Khi néng do va thoi

gian phan tan nano TiO, thay ddi thi ty 1¢ tén
that do mai mon ciia mang son PU-TIO, ciing
giam tr 0,1305% xubng 0,1057% (giam
23,90% xudng 6,05% so véi mang son PU dbi
ching). Tuy nhién, ty 1¢ t6n that khdi luong do
mai mon cua mang son PU-TiO, & cac ché do
(ndng d6 0,2% phan tan 2 gio; ndng d6 0,25%
phan tan 3 gio; ndng d6 0,15% phén tan 1 gid)
khong déu boi khi nong do nano TiO, ting,
thoi gian phan tan ngan thi cac hat nano phéan
tan khong déu trong mang son PU (két qua
chup SEM tir hinh 9 dén hinh 12).
3.5. Anh huéng dén d bén héa chit va nuée
M&i quan hé giita ndng d6 va thoi gian phan
tan nano TiO; voi do bén hoa chét va nude cua
mang trang sttc dugc thé hién & hinh 15.
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Hinh 15. Biéu d6 quan h¢ giita ndng do va thoi gian phén tan nano TiO, v6i dd bén héa chit va nwéc
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Qua biéu d & hinh 15 cho thdy, mang son
PU-TiO; ¢6 kha ning khang hoa chat va nudc
tot hon so véi mang son PU d6i chimg, thé
hién rd nhit & cac ndng d6 0,15%; 0,2%;
0,25% phan tan trong thoi gian 3 gio, 4 gio, 5
gid déu dat muc 5 twong Ung voi mang son
khong bi thay d6i vé mau sic, d6 bong va ciu
trac bé miat. Khi thay ddi nong do va thoi gian
phan tan nano TiO,, do bén hoé chét va nude
cia mang son PU-TiO, ciing dugc thay do6i
dang ké so v6i mang son ddi chimg. Cu thé 1a
kha ndng khang dung dich axit cia mang son
PU-TiO; tang tr muc 4,24 1én muc 5; Kha
nang khang dung dich Natri clorua cia mang
son PU-TiO; tang tr muc 4,18 1én muc 5; Kha
nang khang dung dich Amoniac ctia mang son
PU-TiO; tang tr muc 4,26 1én muc 5; Kha
nang khang dung dich Ruou etylic cua mang
son PU-TiO; tang tr muc 4,01 1én muc 5; Kha
nang khang dung dich ca phé cia mang son
PU-TiO; tang tr muc 4,31 lén muc 5; Kha
nang khang dung dich nudc ché cia mang son
PU-TiO; tang tor muac 4,36 1én muc 5; Kha
nang khang dung dich nudc ciia mang son PU-

TiO; tang tr muc 4,44 1én muc 5. Nguyén la
do nano TiO; 1a mot chét tro vé& mit hoa hoc,
khong tan trong axit, bazo, ky nudc, c6 kha
nang diét khuén va ty 1am sach bé mat. Pidu
nay ciing twong dong vai két qua nghién ctru
cua Yixing Tang (2013), P A Charpentier va
cong su (2012), Kim va cdng su (2005).
3.6. Anh hwéng dén kha ning chdng tia UV
cua mang trang sirc

Thong qua xir Iy hdi quy bang phin mém
OPT xay dung dugc phuong trinh twong quan
gitta ndng d6 va thoi gian phan tan nano TiO,
v6i kha niang chdng tia UV ctia mang trang stc
(cong thuc 7a va 7b).

Phuong trinh dang ma:

Y = 17,161 — 44,428X, + 65,833X,*-
0,226X,+ 0,100X,X, + 0,017X,>  (7a)
Phuong trinh dang thuc:
Y = 34,342 — 184,288C +263,332C -
0,186t + 0,400Ct - 0,00071> (7b)
Db thi quan hé gitra ndng d6 va thoi gian

phan tan nano TiO, véi d§ 1éch mau AE cua
mang trang strc dugc thé hién ¢ hinh 16.
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Hinh 16. Biéu d6 quan hé giira ndng dé va thoi gian phan tan nano TiO, v6i dd 1éch mau

Két qua phan tich phuong sai (Anova) do
1éch mau AE ctia mang trang stc & cac nong do
va thoi gian phan tdn nano TiO;: F = 21,488;
Ferit = 1,947348 (F > Ferit), diéu nay chimg
minh rang d6 léch mau ciia mang trang stc
gitta cac néng d6 va thoi gian phan tan nano
TiO, di co su sai khac va hé sé ctua phuong
trinh déu c¢6 ¥ nghia.

Qua biéu d6 ¢ hinh 16 nhan thiy, mang son
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PU-TiO; ¢6 kha niang chéng tia UV tét hon so
v6i mang son PU dbi chimg. Khi thay doi ndng
do va thoi gian phan tan nano TiO,, d 1éch
mau cua mang son PU-TiO, cling gidam tur
14,85 xudng 9,62 (giam 50,06% xudng 22,90%
so v6i mang son PU dbi chimmg). Nguyén nhan
dan dén mang son PU-TiO, c6 kha ning chéng
tia UV tot hon so v6i mang son PU dbi ching
vi ban than hat nano TiO, c¢6 kha ning hap thy
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duoc tia cuc tim. Su hién dién cua cac hat nano
TiO, da lam cham sy hinh thanh cac san phém
oxy hoa (OH, COOH) trong qua trinh lao hoéa.
Do d6, cac hat nano TiO, lam gidam su xuéng
cap cua 16p phu (Thien Vuong Nguyen et al.,
2016).

3.7. Xac dinh gia tri phit hop ciia nong dd va
thoi gian phan tan nano TiO;

Yéu cau dbi véi cac ham muc tiéu: Do cimg
clia mang trang stc (Y)) 16n nhit; Kha ning
chiu mai mon cua mang trang suc (Y;) 16n
nhit (Ty 1& ton that khéi luong do mai mon
nho nhat); Kha ning chdng tia UV cta mang
trang stc (Y3) tot nhat (D6 1éch mau nho nhat).

Tur diéu kién cua cac ham muc tiéu & trén ta
¢6 mo hinh bai toan téi vu nhu sau:

Y, =-23,417 + 167,899C — 33,320C*+ 0,7337 - 1,000Ct + 0,0001t* — Max
Y, = 26,166 - 288,915C + 788,879C- 0,391t + 2,334Ct - 0,001t — Min
Y3 = 34,342 — 184,288C + 263,332C>- 0,1867 + 0,400Ct - 0,0007t* — Min

0,05<C<0,25;1<1<5

Sau khi gidi hé phuong trinh trén, ta thu
duogc két qua 1a: C = 0,158; © = 3,651. Vay gia
tri nong d6 va thoi gian phan tan nano TiO,
phi hop vai diéu kién thi nghiém: C = 0,158%;
T =3,651 gio.

Mot sb chi tiéu chét lugng mang trang stic
trén bé mat gs dat dugc nhu sau: B§ cing cua
mang trang strc 1a: Y, = 3,6 H; Ty 1& ton that
khdi lwong do mai mon 1a: Y, = 0,1157%; Do
1éch mau cuia mang trang stc la: Ys = 11,42.

3.8. Khao nghiém véi cac gia tri téi wu C va
T tim dwgc

Tién hanh phan tan nano TiO, vao son PU
bong va son phi 1én bé mit gd theo cac thong
s6 sau: Néng do nano TiO,: C = 0,158%; Thot
gian phan tan: t = 3,651 gio; Ap suit phun: P =
0,18 Mpa; Tbc do phun: T =70 m/phut. Sau khi
son phu cho cac miu gd, tién hanh kiém tra cac
chi tiéu chit luong trang strc cho cac mau gd.
Két qua kiém tra duoc trinh bay ¢ bang 5, 6.

Bang 5. Két qua chét lwgng mang trang sirc trén bé mit g véi thong sé C va t thich hop

Chi tiéu chit lwgng

Mau D6 cing. jy TV 16 t0n thit do mai D) léch mau sau khi
pcung, moén, % chiéu tia UV
Mang son PU dbi chimg 2,80 0,1401 19,27
Mang son PU két hop véi nano TiO, 3,53 0,1158 11,54
Mirc do cai thién 20,68% 17,34% 40,11%

Bang 6. So sanh giira gi4 tri tinh toin dwec va gia tri thue nghiém cia chét lwgng mang trang sire

Chi tiéu chat lugng

o - i
Gid tr] Dj cing, H Ty I¢ ton that do mai mon, % D¢ léch mau sau khi chidu tia UV

Ly thuyét 3,60 0,1157 11,42

Thyc nhiém 3,53 0,1158 11,54

Qua két qua ¢ bang 5 cho thay, khi thuc
nghiém véi cac thong s thich hop da tim duoc
thi cac chi tiéu chit luong mang son PU phbi
hop nano TiO, c6 sy thay ddi ré rét so voi
mang son PU ddi chimg. Mit khac, khi so sanh
gia tri tinh todn dugc va gid tri thuc nghi¢m
ctia cac chi tiéu chat luong: d6 cung, ty 1€ tdn
that khéi luong do mai mon va do 1éch mau
sau khi chiéu tia UV ¢6 su sai léch khong dang
ké (Bang 6). Nhu vay, gia tri tdi wu c6 thé chap
nhén duoc.
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3.9. CAu triic hoa hoc ciia mang trang sirc
phan tich bing pho hong ngoai

Két qua phan tich phé hoéng ngoai cua
mang son PU d6i chimg va mang son PU-TiO,
& diéu kién (C = 0,158%; T = 3,651 gid) duoc
thé hién & hinh 18, 19. Can ct vao dit lidu thu
duoc tir may phan tich quang phd hong ngoai
va céc tai liéu tham khao (Kim va cong su,
2005) dé phan tich xac dinh thudc tinh cic
dinh (peak) trén phd cta cic mau mang son ddi
chirng va mang son ¢6 nano.
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Bang 7. Thugc tinh pho IR ciia mang son PU va PU két hop véi nano TiO,

S6 song (cm™)

Son déi chirng

Son ¢6 nano

Nhém chirc twong rng

3342,52 3325,61 OH
2926,60 2926,51 CH,
1735,81 1733,22 C=0
1537,64 1537,61 C=NH
1120,75 1121,08 C-O-
741,13 741,22 CeHs

Qua két qua phan tich phd hong ngoai &
bang 7 va hinh 17, 18 cho thiy, cuong d6 hip
thu hong ngoai dic trung cho cac nhém chirc
c4u tric hoa hoc trong mang son PU phdi tron
nano TiO, chua c6 sy thay doi dang ké so véi
mang son PU ddi chimg. Nhu vay, khi cho vat

lidu nano TiO, vao son PU & ndng d6 nghién
ctru chua anh hudng rd nét dén cac thanh phan
cua son PU, hay noi cach khac, gitra vat li€u
nano TiO, & néng dd nghién ctiu va cac thanh
phan ciia son PU chwa xay ra phan tng hoa hoc.
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3500 1000 2500 o 1500 1800 s
o vy . s M s
wﬁ{,‘. > ) a s /
: BROKER  / \ Jle
(_.V [ | \ /
. | \ 1 s B s
H { \ M G2
| ] 1 1 Mo B
I. | \ | [l =
= \ | \ f | (8 # re
' | r \ | | | ';' I/ g =
ta | fo | | | 2
£= \ 2| I | al F=
E N | B \ B
gz \ | | I | | 3
£ A &
| q
b \ | |1 ] E
P g ||| I \7 ]
- [ V| g b4
| | ¥ ‘I
: g |/ I I
K:! |u.' - = g
2 1 &
g g
3500 3000 2500 2000 1500 1000 00

Wavenumber cm-1

Hinh 18. Phd hong ngoai ciia mang son PU - TiO, ¢ diéu kién (C = 0,158%; T = 3,651 gi0)

4. KET LUAN
bo hép thu tia cyc tim cua dung dich son
PU ¢6 phdi tron nano TiO, & nong do 0,15%
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rat manh so v6i dung dich son PU dbi chimg.
Trang thai bé mat cia mang son PU doi
ching va mang PU-TiO, trén bé mit gd déu
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khong c6 hién tugng nirt, bong tréc. Tuy nhién,
mang son PU-TiO, & néng do 0,2% va 0,25%
phan tan trong 3 gio hoic & nong do 0,15%
phan tan trong 1 gid, 2 gid van c6 su khac biét
16n vé& mau séc.

Khi phan tan nano TiO, vao trong son PU ¢
cac ndng do va thoi gian nghién ctru thi chét
luong mang son PU-TiO, trén bé mat gd da
duogc cai thién dang ké so voi mang son PU ddi
chung: d6 cirng cua mang son PU-TiO,; tang tu
3,29 1én 4,09 H; ty 18 tén thit do mai mon cua
mang son PU-TiO, giam tir 0,1305% xudng
0,1057%; d6 bén hoa chit va nudc cua mang
son PU-TiO, tang to muc 4,01 dén mirc 5; do
1éch mau AE giam tir 14,85 xudng 9,62.

Bai bao di x4c dinh duoc gid tri ndng do va
thoi gian phan tan nano TiO, phu hop véi didu
kién thi nghiém la: C = 0,158%; t = 3,651 gio.
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EFFECT OF SOME TECHNOLOGICAL FACTORS DISPERSION
TITANDIOXID (TiO;) NANO TO THE QUALITY OF THE COATING FILM
ON WOOD PRODUCTS

Pham Thi Anh Hongl, Cao Quoc An’
'2Vietham National University of Forestry

SUMMARY

The article presents results of studies on the effect of concentration and dispersion time of TiO, nano to the
quality of the coating film on wood surface. TiO, nano particles were dispersed in Butyl acetate solvent which
has LAS surfactant at the concentrations of 0.05%; 0.1%; 0.15%; 0.2%; 0.25% in 1 hour, 2 hours, 3 hours, 4
hours, 5 hours respectively by ultrasound waves and magnetic stirrers, these solvent was then added gloss PU
coating, PU hardness and stirred with 200 - 300 rpm for 15 minutes. This coating solution was sprayed on the
wood surface samples. The results show that, the ultraviolet absorption of PU coating solution mixed with TiO,
nano was very strong compared to the controlled PU solution. The quality of the PU-TiO, coating film has been
improved more significantly than the controlled PU coating film: The surface hardness increased from 3.29 to
4.09 H; mass loss rate due to abrasion decreased from 0.1305% to 0.1057%; chemical and water resistance
increased from 4.01 to 5; the color deviation AE also decreased from 14.85 to 9.62. No cracking or peeling of
PU-TiO, coating film on wood surface; simultaneously there is not significantly changed about characteristic
infrared absorption intensity for chemical structure groups in PU coating film mixed with nano TiO,. So, to
ensure the quality of the surface finishing of wood products and bring about economic efficiency, TiO, nano
particles should be appropriately used at the concentration of 0.158% and in 3.651 hours of dispersion.
Keywords: Coating film, dispersion, solvent, TiO, nano, wood products.
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