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TOM TAT 

Ming phd cin tia UV, td lam s^ch tr§n cd sd chit t?o ming polyme va cic h$t nano boat tinh TiO^ SiO^ 
vdi mi^c dich sf? di^ng dn tia UV vi tij lim s$ch cho cic san phim kinh. Chit t^o ming sS dung polyme v6 
cd dt/0c che tao trSn cd sd ethyl silicate bang phuong phip sol-gel co tfnh chit tit hdn so vdi cic chit t?o 
ming polyme hOu cd: Ciu trdc ming t^o thinh trin cd sd cic nguyin fi? silic vi oxi, t^o thanh m0t Idp ming 
trong suit tiidng thich vdi vit li$u kinh nen cho dO truyin quang cao, bim dfnh tit, ben tia UV, bSn nude. Bii 
bio niy trinh biy mOt si kit qui nghien cdu li/a chQn nguyin li§u vi diiu ki$n cdng ngh$ de chi t^o chit 
kit dinh polyme v6 cd. Si? dung chit kit dinh polyme vo cd chi t^o dU0c dS chi t^o dung dich phu kinh td 
lim s^ch, cin tia UV. 

Tif kh6a: Nano TiO^ SiO^ phUdng phip sol-gel, ming phu cin tia UV, ming phu ti/ lim s^ch, quy hoach thi^c nghiem. 

ABSTRACT 

UV shielding and self- cleaning coating based on polymer and activated TIO^, SiO^ nanoparticle is used 
for glass products. Using the inorganic polymer binder synthesized from ethyl silicate by the sol-gel method 
has been proved to have better properties than using the organic polymer binder Inorganic polymer neht/ork 
structure consisting of silicon and oxygen forms a transparent coating, is compatible with glass materials for 
high light visible transmission, excellent adhesion, UV resistance and water resistance. This paper presents the 
results of research on selection of materials and technological conditions to make inorganic polymer binder. This 
binder and activated TiO^ SiO^ nanoparticle were used for manufacturing UV-shielding and self-cleaning glass. 
Keywords: Nano TiO^ SiO^, sol-gel method, UV shielding, self-cleaning coating 

1. Gidi thi^u 

Tren thi gidi, mang phu eho kinh du'gc dng dyng sSn 
xuat nhieu va la m6t trong nhung cong dogn khong th i 
thieu trong sSn xuat v i t li$u kinh. Tu nhdng nam 1925 
d i n nam 1961, d eac nude Chau Au, My,... mang phu 
tinh nang cho kinh nhu: dieu khiln nang lugng mat trdi, 
can tia IR, phan xa hoae hap thy nhi$t, guong,... thudng 
duge phu \ir\ trfin b l mgt kinh ngay trong qua trinh luygn 
kfnh bang phuang phap ngung tu hda hpc hoae ngay sau 
qua trinh c h i tgo thanh kinh san pham bing phuang phap 
phun xg. 

Cung vdi su phat tr i in eua c6ng nghg sol-gel, cae 
phuang phap ehe tgo mang phu tren kinh trude day d i n 
d i n dugc thay the mot phln bang cong nghp so!-gel tuy 
thupc vao mye dinh sd dyng eua san pham kinh. Nam 
1959, mang phu sol-gel d i u tidn duge phCi len kinh vdi 
c l u tnje Idp thily tinh/TlO^ SiO/TiO^ sd dyng phuang 
phap nhiing phu de gia cdng mang phu l@n kinh eua eong 
ty DESAG. Sau do, td nam 1963 d i n nam 1990, c6ng ty 

san xul t kinh Scott da ung dyng cong nghp sol-gel de che 
tgo cac logi mang phu dieu khien nang lugng mgt trdi, 
mang phu chong phan xg td eac Idp phCi TiO^-SiO/TiO^/ 
SiO^; TiO^ pha tgp vdi Pd,... Tuy nhien, hi$u qui cua cae 
loai mang phu nay khong the bing mang phu Ag duge 
eh l tao bing cong nghe phun xa magnetron. Mae dii vay, 
eong nghe sol-gel v in dugc tiep tyc ci\ t i in va phat tr i in 
bdi eac cdng ty san xuat kinh tren t h i gidi [1]. 

Doi vdi cong nghe sol-gel, su dyng phuang phap 
phun phu de phu mang len hi(U h i t cac san pham kinh 
xay dung, kinh da dugc l i p dat trong cac tda nha eao 
t ing. Hien nay co rat nhiiu san pham nhu dung djch ty 
lam sgch, cSn tia UV nhu: Nanosolar™ cua Uc, mang tu 
lam sach Modesta BC-06 cua NhSt, Mang TltanProtect® 
TA2210 eua Due,... d i d dugc che tao dya tren qua trinh 
tong hgp sol-gel tao ra cac hgt nano TiOj, SiO^,... cd tac 
dyng can tia UV, tu lam sgch. 

Cs Viet Nam cae toa nha cao tang, e^c khu van phong 
d i u su dyng nhiiu vat lipu kinh. Su dyng vgt lieu kinh cd 
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nhi>ng hieu qua my quan dpp, kha nang l l y sang t6i da va 
md rpng t im nhi n giup eho khdng gian phdng trong ttioang 
rpng, ngap tran anh sang tu nhien va l i p dgt nhanh. Toe 
dp tieu thy kinh tang tnjng binh moi nam la tu 8-10%, du 
doan tdi nam 2016 lugng kinh tieu thy hing nam dgt 178 
tri#u m .̂ Tuy nhien su dung kinh cd nhugc d i lm la truyen 
cdc tia UV, IR qua gay nong, anh hudng den sue khoe eon 
ngudi va do npi thit. Hien nay, dai da s6 eac san pham 
kinh deu ed tac dyng chan tia UV len tdi 60% [2], nhung 
v in con mpt lugng dang ke tia UV truyin qua. Mat khac, 
su dyng kinh phai Itiudng xuyen lau c^ui de mgt kinh luon 
sang bong. Vdi nhung bdc vach, vgt trang tri, eua so d 
dudi th ip e6 the d l dang lau chili. D i i vdi nhdng t im kinh 
d tren cao va nhit la nhung bdc tudng lam bing kinh th\ 
vipc vp sinh la mot van d l vd ojng phirc tap, ton rat nhiiu 
thdi gian, khd khan va nguy hiem. Cho d in nay, cac logi 
mang phu tinh nang nang cao chit lugng cua cae san 
phlm kinh nhu can tia UV, ngan can bue xg nhiet, tu lam 
sgch,... chua duge quan tam nhieu va tu c h i tgo d Vi#t 
Nam, chu yeu cac dung djch do duge cac nha san xul t 
kinh nhap khIu tu cac eong ty nude ngoai. Hien nay, eo 
mpt so bipn phap de can tia UV, ty lam sach nhu: tgo phu 
oxit kim iogi ngay trong qua trinh luyen kinh, se iam tang 
chi phi ehe tgo vat ligu kinh len r i t nhieu do phai tdi tuyen 
d nhipt dO cao 700^: hoac su dyng nhung t im phim can 
tia UV de dan len san phlm kinh. Tuy nhien, biSn phap 
nay r i t IhO cdng va t i n nhieu thdi gian. 

Do do, vi$c nghien euu ehe tgo mang phu kinh can tia 
UV, tu lam sach bing phugng phap phun phu cd y nghTa 
va gia trj thyc t i in cao. Dung djch mang phu kinh tren ea 
sd chit ket dinh polyme vo ea k i t hgp vdi hgt nano TiO^ 
se tgo ra Idp mang phu kinh co tac dung can tia UV va ty 
lam sach eho cac vat lieu kinh, d i dang thi cong se tao 
tiem nang idn eho vi$c nang d p , cai thien tinh nang eua 
kinh xay dyng trong eac cdng trinh dang su dyng va tgo ra 
cac san phlm kinh mdi co gia thanh phii hgp bao ve sue 
kh6e eon ngudi va d l npi that, t i l t kiem du^c chi phi lam 
sgch gop phln dang ke trong wee an toan lao dpng va bao 
v$ moi trudng. 

Tu thyc te tren, Vien Vgt lieu xay dyng da t i in hanh 
'Nghien cdu ch i tgo mang phu kinh can tia UV, tu lam 
sgch" VOT mye tieu la tgo ra san phlm mang phu tu lam 
sgch, can ta UV cho cac be mat kinh xay dyng, eo gia 
thanh hgp ly de bao ve sue khoe con ngudi va d l npi thIt, 
tiet ki$m dugc ehi phi lam sgch gop phan dang k l trong 
vipc an toan lao dpng va bao ve moi bi/dng. 

2. Vat lipu va phu>omg phap thi nghiem 

2.1. Nguyen v$t lifu 

• Alkoxide WACKER® TES 40 (Tetraethyl orthosilicate) 
(TEOS) CO cdng thuc hoa hoe (C2HsO),Si va dae tinh ky 
thu^t nhu Bang 1. 

* Phu gia tu lam sgch, can tia UV 

- Nano TIO^: su dung nano TiO^ da dugc phln tan 
trong nude dudi dgng huyen phii cd ten thuang mgi VP 
Disp. W 740 X va dac tinh ky thugt nhu Bang 2. 

- Nano SiO^: dgng sol ed ten thuang mgi LUDOX® AS-
40 va dgc tinh ky thuat nhu Bang 3. 

Bang 1. Dac tinh ky thugt cua TEOS 

Tinh chat 

Kh6i Itfang rieng 

Diem b^t chay 

Axit 

Dp tinh Ithiet 

Ham luvng Si (SiO^) 

Oom vj 

g/cm^ 

°C 

mglkg 

% 
% 

Gii tit 

1,06-1,07 

62 

10 

2 99 

41 

Bang 2. Dac tinh ky thuat cua VP Disp. W 740 X 

Tinh chat 

Ham lu^ng TlOj 

DOpH 

Dp nhat 

Kinh thuo'c hat tnjng binh 

Khoi luvng rieng 

Don vj 

% 

mPa.s 

Nm 

g/cm^ 

Gi i t i i 

40 ±0,1 

5-7 

S1000 

S100 

1,41 

Bang 3. Ogc tinh ky thuat cua LUDOX® AS-40 

Tinh chat 

Ham ItjQ'rig SiOj 

DppH 

Dp rihfft 

Kinh thifac hat tning binh 

Khoi lifgng rieng 

Dr0n tich be mat rieng 

Don vj 

% 

CP 

Nm 

g/cm^ 

m /̂g 

Gii trj 

39,5-41,0 

9-9,5 

£20 

20-24 

1,286-1,3 

-135 

* Phy gia cho mang phu: phu gia phan tan Hydropalat 
5040, phy gia pha bpt Foamaster NXZ, Phy gia thlm udt 
Propylen Glyeol-Pg. 

2.2. Phuang phap thu 

- Bo truyen anh sang nhin th iy TCVN7737-2007 

- Dp tnjyen tia UV TCVN7737-2007 

- Dp b^n nude TCVN 8653-2:2012 

- Dp b in nhi$t I m , sau 21 ngay TCVN 9405:2012 

- Hipu sui t lam sgch Quae xic djnh bing phuong 

phap ph6ng thi nghiem. 
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Bang 4. Anh hudng cua ty 1$ % HjO/TEOS d i n dp bdm dinh cOa mang phiJl 

H20 (%) 

20 

30 

40 

50 

60 

TEOS (%) 

20 

20 

20 

20 

20 

Dung moi Etanol (%) 

60 

60 

40 

30 

20 

Do b im dinh (dilm) 

3 

3 

5 

4 

2 

Ngo^i quan mang phu 

Mang phu rgn ntrt, bong rpp 

Ming phO ran nijt, bong rOp 

Mang trong suot, Ithfing co hi#n tu-png ran nirt 

MSng trong, co dau hien "cSu vong" tt^n b l mat 

H îng trong, co dau hien "cau vong" tt^n be m^t 

+ Cach tinh hieu sui t lam sgch theo phuang phap 
phdng thi nghiem nhu sau: 

f H , - H • 
% Hi$u sui t lam sgch = 100 > 

Trong do: 

H , -H , 

HQ: Dp md cua mau kinh sau khi phu v^t lieu; 

H :̂ DO md eua mau sau 2 chu ky phun byi vao t im kinh; 

H,: Dp md eua mau sau 2 chu ky phun nude 

3. K i t qua nghien cdu 

3.1. Nghien cuu chi t^o chat t^o ming polyme vo ca 

3.1.1. Nghien cuu inh huang cda fj? li phin trim Hp/ 
TEOS din tinh chit cOa mang phu 

De khao sat anh hudng ciia ty Ip H^O/ TEOS d in tinh 
chit ciia mang phu, de tai da t i in hanh che tao chi t tgo 
mang trong di iu kipn eong nghg nhu sau: 

- Nhigt dp phSn dng: Tgi nhiet dp phong; 

- Thdi gian phan dng: 4 gid; 

- T ie dp khuly: 500 v6ng/phiit. 

Sau khi tong hgp dugc chi t tgo mang theo di iu kien 
trSn, t i in hanh phan tan eae hat nano TiO^, SiO^ vao chit 
tgo mang theo ham lugng nhu sau: 

- Ham lugng nano TiO^ dua vao la 6% so vdi dung 

dich ban d iu ; 

- Ham lugng nano SiO^ dua vao la 4% so vdi dung 

djch ban d iu . 

Dua h6n hgp dung djch nano vao chi t k i t dinh theo 
thu ty sau: phan tan sol nano SiO^ vao dung djch chit 
tgo mang tren d d i iu ki#n toe dp khuly 1500 vong/phut, 
trong 30 phut. Sau do, t i in hanh phan tan dung djch nano 
TiO; vao dung djch chi t tgo mang tren tai d i iu kien toe dO 
khuly 1500 vong/ phOt, trong 1 gid L ly dung djch tren 
phun len b l mgt kfnh da duge lam sach. T i in hanh danh 
gia anh hudng cua ty Ip phan trSm H^O/TEOS den tinh 
chi t bam dinh ciia he mang phu trin kinh, k i t qua dugc 
t h i hi^n trong BSng 4. 

Tu k i t qua tren bang 4 nhan thiy: Khi ty le H^O/TEOS 
= 40/20, mang phu c6 dp bam dinh cao nhit (5 diem), be 
mat mang trong suit, khong cd hien tugng rgn nirt. Dieu 
nay co the g\i\ thich tai ty le nay ham lugng nude du 
d l phan dng thuy phan co t h i xay ra hoan toan. Do do, 
qua trinh tao mang do sy bay hai eua dung mdi va nude 
tot hgn dan tdi mang phu bam dinh t i t va kh6ng cd hign 
tugng rgn nirt. 

De lua chpn du'gc chi t tao mang bam dinh tot vdi nen 
ma kh6ng inh hudng den tinh chi t hogt tinh cua cac hgt 
nano TIO^, SiO^ nhu can tia UV, ty lam sgch, de tai cung 
tien hanh ki im tra dp truyen quang, can tia UV, ty lam 
sgch cua cua kinh sau khi duge phii mang phCi len. Ket 
qui k i im tra duge the hi?n trong Bang 5. 

Td k i t qua trong bSng 5 nhan thiy: Khi thay doi ty Ip 
Hp/TEOS, chit tao mang tao thanh e6 chat lugng khae 
nhau. Tuy nhien, g in nhu" khSng anh hudng nhieu den dp 
truyen quang eua kinh va v in dam bao dp tn jy in quang 
eua kinh tren 76%. DO bam dinh ciia mang phu tren kinh 
khac nhau d in tdi dp truyen tia UV va hi?u sui t ty lam 
sgch ciia mang phij cung khae nhau. Td k i t qua treti, de 
tai nh$n th iy ty le H^O/TEOS la 40/20 c6 dp bam dinh tot 
nhit, dp truyen quang, dp truyen tia UV va hi$u'sult ty 
lam sgch phii hgp vdi mye tieu cua de tai de ra. Do vay, de 
tai lua chpn ch i tao chit tao mang c6 d p phi i nhu sau: 
Ham lugng nude 40%, ham lu'gng TEOS 20% va ham 
lugng dung moi etanol la 40%. 

Bang 5. Anh hu'dng cua ty le H^G/TEOS den 
tinh chat cua mang phii 

HjOn'EOS 

(%) 
20/20 

30/20 

40/20 

50/20 

60/20 

Dp truyen 
quang(%) 

78,3 

76,5 

80,2 

78,8 

80,3 

Dp truyin 
tia UV (%) 

20,4 

18,3 

4,9 

17,9 

15,8 

Hieu suattM" 
iam s^ch (%) 

30,7, 

49,8 

79,6 

65,2 

58,1 
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Bang 6. Anh hudng ciia thdi gian phan dng den chat l i fgng chat k i t dinh thong qua 
danh gia tinh ch i t cua mang phu 

Tikrigian 
phan ling (gicr) 

2 

3 

4 

5 

6 

7 

Do bam dinh 
(« in i ) 

2 

3 

5 

5 

4 

3 

Do tnjyen 
quang (%) 

75 3 

T i 

8; • 

8 - ; 

~r = 

- • = 

Dp truyen tia 
UV (%) 

25 1 

2D 4 

5,3 

4.9 

173 

28 7 

Ngoai quan mang phu 

1 Mang trong. co diu hien ' d u v6ng' bBn be mat 

• Mang trong, co dau hien "cau v6ng" tren be mat 

1 Mang trong suot, khong co hien tu-crng ran niri 

Mang trong su6t. khong co hien tuwng ran nirt 

Mang phu ran nirl phong rpp 

' Mang phu ran nirt phong rpp 

3.1.2. Anh huong cua tttoi gian ptian ung den tinh chit ^ . 
cua ms^ phu \ 

D l tai da khao sat ^ i h hudng cua thdi gian phan Cmg ^ 
den chat lucmg chi t tao mang tgo thanh ttiong qua danh 
gia bnh chit cua mang tren t ) l mat M - - Cac thong so ^ ^ 
khac dugc gid cb ^ i h nhu sau: ^ w \ 

• Ham luong nude 40%, ham lugT>g TEOS 20=D va i - - A \ ^ , Hî jsLdiw 
ham luong dung moi la 40%. ^ J \ . y^ * ! • oowy&iqu 

-T6c op kh j i y 500 vong/phut ^_ ^ • * - X t * Dct^w 

Sau khi tc^gbppdugcctiattaomangttieo cac khoang j . J 
tJxr c 3- c- = " ung ktiac nhau, lien hanh dua h&n hop 

dur^ z c - " a " 3 vao chi t tao mang vdi ham lu'ong va qui ' ~i 
tr'" z'B- :=- Thu frfilm 3.1.1. • -

? = - ;". : a i h ^ anh hudng cua thdi gian D-:sn ung TyePĜ cTM 
ie~ :-=•.: .-r^g ch l t tgo mang tao thanh thcng cua danh 
- a - . - r-^: .Tia he mang phu tren kinh. K i t qua anh " ' " ^ 1. Anh huong cua tyle phu g,atu lam sach/chat tao 

- ^ - ^ : : „ £ : - r i g i anphanuT igd ln t i nhch l t cuahemang mang den tinh chit cua ming phu 

; - : . z_-c -."5 rii#n bong bang 6-

T- I,-, - , . - - .__ L- „ ,_. mang + phu gia Pg + phu gia pha bot + phu gia phan 
T . ke. .= r^hien a ™ ^ ^ 6 nhan may: Kh, ^ ^l^^^^J^J^J__ ^'^^^ ^^^ ^^^"^ , ^ ^ 

T r . V r r ^ '^ ^ ' ^ ^ ^ ^ T " " " ' " ' ^°'<^-' 2='75: 3 0 ™ , 35,65: 40,B0 den Hnh chS. cua mang 
w - - . - - = ). mang phu Irong khong CO hien tu^crng ran .^r^-. , . ^. ^.. ..^ . ^ ^ , . „K-
n.-^ r t t i , „A., ^ »KA _^- «,-_i. .J- - ^ - - - phu. Dieu kien tJii nghiem che tao dung dich mang ;wiu 
nut Dieu nay co the giai thich, ktmartg ttKr gian nay du 
de thuy phdn hoKi toan eac nhdm -OC^H, thanh nhom ^ ^^^ 
OH. Do vgy. qua trinh tao mang tot vacd dp bam dinh vdi -Thoi gian khuly; 1 gid; 
b l m a kinh t l * hon. Td ket qua tren, thdi gian phan dng - Tdc do khuly: 1500 vong/ phut, 

de che tgo chit tgo mang la 4-5 gid ctio dp bam dinh cua - Nhiet dp khuly: tai nhiet dp phong, 

mang tdt n h i t dp tmyen quang. dp can tia U\.' phu hop vdi . Ty le phu gia phan tanVCTM = 0,25%; 
" ^ ngNen cuu. Do vgy. lya chpn thdi g.an phan dng . j- .^ , ^ t^^CTM = 0.3%: 
detaorachat taomangpolymev6cala4gid ^ . t- - ^ ^ 

- , P«., K. y tj _ ^^ 1̂  p^^ g^^ Pg/CTM = 5%; 
3.2. Nghien cuuchStao mang phu kinh can tia t/W . j y le phu gia tu !am sach TlOJSiO. = 60/40. 

t^lams^ch 
Ket qua du'oc t h i hien tren hinh 1 

3.2.1. Nghien euu kiB chon ham kjong eta: lao mana 
Td ket qua tren Hinh 1 nhan thay l^i ham lumig pnv 

Tien hanh nghien cuu anh hudng cua ^ ie phu gia ty gia fi/ lam sach, can tia UV du-a vao tang thi hieu sult tu iam 
lam sach, can tia UV/dung dich chi t tao mang (chit tao sach tang nhung do truyen quang, dp tnjyln tia UV giam 
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Dieu nay co the giai friich la do khi tang ham lugng phu 
gia ty lam sach, can tia UV thi mat dp hat nano h ip thu 
tia UV nhieu hon d i n tdi giam luong tia UV truyin qua 
kinh va tao ra higu sui t phan dng quang hda eac hon. 
Do do, hieu quci pha huy eae byi bam, hgp chi t 6 nhiSm 
bam tren be mat kinh tgo thanh cac san pham CO^, H^O 
va eae mu6i khoang cao hon. Khi tudi nude len be mat 
kinh, nude tao thanh mang va eu6n di toan bp eae bui b i n 
bam tren be mat kinh Tuy nhien, khi ham lugng phu gia 
ty lam sach, c5n tia UV tang thi Q^ truyen quang cua kinh 
giam. De d^m b io dugc dp truyen quang, dp can tia UV, 
hi$u su i t t y iam sgch ciia kinh phii hgp vdi mue tieu dang 
ky cua d l tai (dO tmyen quang £70, higu suit ty iam sgch 
570%, dp truyin tia UV <5%), d l tai lya chon ty 1$ PG/ 
CTM = 12/88. 

3.2.3. Xiy di^g bai toan qui ho?ch thi/c nghiem tim ra 
ty' 1$ toi uu phy gia ti/ lim sach, cin tia UV 

d p ph6i c h i tgo mang phu ty lam sgch, can tia UV 
gom CO hai thanh phln chinh chi t tgo mang va phy gia ty 
iam sgch, can tia UV (nano TiO^ va SiO^). Tren eo sd cac 
nghien edu d phln tren va nghien cdu so b6 da lya chpn 
cae thanh phln trong hon hgp nay nhu sau: 

- Ty le phy gia phan tan/CTM = 0,25%; 

- TJ \& phy gia pha bpt/CTM = 0,3%; 

- Ty le phu gia th lm udt/CTM = 5%; 

- TJ \i t6ng phy gia TiO^ + SiO^/CTM = 12/88. 

Dua vao t j 1$ tran, d l tai dua ra d p phoi che tgo lOOg 

dung dich mang phii nhu sau: 

D l tai su dyng phuong phap quy hoach thyc nghipm 
d l xac djnh ty l§ t6i uu phy gia ty iam sgch, can tia UV 

du'a vao mang phu. Phuong phap qui hogch thyc nghiem 
nham mye dich xay dyng m6 hinh toan hpc bi lu d i ln sy 
anh hudng eua cae y i u to nhu: lugng chat tgo mang, 
lugng phy gia SiO^, lugng phu gia TiO^ d in tinh chi t t y 
lam sach, can tia UV cua mang phu. 

- Chpn ham mye tidu: 

Ap dyng bai toan qui hogch thuc nghigm d l tinh toan 
dua tren k l hogch thuc nghiem cd khoa hpc de lya chpn 
ham lu-ong phu gia tu- iam sgch tdi uu nhIm thoa man 2 
mue tiSu d6 la hipu suit ty lam sgch Idn nhit va dp truyen 
tia UV th ip n h i t 

- cac nhan to anh hudng: 

Cac nhan to anh hu'dng den cac tfnh chi t ty iam sach, 
can tia UV cOa mang phCi bao gom nhieu y i u to, nhung 
de giam thieu so thi nghipm, c in phai g\i thi i t mot so 
y iu t6 khong thay doi nhu: ham lu'gng phy gia phan tan 
(0,22%), phu gia pha bpt (0,26%), ham lugng phu gia 
th lm udt (4,4%) da dugc khSo sat sa bO, trong ke hoach 
thuc nghigm khdng thay doi. Nhu vay chi eon 2 yeu to anh 
hu'dng: ham lugng SiO^ (%); ham lugng TiO^ (%). 

De tai t i in hanh qui hogch thyc nghiem b|ic hai, chpn 
eae bien thye, bi in ma va khoang biin thien ciJa cac bien 
thi nghiem nhu sau: 

- Ty 1$ SiOj tren tong khoi lu'gng (SiO/TKL) ma hda la 
X, thay doi tu 0.43 d in 0.55. 

- Ty Ig TiOj tren tong khoi lugng (TiO/TKL) ma hda ta 
X^ thay d i i td 0.67 den 0.77. 

Ma hoa cac bien so va cac diem quy hoach thyc 
nghiem nhu sau: 

Bang 7. Cap phoi che tao 100g dung djch mang phii t rudc quy hoach thuc nghiem 

Vat li^u 

Ch^t tao m^ng 

Phy gia nano SiOj 

Phy gia nano TiO^ 

Phy gia phSn tan 

Phy gia phd bpt 

Phy gia thim iri^t 

K^ hieu 

CTM^ 

SiOj 

TlO, 

Hydropalat 5040 

Foamaster NXZ 

Propylen glycol 

Tong 

TJ l« (%) 

83,12 

4,8 

7,2 

0,22 

0,26 

4,4 

100 

Kh6i Itrptig (g) 

83,12 

4,8 

7,2 

0,22 

0,26 

4,4 

100.0 

Bang 8. Ma hoa cac b i in so va cac diem quy hoach thyc nghiem 

Ccic nhan to dnh hu'6'ng 

SiO/TKL 

TiO/TKL 

Bien ma hoa 

X, 

X, 

Cac diem quy hoach bac hai 

-1.414 

0.409 

0.649 

-1 

0 43 

0.67 

0 

0.48 

0.72 

+1 

0.53 

0.77 

+1.414 

0.55 

0.79 

iUlu-c quy hoacli (8) 

0.05 

0.05 
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> MGMBI CtAI KHOA HQC 

Bang 9. Ke hoach thuc nghiem 

Bien ma Bi4n inLrc Cip phdi ttiuc nghiem. (g) 

X. X. °j^= !^^^ SiO. TiO. 5040 NXZ Pg CTM^. 

: f ; : - - ; ^ : : i : 

; .- -• : - ; : ~ - ; " " : i i 

: - ; ; ; : " f; =' : : : 

s -• - ; ^ ; : ; - ^ ; f ^ : ; : 

5 - - . : - . : : : 55 0.72 5.5 7 1 : 11 

e -• - i ; :-i3 ] 0.72 | 4.09 | 7 2 222 

7 , c , * i . 4 - ^ : i = : - = ^ s ' ^ 2 2 22 

8 I 0 ' -1.41.: 2 - ; 2 5-2 - 5 5 -2 2 12 

? 2 2 2-2 2 -2 ^= - 2 2 21 

•2 

G- ;-„ - 2 -

2 2-2 2 -2 - • - 2 2 22 

2 2^2 2 72 1 4.8 1 7 2 2 22 

: -2 2 T2 j 4,8 1 7 2 2 22 

2 2 i ; : -2 - 5 - 2 l.U 

.... , . „ - . . - , . - i - . . 

" 
:; 
;= 
22 

22 

22 

22 

22 

22 

22 

25 

25 

22 

! 
(%) (S) 

1 
22-2 53 3 ; - n 

52-2 - - 9 - ; 

22-2 " 2 - 73 

5^-2 - 2 ? 81 

22.12 66.8 

52 52 79,8 

22 -2 65.9 

2 2 2 2 78.9 

33 12 

33.12 

53.12 

3312 

74.5 

72-6 

75.8 

819 

4.9 

7.5 

4.5 

7.6 

32 

3,9 

3.7 

5-1 

22-2 - 9 - 25 

So d4m in, nghiem laN = 2 " - ^ 2 k * m = 2 - ^ 2 ' 2 ^ 5 ^ 
13 thi n^iiem. 

Trong do: So thi nghiem iap d mue tam k l i>oach ;a m=5 

Xay (kmg md hinh quy hoach thyc nghiem t ^n xoay 
hai mue bac 2 ha bi in. Gta tri cua b i in ma dugc ctx>n 

I amucth lp( -1)vami recao(+1) , tai tam quy txjgch thyc 
nghiem (0) va gia tri cac true X, va X, (+«. -= )̂ d l dam bao 
tfnh quay dugc cua cpjy txiach true giao tam xoay 

- K i t qua hieu sui t ty l^n sach: 

Tu cac k i t qui thuc n^iiem tren. tim dugc f^uong 
fcinh hdi qu hieu sui t tu lan sach (Y.) sau kf« toa bd eac 
h$ s6 v6 nghia va kiem tra tirtfi hremg hgp fisher. 

Y. = 85-9 - 4.02X. - 2.973c - 8.94x.^ - 9.44x_2 

Su dmg phln nf»lm tA^He ve phucmg trirtfi tren thu 
Argc b l mat bieu di ln sy anh hucmg cua ty Je TiO JTKL 
va ty te SiO/TKL d i n tiieu sui t tu lam sach cua mang p^u 
n h u H i r ^ Z 

- K i t qua dd t"-".4'^ ^5 L".' 

Tir cac k i t c a : " " _ : ; - ^•" •. e-
hHihhoiquidpl^_.e- = , , s a , - -
v6 nghIa va k i ^ :'^ : ' " , : ' : : : - " : -

Y,= 4.562-o"5-. - : ;::t.. - : ---

Si> Qung pnln mem Maple ve phuong trinh tren thu 
dugc b l mat bieu dien sy anh tnrcmg cua ty le TO/TKL 
va ty ie SO/TKL d i n dp fruyin tia UV cua mang phu nhu 
Hinh 3. 

r-jong 
:acr>esd 

Hinh 2. si mat biiu fiien su anh huong cua ty le TiO/TKL 
vityfe SiO/TKL d&) hieu suit tu lim sach cua mang ohO 

Hinh 3. Be mit ttiSu hien su anh tHJong cua ty Id TiO/TKL 

va ty le SiO.HKL den do truyin baUVcua mang phu 
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-J 

* 

' : 

Miitiuii'iiili'iiiiriiiff s 
^ ^ H r 
Aab birtig cAa him hifig SIOj/TKL 
dlo Ufa snilt t^laiii s«cli 

Anh haimg cA> bun ia^g TiOj/TKL 
den hî ii snSt ty lim s|cb 

H/n/i 4. Anh huang cua ty le TiO^ va SiO^ din hiiu suit tu lam s^eh eua ming phu 

*» Xl 

Anb binyng ciU t^ If SiOj/TKL deo 
d$ tmy'ia tU UV 

Anfc bvdng ciU tf If TlOi/TKL den 
d$ tniy4ii tu UV 

Hinh 5. Anh hudng cua ty le TIO^ va SiO^ din dd tryin tia UV cda mang phu 

* Kit luan 

- Ham hoi qui v l hieu sui t ty iam s?ch dat gia tn eu-c 
dgi tgi dt im X, = -0,3; X^ = -0,18. Do dd, khi thay gia tri eua 
bi in hoi qui vao phuong trinh thu duoc hieu sui t ty lam 
sgch (Y,) = 86,5; d0 tnjyen tia UV (Y^) = 5.01. 

- Ham hdi qui v l dO truyen tia UV dat gia tn eye tieu tai 
di lm X, = 0,45; X^ = 0,6. Do dd, khi thay gia tri ciia bi in 
hIi qui vao phuang trinh thu duge hi^u sui t tu lam sgch 
(Y,) = 77,68; dg tnjyIn tia UV (Y^) = 4,12. 

TiF mge tieu d l tai dat ra, eIn phai lya chpn t^ le phu 
gia ty lam sach, can tia UV sao cho dgt hi$u su i t t y lam 
sgch cao (> 70%) va dg truyin tia UV th ip {Qo truyen 
tia UV s 5%). Tif k i t qua theo phuong trinh hoi qui, d l 
tai nh$n th iy k i t qua phti hgp dgt duoe tgi X, = 0,45; 
X, = 0,6. 

Ket qua e lp phll t i l uu nhu b^ng 10. 

Bang 10. Cap phoi toi u-u c h i tgo dung djch phu kinh t y lam sgch, can tia UV 

Bien ma 

X, 

0,46 

X, 

0.6 

T*l# 

SiO/TKL 

0,502 

TiO/FKL 

0,75 

Cap piloi toi ivu (g) 

SiO, 

5,02 

TiO, 

7,5 

S040 

0,22 

NXZ 

0,26 

PG 

4,4 

c™„ 
82,6 
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Bang 11. Tinh chat cua mang phu tip lam sach, can tia UV cd so sanh vo i mau doi chung 

TT 

1 

2 

3 

4 

5 

Chi tieu 

OQ truyen quang 

Dg tnjyen tia UV 

Opben nucrc 

Hieu suit lam sach 

OQ t>en nhiet am, 
sau 21 ngay 

Dan v| 
do 

% 
% 
h 

% 

Mipc chi t lutnig 

Clean seal B 

77,9 

5,7 

800 

77.5 

Be m^t mang 
ktwng bj pttong rpp 

ran nut 

TltanProtect® 
TA2210 

78.9 

4.6 

>1000 

79.8 

Be mgt mang 
khong bj phdr>g rpp 

ran nirt 

Mang phu 
cua de tai 

78,2 

4.5 

>1000 

77,8 

Be mgt mang 
khdr>g bj phong rpp 

rgn nut 

Phinmg phap thu 

TCVN 7737-2007 

TCVN 7737-2007 

TCVN 865^2:2012 

Phucrng p h ^ 
pttdng thi nghiem 

TCVN 94055012 

3.3. Tinh chat cua mang phu tu lam sach, can tia 

UV tren ea sa polyme vdcatu chi tao 

Sau khi lya chpn dugc thanh phln chinh toi un la ham 
lugng TiO^ va SiO^, sir dgng cap phoi nhu Bang 10 de san 
xult dung djch ty lam sgch, can tia UV. Sau do, t i in hanh 
ki im tra tinh chat cua mang phu, k i t qua dugc the hien 
trong bang 11. 

Tu k i t qua trong Bang 11 nh$n th iy dung dich dean 
seal B c6 dp t)en nuac th ip hgn so vdi san pham eua d l 
tai ch i tgp. Cae tinh chi t t y iam sgch, do truyin quang 
cua san phlm nghien ciru th ip ban khdng dang ke so vdi 
mang phu TitanPnDteet® TA2210 va tuang ducrng so voi 
dean seal 8. Nhin chung, san pham nghien euu duge eo 
chit lugng tuang ducmg so vgi san pham thuang mgi 
nuac ngoai TitanProteet® TA2210 va t i t hem so voi san 
pham dean seal B. 

4. K i t lugn 

- Da ehi tgo dugc chat tao mang polymer vo ca phii 

hgp d l ehi tgo mang phu ty lam sgch cho kinh co do bam 

dinh tot, truyin quang cao. Cae d i iu kien cong nghe t l i uu 

la: toe dp khuly 500 vong/phut; thai gian khuly la 4 gia. 

- Da su dgng phuang phap qui hoach thye nghiem de 
tim ra ham lugng phu gia tu lam sach, can tia UV toi uu 
do la: 

+ Ham lugng nano SiOj si> dung la 5.02% theo khoi lugng; 

+ Ham lugng nano TIO^ sir dung la 7,5% theo khoi luwng. 

- cac ehi tieu kl thuat cua mang phu nghien euu dgt 
cac mire dang ki trong de cuang va tuong dugng vcri 
san phlm thuang mai TrtanProtect® TA2210 va Clean 
seal B.I. 
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