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Nghien ciTu che tao mang phu kmh 
can tia UV, tiT lam sach 
• T H S . TRINH THj HANG, TS. PHUNG THj MAI PHUONG, KS. NINH XUAN T H A N G , KS. THAI DUY DliTC, KS. VU THi DUYEN 

TT VAT Lieu HOU CO VA HOA PHAU XAY DUNG, VIEN VLXD 

TOM TAT: Mang phij can tia UV, tiJ lam sach tr^n co sci chat tao m^ng polyme va c5c hat nano hoat tinh 

TI02, Si02 vdi muc dich sil dung can tia UV va tu lam sach cho cac san pham kinh. Chat tao mang sCi dung 

polyme vo co duoc che tao tren co sc) ethyl silicate bang phuong phap sol-gel co tinh chat tot hon so 

vdi cac chat tao mang polyme huu co; CSu tr[:]c mSng tao thanh tren co sd cac nguyen iii slllc vS oxI, tao 

thanh mOt Idp mang trong suot tuong thich vdi vat lieu kinh nen cho dp truydn quang cao, bam dinh tot, 

ben tia UV, ben nudc. Bai bao nay trinh bay mot s6 ket qua nghien ciJu iiJa chon nguyen lieu va dieu kl^n 

cdng ngh^ de ch^ tao chat ket dinh polyme vo co. SLI dung ch^t ket dinh polyme vd co che tao duoc de 

che tao dung dich phii kinh tU iam sach, can tia UV. 

TQ KHOA: Nano Ti02,5i02, phuong phap sol-gel, mang pha can tia UV, mang phij tu lam sach, quy hoach 

thuc nghiem, 

1.Gi^ thieu 

Tr^n the gidi, mang phu cho kinh daoc 
Qng dung sin xuat nhieu va la mot 
trong nhQng cdng doan khdng the 
thilu trong san xuat vat lieu kinh TQ 
nhu'ng nam 1925 din nam 1961, d cac 
nQdc Chau Au, My, mang phu tfnh 
nang eho kinh nhd: dilu khien nang 
laong mat trdi, ein tia IR, phan xa hoac 
hap thu nhiet, guong.. thadng daoc 
phu len tren b l mat kfnh ngay trong 
qui trinh iuyen kinh bing phaong 
phap ngang ty hoa hoc hoae ngay sau 
qui trinh che tao thanh kinh san pham 
bing phaong phap phun xa. 

Cimg vdi sd phit tnen cua edng nghe 
sol-gel, cac phaong phip che tao 
mang phii tren kinh trade diy dan dan 
duoc thay the mdt phan bSng cong 
nghe sol-gel tiiy thudc vao muc dinh 
sQdung eua san pham kinh Nam 1959, 
mang phu sol- gel dau tien duoc phu 
len kinh vdi cau true Idp thuy tinh/ 
Ti02/Si02/T102 sir dung phaong phip 
nhung phu de gia cdng mang phu len ' 
kinh eua Cdng ty DESAG. Sau do, tQ 
nam 1963 den nim 1990, Cdng ty sin 
xuit kinh Scott da Qng dung edng nghe ' 
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sol-gel de che tao cic loai mang phu 
dieu khien nang laong mat trdi, mang 
phO chdng phan xa tQ cac Idp phii 
Ti02-Si02/ri02/Si02; Ti02 pha tap vdi 
Pd,...Tuy nhien, hieu qua cua cic loai 
mang phu nay khdng the bang mang 
phCi Ag daoc che tao bang cdng nghe 
phun xa magnetron Mac du vay, cdng 
nghe sol- gel van daoc t i lp tyc cai tien 
va phit tnen bdi cic cong ty sin xuat 
kfnh tren the gidi[1]. 

Doi vdi cong nghe sol-gel, sQ dung 
phQong phap phun phu de phu mang 
len hau het eac san pham kinh xay 
dung, kinh da duoc lap dai trong cic 
tda nha eao tang. Hien nay cd rat nhilu 
san pham nhQ dung dich td lam sach, 
can tia UV nhU: Nanosolar"" cua Cic, 
mang ta lam sach Modesta BC-06 cua 
Nhat, Mang TitanProtect® TA2210 cua 
£3Qc,,..deu dQOc chl tao dua tren qui 
trinh tdng hop sol-gel tao ra cac hat 
nano Ti02, Si02,.. .cd tac dung can tia 
UV,tQ lam sach. 

CJ Viet Nam cae tda nha cao tang, cic 
khu van phdng deu sQ dung nhieu vat 
lieu kinh. Sif dung vat lieu kinh cd nhQng 

hieu qui my quan dep, kha nang lay 
sang tdi da va md rdng tam nhin giup 
eho khong gian phdng trdng thoang 
rdng, ngip tran anh sang tQ nhien va 
lap dat nhanh.Toe do tieu thu kinh tang 
trung binh mdi nim la tQ 8-10%, da 
doin tdi nam 2016 iQong kinh tieu thu 
hang nim dat 178 tneu m l Tuy nhien 
sQ dung kinh cd nhaoc diem la truyen 
cac tia UV, IR qua giy ndng, anh hadng 
den sQc khde con ngQdi va dd ndi 
that. Hien nay, dai da sd cic sin pham 
kinh deu cd tie dung chan tia UV len 
tdi 60% [2], nhang van cdn mdt laong 
ding ke tia UV truyen qua. Mat khac, 
sQ dyng kinh phii thadng xuyIn iau 
chiii d l mat kfnh ludn sang bdng. Vdi 
nhQng bQc vach,vat trang tri, cQa so d 
dudi thap cd the de dang tau chill. Ooi 
vdi nhQng tam kinh d tren eao va nhat 
la nhQng bQc tadng lam bang kinh thi 
viec ve sinh la mdt van de vo cung phQc 
tap, tdn rit nhilu thdi gian, khd khan va 
nguy hiem. Cho din nay, cac loai mang 
phu tinh ning nang cao chat laong 
eua eac sin pham kinh nha cin tia UV 
ngan cin bQc xa nhi^t, tu lam sach 
chua duoc quan t im nhilu va ta che 
tao d Vi&t Nam, chCi ylu cac dung dich 



do dupc cic nha san xuat kinh nhap 
khau tQ cic cdng ty nadc ngoai. Hien 
nay, cd mdt so bien phip d l cin tia UV 
tQ lam sach nhQ: tao phu oxit kim loai 
ngay trong qui trinh luyen kinh, se lam 
tang chl phi che tao v i l lieu kinh l#n rat 
nhieu do phai td luyen d nhiet do cao 
700°C hoac sQ dyng nhQng tam phim 
can tia UV d l din len sin pham kinh. 
Tuy nhien, bien phip niy rat thu cong 
va tdn nhieu thdi gian 

Do dd, viec nghien cQu ehe tao mang 
phii kfnh cin tia UV tQ lam sach bang 
phaong phip phun phu cd y nghia va 
gia tri thac tien eao. Dung dieh mang 
phu kinh tren co sd chat ket dinh 
polyme vd CO kit hop vdi hat nano 
Ti02 se tao ra Idp mang phu kfnh cd 
tie dung cin tia UV va tU lim sach cho 
cac vat lieu kinh, de dang thi cong se 
tao tilm ning Idn cho viec nang cap, 
cii thi§n tfnh nang eua kinh xiy dung 
trong cac edng trinh dang sQdung (can 
UV, ta lam sach) va tao ra cic sin pham 
kfnh mdi cin tia UV va tu lam sach cd 
gii thanh phu hop bao ve sQc khde con 
ngQdi va dd ndi that, t i l t kiem duoc ehi 
phf Iam saeh gdp phan dang ke trong 
viec an toan lao ddng v i bio ve mdi 
tradng 

TQ thye te tr^n, Vien Vat lieu xay dUng 
da tien hanh "Nghien cQu che tao mang 
phQ kinh cin tia UV, tu lam sach" vdi 
muc tieu la tao ra san phi'm mang phu 
tQ lam sach, ein tia UV cho cac be mat 
kinh xay dQng, ed gii thanh hop ly de 
bio ve sQc khde con ngQdi va do ndi 
that, t i l t kiem duoc ehi phi lam sach 
gdp phan dang ke trong viec an toan 
lao dpng va bao ve mdi tradng. 

2. Vat li|u va phUdng phap 
thi nghidm 
2,1 Nguyen vat lieu 

• Alkoxide WACKER" TES 40 (Tetraethyl 
orthosilicate) (TEOS) cd cdng thQc hda 
hoc (C2H50)4Si va die tinh ky thuat 
nhQ bing 1; 

* Phu gia t a l i m sach, e i n tia UV 

- Nano Ti02: sQ dung nano Ti02 d i 
daoc phan tan trong nadc dadi dang 

B A N G 1. DAC TINH K? THUAT COA TEOS 

Tinh chat J i ^ P " 
Khoi luang ri^ng 

Diem bSt oiay 

Ham luung axit 

Dp tmh khiet ^ ^ . 

Ham luang Si (Si02) 

Oanvi ^ " 

g/cm3 

' " o c T ^ ^ ^ ^ ' * ' " 
mg/kg 

% ^^^^'' ""PI 

% 

Gia tri 

1,06-1.07 

^ " ^ i i i B ^ 
10 

^H^" . 
41 

BANG 2. DAC TiNH KY THUAT CUA VP DISP. W 740 X 
Gia trj 

40±0,1 

Tinh chat T^^ ' ^^ f ^ - 'D t rnv i " 
Ham luang 7102 % 

B& nh(3t mPa s 

kinhthu6chattrungbinh^|[Nm Jg^gg 

Khoi ii/ong neng g/cm3 

BANG 3. DAC TINH K? THUAT CUA LUDOX® AS-40 
Tinh chat _jj^g^_ Bcm vj Gia tri ^^ 

HaiTi luong Si02 % 39,5 - 41,0 

Do pH '^F.--^:' - " - - " . ^ S . , 5,^9^^ 

Do nhcft cP £20 

Kfnh thu6c hat taing binh Nm , -,_. 20 "24 

Khoi luang ri^ng g/cm3 1,286-1,3 

Dien ticli b^ mat neng m2/g 

f ? ^ " ^ ^ 

huyen phu cd ten thaong mai VP Disp, 
W 740 X va dac t inh ky thuat nha bang 
2 

- Nano Si02 dang sol cd ten thdOng 
mai LUDOX' AS-40 va d i e tfnh ky thuat 
nhab^ngS: 

* Phu gia cho mang phu: phy gia phin 
tan Hydropalat 5040, phu gia pha bot 
Foamaster NXZ, Phu gia tham adt 
Propyien Glycol-Pg. 

- Hieu suat lam sach daoc xac dinh 
bing phaong phip phdng thi nghiem. 

• Cach tinh hieu suat lam sach theo 
phuong phap phdng thi nghiem nha 

2.2 Phaong phap thQ 

-Optruyen anh sang nhin thay 
TCVN 7737-2007 

-Od truyen tia UVTCVN7737-2007 

-Bd ben nadc TCVN 8653-2,2012 

-Op bin nhiet am, sau 21 ngay 
TCVN 9405:2012 

% Hieu sua't lam saeh = loox " ^ ~ " ° 
\H2-Hf} 

Trong do Ho: Dd md cua mau kinh sau 
khi phu vit lieu 

H2 Dd md eua mau sau 2 ehu ky phun 
' byi vao tam kinh 

Hf: Od md cua mau sau 2 chu ky phun 
nQdc 

3. Ket qua nghien ciru 
3.1 Nghien cQu che tao chat tao mang 

polyme vo co 

3.1.1 Nghiln cQu inh hudng cua ty le 
phan trim H20/TEOS den tinh chat eua 
mang phu 
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H20 
(%1 

H20/reos 

(%) 
20/20 

30/20 

40/20 

50/20 

60/20 

BANG 4. ANH HUdNG CCiA Tt L| H20/TE0S DEN DO BAM DiNH CUA MANG PHU 

Dung mdi 
Etanol (%] Dd bam dinh (di^m) 

M^ng phu lan nut, 
bong rop 

Mang phCi ran nifl, ^ 
bong rop 
Mang trong suot, khong 
CO hien tUOng ran nult 

MSng trong, c6 dSu hi&n 
'cau vong'tr^n b^ mat 

MSng trong, CO dau hien 
"cau v6ng"trenb^mat 

BANG 5. ANH HUdNG CUA r t LE H20/TE0S DEN TINH CHAT CUA MANG PHII 

Do truy 
{%) 

78,3 

76,5 

80,2 

TS.^ ' 

'en quang Do truydn tia UV 

20,4 

18,3 

4,9 

17,9 

Hieu suiftti/l^m sach 

30,7 

49,8 

79,6 

65,2 J 

Di khio sat i nh hadng cua ty- le H20/ 
TEOS d i n tinh chat cOa mang phu, de 
tai da tien hanh ch l tao chat tao mang 
trong dieu kien cong nghe nha sau: 

- Nhiet dd phin Qng: Tai nhiet do 
phdng; 

-Thdi gian phin ulig: 4 gid; 

-Tdcddkhuay 500vdng/phut 

Sau khi tdng hop daoc chat tao mang 
theo dieu kien tren, tien hanh phan tan 
cic hat nano Ti02, Si02 vao chat tao 
mang theo ham luong nha sau: 

- H im laong nanoTi02 dua v io la 6% 
so vdi dung dich ban dau; 

- H im laong nano Si02 dua v io la 4% 
so vdi dung dich ban dau. 

Oua hdn hop dung dich nano vao chat 
ket dinh theo thQ tQ sau phan tan sol 
nano Si02 v io dung dich chat tao 
mang tren d dieu kien toe dd khuay 
1500 vong/phut, trong 30 phut. Sau 
do, tien hanh phan t i n dung dich nano 
Ti02 vao dung dich chat tao m ing tren 
tai ^ e u kien tdc do khuay 1500 vong/ 

phut, trong 1 gid. Lay dung dich tren 
phun len b l mat kinh da daoc lam 
sach. Ti ln hanh danh g i i i nh hUdng 
cua ty le phan tram H20/TE0S den tinh 
chat bam dinh eua he mang phQ tren I 
kinh, ket q u i dapc the hien trong bang 
4. 

TQ ket qu i tren bang 4 nhan thay: Khi 
ty le H20/TE0S- 40/20, m ing phu cd 
dp bam dinh cao nhat (5 diem), be mat 
mang trong suot, khdng eo hien tQOng 
ran nQt. Oi lu nay cd the glai thich tai 
ty le nay, ham laong nadc du de ph in 
Qng thuy phin eo the xay ra hoan toan. 
Do dd, qua trinh tao mang do su bay 
hoi cua dung mdi va nadc tot hon dan 

I tdi mang phu bam dmh tot va khdng 
cd hien taong ran nut. 

O l lua chon daoc chat tao mang b i m 
dinh tot vdi n ln ma khdng i n h hudng 
den tinh chat hoat tinh cQa c ic hat 
nano Ti02, Si02 nha can tia UV, t u lam 

; sach, d l tai cung t i l n hanh kiem tra do 
truyen quang, c in tia UV, tQ lam sach 

• cua cua kinh sau khi dapc phu mang 
' phulen Kl tquak i lmtradUpcthehien 

trong b ing 5: 

JiS ket q u i trong b ing 5 nh in thay. Khi 

thay doi ty le H20/TE0S, chat tao mang 
tao thanh cd chat laong khae nhau. 
Tuy nhien, g i n nha khong i n h hadng 
nhi lu d i n dp truyen quang cCia kinh va 
van d i m bao dp truyin quang cua kinh 
tren 76%. Op bam dinh cua m i n g phO 
tren kinh khic nhau dan tdi dp truyen 
tia UV va hieu suat ta lam sach cua 
mang phu eung khic nhau.TQ ket qu i 
tren, d l tai nhan thay t^ le H20/TE0S 
la 40/20 cd do bam dinh tdt nhat, dp 
truyen quang, do truyen tia UV va hieu 
suat ta lam saeh phu hop vdi myc tieu 
cua d l tai de ra Do vay, de t i i lOa chpn 
che tao chat tao mang ed cap phdi nha 
sau: Ham laong nadc 40%, ham lUdng 
TEOS 20% va ham lapng dung mdi 
etanol la 40% 

' 3 1 2 Anh hadng cua thdi gian phin 
Qng d i n tinh chat cua mang phQ 

De tai da kh io sat i n h hudng cua thdi 
gian ph in ung den chat lapng chat tao 
mang tao th inh thdng qua danh gia 
tinh chat cua mang tren be mat kinh. 
Cic thdng so khie daoc giQ cd dinh 
nhasau' 

- Ham lupng nadc 40%, ham luong 
TEOS 20% va ham luong dung moi 
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B A N G 6 A N H H J d N G C O A T H O I GIAN P H A N I J N G OtU C H A T L J O N G CHAT KET D I N H T H C N G QUA D A N H G iA 

T f N H C H A T CUA M A N G PHU 

Thdi gian phitn Otig (gid] Do b i m dinh (di lm) Do truyen quang (%) 

78,3 

Do truyen tia UV (%) Ngoai quan mang phit 

25 , Mang trong, co dau hien 
"cau vfing^tr^n be mat 

2Q A Mang trong, co dSu hien 
"c^u vflng'trSn be mat 

r 3 Mang trong su6t, kh6ng 
CO hien tuang fan nut 

.g M n̂g trong sufit, kh6ng 
' CO hien tuang ran nut 

, y , M n̂g phu rgn nijft 
pliong rop 

2a J Mang phu ran ni3l 
phong rop 

-Tde dp khuay 500 vdng/ phut 

Sau khi tdng hop daoc chat lao mang 
theo cic khoing thdi gian phin Qng 
khac nhau. tien hanh daa hon hop 
dung dieh nano vao chat tao mang vdi 
ham laong va qui trinh phin t in nha 
phan 3.1.1. 

Sau do, danh gia anh hadng cQa thdi 
gian phin Qng din chat lupng chat tao 
mang tao thanh thong qua danh gia 
tinh chit cQa h& ming phu tren kinh. 
Ket qui anh hadng cua thdi gian phan 
Qng din tinh chat cua he ming phu 
duoe the hien trong bing 6: 

TQ ket qui nghien cQu trong bing 6 
nhin thay Khi thdi gian phin Qng la 
(4-5 gid), dd bim dinh cua ming phu 
tdt (5 diem), mang phQ trong khdng cd 
hien tQpng ran nut. Oilu niy cd th i giai 
thich, khoing thdi gian nay du de thijy 
phan hdan toan cic nhdm -OC2H5 
thanh nhdm OH. Do vay, qui trinh tao 
mang tot va cd dp bam dinh vdi b l mat 
kinh tot hon TQ ket qui tren, thdi gian 
phin Qng de ehe tao chat tao mang la 
4-5 gid cho dp bam dinh cua ming tdt 
nhat, do truyen quang, dp cin tia UV 
phu hop vdi muc tieu nghien cQu. Do 
vay. lua chon thdi gian phin Qng de tao 
ra chat tao mang polyme vd co la 4 gid. 

3.2 Nghien cQu ehi tao mang phu kinh 
cin tia UV,tu lim sach 

aaoe I M 4/K fi/M sm vtm um mat wu 
Tyl^PG/CIM 

Hinh 1. Anh hi/cmg ĉ a t^ le phu gia t\i lam sach/ ch^t tao mang den tinh chat 
cua m^ng phu 

3.2.1 Nghien cQu lua chpn him (aong 
chat tao mang 

Tien hanh nghien ciifu inh hadng cua 
t? le phu gia tU lam sach, cin tia UV/ 
dung djch chat tao mang (chat tao 
ming -i- phy gia Pg + phy gia pha bot 
-I- phu gia phin tin) ky hieu PG/CTM = 
0/100; 5/95; 10/90; 15/85; 20/80; 25/75; 
30/70; 35/65; 40/60 den tinh chat cQa 
mang phu din tinh chat cua mang phu. 
Oieu kien thi nghiem che tao dung dich 
ming phu nhasau: 

-Thdi gian khuay: 1 gid; 

-Tdcdd khuay. 1500 vong/phut; 

- Nhiel dp khuay: tai nhift dp phdng, 

- Ty le phu gia phin t i n / Q M - 0,25%; 

-Ty le phu gia phi bol/CTM- 0,3%; 

-TylephugiaPG/aM=5%; 

- T^ le phy gia tQ lam sach T i02 /S i02 = 
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B A N G 7. CAP PHOI CHE TAO 100G DUNG DICH MANG PHU TRUflC QUY HOACH THUC NGH' 

vitiifu : i H i 
Chat tao mang 

Phu gia nano Si02 

Phu gia nano T102 

Phu gia phan t i n 

Phu gia pha bot 

Phy gia tham ucft 

T^ng 

^sr "" K y h i e u ~ ' ^ U B ' ^ TJI5(%) Khoi luong !•• 

Q M b d 87,864 83,12 

Ti02 7,2 

Hydropalat 5040 0,22 ~ ^ " ^ 

Foamaster NXZ 0,26 

Pro|:ylen glycol 4,4 ___ ^ .'•' {*i^i^4%t^ 

100 100.0 

7,2 

0,22 

0,26 

||4^i l !a«s*J-' "• 

B A N G 8. MA HOA CAC BIEN SO VA CAC DIEM QUY HOACH THI/C NGHlEM 

Cdc nhdn to Bi£nmah6a 
dnh hudng 

Si02/rKL X1 

Ti02/rKl X2 

Cdc dl^m quy ho^ch bac hai 

-1.414 -1 0 +1 

0,409 0,43 0,48 0,53 

0.649 _ 0,67 ^ 0,72 _ ^ 0,77 

+1.414 

0,55 

0,79 

_,j3tS^K 

MUc quy 
hoach 
(•') 
0,05 

0,05 

Ket qu i daoc the hi&n tren hinh 1. 

TQ ket qua tren hinh 1 nhin thay. Khi 
ham laong phu gia ty lam saeh, ein tia 
UV dua v io tang thi hieu suat tU lam I 
sach tang nhang dd truyen quang, do 
truyen tia UV giam Oieu nay cd the gi i i ' 
thieh ta do khi tang ham lapng phu gia 
tQ lam sach, ein tia UV thi mat do hat 
nano hap thu tia UV nhieu hon dan tdi 
g i im luong tia UV truyin qua kinh va 
tao ra hieu suit phan Qng quang hda 
cao hon. Do dd, hieu qu i pha buy eae 
bui bam, hpp ehat d nhiem bam tren 
b l mat kinh tao thanh cic san pham 
C02, H20 va cac muoi khoing cao hon. 
Khi tadi nadc len b l mat kinh, nadc tao 
thanh ming va cudn di toan bd eac bui 
ban bam tren b l mat kinh. Tuy nhien, 
khi ham luong phu gia tQ lam sach, can 
tia UV t ing thi dp truyen quang cua 
ktnh giam. Oe dam b io dUOc dp truyen 
quang, dp can tia UV, hieu suat ta lam 
sach cQa kinh phu hpp vdi myc tieu 
dang ky cua de tai (do truyen quang 
> 70, hieu suat ta lam saeh > 70%, dp 
truyen tia UV< 5%), d l tai laa chon ij le 
PG/CTM= 12/88. 

3.2.3 Xay dang bai toan qui hoach thac 
nghiem tim ra ty l§ tdi Uu phu gia tQ 
lam sach, can tia UV 

sach, can tia UV gdm cd hai thanh 
phan chinh chat tao mang va phu gia 
t i i lam sach, can tia UV (nano Ti02 va 
Si02) Tren cosd cic nghien cQudphan 
tren va nghien cQu so bo da iQa chpn 
cic th inh phan trong hdn hop nay nha 

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

-Ty le phu gia ph i bot/CTIv\- 0,3% 

-Ty le phy gia t h im adt/CTIvl=5% 

- Ty le tong phy gia Ti02-i- Si02/ 
CTM-12/88 

Dua vao ty It tren, d l tal daa ra cap phoi 
chetaolOOg dung dich mang phu nha 
sau (Bing 7) 

Oe tai sQdung phaong phap qui hoach 
thac nghiem de xac dmh ty le toi au 
phu gia ta l im saeh, can tia UV dua vao 
mang phQ. PhUong phap qui hoach 
thac nghiem nham muc dich xay dang 
mo hinh toan hoc bieu dien sQ inh 
hadng eua cic yeu td nha. lupng chat 
tao mang, iQpng phu gia Si02, laong 
phy giaTi02 den tinh chat tQ lam sach, 
cantiaUVcOa mang phQ. 

-Chpn ham mye tieu 

thac nghiem co khoa hoc de iQa chon 
ham laong phu gia ta lam saeh tdi Qu 
nhSm thda man 2 muc tieu dd la hieu 
suit ta lam sach Idn nhat va dp truyen 
tia UV thap nhat. 

-Cac nh in td anh hadng 

Cic nhan td i n h hadng d i n cic tinh 
. chat ta lam saeh, can tia UV cua mang 

phu bao gom nhieu y l u to, nhang de 
I giam th i lu sd thi nghiem, can phai gi i 

thiet mpt so yeu td khdng thay ddi nhU: 
ham luong phy gia phan tan (0,22%), 
phy gia p h i bot (0,26%),ham laong 

I phu gia tham adt (4,4%) d i dapc khio 
si t so bd, trong ke hoaeh thue nghiem 

' khong thay doi. Nhu v iy ehi cdn 2 yeu 
td anh hUdng ham laong Si02 (%); 
ham luong UVTi02 (%) 

O l t i i t l l n hanh qui hoach thUc nghiem 
I bac hai, chon cac bi ln thQc, blen m i 

va khoang bien thien cua c ic bien thi 
nghiem nhusau 

-Ty le 5i02 tren tdng khdi laong (S102/ 
TKL) ma hoa la XI thay doi tQ 0 43 den 

' 0.55. 

-Ty leTi02 tren tdng khdi luong (Ti02/ 
TKL) ma hda la X2 thay doi tQ 0 67 den 
0.77. 

Ap dung bai t o in qui hoach thQc Ma hoa c ic bien so v i cic diemi ( 
Cap phdi ch l tao mang phu ta lam nghiem de tinh toan daa tren ke hoach hoaeh thye nghiem nha sau (Bing 8) 
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BANG 9, KE HOACH THUC NGHIEM 

Cap phoi thiTc nghiem, (g) 

Si02 Ti02 5040 

48 12 

NXZ Pg CTJH^ m j 

0.26 4,4 83,12 79.7 2.9 

Ghi chU: Hieu suat tu lam sach: Y1; Do truydn tia UV:Y2 

So diem thi nghiem la N = 2k -i- 2k + m 
^ 22 -t- 2*2 -̂ 5 = 13 thi nghiem 

Trong dd sd thi nghiem lap d mQc tam 
ke hoach la m-5. 

Xiy dang md hinh quy hoach thuc 
nghiem true giao tam xoay hai mQc 
bic 2 hai bien. Gia tri cua bien ma daoc 
chon d mQc thap (-1) va mQc cao (-i-l), 
tai t im quy hoach thQc nghiem (0) va 
gia tfl eac true XT va X2 (-)-•», -™) di 
dam bao tinh quay dQOc eua quy hoach 
tn/c giao t im xoay. (Bang 9) 

Ket qua hilu suit tu lam sach 

TQ cac ket qui thUc nghiem tren, tim 
daoc phaong trinh hdi qui hieu suit 
tu lam saeh (Yl) sau khi loai bd cac he 
sd vd nghia va kiem tra tinh tQOng hop 
fisher. 

Y1^85.9-4.02x1-2 97x2-8 94x12-
944x22 

SQ dyng phan mem Maple ve phaong 
tfinh tren thu dUpc be mat bieu diln sU 
inh hadng cua ty le Ti02/TKL va t / le 
Si02/TKL den hieu suit tQ lim sach eua 
mang phu nha hinh 2 

Hinh 2. Be mat bieu hiln siTdnh hudng cua ty le Ti02/TKL va K<i le Si02/TKL den hieu 
suat tu lam sach cCia mang phCi 

Hinh 3. Be mat bieu hien sUSnh hudng cua ty le Ti02/TKL va ty le Si02/TKL den do 
truyen tia UV cua mang phu 



- Ket qui dd truyen tia UV 

TQ cac ket qui thyc nghiem tren, tim 
duoc phaong trinh hoi qui dp truyen 
tia UV (Y2) sau khi loai bd cic he so vd 
nghTa vi kiem tra tinh taong hop fisher. 

Y2^ 4.562 - 0,784x1 
0 768x12-1-0.683x22 

0,823x2 

SQdung phan mem Maple ve phaong 
trinh tren thu dapc be mat bieu diln 
SQ inh hudng eua ty le Ti02/n<L va ty 
le S1O2/TKL den do truyin tia UV cua 
mang phCi nha hinh 3: 

Ket luan 

- Ham hdi qui ve hieu suit tU lam sach 
dat gii tn cac dai tai diem Xl^-0,3; 
X2^-0,18. Do dd, khi thay gia tn eua 
bien hdi qui vao phaong trinh thu duoc 
hieu suat tu lam saeh (Yl)= 86,5; dd 
truyen tia UV(Y2) =5.01. (Hinh4) 

- Ham hdi qui v l dd truyen tia UV 
dat gia tri cue tieu tai diem X1-0,45; 
X2=0,6. Do do, khi thay gia tri cua bien 
hdi qui vio phaong trinh thu dupe hieu 
suit tu lam saeh (Yl)- 77,68; dp truyen 
tiaUV(Y2)=4,12,(Hinh5) 

TQ myc tieu d l t i l dat ra, can phai lUa 
chon ty le phu gia tu lam sach, ein tia 
UV sao cho dat hieu suit tu lam sach 
cao (>70%) v i dd truyen tia UV thip 
(dp truyen tia UV< 5 %).TQklt qua theo 
phuong trinh hdi qui, de tai nhan thiy 
ket qui phu hop dat duoc tai XI ̂ 0,45; 
X2-0,6 

Kit qui cap phdi tdi au nha sau: (Bang 
10) 

3.3 Tinh chat cua ming phu ta lam 
sach, cin tia UV tren eo sd polyme vd 
CO ta che tao 

Sau khi lya chon daoc thinh phan 
ehinh toi uu la ham lapngTi02 va Si02, 
sQ dung cap phdi nha bing 10 di sin 
xuit dung dieh ta lam saeh, can tia UV. 
Sau dd, tien hanh kiem tra tinh chat eua 
mang phu, ket qui daoc the hien trong 
bing 11, 

6 4 iTAPCHlvAlUfJMrOUNG 
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JrN 1:^^ 
deo Uf u mit ty llm sfch 

Aab hoABg c6» him hnpie TiO:/TKL 
ah U$n iD t̂ I? Urn If cb 

Hinh 4. Anh hudng cCia t j ieTi02 va Si02 den hieu suat tU lam sach cua mang phu 

Hinh 5. Anh hUdng cUa ty leTi02 va Si02 den do tryen tia UV cOa mang phCi 

BANG 10. CAP P H 6 | TOI U U C H ^ TAO DUNG DICH PHU KINH TU L A M 
SACH, CAN TIA UV 

Bî n Ty l§ Cap phdi toi Uu (g) 

XI X2 ^ ^ S ' / Si02 

0.45 0 . 6 | | ^ " o , 7 j " " : i i " ^ 

7102 5040 NXZ 

. 7 ^ ' ^ I 

TQ ket qua trong bing 11 nhan thay 
dung dich clean seal B cd do ben nadc 
thap hon so vdi sin pham cua d l tai che 
taa Cac tinh chattu lam sach, dd truyin 
quang cCia san pham nghien cQu thip 
hon khdng ding ke so vdi mang phu 
TitanProtect* TA2210 va tQong duong 
so vdi clean seal B. Nhin chung, sin 
pham nghien cQu daoc ed chat laong 
taong daong so vdi sin pham thaong 
mai nadc ngoii TitanProteet" TA2210 
v i tdt hon so vdi sin pham clean seal B. 

0,22 0,26 4,4 

5. Ket luan 

- Oa che tao daoc chat tao mang 
polymer vd co phu hop de che tao 
mang phQ tu lam sach eho kinh co dp 
bim dinh tot, truyen quang cao Cic 
dieu kien cdng nghe tdi au l i : tdc dd 
khuay 500 vong/phut, thdi gian khuiy 
la 4 gid. 

- Oa sQ dung phaong phap qui hi ach 
thQc nghiem de tim ra ham juong phu 



BANG 11. TI'NH CHAT CUA MANG PHU TU LAM SACH, CAN TIA UV CO SO SANH VOI MAU DOI CHUNG 

Chlti§u 

Dp truyen quang 

DO truyen tia UV 

06 ben nUdc 

Hi^usucitiam 
s^ch 

Ddbennhi&tam, 
sau 21 ngV 

Ddn VI do 

% 
% 
h 

% 

(vliJc chit uong 

Clean seal B 

77,9 

5,7 
800 

77,5 

TitanProteet' 
TA2210 

78,9 

4.6 

>1000 

^ p M 
Be mat mang 
khftng bi phong 
rop ran nut 

8e m^t mSng 
khong bi phong 
rop ran nut 

M^ng phi!i ciJa 
detai 

78,2 

45 , 

>1000 

77,8 ' 

6e mat mang 
khong bl phong 
rop ran nut 

Phuong phip thtr 

TCVN 7737-2007 

TCVN 7737-2007 

TCVN8653-2'2012 

Phuong phap 
phong tl i i nghiem 

TCVN 9405:2012 

gia t u l i m sach, c i n tia UV toi uu do la: 

-1- H i m iQong nano Si02 sQ dung la 

5,02% theo khoi lupng, 

+ H i m iQong nano T i02 sQ dung la 

7,5% theo khdi laong. 

- C i c chi t ieu kl t h u i t cCia mang 

phu nghien cQu dat cac mQc 

d i n g ki t rong de cuong v i taong 

daong vdi san pham thaong mai 

TitanProteet* TA2210 v i Clean seal B. 
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