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ABSTRACT

Textile and their end products constitute the world’s second largest industry.
Among natural fabrics, silk is one of the best and has been used for
thousands of years but it also not easy-to-care materials. Sefl-cleaning
represent a remarkable step forward in functionalized treatment for valued
materials with a high potential for commercialization. In this study, silk
fabrics were functionalised using TiO2/SiO, nanocomposites through sol—
gel coated method. Titanium terta isopropoxide (TTIP) and nano SiO were
employed as precursors of TiO; and SiO2. The self-cleaning function of silk
fabrics were analysed based on the removal of coffee stain under sunlight
during O hours (h), 4 h, 8 h, 16 h and 20 h. The morphologies and
effectiveness of the functionalized silk fabrics were observed by visual
pictures, SEM and the CIE-LAB system for measuring color differences.
The durability of the treatmented fabric and the self-cleaning function after
5 times of washings were also studied and discussed.
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TOM TAT

Dét may 1a nén cong nghiép 16n dimg thir hai trén thé gidi voi san pham cudi
la vat liéu dét hoac cac san phém may mac. Vai to tam duogc su dung trong
may mic tir hang ngan nam trudc cho dén nay bai cac tinh chét tién nghi tot
cua chung, tuy nhién day la loai vat liéu kho cham soc trong qua trinh sur dung,
dic biét 1a cong doan gidt va lam sach. Vi to tim 100% duogc xir Iy TiO2/SiO2
duge mé phong dinh vét ban bang dung dich ca phé vé6i cac thé tich khac
nhau, sau d6 cho miu tiép xtic véi anh sang mit troi trong khoang thoi gian
nhat dinh nhim nghién ctru va danh gia kha nang ty 1am sach cua vai. Hoat
tinh quang xdc tac ctua nanocomposite TiO2/SiO; trén vai di giap vét ban
dugc loai bo gn nhu hoan toan sau 0 gios (h), 4 h, 8 h, 16 h, 20 h phoi duéi
&nh sang mit troi. Hinh anh tryc quan, kinh hién vi dién tir quét (SEM) va hé
théng do mau CIE-LAB v6i d6 sai 1éch mau AE dugc st dung dé so sanh hiéu
qué lam sach cta cac mau dugc xir 1y voi thoi gian phoi sang khac nhau. D
bén cua dung dich trén vat liéu nén cling nhu kha nang ty 1am sach sau nhiéu
lan gidt clia vai ciing dugc nghién ciru va ban luan.
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1. Giéi thiéu

To tim 1a mot trong nhiing loai s¢1 ty nhién c6 gia tri dugce sir dung lam nguyén liu cho nganh cong
nghiép dét may tir rat lau vé trude cho dén nay. Ngoai nhitng nhu cau co ban vé tinh tién nghi va thoi
trang, xu hudng toan ciu trong nganh dét may dang dinh hu'orng va phat trién céc san pham da chirc nang
nh¢ vao ing dung cong nghé vét liéu nano dé nang cao gia tri cua vat liéu nhu tao mui huong, chong
ning, chong vi khuan, ty 1am sach,v.v... [1]. Trong dé, tu 1am sach duoc biét dén 1a mot trong céc chirc
nang pht hop véi vat lidu dét, duoc tmg dung da dang trong céc san pham may mic va thoi trang. Chuc
nang ty lam sach dong thoi mang lai loi ich cho céc san phim may mic tir cac loai vat liéu c6 ngudn
gbc tu nhién kho chiam séc nhu lua to tim, 16ng ciru, hodc cac san phim ndi that sir dung vai dét nho
vao viéc han ché s6 lan giat cling nhu lugng nudce va hoa chét sir dung dé 1am sach.

Vit liéu dét may tu lam sach thuong theo hai co ché 1 tao tinh chét siéu khang nudc hoac tao kha
ning quang xuc tac cho vat lidu [2]. Siéu khang nudc gitp dung dich chat ban hogc bui truot khoi bé
mat vat liéu nho vao trong luc hodc ngoai luc khac. Mat khac, qué trinh quang xUc tac sé phan hiy cac
phan tir chit ban bang cach tan dung tia UV va birc xa anh sang nhin thiy duoc tir anh sing mat troi, sir
dung phan tng quang gy ra boi chat xic tic quang, tir d6 cic chit ban hiru co sé& bi phén huy thanh
khong khi va nudc [3]. Véi chi phi thap, cong nghé xu 1y dugc danh gla than thién va bén vimng, qua
trinh quang xtic tac dwoc img dung rong rii dé chirc ning hoa céac loai vai dét khac nhau nham tao dic
tinh tw 1am sach. Trong d6, nano titanium dioxide (TiO.) cho thay hoat dong xuc tac cao do dién tich bé
mat tong thé 16n va d6 nhay cao v6i anh sang; né dugc nghién ctru va ing dung rong rii trong mot sb
linh vuc nhu xtr Iy nudce thai, 6 nhiém khong khi, khir tring nho vao hoat tinh quang xtic tac [4].

Trong vat liéu dét may, TiO; cling dugc nghién clru dé tao chuc nang chéng tia cuc tim va tu lam
sach cho vai [5,6]. Nghién ctru ctia tac gia Cam Loc va cong su [7] xtr ly TiOz pha véi oxit st cho phép
ving hap thy photon ciia TiO2 mé rong, dong thoi cac hoat dong quang xuc tac ciia cac mau TiO; dugc
bién do6i boi oxit sat da dwoc phat hién 1 cao khoang 2,5 1an hon so vdi sir dung TiO2 nguyén chat.
Nghlen ctru ciia Guohong Li va cdc cOng su [5] str dung hop chat TiO2/Ag dé xtr 1y khang khuan cho
vai to tam, két qua cho thiy ngoai kha ning khang mét sb loai vi khuan vai con c¢6 kha ning chéng tia
cuc tim, giam sy 130 hoa cda vat li¢u va kha nang ty 1am sach khi phoi sang. Tuy nhién nghién ctru ciing
cho théy khong ¢o lién két hoa hoc manh mé gitra TiO2 véi vat liéu dét, cac hat nano TiO, dé dang bi
bong ra trong qua trinh xtr Iy va khi sir dung. K§ thuét tong hop hoa keo & nhiét do thap (sol-gel) da
dugc nghién ciru va tao ra dung dich nanocomposite TiO»/SiO, ting dung trén vat liéu dét [1]. Nhiéu
nghién ciru cho thay dung dich TiO2/SiO, gitp gia ting viing hap thu photon 4anh sang gip tang cudng
hoat dong quang xtic tac trén vat liéu da xu ly [8,9]. SiO2 duoc sir dung lam chit két dinh dong thoi
ngdn khong cho vai dét bi thoai héa trong qua trinh TiO2 hoat dong quang Xuc tac [10]. Nghién ctru cua
tac gid Walaikorn Nitayaphat va cong sy xtr ly TiO2/SiO; trén vii to tam da tao ddc tinh ty lam sach vét
ban dudi chiéu xa UV [11]. Theo do, su hién dién cua cAu trac tinh thé anatase TiO2, su tn tai ciia cac
lién két Si-O-Si va Ti-O-Si trong vat liéu nén ciing duoc xac nhan; cac mau duge xtr 1y bang hdn hop
TiO2/Si0; (50:50) cho hiéu qua t6t trong viéc loai bo vét ban ca phé [11]; tuy nhién anh hudéng cua
lugng chit ban dén kha niang lam sach cua vat lidu van chua dugc béo céo.

Trong nghién ctru nay, vai to tam da xir ly ngam ¢p dung dich sol-gel TiO2/SiO; dugc mé phong
dinh vét bin bang dung dich ca phé, sau d6 cho mu tiép xtc v6i anh sang mat troi nham nghién ctru va
danh gia kha ning tu lam sach cua vai sau cac khoang thoi gian nhét dinh. Cac yéu t§ anh huéng dén
kha nang ty 1am sach cta mau nhu lugng chat ban va thoi gian tiép xtic anh sang mit troi ciing duoc
nghién curu va ban luan.

2. Phwong phap nghién ciru
2.1. Déi twong nghién ciru
2.1.1. Vat liéu

Vai to tim 100% thanh phdm cta cong ty TNHH Dét may lua to tim A Chau - Asian silk, kich thudc
mau 10 cm x 15 cm. Céc mau duoc xir Iy ngdm ép dung dich TiO2/SiO; sau d6 dwoc nhod dung dich ca
phé dé mo phong vét ban voi cac thé tich 50 pL, 100 puL, 150 pL; ky hiéu lan lugt la M1, Mz, Ms. Mo la
mau khong dugc xir Iy sau d6 nho 50 pL dung dich vét bin 1én mau. M, 13 méu duoc xt 1y, tiép tuc
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mang di giat 5 lan bang may va khong st dung hoa chit tay rira, sau d6 nho 150 pL vét ban 1én miu.
Ma hoéd mau dugc trinh bay cu thé trong bang 1.

Bang 1. Théng tin ma hod mau

Tén miu M3 ho4 miu Lwgng chit bin mé phéng (uL)
Mau khong xir 1y TiO2/SiO;, Mo 50
M; 50
Miu duge xit 1§ TiO2/SiO; Ms 100
M3 150

Mau duge xir Iy Ti0,/SiO; sau d6

giat 5 lan Ma 150

2.1.2. Hod chat

Titanium tetra isopropoxide (TTIP, 97%) thuong hiéu Merck xuét xtr Dirc; methyltrimethoxysilane
(MTMS, 98%) va nano SiO; (5-15 nm) thuong hiéu Sigma Aldrich xuat X M¥; ammonia (28% — 30%),
acetic acid (99.9%), nitric acid (70%) thuong hiéu Xilong Chem xuat xir Trung Qudc.

2.2. Phwong phdp nghién ciru
2.2.1. Tao dung dich sol-gel TiO,/SiO;

) Tao dung dich sol TiOz: 200 ml hon hop dung dich gém 10 ml TTIP, 2 ml acid acetic, 187 ml nudc
cat, 1 ml acid clohydric dugc gia nhiét va duy tri ¢ nhiét 4o 80 °C trong vong 30 phut, khuay tur trong 2
gio.

Tao dung dich gel SiO,: Hon hop 1,15 g bot nano SiO; va 200 ml nuée, khudy tir trong vong 1 gid.
Tao 100 ml dung dich sol-gel TiO2/SiOx: H(:)r} hop gdm 50 ml dung dich sol TiO2 va 50 ml dung dich
gel SiO,, khuay siéu am trong 1 gio sau d6 khuay tur trong 8 gio.

2.2.2. Quy trinh xu ly vai to tam: Mau vai dugc nhing trong dung dich TiO2/SiO trong 12 gio, ngim
ép tu dong & ap suat 2.75 kg/em?, sau d6 mau vai duge gitr ngoai khong khi trong 5 phut va dat trong
moi truong co khi NHs dé trung hoa bé mit, siy kho & 80 °C trong 5 phut bang may siy va duge xir ly
gia nhiét bang may sdy & 120 °C trong 2 phiit.

2.2.3. Quy trinh tir lam sach: Cac mau sau xtr 1y hod hoc va mo phong vét ban s& dugc phoi dudi 4nh
sang mit troi trong 0 h, 4 h, 8 h, 16 h, 20 h & khoang thoi gian tir 9h dén 16h voi diéu kién ning lién
tuc; chi s6 UV giita cac thoi diém trong ngay va cac ngay khac nhau dao dong trong khoang tir 6 dén 11
(theo Trung tAm du bao khi twong thuy vin qudc gia)

2.2.4. Cdc phwong phap danh gid: Su thay doi ctia vét ban dugc quan sat bang cac hinh anh tryc quan.
Céu triic va hinh thai cta vét liéu trudce va sau xir ly dugc quan sat bang kinh hién vi dién tir quét (SEM).
Hi¢u qua ty lam sach cua mau duoc danh gia bang phuong phap do mau theo thang mau CIE- LAB tai
ving cin bién cua vét ban, AE la d9 sai 1éch mau cua vét ban trén cac mau duoc xir Iy sau khi phoi dudi
4nh sang mit trdi so véi miu lic chua dugce phoi séng.

3. Két qua va ban luan
3.1. Pdnh gid khd ndng hap thu chat léng ciia mdu

Hinh 1 mé ta kha nang hép thu chit long cua vai sau khi xu ly, mau cho thay goc tiép xuc gila giot
chat 10ng va bé mit vai sau khi xu Iy nhé hon nhiéu so v6i mau khong xtr Iy. Diéu nay chimg t0 rang bé
mat vai da xu 1y ngam ép sol-gel TiO2/SiO; trey nén ua nude. Sy 6 mat cia nguyén t6 Si lam tinh axit
bé mit clia vai to tam tang I€n, tao ra mot luong gdc hydroxyl c6 tinh ua nude cao. Sy lién két Ti-O-Si
trén vai gay ra su mét cin bang dién tich bé mat, lam dién tich 1éch vé duong, tir do6 tao nhiéu vi trf axit
Lewis trén bé mat, nang cao tinh 4i nude cua vai sau xir Iy [4]; didu nay dong thoi giup miu hip thu
nhanh va phan b chit ban ra xung quanh vat liéu dé bit diu qua trinh quanh xuc tac 1am sach vét ban.
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) e N

Hinh 1. Géc dinh wot ciia mau: a) Trude khi xir Iy; b) Sau khi xit Iy

Anh SEM cuia mau chua qua xtr Iy Mo (hinh 2a) cho thay bé mit cta vai lua to tim kha sach, c6 thé
thy sy tho rap cta bé mat do du lugng ctia sericin c6 trong to tam. MAu sau xir Iy véi dung dich sol-gel
TiO,/SiO; (hinh 2b) ¢ bé mat tron muot hon va ¢ sy xuit hién cta cac hat hodc cum hat nano bam
trén bé mit vat liéu.
|

saum

0um BT sa0wy 1Probes 208A  Detector= SEV WO 88 mm s04m M1 850 ) = M1 800
— Mage 100KX  SpetSies st Chamber» 2630204 P2 - Mage 50X Spot sae s dst Chamber = 2680004 Pa (o] Mage s00X

Hinh 2. Anh chup SEM mau a) truée xir Iy, b) sau xir Iy va c) sau khi xit [y va gidt 5 lan
3.2. Pdnh gid hiéu qud chikc nang tw lam sach

Hiéu g tu lam sach cia mau dinh vét ban ca phé sau khi phoi sang duoc trinh bay trong hinh 4.
Vét ban c6 mau sic dam hon & ving bién; ddi v6i cac mau da xir 1y 1a My, Mz, Ma, Ma vét ban ¢6 dau
hiéu giam dan sau khi phoi dudi anh séang mat troi trong nhleu gio. O mau khong xu Iy Mo, Vet ban kho
dan va gan nhu khong c6 sy thay ddi 15 rét vé mau sic. Doi voi cac mau dugc xur 1y, cac vét ban nhat
mau dan sau 4 h, 8 h, 16 h va 20 h phoi sang, cho thay ting thoi gian tiép xtc 4nh sang lam ting kha
nang tu lam sach ctia mau.

Vé co ché, khi TiO, trén bé mit vai tiép xic voi anh sang mit troi, hoat dong quang xuc tac xay ra
tao cap dién tir electron va 15 tréng nhan ning lwong cation khong 6n dinh tir sic t ctia vét ban ca phé.
SiO; tao ra 16p mang mong trén bé mit vai va ngan vét ban thim nhap vao céu trac soi, dung dich sol-
gel TiO2/SiO; hinh thanh kich thudc tinh thé anatase 16n hon binh thudng gitip hoat dong quang xiic tac
dién ra nhanh hon trén dién rong [8].

Gia tri AE biéu thi cho sy sai 1é&ch mau cua vét ban trén mau trudce va sau khi phoi sang. Gia tri AE
cang 16n nghia 13 vét ban sau khi phoi sang c6 mau sac nhat hon so véi ban dau, dong nghia véi hiéu
qua tu lam sach t5t hon. Biéu dd hinh 3a cho théy d6 sai léch mau AE cuia cic mau sau thoi gian phoi
sang. Sau khi phoi sang 4 h tat ca cac vét ban trén mau vai da qua xtr Iy TiO2/SiO; déu c6 su sai biét
mau AE tang so voi ban dau. Trong do, sau 20 h phoi sang co6 két qua AE 16n nhét nghia 13 hiéu qua tur
lam sach tt nhat, didu nay cho thiy thoi gian 1a yéu t6 anh hudng ty 18 thuan dén kha ning tu lam sach
ctia mau. Hién tuong quang xtic tic trén bé mit mang TiO2 khong phu thudc vao cuong do anh sang
kinh thich ma chi phy thugc vao budc séng anh sang kich thich hay nang lugng photon. Nhu vy nhitng
chum sang kich thich c6 cuong do sang yéu nhung nang luong photon du 16n ciing ¢6 kha nang gay ra
hién tugng quang xuc tac [1]. Vi vay mau duoc phoi sang vao cac thoi diém cb dinh trong ngay nhim
dam bao lugng 4nh sang tiép nhan dugc 1a twong duong nhau. Ngoai ra, lwgng birc xa thu dugc tir anh
sang mat troi ty nhién s€ phu thudc vao tinh chat thoi tiét tai cac khoang thoi gian va khong gian khac
nhau; theo d6 kha nang ty 1am sach ciia mau khi phoi duéi anh sang tw nhién c6 thé thay ddi tuy thudc
vao tinh chat thoi tiét tai thoi diém do.
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Hinh 3. a) D) sai léch mau AE cua céc mau sau khi phoi sang sau cdc khoang thoi gian khac nhau (hinh trai).
b) D¢ sai Iéch mau ctia cac mau c6 cac thé tich vét ban khac nhau sau 20h phoi sang (hinh phai).

Oh 4h 8h 16h 20h

Hinh 4. Hinh anh truc quan hiéu qua chikc ndng tw lam sach ciia mdu
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Céc mau da xir Iy My, M, M3 dugc thir nghiém & céc thé tich vét ban ting dan 50 pL, 100 uL, 150
uL. Quan sat truc quan cac mau My, Mz, M (hinh 4) thdy rang vét ban & mau M sau khi phoi sang cho
két qua tu 1am sach t6t nhat va 1an luot giam dan theo thir tw cac mau My, Ma. Biéu d0 hinh 3b thé hién
mdi lién hé giita hiéu qua tu 1am sach va thé tich vét ban ctia mau. Khi luong thé tich vét ban ting lén
tir 50 puL dén 150 pL thi gia tri AE giam khoang 20% tuong Gmg voi hiéu qua ty lam sach vét ban trén
mau gidm di.

Mau M, 1a mau duoc xir Iy ngdm ép TiO/SiO, sau d6 giat 5 lan. CAc két qua thé hién trong biéu dd
hinh 3a va hinh 4 ciing cho thdy mau M, c6 hiéu qua tr 1am sach giam nhiéu sau 5 lan giat. Qua trinh
giat da 1am bong troc va giam luong nano TiO; trén mau (hinh 2¢), vi vay kha ning quang hoa hay kha
ning ty 1am sach clia miu ciing giam. Cu thé, mau M3z va My dugc nho cung luong vét ban 1a 150 pL
nhung hiéu qua tu 1am sach ctia mau My giam khoang 40% so v6i M. Diéu nay chirg minh rang luong
nano TiO, ¢ trén bé mit ti 18 thuan véi kha nang 1am sach vét ban.

4. Két luan

Bai bdo da nghién ctru thye nghiém va khao sat vai to tam xtr 1y nano composite TiO2/SIO; nhim tao
chtre nang tu lam sach vét ban ca phe khi phoi du6i anh sang mat troi. Pong thoi, qué trinh xir 1y gidp
bé mat vai trd nén mém mai va tham hut tot hon. Kha nang ty lam sach ty 1¢ thuan voi hrorng nano TIOz
va ty 1& nghich véi lugng chat ban co trén vai. Tuy nhién, luong nano c6 trén vat liéu giam sau nhiéu
lan giat dan dén giam kha nang ty lam sach. Ngoai ra, viéc st dung anh sang tu nhién trong thir nghiém
gitip tang tinh thuc tién ciia nghién ctru khi ing dung vao thuc té. Két qua nghién ctru ciing dong gop
vao su da dang cac vat li€u chuirc nang, cu thé 1a vai to tam tu lam sach ung dung trong Dét may va Thoi
trang.
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