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MO DAU

1. Ly do chon dé tai

Trong nhitng nim gan day, cac cong trinh xay dung tai khu virc do thi da
chiu anh hudng nghiém trong tir tinh trang 6 nhiém nhu buyi ban, cac chat 6
nhiém hitu co trong khong khi, vi sinh vat... Nhitng tdc nhan nay khong chi gay
mat my quan ma con din dén su suy thoai ctia vat liéu. Dé giai quyét van dé
nay nhiéu chién lugc da duoc phat trién va trién khai, tuy nhién thuong di kém
vé6i chi phi cao. Trong sb cac giai phap nham bao vé cac cong trinh khoi tinh
trang bam ban va 6 nhiém, cic bé mait thong minh c¢6 kha nang tu lam sach dac
bi¢t thu hat sy quan tdm nho thao tac don gian va dat hi¢u qua cao, giam chi
phi v€ sinh thuong nién.

Nhiéu bao céo cho thiy rang cic polymer co ning lugng bé mit thép,
chang han nhu polyacrylate (PA) [1,2], polystyrene (PS) [3,4], polyvinylidene
fluoride (PVDF) [5,6], poly(dimethylsiloxanes) (PDMS) [7,8], epoxy [9,10],
poly(methacrylic acid) (PMAA) [11,12], polyurethane (PU) [13-15],... da
duogc sir dung dé ché tao 16p phu siéu ki nude. Lép phu acrylic polyurethane
(APU) 1a mot trong nhimg hé son phd bién nhét vi c6 nhiéu vu diém ndi bat
nhu céc tinh chat co hoc tét, kha nang dong ran ¢ nhiét d6 thap, kha ning bén
hoa chét tét, cling vdi cac dic tinh nhu chong tia UV, bén mau va chdng 1o
hoéa thoi tiét. Vi vay, PU duoc tmg dung rong rdi dé bao vé nhiéu loai vat liu
nén nhu kim loai va kinh. Tuy nhién, do chura nhiéu nhém phan cuc trén bé
mit, 16p pha PU lai c¢6 ban chat kha wa nudc (hydrophilic). Vi vdy, viéc phat
trién cac 16p phit APU ¢6 tinh ki nudc van 1a mot van dé dang duoc quan tim
trong nghién ctru va phat trién hién nay. Nhitng nim gan day, cong nghé nano
ngay cang phat trién vi thé cac nha khoa hoc da nghién ciru va két hop céac hat
nano vo co vao 16p phu dé cai thién kha nang ty lam sach cia 16p phu, chang
han nhu SiO, [16,17], TiO, [18,19] va ZnO [20,21], c¢6 thé 1am ting d6 nham
bé mit cua 16p phi ki nudce, do d6 lam ting goc tiép xtc cta ching.

Tuy nhién, bé mat siéu ki nude dé bi pha huy khi & nhiét 46 cao, kém
bén trong dung dich axit/kiém, dudi blic xa tir ngoai va thuong c6 kha ning
chéng mai mon thap, diéu nay han ché cac tng dung thyc tién ctia 16p phu siéu
ki nudce. Do do, viéc thiét ké va ché tao 16p phu siéu ki nudc hiéu suét cao, ¢6
tudi tho dai trong nhiéu diéu kién khic nghiét, 1a cyc ky quan trong. Vi vay,

trong luan van nay s€ tién hanh nghién ctru 16p phu ki nudce trén co sé nhua



polyurethane va hat nano SiO, bién tinh silane.
2. Muc dich nghién ciru

- Nghién ctru ché tao thanh cong 16p phu ki nuwdc tmg dung tu 1am sach
trén co so nhya polyurethane va hat nano SiO, bién tinh silane
3. P6i twong nghién ctru

- Pbi twong nghién ctru: Hat nano SiO; bién tinh silane va 16p phii trén co
so nhura polyurethane va hat nano SiO, bién tinh silane

- Pham vi nghién ctru:

Vé pham vi khong gian: Nghién clru nay duoc thuc hién tai Vién Khoa
hoc vat liéu, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam

Vé pham vi thoi gian: Nghién ctru duge thuc hién trong khoang thoi gian
tur thang 10/2025 - 04/2025.
4. Noi dung nghién ciru

Pé thuc hién duoc muc ti€u nghién ctru, luan van thuc hién cac ndi dung
nghién ctru sau:

- Nghién ctru ché tao hat SiO, bién tinh silane

- Phén tan va ché tao 16p phu trén co s& nhua polyurethane va hat nano
SiO; bién tinh silane

- Nghién cr sy anh hudéng ctia hat nano dén tinh chét co 1y cta 16p pha va
nghién ctru kha nang ty lam sach cua 16p phu.
5. Co sé khoa hoc va tinh thue tién cia dé tai

Két qua ctia dé tai s& gop phan phat trién vat liéu phu ki nude trén nén
nhua polyurethane két hop hat nano silica bién tinh silane, dong thoi dinh
hudng ché tao 16p phu tu lam sach theo hiéu tmg 14 sen.

L6p phu tu 1am sach giup chdng bam ban, chéng nuée, ting do bén vat
lidu, img dung rong rai; dong thoi giam chi phi bao tri va phi hop diéu kién khi

hau Am tai Viét Nam.
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Chuong 1. TONG QUAN NGHIEN CUU
1.1. LOP PHU TREN CO SO NHUA POLYURETHANE VA CAC HAT
NANO
1.1.1. Gi6i thiéu vé 16p phii polyurethane

Polyurethane (PU) 1a mot loai vat liéu polymer da chtrc nang, dugc hinh
thanh tir phan tng giita polyol va isocyanate. PU duoc tong hop lan dau vao
nam 1937 va tir d6 da tré thanh mot trong nhitng vat liu polymer quan trong
nhat trong cong nghiép hién dai nho tinh chat linh hoat va kha niang diéu chinh
cdu trac phan ttr [22].Tuy thudc vao ban chat ciia nguyén liéu ban dau va diéu
kién phan tng, PU c6 thé ton tai dudi dang nhiét déo (thermoplastic
polyurethane — TPU) hodc nhiét ran (thermosetting polyurethane), noi bat vai
tinh dan hdi cao, kha niang bam dinh tét trén nhiéu loai nhu kim loai, gd, bé
tong hay kinh [22, 23]. Do d6, tmg dung ctia 16p phu PU rat da dang, bao gom
bao vé bé mit cong nghiép chéng mai mon, hoa chat, in mon, vat liéu xay dung
chdng thim, chong bam ban va tang hiéu tmg tu lam sach; 16p phi chic ning
ki nuodc, siéu ki nudc, chéng bam bui, tu lam sach, chéng tia UV; déng thot,
khi két hop voi hat nano, PU con tao ra cac 16p phu da chirc ning véi kha nang
chdng an mon, chéng UV, khang khuan va siéu ki nudc.

Gan day, cac hé polyurethane phéan tan trong nudc dang dugc chu trong
phat trién nham giam phat thai hop chat hitu co dé bay hoi (VOC), phu hop véi
xu hudng vat liéu than thi¢én moi truong.
1.1.1.1. Céu triic va tinh chit ciia polyurethane

Vé ban chat hoéa hoc, polyurethane dugc hinh thanh thong qua phan tng
cong gilta nhom isocyanate (-NCO) va nhém hydroxyl (-OH), tao nén lién két
urethane dic trung (-NH—CO—O-) (Hinh 1.1). Lién két nay khong chi dong vai
tro lién két cac don vi cu tric ma con anh huoéng truc tiép dén do bén va tinh
6n dinh ciia polymer. Khac véi nhiéu hé polymer khéc, phan (mg tao PU khong
sinh ra san pham phy, do d6 cho phép kiém soat tot ciu tric va d6 dong nhat
cua vat li¢u [24].

Polyurethane (PU) thuong dugc phan chia thanh hai dang chinh dya trén
co ché dong ran, bao gdbm hé mot thanh phan (1K) va hé hai thanh phan (2K).
Trong d6, hé 1K dong ran khi tiép xtic v6i dd am trong khong khi, con hé 2K
dugc hinh thanh théng qua phan tng gilta cic hop chat chira nhom hydroxyl

(polyol) va isocyanate. Nho sy linh hoat trong viéc lya chon cau trac hoa hoc,



khéi luong phan tir va mat d6 nhom chirc ciia cac thanh phan nay, vat liéu
polyurethane c6 thé duoc thiét ké vai dai tinh chét rong, dap ung nhiéu muc
dich str dung khac nhau [25].

H H
| ||
clj N=C=0 + HO cI:—(lz OH
H H n'

Methylene diphenyl diisocyanate (MDI) Polyol

l an két urethane
0 H O H
Il | [
C—T (|) —C—0 C
H

Hinh 1.1. Phan iing tong qudt giia isocyanate va polyol tao ra polyurethane
Trong céu triic PU, polyol 13 thanh phan c6 anh huong 16n dén tinh chat
cudi cung do truc tiép tham gia tao lién két urethane. Sy khéc biét vé loai polyol
(nhu polyether, polyester hoic polycarbonate), ciing nhu dic diém mach va
ham lwong nhém hydroxyl, s& chi phéi dang ké dén do mém, do dan hoi va kha
nang chiu nhiét cua vat li¢u. Nguoc lai, isocyanate va cac chit kéo dai mach
dong vai tro chu yéu trong viéc hinh thanh cac doan mach cing, tor 6 anh

hudong dén dd bén co hoc va dd 6n dinh cua h¢ polymer.

CHy NCO
NCO CHy
OCN NCO Oc
NCO NCO
Toluene diisocyanate 1,5-Maphthalene diisocyanate

Methylene dipheneyl diisocyanate 4,4-Methylene bis (cyclohexyl isocyanate)

NCO

OCN—(CH;)g—NCO NCO

H4C

Hexamethylene dilsocyanate CH, Isephorone dilsocyanate

Hinh 1.2. Mt s6 isocyanate théng dung trong tong hop PU



Mot dic diém dién hinh cta polyurethane 13 sy ton tai dong thoi cua hai
pha ciu tric riéng biét & cap d6 vi mo, bao gdbm pha mém va pha cimg. Pha
mém c6 ngudn gdc tir cac polyol c6 khdi lwong phan tir 1on, mang lai tinh linh
hoat va kha nang bién dang cho vét li¢u. Trong khi do6, pha cimg dugc tao thanh
tir cac doan mach giau nhoém urethane, c6 kha niang hinh thanh lién két hydro
manh, gitip gia ting do bén va do 6n dinh nhiét [26].

Tuy theo diéu kién tong hop va thanh phan st dung, polyurethane c6 thé
ton tai dudi dang mach thang hodc mang khong gian c6 lién két ngang. Vit liéu
dang mach thiang thudng dé gia cong va co tinh déo cao, trong khi cau trac lién
két ngang gitip cai thién dang ké kha ning chiu hoa chat, chéng mai mon va do
bén nhiét. Vi vy, trong cac tng dung 16p phil bao vé, ciu trac mang lién két
ngang thuong duoc uu tién lya chon.

Nho sy két hop giita pha mém va pha ciig, polyurethane c6 kha nang lam
viéc On dinh trong khoang nhiét 46 rong. Pha mém gitip duy tri tinh linh hoat &
nhiét do thap, trong khi pha cting dong vai tro nhu cac diém gia cuong, han ché
bién dang va nang cao kha nang chiu nhiét ctua vat li¢u.
1.1.1.2. Phwong phdp tong hop nhwa polyurethane

Tuy thude vao diéu kién phan Gmg, ban chat nguyén liéu va muc dich tung
dung, cac phuong phap tong hop PU ¢6 thé duoc phan loai thanh nhiéu hudng
nghién ctru khac nhau.

s Phwrong phap mot buoc (One-shot synthesis)

Phuong phap mot budc duoc dic trung boi viée dua ddng thoi tit ca cac
thanh phan phan tung (diisocyanate, polyol, chat xtic tac va phu gia) vao cling
mot hé. Ngay sau khi tron, cac phan tng tao urethane, urea (néu c6 nuéc) va
cac phan Gmg phu khéc dién ra song song véi toc d6 cao, dan dén sy hinh thanh
nhanh chong mang polymer.

Phuong phap nay ¢ wu diém noi bat vé tinh don gian cong nghé va kha
nang mé rong quy mo, dic biét phut hop véi san xuét polyurethane foam. Trong
hé tao bot, phan ung gitra isocyanate va nudc sinh ra CO2 doéng vai trd tdc nhan
tao 16 xop, ddng thoi anh huéng dén ciu tric té bao cia vat liéu [23]. Tuy nhién,
do thiéu su phén tach gitra cac giai doan phan tng, phuong phap nay kho kiém
soat chinh x4c ciu trac vi pha (microphase separation), dan dén sy phan b
khong dong déu gilta pha mém va pha ctng, tir 46 anh hudng dén tinh chat co

hoc va do bén lau dai.



% Phwong phap hai budc (Prepolymer approach)

Nham nang cao kha ning kiém soat cau tric, phuong phéap prepolymer
dugc phat trién nhu mot hudng tiép can hidu qua va co tinh tai 14p cao. Qua
trinh tong hop duoc chia thanh hai giai doan riéng biét.

O giai doan dau, diisocyanate phan tmg véi polyol (thuong st dung du
isocyanate) dé tao thanh prepolymer chita cac nhém —NCO tu do & dau mach.
Giai doan nay cho phép kiém soat tt chiéu dai doan mém (soft segment) va
phan bb nhém chire. O giai doan tiép theo, prepolymer dugc cho phan tng voi
cac chat kéo dai mach (chain extender) nhu diol hodc diamine, hinh thanh céc
doan cimg (hard segment) thong qua lién két urethane hodc urea.

Sy tach biét hai giai doan phan g giup diéu chinh chinh x4c ciu trac vi
mo, dic biét 1a mirc d6 phan tach pha mém — pha cung, yéu té quyét dinh dén
tinh chat co hoc, nhiét va kha niang khang hoa chat caa PU. Do d6, phuong
phap nay duoc Gng dung rong rai trong tong hop coating hiéu ning cao,
elastomer va keo dén k¥ thuat [27].

s Phwrong phap ban prepolymer (Semi-prepolymer method)

Phuong phap ban prepolymer 1a mot bién thé trung gian, trong d6 chi mot
phan polyol duoc phan mg trudc véi isocyanate dé tao prepolymer, sau do
phan polyol con lai duoc bd sung vao hé phan tng.

Phuong phép nay cho phép dung hoa gifra tinh linh hoat ctia phuong phap
mot bude va kha nang kiém soat ciia phuong phap hai buéc. Nho d6, hé phan
g c6 d6 nhét phi hop hon cho gia cong, dong thoi van dam bao duge mirc
d6 dong nhat cau trac twong d6i cao. Phuong phap nay thuong duoc ap dung
trong cac hé coating va adhesive yéu cau can bang giira hiéu ning va chi phi
san xuat [28].

% Phuwong phap polyurethane phan tin trong nwoc (Waterborne
Polyurethane — WPU)

Trong bdi canh cic tiéu chuan méi trudng ngay cang khat khe,
polyurethane phan tan trong nuéc (WPU) di tré thanh xu hudng phat trién tat
yéu nham thay thé cac hé dung méi hitu co truyén thong. Qua trinh tong hop
WPU thuong duogc trién khai theo chién lugc prepolymer cé chirc hoa ua nudc.

Cu thé, prepolymer duoc tong hop tir diisocyanate va polyol, sau d6 dugc
bién tinh bang cac monomer chita nhém chiic uwa nudc (nhu

dimethylolpropionic acid — DMPA) dé dua cic nhom ionizable vao mach



polymer. Sau budc trung hoa, hé dugc phan tan vao nudc duoi tdc dong cit co
hoc, tao thanh céac hat polymer kich thudc nano dén micro. Cubi cung, phan
ung kéo dai mach duogc thyc hién trong pha nudc dé hoan thién ciu trtc
polymer.

Phuong phap nay gitip giam dang ké phat thai VOC, dong thoi cai thién
d6 an toan trong qua trinh thi céng. Tuy nhién, cac yéu t6 nhu kich thudc hat,
thé zeta va d6 6n dinh keo 1a nhiing thong sd quan trong can dugc kiém soat
chit ch& dé dam bao chit luvgng san pham [29].

* Phuong phap polyurethane khong isocyanate (Non-isocyanate
polyurethane — NIPU)

Céc huéng tiép can hién dai trong hoa hoc polymer bén viing da thuc day
su phat trién cua polyurethane khong st dung isocyanate. Mot trong nhimng
phuong phap tong hop tiéu biéu 1a phan ing mé vong giita cyclic carbonate va
diamine, tao thanh polyhydroxyurethane (PHU).

Uu diém cua phuong phap nay 1a loai bé hoan toan cic hop chat
isocyanate doc hai, ddng thoi khong sinh ra khi doc trong qua trinh phan Gng.
Tuy nhién, han ché chinh nam & dong hoc phan trng cham, do chuyén hoa chua
cao va tinh chat co hoc ctia vat liéu con han ché so véi PU truyén théng. Du
vay, voi sy phat trién cla xtc tac va thiét ké monomer méi, NIPU dang dan tro
thanh hudng nghién ciru tiém ning trong linh vyc vat liéu xanh [30].

1.1.2. L6op phit trén co sé nhua Polyurethane va cac hat nano

L&p phu polyurethane (PU) 13 mot trong nhitng hé son phd bién nhét vi
kha ning diéu chinh ciu tric va tinh chat thong qua phan Gng giira polyol va
1socyanate. Nho dac tinh linh hoat vé mit hoa hoc, cac vat liéu PU c6 thé duoc
thiét ké voi nhiéu tinh chat uu viét nhu do bén co hoc cao, d6 dan hoi tot, kha
ning bam dinh manh trén nhiéu loai nén va kha niang khang héa chit hiéu qua.
Tuy nhién, do chura nhiéu nhom phan cuc trén bé mit, 16p phu PU lai c6 ban
chat kha ua nude (hydrophilic), cac hé polyurethane truyén thong van con ton
tai nhiing han ché nhét dinh, dic biét 1a kha nang chéng tham nudc, chéng tia
cuc tim va do bén 1au dai trong cac moi truong khac nghiét chua cao [31]. Vi
vay, viéc cai tién 16p phii PU bang cach bd sung cac hat nano vo co d tro thanh
mot hudng nghién ctiru quan trong nham nang cao hi¢u suét cua vat liéu.

Pé ting cac tinh chét cta 16p phu, viée két hop polyurethane véi cac hat

nano v0 co da tré thanh mdt hudng nghién clru quan trong trong linh vuc vat



lidu phu tién tién. Hé polyurethane nanocomposite duoc hinh thanh khi cac hat
nano c6 kich thudc duéi 100 nm duoc phan tan trong nén polymer. Nho dién
tich bé mat riéng 16n, cac hat nano tao ra ving tuong tac lién pha dang ké véi
chudi polymer, tir 46 cai thién do bén co hoc, kha nang chéng in mon, tinh 6n
dinh nhiét va tinh chit bé mit cta vat liéu [32].

Co ché gia cudng cua hat nano trong nén polyurethane duoc giai thich
thong qua nhiéu hiéu tmg khac nhau. Trudc hét, cac hat nano hoat dong nhu
pha gia cudng giup phan tan tng sut va han ché sy lan truyén cua cac vi vét
nut trong vat li¢u. Déng thot, sy hién dién cua cac hat nano tao nén hi¢u trng
hang rao (barrier effect), kéo dai duong khuéch tan cta nude, oxy va cac ion
an mon khi xam nhap vao 16p pha. Hiéu tng nay 1am giam dang ké toc d6 an
mon va gia ting tudi tho cua 16p phi bao vé [33].

Nhiéu loai hat nano da duoc nghién ciru cho hé polyurethane, bao gom
Ti102, ZnO, Fe20s, Al=Os, graphene, carbon nanotube (CNT) va SiOz. Trong do,
TiO: va ZnO dugc sir dung rong rdi nho kha nang hap thy tia UV va hoat tinh
quang xuc tac, giup nang cao do bén thoi tiét cling nhu kha ning tu lam sach
cua 16p phu. Graphene va CNT c6 kha ndng tao hiéu img hang rao manh, lam
giam tdc do khuéch tan ciia cac tac nhan an mon va dong thoi cai thién dang ké
d6 bén co hoc cua vat liéu [34].

Tai Viét Nam, nghién ctru vé 16p phu polymer chira hat nano da c6 nhiéu
budc phat trién trong nhitng ndm gan day. Nguyén Thién Vuong va cong su da
nghién ctru hé 16p phu acrylic chtra nano ZnO va cho thay viéc bd sung ZnO
gitp tdng kha nang phan xa nhiét cling nhu kha nang quang xtc tdc phan huy
cac chat 6 nhiém hitu co trén bé mit 16p phu. Két qua nghién ctru chimg minh
nano ZnO khong chi dong vai tro 1a chét gia cudng ma con gop phan tao tinh
nang tu lam sach cho vat liéu phu [35]. Bén canh d6, Duong Thi Vy va cOng
su da ché tao hé acrylic polyurethane/Fe:Os nanocomposite. Nghién ctru cho
théy su ¢ mat cua Fe:0s lam tang d cting, do bén nhiét va cai thién cac tinh
chat co hoc ctia mang phu so véi hé polyurethane truyén thong [36].

Trong céc loai hat nano vo co, silica (Si02) dugc xem 1a mdt trong nhiing
vat liéu trién vong nhét dbi véi hé polyurethane nanocomposite. Nho do on
dinh hoa hoc cao, dién tich bé mit 16n va kha ning dé dang bién tinh bé mit
bang cac hop chét silane, SiO: c6 thé cai thién dang ké d6 cimg, kha nang chéng

mai mon va do bén nhiét cia 16p phu [37].



Mic du bd sung hat nano vao hé 16p phu polyurethane nanocomposite
mang lai nhiéu vu diém, tuy nhién hiéu qua caa 16p phu phu thudc rat 1on vao
kha ning phan tan dong déu cta hat nano trong nén polymer. Hién tuong két tu
hat 6 thé tao ra cac khuyét tat trong mang phu, lam suy giam tinh chét co hoc
va giam hi¢u qua bao v¢. Do do, xu hudng nghién clru hién nay tap trung vao
viéc bién tinh bé mat hat nano nham ting kha ning twong thich véi nén
polyurethane, dong thoi toi wu héa quy trinh ché tao dé dat duoc su phan tan
6n dinh va dong nhét. Day ciing 1a co s& cho sy phat trién cua cac hé 16p phu
polyurethane chira nano SiO: bién tinh c6 tinh ki nudc, chong an mon va tu lam
sach dang dugc quan tam nghién ctru hi¢n nay.

1.1.3. Hat silica bién tinh silane
1.1.3.1. Téong quan vé hat nano silica

Silica (SiOz) 1a vat liéu vo co pho bién, ton tai dudi nhiéu dang hinh thai
nhu silica két tha (precipitated silica), silica keo (colloidal silica) va mudi silica
(fumed silica).

Nho dién tich bé mit 16n, do xdp cao va sy hién dién day dic cta cac
nhom silanol (=Si—OH) trén bé mat, silica thé hién hoat tinh bé mat manh, cho
phép tuong tac voi nhiéu hé vat lidu khac nhau.

Cac nhom —OH nay c6 kha nang hinh thanh lién két hydro manh véi cac
phan tir nude, lam cho nude dé dang lan rong va thim udt trén bé mit SiO:,
dan dén goc tiép xtic nho (thuong < 30° ddi véi bé mat sach). Nho do, SiO: thé
hién 4i luc cao v6i nude va cac chat phan cuc, dong thoi d& phan tan trong moi
truong nudc. Tinh ua nude ndy cling 1am ting ning luong bé mit cia vt lidu,
tao diéu kién thuan loi cho cac qua trinh hép phu, phan tmg hoa hoc va bién
tinh bé mat.

Hat nano silica (Si0:) 1a vat li¢u vo co ¢o kich thudce trong khoang 1-100
nm, dac trung béi dién tich bé mit riéng rat 16n, d6 6n dinh héa hoc cao va hoat
tinh bé mat manh. Nano silica (SiO:) dd duoc ung dung rong ri dé bién tinh
16p phti nham ting cudng tinh chat 16p phii [37-39]. Trong mdt nghién ciru cia
Zheng va cong su [15] da ché tao 16p phii nanocomsite hai 16p, nano SiO, dugc
fluor hoa bang PMMA bang phuong phap ling dong phun hai bude, 16p phu
thé hién tinh siéu ki nuéc va kha niang chéng mai mon tt, nhung do truyén
sang quang hoc cta 16p phu composite thip hon 80%.

Satapathy va cong sy di ché tao 16p phii nanocomposite siéu ki nudc
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trén co s& nhua polyethylene va (LLDPE)/SiO; bang k¥ thuat pha nhing, WCA
ctia 16p phu dat duogc 1 170° va goc truot 13 3,8°, ngoai ra 16p phu con thé hién
do 6n dinh nhiét va do bén tot [40]. Trong mot bao cdo cua Luo va cdng su, da
tong hop hat nano SiO, bang phuong phap sol-gel, sau d6 st dung k¥ thuat phu
nhing dé ché tao 16p phu composite hai 16p PU/SiO, bang cach nhung phién
kinh vao dung dich PU va phan tan hat nano Si0, da tao thanh 16p phu c6 kha
nang siéu ki nude voi WCA 1a 162° va do truyén qua 1a 90% [13].

Trong bai viét cua Fuying Yu va cong su da trinh bay mot phuwong phap
nhing phu mot buéc don gian dé ché tao 16p phu siéu ki nude
polyurethane/silicon dioxide (PU/SiO,) trén nén thily tinh. Lop pha lai ndy thé
hién tinh chat siéu ki nudc voi WCA khoang 159° tao ra 16p phu siéu ki nudc
bén chic vé mat co hoc voi kha nang chéng mai mon thich hop di duoc phat
trién.

Ngoai ra, Zhou va cdng su [41,42] di ché tao 16p phu composite
polyurethane trén co s nano—silica/acrylic va nano—silica/polyester, cho thay
do cing, kha nang chéng mai mon va dac tinh kéo duoc cai thién ro rét.

Gan day, Nguyén Ngoc Linh va cong su da tiép tuc nghién ctru hé 16p phu
acrylate epoxy/SiO: déng ran kép UV—2K. Két qua cho thay sy hién dién cia
nano SiO: lam ting mat d6 lién két ngang ctia mang polymer, tir d6 cai thién
d6 cimg va céc tinh chit co hoc ctia mang phu [72].

Tuy nhién, dac tinh va nudc ty nhién va xu hudng két tu manh khién hat
silica khé phén tan 6n dinh trong cac hé polymer hodc dung mdéi hitu co. Diéu
nay lam han ché dang ké vai tro cua silica trong cac 16p phu churc ning, dic
biét 1a 16p phii ki nude, 16p phii chdng dn mon hodc cac hé polyme khong phan
cuc.

Pé khic phuc nhimng han ché nay, bién tinh silane duoc xem 1 phuong
phap hiéu qua nhat nham diéu chinh dic tinh hoa — 1y ctia bé mit silica.
1.1.3.4. Hat nano silica bién tinh silane

Hat silica bién tinh silane 13 mot nhom vét liéu nano vo co quan trong,
duoc cdu tric trén nén hat SiO: c6 dién tich bé mit 16n va hoat tinh bé mit cao.
Thong qua qué trinh bién tinh bang cac tic nhan silane, cic nhom silanol tu
nhién trén bé mit silica dugc thay thé hodc bd sung boi cac nhém chie hitu co
tuong thich hon véi pha polymer hodc dung méi img dung. Quaé trinh chirc nang

hoa nay khong chi cai thién kha ning phan tan va do on dinh cua silica trong
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moi trudng hitu co ma con mang lai cac dic tinh méi nhu tang cudng lién két
héa hoc v6i nén polymer, nang cao d6 bén co hoc, kha ning chong tham, ki
nudc hoac cac tinh nang chirc ndng hoda khac.

Silane 12 nhom hop chét organosilicon ¢ vai trd quan trong trong khoa
hoc vt liéu. Cac hop chat nay thuong c6 cong thirc tong quat R—Si(OR”); hoic
R-SiXj3, trong d6 R 1a nhom hiru co nhu alkyl, vinyl, amino hodc fluorinated
chains, con X hodc OR’ 14 cac nhom c6 kha ning thity phan. Nho cau tric ludng
chtic ning, silane c6 thé twong tac dong thoi voi pha vo co va pha hitu co, do
d6 thuong dugce st dung nhu mot tac nhan ghép ndi (coupling agent) nham cai
thién tinh twong hop va do bén lién két giita cac pha trong vt liéu composite
[43, 44].

Tuy thudc vao cAu truc silane, hat silica bién tinh c6 thé mang nhiéu loai
nhoém chirc nhu alkyl, amino, epoxy, methacryloxy, hoic fluorocarbon. Diéu
nay cho phép diéu chinh linh hoat d6 ki nuéc, kha nang lién két hoa hoc, hoat
tinh bé mat, hodc chirc ning hoa dic thu theo timg tng dung.

Trong cac 16p phu polymer, dac biét 1a hé polyurethane va polyurethane
acrylate, silica bién tinh silane khong chi déng vai tro 1a chat don nano gia
cudng ma con 1a tac nhan cai thién giao dién, ting do bam dinh va tao ciu tric
vi mé can thiét cho cac hiéu ung nhu si€u ki nude, chéng tham, chéng bam ban
va tu 1am sach. Viéc thay d6i cdu trac bé mit hat cho phép x4y dung vi cdu tric
hierarchical hodc micro/nano roughness — yéu té quan trong dé dat duogc tinh
nang chdng wdt wu viét trong cac 16p pha chirc ning hién dai.

Vé co ban, c¢6 hai phuong phap chinh dé ché ché tao 16p phi ki nudc: (i)
tao ra cAu trac nham vi mé hodc nano trén bé mit mang dé dat duoc goc tiép
xuc nudc (CA) cao [45]; (ii) trang tri nano—SiO: bang polyme fluorocarbon dé
gidm nang lugng bé mit [46], hoac két hop ca hai cach dé dat duoc do ki nude
tdi wu [47]. Vi du, cac hat nano Si0:2 dugc bién tinh bé‘mg fluoroalkyl silane
[46], hat nano lai silica—fluoropolymer [47], hay cdc hat nano tron véi
fluoropolymer [48] déu di dugc st dung dé hinh thanh bé mit siéu ki nudc.
Khi két hop silica vao mang polyacrylate flo héa bang hat nano composite
polyacrylate/silica, Yang va cong su da chimg minh dd ki nuéc tang 1én do su
tap trung bé mit cua flo va do nham bé mat tir silica [49]. Tuong tu, thong qua
phan tng gitra nhoém silanol trong hat nano silica va nhém isocyanate trong qua

trinh ché tao 16p phu polyurethane, Xue va cong su [46] da x4y dung cau tric
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nham phan cap & cap d6 vi mo va nano trén bé mit 16p phu. Ngoai ra, hat nano
cling da dugc dung trong hé nhii Pickering dé ché tao 16p phii nhay UV c6 chtra
fluoroalkyl silane trong vi nang, nham thu duoc bé mait siéu ki nude c6 kha
nang tu phuc hoi [50]. O Viét Nam, Nguyén Thi Mai va cong su da nghién ctru
16p phui acrylic polyurethane chira nano silica bién tinh (R-SiO2). Két qua cho
thay viéc bo sung 2,5% khdi luong R-SiO: lam ting déng ké kha niang khéng
axit va kiém ctia mang phu. Sau 20 ngdy ngam trong dung dich HCI 5% va
NaOH 5%, 16p phu chira R-SiO: chi suy giam khdi luong khoang 1%, trong
khi 16p phu khong chira hat nano bi suy giam khoang 3%, chiing t6 vai tro cta
nano SiO: trong viéc nang cao tinh chat hang rao va do bén hoa hoc cta 16p
phu [51].

R& rang, viéc két hop nano SiO: v&i polymer fluorocarbon 1a mot cach tot
dé taora mang phu ki nudc, va nhua polyurethane von da c6 kha nang tao mang
va ¢6 tinh co hoc, dd bén hoa chat va do bén UV tot ddc biét khi c6 mit nano
silica [46]. Tuy nhién, c6 it nghién ctru vé su két hop ctia cac thanh phan dé
chtrng minh mét su cai tién vuot trdi trong ché tao 16p phu, ciing nhu chua co
cai thién dang ké nao vé kha ning chong ldo hoa cua 16p pha SiO:/polyme
fluorocarbon
1.2. GIOIL THIEU LOP PHU TU LAM SACH

L6p phui tu 1am sach dang tré thanh mot huéng phat trién quan trong trong
khoa hoc vat li¢u nho kha nang giam sy tich tu chit ban va duy tri do sach ctua
bé mit mot cach thu dong. Nho dac tinh nay, 16p phu ty lam sach hién dang
duoc ing dung rong rii trong nhiéu linh vyce k¥ thut va doi song nho kha ning
giam thiéu sy bam ban va duy tri bé mit sach ma khong can can thiép thuong
xuyén. Trong nganh dét may, vat liéu c6 thé han ché vét ban va d& dang lam
sach dudi tac dong cua nudce. Trong linh vuc 6 to, cac bé mat nhu kinh chén
gi6 hoic 16p son ngoai duoc cai tién nham giam sy tich ty bui va nude. Ngoai
ra, cac thiét bi quang hoc (Ong kinh, cam bién), cong nghiép hang hai (16p phu
chéng an mon va sinh vat bam) cling nhu nganh hang khong (16p phu chong
dong bang, giam luc bam dinh) déu dang khai thac hiéu qua cong nghé nay.
Mot sd san pham thuong mai tiéu biéu nhu kinh tu 1am sach Pilkington Activ
hay son Lotusan di chimg minh hiéu qua Gng dung thuc té. Tuy nhién, ciing

vOi su phat trién ciia cong nghé nano va vat lidu tién tién, kha ndng mé rong va
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t6i uu hoa 16p phu tu lam sach trong twong lai van con nhiéu tiém ning déng
ke.
1.2.1. Co ché tw 1am sach ciia 16p phi hiru co

Co ché tu 1am sach cta cac 16p phu hitu co cha yéu dwa trén diéu chinh
tinh chit bé mat thong qua thiét ké cu trac vi mé va thanh phan hoa hoc, tir d6
lam suy giam luc twong tac gitta bé mat va cac tic nhan giy ban. Khong gidng
nhu cac hé v co quang xtc tac, cac 16p phu hiru co thuong hoat dong theo co
ché vat 1y — hoa hoc thu dong, khong phu thudc hoac it phu thudc vao nguén
kich thich bén ngoai nhu anh sang.

L6p phu tu 1am sach 6 thé phan thanh hai loai chinh: 16p pht ki nuée va
16p phu va nude. Ca hai déu dua trén tac dong cia nudc dé loai bo bui ban. Pbi
v6i 10p pha wa nude, nude trai déu thanh mot mang mong trén bé mit, cudn
theo céc tap chat. Nguoc lai, & 16p phu ki nudc, cac giot nude duy tri hinh dang
tron, d& dang lan trén bé mit va kéo theo buyi ban roi khoi 16p phu.

Dua trén dic tinh bé mat va gia tri goc tiép xtic ctia chat long voi vat liéu,
cac bé mait co thé duoc phan loai thanh bon nhém chinh: siéu wa nudc
(superhydrophilic), va nude (hydrophilic), ki nuéce (hydrophobic) va siéu ki
nudc (superhydrophobic) (Hinh 1.2).

Siéu ua nudc Ua nuéc Ky nuéc Siéu ky nuéc
(Superhydrophilic) (Hydrophilic) (Hydrophobic) (Superhydrophobic)

: 6>150°

Goc tiép xuc < 5° Goc tiép xuc 5°-90°  Goc tiép xtc 90°-150°  Géc tiép xuc > 150°

Hinh 1.2. Phén logi vit liéu theo géc tiép xiic (6)

1.2.2. Lop phu ki nuéc

Lép phu ki nuée (hydrophobic coating) 1a hé vat liéu bé mit c6 kha ning
lam giam dang ké tuong tac gitta nudc va vat liéu, thé hién qua goc tiép xtc
nudce 16n hon 90°. Khi goc tiép xtc vuot qua 150°, bé mit dugc phan loai 1a
siéu ki nudc (superhydrophobic), véi kha ning chong bam dinh va tu 1am sach
hiéu qua.

Léy cam hung tur kha nang ki nudc cua 14 sen, bé mat vo dua hau hay 14
cdy gai, cac bé mit siéu ki nudc da duoc nghién ctru rong rai cho nhiéu ung

dung tiém nang nhu chong mo, chong bang, chong an mon, tach dau/nudce, tu
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lam sach va chéng bam ban [52-58]. Nho dac tinh si€u ki nudc va d0 bam dinh
vO1 nudc thép, bui ban trén bé mit c6 thé bj ria troi dé dang bdi cac giot mua
[59]. B& mit siéu ki nudc dugc ché tao bang cach tao cu triic bé mit nham trén
vat liéu co ning lugng bé mat thap hodc str dung cac hop chat nang luong bé
mit thip dé phu trén vat liéu v6i ciu trac nham phan cdp vi mé/nano [59-61].
Cho dén nay, bé mit siéu ki nudc trén nhiéu nén vat liéu khac nhau nhu kinh,
gém, kim loai, polyme, vai... da dugc ché tao thong qua cac ky thuat khac nhau
nhu khéc héa hoc, sol-gel, phun, nhung phu, quay phu, léng dong hot hoa hoc
va oxy hoda nhiét [62-65]

Dua trén dic diém hinh thai bé mat, co ché ki nudc ctia nhom vat liéu nay
thuong duoc phan thanh hai dang chinh: (i) bé mit c6 cdu trac phan cap tir
micro dén nano (hierarchical structure), tiéu biéu & 14 sen (Hinh 1.3), va (ii) bé
mat chi bao gém cadc gan vi mo song song (unitary micro-line structure), quan

sat dugc trén 14 cay gai (Hinh 1.4).

Hinh 1.3. Anh SEM bé mdt ld sen: a) do phong dai 500 lan; b) do phong dai
20.000 ldn véi goc tiép xiic cia giot nude la 162° [65]
ST e 1 D) B —

Hinh 1.4. Anh SEM bé mdt ld cdy gai: a) do phéng dai 250 lan; b) do phéng
dai 5.000 lan - goc tiép xiic cia giot nwéc la 164° [65]
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Céc k¥ thuat ché tao 16p phu ki nude hién nay kha da dang, c6 thé ké dén
nhu phuong phap sol—gel, phu nhiung, pht phun va xtr 1y plasma. Trong do,
phuong phép sir dung hat nano nhu SiO,, TiO, két hop vé6i bién tinh bé mat
dugc danh gia 1a co6 tinh kha thi cao nhd quy trinh don gian, chi phi hop 1y va
kha ning mo rong trong thuc tién. Nhiéu nghién ctru thuc nghiém di ching
minh hiéu qua cta chién luge nay. L. Xing va cong su cho thay rang khi sir
dung hat nano SiO: bién tinh silane véi ndng d6 thich hop, goc tiép xtic nudc
¢ thé dat trén 150°, thé hién trang thai si€u ki nudc 6n dinh [67]. Tuong tu,
nghién ctru ciia Y. Wang va cong su dé chi ra rang 16p phu silan hoa trén nén
v6 co khong chi lam ting goc tiép xc ma con cai thién dang ké kha ning chéng
bam ban va do bén moi trudng [68]. Ngoai ra, T. Darmanin va F. Guittard d3
chi ra rang viéc két hop cdu tric nano véi cac chudi alkylsilane dai gitp giam
manh nang luong bé mat, tir d6 nang cao hi¢u qua ki nudc va tinh 6n dinh lau
dai cua 16p phu [69].

Tai Viét Nam, nghién ctru vé vat liéu va 16p phu ki nudc, siéu ki nudc da
bat ddu dugc quan tdm trong nhitng nam gan day. Mot sé nhém nghién ciru da
ché tao thanh cong cac bé mat ki nudce hodc siéu ki nude trén nén vai, giéy loc,
vat liéu xop polyurethane va mot so vat liéu polymer khac bang cach str dung
nano SiOz, ZnO hoidc PDMS nham tmg dyung trong tich dau—nudc, chdng bam
ban va ty 1am sach [70—71]. Hong Phan Duong va cong su da ché tao 16p phu
PDMS/SiO: trén gidy loc bang phuong phap nhiing phu, tao ra bé mat co tinh
ki nude cao va kha nang tach dau—nudce hiéu qua [70]. Bén canh do, Vo Phu
Hoa va cong su da nghién ctru ché tao bé mat siéu ki nudc trén vai bﬁng cong
nghé plasma lanh 4p suat khi quyén, cho thay tiém ning ing dung trong linh
vuc vat liéu dét chirc nang [71].

Tuy nhién, phan 16n cac nghién ctru trong nudc hién nay cha yéu tap
trung vao vi¢c tao tinh ki nudce cho vat licu nén hodc ung dung trong tach dau—
nudc, chong bam ban va ty 1am sach. Cac nghién ciru vé 16p phu polyurethane
siéu ki nude str dung nano SiO: bién tinh fluorosilane nham két hop dong thoi
kha ning chong an mon, chong 130 hoa thoi tiét va tu 1am sach van con twong
ddi han ché. Pac biét, cac cong bd lién quan dén hé 16p phu polyurethane/nano
SiO: bién tinh FAS-17 trén nén kim loai phuc vu muc dich bao vé chéng an
mon chua duge bao cdo nhiéu trong cac tap chi khoa hoc trong nudc. Do do,
viéc phat trién cac hé 16p phu polyurethane/SiO:-FAS-17 duoc xem 1a mot
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huéng nghién ctru tiém ning, c6 y nghia khoa hoc va thuc tién cao trong linh

vuc vat liéu phu bao v¢.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. NGUYEN LIEU, HOA CHAT SU DUNG
- Hat Nano Silica (Si0,) : Kich thuéc hat ~ 12nm (Sigma Aldrick, 99,8%)
- Dung mdi: Toluen (Trung Quéc), xylene (Trung Qudc), nude cat (Viét
Nam)
- Trietylamine (Sigma Aldrick, 99%, TEA)
- Silane str dung: 1H,1H,2H,2H-Perfluorodecyltrimethoxysilane (Sigma
Aldrick, 97%, ki hiéu FAS-17)
- Nhua acrylic polyol AC-3510-IM, Ham ran: 69-71%; chi sé6 OH: 57-67
mgKOH/g. San pham cua Cong ty DIC (Thai Lan).
- Chat déng ran isocyanate WANNATE® HT-100, Ham lugng nhém NCO:
21,8% (Trung Qudc)
2.2.QUY TRINH TONG HQP HAT NANO SILICA BIEN TiNH SILANE
Tién hanh bién tinh hat nano SiO, va silane flo.

Buéc 1: Say hat nano SiO, ¢ nhiét d6 120 °C trong 1 gid. Chuan bj SiO;
va 50ml dung méi toluen vao binh cau, tién hanh rung siéu 4m hdn hop trong
30 phut bang may rung siéu 4m Ultrasonic Cleaner dé phan tan déu hat nano.
Sau d6 tiép tuc khudy hdn hop trén may khudy tir & nhiét do thudng trong 30
phut dé hat SiO, phan tan tdt trong hé, thu duoc dung dich A.

Budc 2: Sau d6 thém chét xtc tac (TEA) va silane flo (SiO; va silane flo
ti 1& 5:6) vao hé va tién hanh khudy & 50°C trén bép khudy tir trong 24 gio.

Budc 3: San pham thu duoc hdn hop dung dich mau tring duc. Pem dung
dich san pham di loc rira. Tién hanh li tim hdn hop ¢ téc do 10000 vong/phut
trong 2-5 phtt véi etanol.

Budc 4: Sau khi rira hat s& dem phan san pham thu duoc sdy ¢ 80°C trong
vong 12 gid thu duge mau hat nano SiO» bién tinh silane flo .Cac mau sau khi

say kho s€ dugc bao quan trong binh hit am dé tién hanh cac thi nghiém sau.

Hinh 2.1. Anh cdc mau dung dich SiO; truéc va sau khi bién tinh silane
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2.3.QUY TRINH CHE TAO LOP PHU KINUOC TU LAM SACH TREN
CO SO NHUA POLYURETHANE VA HAT SILICA BIEN TiNH
SILANE

Nhua PU va chat dong ran dugc phéi tron véi nhau theo ti 1& s6 mol cua
cac nhom chirc (OH) : (NCO) 1a 1 : 1,1. Trong luén an nay s& tién hanh khao
sat ham luong hat nano SiO, bién tinh silane & ti 18 0%, 2,5%, 5%, 7,5% va
10% so véi tong khoi luong nhua rin. Ngoai ra, hdn hop dung moéi toluen va
xylen duoc thém vao hé nhya sao cho ham luong cta cac mau thu duoc cudi
cung déu & khoang 60%.

Céc budc tién hanh:

- Budc 1: Chuan bi hat va hdn hop dung moéi xylen va toluen, thu dugc hdn
hop (A). Tién hanh rung siéu 4m hén hop (A) trong 2 gio bang thiét bi rung
siéu &m TPC-25 dé phan tan déu cac hat trong dung dich.

- Budc 2: Can nhua AC-3510-IM theo bang trén va cho vao hon hop (A) tiép
tuc rung siéu am trong khoang 3 gid dong thoi két hop khudy hdn hop trong
khoang 1 gi®, thu dugc hdon hop (B).

- Budc 3: Cho chét dong ran HT-100 vao hdn hop va tron déu ta thu duoc
mau nhia nanocomposite polyurethane / hat & cac ti 1& khac nhau.

- Budc 4: Cudi cung, tao mang pha bang dung cu gat chiéu day ERICHSEN
MODEL 360 véi chiéu day w6t 1a 60 pm trén bé mit cac vat lidu nén (tAm kinh
thity tinh, tim teflon, tim thép CTs) tiy theo tiéu chudn ciia phuong phap phan

tich thir nghi€ém hay nghién cuu.

Hinh 2.2. Dung cu gat chiéu day ERICHSEN MODEL 360



PU PU-SO PU-SOF

(PU), b) Nhya PU chira hat SiO, (PU-SO) va c¢) Nhwa HSU chura hat SiO;
bién tinh silane (PU-SOF)
Bang 2.1. Thanh phan cac cong thiic son

Mau Nhya AC3510-IM luQIjInagnLat Pong ran | Dung moi
PU 100 20 60
PU-2,5% hat 100 2,25 20 62,25
PU-5% hat 100 4,5 20 64,5
PU-7,5% hat 100 6,75 20 66,75
PU-10% hat 100 9 20 69

2.4. PHUONG PHAP PHAN TiCH THU NGHIEM
2.4.1. Phuong phap phan tich pho hong ngoai

Phuong phap pho hong ngoai (FT-IR) dya trén nguyén 1y hap thu birc
Xa héng ngoai cua vat li¢u nghién ctru. Khi chiéu tia héng ngoai vao mau, cac
lién két hoa hoc trong phan tir s& dao dong (kéo gidn, udn cong...) tai nhing
tan s6 dic trung twong ung véi cic muirc ning luong riéng biét. Théng qua viéc
ghi nhan cic tin hiéu hap thy nay, phd FT-IR cung cap thong tin vé ban chat
lién két va nhom chire trong phan tu, tur do hd trg hiéu qua cho viéc nhan dién
va phan tich cdu trac héa hoc.

Phuong phép phd hong ngoai (FT-IR) dugc do bang thiét bi FTIR,
NEXUS 670, Nicolet (M¥) tai Vién Khoa hoc vat li¢u, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam.
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2.4.2. Phuong phap do phan tich nhiét TGA

Phan tich nhiét trong luong (TGA) dugc su dung nham x4c dinh sy thay
ddi khoi luong cua mau theo nhiét d6 va danh gia mic do phan hiy nhiét cta
vat liéu. Miu dugce can chinh xac khoang 5—-10 mg va dit vao chén nung bang
platinum (hodc nhdm oxide tuy thiét bi). Qua trinh do duoc tién hanh trong thiét
bi phan tich nhi¢t dang TGA dudi moi truong khi nito (N2) véi luu luong 50—
60 mL/phut nham loai trtr anh huong cia su oxy hoa. Nhiét do dugc nang tu
nhiét do phong dén 800-900°C véi toc do gia nhiét khong dbi, thuong 1a
10°C/phut. Trong sudt qua trinh gia nhiét, thiét bi lién tuc ghi nhan su thay doi
khoi luong ctia mau theo thoi gian va theo nhiét do, tir d6 cho phép xéac dinh
cac giai doan mét khéi luong va muc do 6n dinh nhiét cta vat liéu.

Ngoai ra, duong dao ham dTG ciing dugc trich xuat tir duong TG nham
xéac dinh chinh x4c cac nhiét 6 phan huy cyc dai (Tmax), twong tng voéi toc
do phan hiy manh nhat. Két qua thu duogc cho phép danh gia mure do bén nhiét,
ham lugng pha hitu co va dic diém phan hay cua vat liéu nghién ctru.

Phép do dugc thuc hién tai Vién Hoa hoc, Vién Han 1am Khoa hoc va
Cong Ngh¢ Viét Nam.

2.4.3. Phuong phap xac dinh géc tiép xuc

Phuong phép x4c dinh goc tiép xtic (contact angle) duoc sir dung dé danh
gia tinh chat va nude hodc ki nudc cta bé mit 16p phu. Phuong phap do goc
tiép xuc hoat dong dua trén su tuong tac gilra chat long va mot bé mat ran. Dé
phan loai bé mat 16p phu 1a wa nude hay ki nude, ngudi ta dua vao kha ning
tham w6t cua ching. Tinh chat nay thudng dugc danh gia thong qua phép do
goc tiép xtc (0) cua giot chat 1ong trén bé mit ran (Water Contact Angle —
WCA). Cu thé, goc tiép xtic duoc xac dinh 1a goc tao bai tiép tuyén cia giot
chat long tai diém tiép xtic v&i bé mat va chinh bé mit rin d6. Gia tri cua g6c
nay phan anh mirc d6 tuong tac giita chat 1ong va bé mat, tir 6 cho phép nhan
biét tinh wa nudc hay ki nudc cua vat liéu.

Duya vao cac khoang gia tri cta goc tiép xuc tir d6 ngudi ta co thé phan
loai cac bé mit c6 kha nang thdm w6t khac nhau (Bang 2.2). Néu gia tri cta goc
(0) nho hon 90° thi bé mit chira giot chat 16ong 1a bé mit wa nude. Ua nudce nghia
13 bé mit c6 xu hudng tham udt hodc tao thanh mot 16p mang hydrat hoa long

trén bé mat. Va nguoc lai néu gia tri cua (0) 16n hon 90° thi bé mat chira giot
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chat 16ng 14 bé mit ki nude. Ki nude dai dién cho dic tinh khéng thadm wdt cua

bé mat hoac c¢ it lyc hon voi chat 16ng

Bang 2.2. Gia tri x&c dinh gdc tham udt

Gia tri goc tiép xic Khi ning thim wét
0 >90° Ki nudc
0> 150° Siéu ki nudc
0°<0<90° Ua nudc
6 <10° Siéu wa nude

May do goc tiép xac OCA 50 Hang Dataphysics - Pirc, tai Vién Khoa hoc
vat liéu dé xac dinh goc tiép xtic giot nudc trén bé mat vat liéu, xac dinh do
sach d6 nham cua vat liéu, do sirc cang bé mat dong thoi ddnh gia bé mat phua,
son. Thuong duoc str dung cho cac nganh nhu dién tir ban dan, son, vat liéu
phu, nghién ciru sinh hoc va mot s6 nghanh khéac. Cac phép do duoc tién hanh
3 1an, sau d6 ldy gia trj trung binh.

2.4.4. Phuong phap xac dinh d¢ bam dinh

Do bam dinh duoc xac dinh béng dung cu Elcometer Cross Hatch Cutter
ctiia Anh, theo tiéu chuan ISO 2409, tai Vién Khoa hoc vat liéu, Vién Han 1am
Khoa hoc va Cong Nghé Viét Nam.

Mau can do 1a cac mang day 50 pm, duoc tao trén tim thép CT3
100x100x15 mm, d4 lam sach bé mat.

Dao ké vach ludi 1 mm, dung bang dinh dan 1én r6i kéo boc mang va xéc
dinh d6 bam dinh trén co s¢ dién tich mang bi bong troc so sanh voi bang chuén.
2.4.5. Phuong phap xac dinh xac dinh dd bén va dép

Do bén va dap cia miu duge xac dinh bang dung cu IMPACT TESTER,
model 304 ctia Cong hoa Lién bang Dirc theo tidu chuan ISO 6272, tai Vién
Khoa hoc vat li¢u, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Mau can do dugc tao trén tim thép CT3, kich thudc 100x100x2 mm, dugc
gat v6i chiéu day 90 um, dé kho tu nhién.

K¥ thuat do: tdm mau duoc dua vao giad kep, mat co mau & trén, nang tai
trong co khoi lugng 2 kg dén do cao xac dinh r6i tha cho tai trong roi ty do.

Sau d6 lay mau ra quan sat. Néu mau chua xudc, ran nit hodc bong thi tién
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hanh lai thi nghiém véi cac bude nhu trén tai mot vi tri ¢6 do cao hon. Tang
dan do cao dén khi phat hién c6 vét ran nit, xudc bé mit mau thi nghi¢m thi
dung lai. Bo bén va dap dugc xac dinh theo cong thurc:
Dé bén va dip = Tdi trong x Pé cao (kg.cm)
Trong do:
Tai trong: khdi luong cta qua can thir nghiém (1 hoic 2 kg)
Do cao: 1a d6 cao cao nhat ma chua gay khuyét tat cho mang (cm).
Chu y: cac diém thir nghiém trén cing mot mau khong c6 vung lun tiép
xUc vo1 nhau.
2.4.6. Phuong phap xac dinh xac dinh dd cing twong doi
P cimg twong ddi cua 16p phu duoc xac dinh bang thiét bi Pendulum
Damping Tester, model 299/300 (D), theo tiéu chuin Persoz (NFT 30-016)
tai Vién Khoa hoc vat liéu — Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.
Do ctng twong d6i ciia 16p phil duge xac dinh thong qua thoi gian hodc
s6 dao dong can thiét dé bién do giam tir mot gia tri ban dau dén mot gia tri gisi
han xac dinh. Két qua do dugc biéu thi bang s6 dao dong, phan anh do ctng
tuong ddi cta 16p phu. Phuong phap nay dugc sir dung rong rii dé so sanh do
cling bé mit ctia cic hé son phu khac nhau véi d chinh xac va d6 lap lai cao.
Do cing twong ddi (T) duge xac dinh theo cong thic:
T=S/S,
Trong do:
S, 14 s6 dao dong ghi trén may khi diém tyua dit trén tAm kinh chuan.
S) 1a s6 dao dong ghi trén may khi diém tya dat trén tam kinh da c6 mau
can do.
Mang dugc tao trén tam kinh 10x10cm theo thoi gian khau mach. St dung
khung gat chiéu day tao khe 90um
2.4.7. Phwong phap kinh hién vi dién tir quét phat xa trwong FE-SEM
Phuong phap kinh hién vi dién tir quét phat xa truong (Field Emission
Scanning Electron Microscopy (FE-SEM)) 1a 14 k¥ thuat st dung chum electron
dé quét bé mit mau va tao anh c6 do phong dai cao. Khi electron tuong tac véi
mau, cac tin hiéu nhu electron tht cép duoc thu nhan dé tai tao hinh anh bé
mat.
Phép do phd dugc thuc hién tai Vién Khoa hoc vt liéu — Vién Han 1am Khoa
hoc va Cong nghé Viét Nam, s6 18 Hoang Qudc Viét, Ha Noi
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2.4.8. Pho tan sic ning lwgng (EDX)

Pho tan sic nang luong (Energy Dispersive X-ray Spectroscopy - EDX)
1a mot k¥ thuat xac dinh thanh phﬁn hoa hoc cua vat liéu béng viéc ghi lai phé)
tia X phat ra tir vat rin do twong tic véi cac birc xa. Phuong phap EDS mapping
c¢6 vu diém 1a cung cip thong tin nhanh chéng vé thanh phan va su phan b
nguyén to trén dién tich khao sat, tuy nhién d6 phan giai khéng gian con phu
thudc vao diéu kién do va tuong tac di¢n tir—vat chit. Do do, két qua thuong
dugc két hop voi anh SEM dé phan tich day du vé hinh thai va cau trac cla vat
liu.

Trong bao cao nay, phan tich thanh phﬁn hoa hoc cac mau dugce thuc hién
trén kinh hién vi dién tir quét SEM-EDS (Jeol 6490 — JED 2300, Nhat Ban),
Vién Khoa hoc Vit li¢u, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
2.4.9. Phuong phap xac dinh hiéu suat tw 1am sach ciia 16p phi

Hiéu suét tu 1lam sach ctia miu duoc danh gia bang cach st dung bot muc
lam chat gay ban, rai 1én bé mat mau dit nghiéng. Sau do, cac giot nudc duge
nho tir tir 1én bé mat dé quan sat li¢u bot muc c6 bi cudn troi theo giot nudc hay
khong

Qua trinh quan sét tap trung vao kha nang cac giot nudc cudn theo va loai
b6 bot muc ra khoi bé mit. Néu cac hat ban dé dang bi kéo di cung véi giot
nude va bé mit nhanh chong tré nén sach, 16p phu duoc xem 1a c6 tinh ty lam
sach tot. Nguoc lai, néu bot muc van bam lai dang ké sau khi nude chay qua,
hiéu qua ty 1am sach cta vat liéu dugc danh gia 13 thap. Phuong phéap nay cho

phép danh gia tryc quan va dinh tinh kha ndng ty 1am sach cua 16p phu.
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Chuong 3. KET QUA VA THAO LUAN
3.1. PAC TRUNG CUA HAT NANO SiO: BIEN TiNH SILANE
3.1.1. Phén tich phd hong ngoai ciia hat nano SiO: bién tinh silane
Ph6 hong ngoai FTIR cia silane flo (FAS-17) va phd FTIR cua hat SiO,
ban dau va ctia hat SiO, (SO) sau khi bién tinh silane flo (SOF) dugc trinh bay
trén Hinh 3.1 —3.2.
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Hinh 3.1. Phé hong ngoai FTIR ciia silane flo (FAS-17)
Trén Hinh 3.1 1a ph6 hong ngoai (FTIR) cua silane flo FAS-17 thé hién
cac dai hap thy dic trung cta hop chat fluoroalkyl silane. Dai rong tai khoang

3400-3500 cm™ duoc quy cho dao dong kéo gidn cia nhom —OH cua hoi 4m
hap phy trén tim KBr do mau. Cac dinh tai ving 2970—2870 cm™' dic trung
cho dao dong kéo gidn cta lién két C—H trong cac nhom alkyl/ethoxy. Pic biét,
cac dai hap thu manh trong ving 12501100 cm™ 13 dic diém dic trung cua
lién két C—F trong chudi perfluoroalkyl, x4c nhan sy hién dién ctia mach flo
hoa dai trong phan tir FAS-17. Dong thoi, cac dinh trong viing 1100—1000 cm™
dugc gan cho dao dong cua lién két Si—O—C va Si—O-Si, cho théy su ton tai
cuia nhém silane va kha nang xdy ra phan ing thuy phan—ngung tu. Céc tin hi¢u
trong ving 800700 cm ™! dugc gan cho cic nhém CF/CFs. Nhin chung, phd
FTIR d3 x4c nhan cau trac dic trung caa FAS-17, bao gdm dong thoi phan dau
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silane hoat tinh va chudi perfluoroalkyl ki nuéc, phit hop cho tung dung bién

tinh bé mat vat liéu vo co.
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Hinh 3.2. Anh phé hong ngoai ciia hat SiO; (SO) va hat SiO, bién tinh silane
flo (SOF)
Bang 3.1. Két qua nghién ctru bién d6i cac hap thu dic trung cho cac nhém
dinh chtic ciia SiO, ban dau (SO), SiO, bién tinh silane flo (SOF) trén phd

héng ngoai.

Budc song Dao dong dac So sanh
TT Ti 1¢ mat do
(cm™) trung SO | SOF
Dao dong cua lién Xuat hién sau phan
1 ~1200 . . - * )
két CFs va CF, ung
o . : Xuat hién sau phan
2 ~1145 Dao dong Si-O-S1 - * .
ung
3 1000 Dao dong Si-O-Si * * Dich chuyén nhe
Dao dong cua lién Xuat hién sau phan
4 ~900 . - *
két C-F ung
5 ~805 Dao dong Si-O-Si * * | Khong thay do6i
Dao dong cua lién Xuat hién sau phan
6 ~704 . - * )
két C-F ung
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Dao dong cua lién Xuat hién sau phan
7 ~657 - *

két C-F mg

Trén Hinh 3.2 van Bang 3.1 1a két qua so sanh phd hdng ngoai ctia SiO-
(SO) va hat SiO, bién tinh silane flo (SOF). Pho FTIR ctia miu SiO; chua bién
tinh (SO) xuét hién céc dai hép thu dac trung cua mang siloxane, bao gém dinh
manh tai 1073 cm™' gan cho dao dong kéo gidn bat d6i xung cua lién két Si-O—
Si va dinh tai 805 cm™ twong Gng v&i dao dong kéo gidn ddi xumg cua lién két
nay. Sau khi bién tinh bang silane flo, ph6 ctia mau SOF van duy tri cac dinh
dic trung cua SiO,, cho thdy ciu trac nén silica khong bi thay doi dang ké.
Pong thoi, trén phd SOF xuat hién thém cac dinh hap thu tai 1202 va 1145
cm™!, dic trung cho dao dong kéo gidn cua lién két C—F trong chudi
perfluoroalkyl cua FAS-17 (nhu da no6i ¢ trén). Ngoai ra, cac tin hi¢u tai 743
va 657 cm™! tiép tuc xac nhan su hién dién cua cac nhom flo hoa trén bé mit
hat. Nhimng thay d6i nay 1a bang chimg cho thdy FAS-17 di duoc ghép thanh
cong 1én bé mit SiO, thong qua phan tmg véi cac nhom hydroxyl bé mit, tao

nén 1&p phu hitu co flo hdéa ma van bao toan cau trac vo co cua vat li¢u nén.

OH OH —
OCH, HO OH T ®JRFRFRF
| ot ( , s F
H3CO—Si—CH,CH,(CF,);CF; + HO OH ———» o~ ¥
| H,0 (ONg F v FF FF F
OCH; HO oH
OH OH

Hinh 3.3. Phan ung giita FAS-17 va SiO;
3.1.2. Phan tich nhiét TGA cua hat nano

Trén Hinh 3.4 1a két qua phan tich nhiét duong TGA ciia hat nano SiO,
(SO — duong nét dit mau xanh) va hat nano SiO, bién tinh silane (SOF — duong
mau do).

Tir két qua phan tich nhiét TGA trén Hinh 3.4 c¢6 thé thy rang hai mau
cho théy su khac biét rd rét vé dic tinh nhiét va thanh phﬁn cau trac trudc va
sau khi bién tinh. Di véi mau SiO, chua bién tinh (SO), dudng TGA thé hién
murc suy giam khdi luong twong dbi nho (~7,62%), chu yéu xay ra ¢ ving nhiét
d6 thap va trung binh. Hién tugng nay dugc quy cho su bay hoi ciia nudc hap
phu vat Iy va qua trinh ngung tu cac nhém hydroxyl (Si—~OH) trén bé mat. Sau
d6, khoi lugng gan nhu khong thay doi khi ting nhiét do, chimg t6 céu tric
mang siloxane (Si—O-Si) ctia SiO, c6 dd bén nhiét cao va hau nhu khong chira

thanh phan hitu co.
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Trong khi d6, mau SiO; bién tinh silane flo (SOF) cho thiy mirc suy giam
khdi lugng 16n hon dang ké, véi téng hao hut khoang 49,7%. O vung nhiét o
thép, su thay ddi khoi luong khong dang ké, cho théy bé mat vat liéu sau bién
tinh tr& nén ki nudc hon, lam giam kha ning hip phu nude. Tuy nhién, trong
khoang nhiét d6 trung binh (khoang 200—500°C), xuét hién giai doan giam khoi
lugng manh, dac trung cho qua trinh phan huy nhi¢t ctia cdc mach hitu co tir
16p phu silane flo (FAS-17) trén bé mat hat. Sau giai doan nay, khoi luong con
lai 6n dinh, trong tmg véi phan khung v6 co SiO2 bén nhiét.

So sanh hai dudng cong TGA cho thiy phan khéi lugng mat di ciia mau
SOF so v6i SO chinh 1a ham luong 16p hitu co silane flo dugc gin trén bé mat
hat. Dong thoi, viéc mau SOF van duy tri phan khéi luong du 16n ¢ nhiét do
cao chimg to qua trinh bién tinh khong lam pha hiy ciu tric nén silica. Nhu
vay, két qua TGA tiép tuc khang dinh qua trinh bién tinh bé miat SiO, bang

silane flo di dién ra thanh cong.

0 S
I Tl 7.62%
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Nhiét dé (°C)

Hinh 3.4. Duong cong TG cua hat SO va hat SOF
3.1.3. Su thay d6i géc tiép xiic ciia hat
pé quan sat ro hon sy thay ddi bé mit cua hat SiO, sau khi dugc bién tinh
silane s& tién hanh do goc tiép xuc cta cac hat SiO, (SO) va hat SiO, bién tinh
silane flo (SOF), két qua nhu trén Hinh 3.5.
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17¢ SO 140.1° SOF

Hinh 3.5. Anh géc tiép xiic cua hat SiO; (SO) va hat SiO; bién tinh silane flo
(SOF)

Két qua do goc tiép xtic trén Hinh 3.5 cho thiy su khac biét rd rét vé tinh
chit bé mat gilta hai mau SiO; trudc va sau khi bién tinh. Cu thé, miu SiO,
chua bién tinh (SO) c6 goc tiép xtc thap (~17°), cho thdy bé mit co tinh wa
nudc manh. Hién tugng nay dugc giai thich do sy hién dién cia cac nhém
hydroxyl (-OH) phén cuc trén bé mat silica, tao diéu kién hinh thanh lién két
hydro v&i phan tor nudc, tir d6 lam giot nudc lan rong trén bé mat.

Nguoc lai, mau SiO, bién tinh bang silane flo (SOF) ¢6 goc tiép xtc ting
1én dang ké (~140,1°), thé hién tinh ki nudc cao. Su gia ting nay 1a do qua trinh
bién tinh da thay thé mot phan cac nhém —OH bang cic nhom silane, dong thoi
cac chudi perfluoroalkyl c6 ning lugng bé mit thip dinh hudng ra ngoai, lam
giam dang ké kha ning tuong tac v4i nude.

Két qua nay phu hop voi phan tich FTIR, khi miu SOF xuat hién cac dai
hép thu dac trung cua lién két C-F, chirng t6 sy hién dién cua 16p phu flo hoa
trén bé mit hat. Pong thoi, két qua TGA ciing cho thdy mau SOF c6 su suy
giam khoi lugng 16n hon, lién quan dén sy phan hily cta céc thanh phan hiru
co tir silane, qua d6 xac nhan qua trinh bién tinh di dién ra thanh céng. Nhu
vay, su gia ting goc tiép xuc khong chi phan anh su thay d6i vé nang lugng bé
mit ma con 1a minh ching quan trong khang dinh hiéu qua cta qué trinh bién
tinh SiO, bang silane flo.

Két qua quan sat kha nang phan tan cta cac hat nano trong nudc cho thay

su khac biét rd rét gitta hai mau trude va sau bién tinh (Hinh 3.6).
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e

Hinh 3.6. Cdc mdu hat SiO; (SO) va hat SiO; bién tinh silane flo (SOF) sau

24 gio phdn tan trong nuoc

Déi voi mau SiO, chua bién tinh (SO), hé huyén phu thu dugc twong ddi
déng nhét, dung dich c6 d6 duc nhe va khong xudt hién hién tuong tach pha ro
rét. Piéu ndy chtng t6 cac hat SO ¢ kha ning thadm wdt va phan tan tét trong
nuéc, do bé mit gidu cac nhém hydroxyl (-OH) c6 tinh ua nudc, tao diéu kién
hinh thanh lién két hydro véi phan tir nude.

Nguoc lai, mau SiO, bién tinh silane flo (SOF) khong thé phan tan trong
moi trudng nude ma ¢ xu hudng tap trung va ndi trén bé mit dung dich. Pang
cha ¥, sau thoi gian luu mau 1én trong 24 gio, hién tugng nay hau nhu khong
thay d6i, khong quan sat thy su thAm u6t hay phan tan cua cac hat vao pha
nude. Két qua nay cho théy bé mit hat sau bién tinh da tré nén ki nuéc manh,
lam giam dang ké kha nang twong tac voi nudc.

Hién tuong trén hoan toan phu hop véi két qua do goc tiép xtc, trong do
mau SOF c¢6 gia tri goc tiép xuc 16n (~140°), phan anh ning luong bé mat thap
do sy hién dién ctia cac chudi perfluoroalkyl. Déng tho1, cac phan tich FTIR va
TGA ciing dd xac nhan sy ton tai ctia 16p phu silane flo trén bé mit hat. Nhu
vay, c6 thé khang dinh rang qua trinh bién tinh bang silane flo di 1am thay d6i
ban chét bé mit caa SiO, tir wa nudc sang ki nudc, dan dén sy khéc biét rd rét
vé kha ning phan tan trong mdi truong nudc.

e Nhin xét :
- Qua trinh bién tinh SiO, bang silane flo (FAS-17) d4 dién ra thanh cong,

thé hién qua su thay doi 10 rét vé ban chat bé mit cta hat. Cu thé, cdc nhom
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hydroxyl (-OH) wa nudc trén bé mat SiO, di duoc thay thé hodc bao phu boi
cac chudi perfluoroalkyl c6 ning luong bé mit thap. Piéu nay duoc chimg minh
thong qua su xuét hién cua cac lién két C—F trong pho FTIR, sy gia ting dang
ké ham luong hitu co trong két qua TGA, ciing nhu sy chuyén doi tir trang thai
wra nude (goc tiép xac ~17°) sang ki nude manh (*140°). Dong thoi, hién tuong
cac hat SOF noi trén bé mat nudc va khong bi thdm udt sau thoi gian dai cang
cing ¢6 cho nhan dinh vé tinh ki nudc vuot troi sau bién tinh. Khi tng dung
trong 16p phu polymer, cac hat SOF c¢6 tiém ning 16n trong viéc cai thién tinh
ki nuéc ma con duy tri tot cac tinh chit co Iy nho kha ning phén tan tot va han
ché két tu cua ching.

- So v&i cac nghién ciru di cong bd, gia tri goc tiép xtc thu duoc nim
trong khoang dién hinh (khoang 135-160°) ctia cac hé hat silica bién tinh silane
[73-74].

- Tai Viét Nam, cac nghién clru vé hat nano SiO: bién tinh fluorosilane
con tuong doi han ché. Hong Phan Duong va cong su da st dung hat nano SiO-
két hop PDMS dé ché tao 16p phu ki nude trén gidy loc va thu dugc goc tiép
xuc cuc dai khoang 83,5° [70]. Két qua nay cho thay viéc chi st dung PDMS
va SiO:z chua bién tinh tao ra hiéu qua ki nudc thap hon dang ké so véi hat SiO:
bién tinh FAS-17 trong nghién ciru hién tai.

3.2. PAC TRUNG CUA LOP PHU POLYURETHANE CHUA HAT
NANO SiO; BIEN TiNH SILANE
3.2.1. Anh huwéng ciia hat bién tinh dén géc tiép xic cia 16p phi

Trong nghién ciru ndy tién hanh bo sung cac hat nano vao 16p phil véi muc
dich dé cai thién kha niang ki nudc ctia mang tir d6 ting tinh ning ty 1am sach
ctia 16p phii. Pé danh gia anh huéng ciia ham lugng hat nano SO va SOF dén
tinh ki nudc cia 16p phi di tién hanh do goc tiép xuc bé mit cua 16p phu chia
cac hat nano & ti 18 khac nhau, két qua thé hién ¢ trén Hinh 3.7, Hinh 3.8 va
Bang 3.2.

Bang 3.2. Anh hudng ciia ham luong hat SO va SOF dén goc tiép xuc cia 16p

phu.
T Ham luong L&p phu chira hat nano
hat (%) SO SOF

1 0 73,3° 73,3°
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2 2,5 80,2° 88,8°
3 5 85,7° 97,2°
4 7,5 87,5° 103,5°
5 10 91,5° 110,1°
2 733
b) 80,20 c) 85,70

d) 87,50 || © 91,50

Hinh 3.7. Anh géc tiép xiic ciia I6p phii chiva hat SO ¢ cdc ti 1é 0; 2,5; 5; 7,5

va 10% twong ung (a-e)

Két qua do goc tiép xtic ciia 16p phu chira hat SiO, chua bién tinh (SO)
tai cac ham lugng khac nhau (0—10%) cho thdy xu huéng ting dan theo ham
luong hat. Cu thé, mau PU nguyén ban (0%) c6 goc tiép xuc khoang 73,3°, thé
hién bé mit co tinh ua nudc twong ddi. Khi bd sung hat SO véi cac ham luong
2,5% va 5%, goc tiép xuc tang 1én 1an luot 80,2° va 85,7%. Gia trj nay tiép tuc
tang 1én 87,5° tai 7,5% va dat khoang 91,5° & 10%, cho thay kha niang thim

udt ciia bé mat giam dan.
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Su gia tang goc tiép xtic dugc 1y giai chii yéu do su hién dién cua cac hat
nano lam ting d6 nham vi mo6 cta bé mat 16p phu, tir d6 lam giam dién tich tiép
xuc thue gitra giot nudc va bé mat. Pong thoi, cac hat SiO, khi phan tan trong
nén polymer c6 thé bi bao pht mot phan bai pha nhya, 1am giam murc do tiép
xuc truc tiép cua cac nhém hydroxyl (-OH) wa nudc v6i moi truong nude.

Mic du goc tiép xtic ting ti 1¢ thuan theo ham lugng hat, nhung gi4 tri
goc tiép xtic thu duoc van chi ndm trong ving ki nudc yéu (xap xi 90°). Diéu
nay cho thiy anh hudng cta ban chit wa nuéc cta SiO, chua bién tinh van chi
phéi dic tinh bé mait cta 16p phu. Do dé, dé nang cao hiéu qua ki nudc, can
thiét phai tién hanh bién tinh bé mit hat nham lam gidm nang luong bé mit,

nhu di duoc chimg minh hiéu qua d6i voi hé hat SiO, bién tinh silane flo.

a)

733"

b) 88,80 ©) 97,20

Hinh 3.8. Anh géc tiép xiic ciia I6p phii chiva hat SOF 6 cac tilé 02,5, 5 ;

7,5 va 10% twong ung (a-e)



33

Két qua do goc tiép xtc cta 16p phu chira hat SiO, bién tinh silane flo
(SOF) ¢ cac ham luong khac nhau cho thay tinh ki nudc cua bé mit tang rd rét
theo ham lugng hat. Khi bd sung 2,5% SOF, goc tiép xuc ting 1én 88,8°, cho
thdy kha ning thim udt cua bé mat da giam dang ké. O cac ham luong 5%,
7,5% va 10%, goc tiép xuc tiép tuc ting 1én lan luot 97,2°, 103,5° va 110,1°,
chtmg to bé mat 16p phui di chuyén sang trang thai ki nudc rd rét.

Su gia ting nay duoc 1y giai bai su két hop ctia hai yéu t6. Thir nhat, cac
hat SOF mang trén bé mit cac chudi perfluoroalkyl c6 nang luong bé mit thap,
khi phén tan trong 16p pht c6 xu huéng dinh hudng ra ngoai, lam gidm nang
luong bé mit cua mang. Thi hai, sy hién dién ctia cac hat nano goép phén tao
do nham vi mo cho bé mit, 1am giam dién tich tiép xuc thuc gitra giot nudc va
bé mit, tir d6 lam ting goc tiép xtic theo cac md hinh Wenzel hodc Cassie—
Baxter.

So v&i hé chira hat SiO, chua bién tinh, hé SOF thé hién hiéu qua cai
thién tinh ki nude vuot trdi, véi goe tiép xtic vugt 90° ngay tir ham lugng trung
binh. Piéu nay khang dinh vai tro quan trong ctia qué trinh bién tinh bé mat
trong viéc kiém soat tinh chat thAm uét. Nhu vay, vi¢c sur dung hat SiO; bién
tinh silane flo 12 hudng tiép can hiéu qua nham nang cao tinh ki nuéc cia 16p
pht polyurethane, dong thoi mo ra tiém ning tng dung trong cac hé 16p phi

chong bam ban va tu lam sach.

Hinh 3.9. Khd ndng tw lam sach cia kinh phii doi véi cdc dung dich MB
Két qua thir nghiém nho giot dung dich trén bé mat 16p phi chira 7,5%
hat cho théy su khac biét rd rét vé tinh chat thAm udt gitra hai h¢ SO va SOF
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(Hinh 3.9). Déi vai 16p phu chira hat SiO, chua bién tinh (SO), giot dung dich
lan rong va chay dai theo bé mat, tao thanh vét kéo dai, phan anh tinh wa nudc
tuong d6i ciia mang. Nguyén nhan 12 do bé mit hat SO van chira nhiéu nhom
hydroxyl (-OH) phan cuc, 1am ting twong tac voi nude va thiic day qua trinh
thAm udt.

Nguoc lai, 16p phti chtra hat SiO, bién tinh silane flo (SOF) thé hién su
khac biét o rét, dung dich chat mau chay thanh giot tron, hau nhu khong lan
rong trén bé mit. Diéu nay ching to bé mit mang co tinh ki nudc cao, voi ning
luong bé mit thép. Hién tuong nay duogc giai thich bdi sy hién dién cua cac
chudi perfluoroalkyl trén bé mit hat sau bién tinh, 1am giam dang ké twong tac
giita bé mat 16p phu va nudc.

Két qua quan sat ndy phu hop voi dit liéu goc tiép xuc da trinh bay, trong
d6 hé SOF cho gi4 tri goc tiép xtic cao hon dang ké so véi hé SO tai ciing ham
luong.

So voi céc 16p phi polyurethane ban dau khéng chira hat SiO- bién tinh
silane flo dugc cong bd trong nhiéu tai liéu, 10p pha chira hat SiO: bién tinh
silane flo cho théy su cai thién rd rét vé tinh ki nuée. Cac hé polyurethane chira
hat nano SiO, thudng c6 goc tiép xtuc nudc trong khoang 70-85° do sy hién
dién ctia cac nhom urethane phan cuc trén bé mat [75]. Trong khi d6, mau 16p
phu ctia nghién ctru nay dat goc tiép xtc tir 88,8° dén 110,1° khi ting ham luong
SOF, cho thay bé mat da chuyén tir trang thai gan trung tinh sang ki nudc 1o
rét.

Nhu vay, viéc st dung hat SiO, bién tinh silane flo & ham luong 7,5%
d3 cai thién hiéu qua tinh ki nudc cta 16p pha, ddng thoi gop phan ning cao
kha ning chong bam ban va tiém ning Gmg dung trong cac hé 16p phu ty 1am
sach.

3.2.2. Anh hwéng ciia hat bién tinh dén tinh chit co' ly cia 16p phi

Nho su ¢6 mit cua cac hat nano SiO, bién tinh silan flo, tinh ki nuéc cua
16p phu tang 1én dang ké. Tuy nhién tinh chat co 1y cta 16p phu can phai dap
g yéu cau cta thyc tién. Néu céac tinh chat co khong dam bao, 16p pha dé bi
hong, bi bong troc, thoi gian sir dung ngan, khong con kha ning trang tri, bao
vé va gy mat thim my. Trong phan nay, s& trinh bay két qua danh gia mot sd
tinh chat co cta 16p phu bao gom: do bam dinh, do bén va dap, d6 cling tuong
d6i ctia cac 16p phu khi bo sung thém hat nano SiO, bién tinh silan flo (Bang
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3.3). Mot s6 tinh chét co cua 16p phu chtra cadchat nano SiO, ban dau da duogc

khao sat va trinh bay trén bang 3.4 dé so sanh.
Bang 3.3. Sy anh hudng ciia ctia hat nano SOF dén tinh chit co 1i cta 16p phu

T Tinh chit co Iy Ham lugng hat nano SOF trong 16p phu, %
0 2,5 5 7,5 10
Po bam dinh 0 0 0 1 1
2 | Po cung tuong d6i 0,70 0,75 0,80 0,75 0,65
Do bén va dap, Kg.cm 170 180 190 190 170

Bang 3.4. Sy anh huong ciia hat nano SO dén tinh chét co li cia 16p phu

Ham luong hat nano SiO, trong 16p phu, %
TT Tinh chét co ly
0 2,5 5 7,5 10
I | D bam dinh 0 0 0 1 2
2 | Po cung twong ddi 0,70 0,82 0,70 0,65 0,62
3 | Po bén va dap, Kg.cm 170 190 185 180 160

Két qua nghién ctru cho thay ca hat nano SiO: va nano SOF (SiO: bién
tinh silane flo) déu c6 kha nang cai thién tinh chat co 1y cta 16p pha & ham
luong thich hop. Tuy nhién, mic do anh hudng va xu huéng bién doi tinh chat
ctia hai loai hat nano c6 su khéc biét 1 rét do su khac nhau vé dic diém bé mat
va kha ning tuong tic v4i nén polyme.

Dbi voi @6 bam dinh, ca hai hé 16p pht déu duy tri cap bam dinh 0 & ham
luong nano thap. Tuy nhién, 16p phii chita SOF cho thiy kha ning duy tri d6
bam dinh t6t hon ¢ ham lugng cao. Cu thé, tai 10% nano, 16p phu chira SOF
chi giam xudng cap 1, trong khi 16p phu chira SiO: giam xudng cap 2. Diéu nay
cho thdy qua trinh bién tinh silane flo da cai thién sy twong hop gitta hat nano
v6i nén polyme, gitip cac hat phan tan ddng déu hon va han ché hién tuong tach
pha hoic tao khuyét tit trong mang phu. Ngoai ra, 16p silane trén bé mit SOF
con co thé tao lién két hoa hoc hodc tuong tdc manh hon vai nén nhua, tir d6

duy tri kha ning bam dinh t6t hon so v&i SiO: chua bién tinh.
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Péi v6i d9 cirng twong doi, hai loai nano déu lam ting do cing ¢ ham
luong thip nho hiéu Gng gia cudng cia pha vo co. Tuy nhién, xu hudng bién
ddi cua hai hé c6 su khac nhau. L6p phu chtra SiO2 dat d6 cing cuc dai 0,82 &
ham lugng 2,5%, cao hon 16p phu chita SOF (0,80 & 5%). Piéu nay cho thiy
Si02 nguyén thuy c6 kha nang gia cuong d¢ cing manh hon trong giai doan
dau do ban chét vo co ctig va kha ning han ché chuyén dong ctia mach polyme.
Tuy nhién, khi tdng ham lugng nano, d¢ cing cua hé SiO2 gidm nhanh hon,
xudng con 0,62 tai 10%, trong khi hé SOF van duy tri & mic 0,65. Két qua nay
cho thay SOF c6 kha ning phan tan 6n dinh hon trong nén polyme, han ché
hién tuong két tu hat & ndng d6 cao nhd 16p bién tinh silane flo 1am giam ning
luong bé mit cta hat nano.

Dbi véi dd bén va dap, ca hai hé 16p pht déu c6 xu hudng ting & ham
luong nano thap va giam khi ham lugng nano qua cao. Tuy nhién, 16p phu chtra
SOF thé hién kha ning duy tri d6 bén va dap tot hon. Gia tri d6 bén va dap cuc
dai ctia hé SOF dat 190 Kg.cm tai 5—7,5%, trong khi h¢ SiO2 dat 190 Kg.cm tai
2,5% nhung gidm nhanh khi tdng ham lugng nano. Pac biét & 10%, 16p phu
chtra SOF van dat 170 Kg.cm, cao hon dang ké so véi hé SiO: (160 Kg.cm).
Piéu nay cho thay 16p bién tinh silane flo giup cai thién tinh tuong hop va giam
su hinh thanh cdc cum hat 16n, tir 46 han ché hién tuong tap trung tng suat va
gidm xu hudng gion hoa cua 16p phu.

Nhin chung, nano SiO: chua bién tinh cho hiéu qua ting do cting manh
hon & ham luong thap nhung dé xay ra két tu khi ham lugng ting cao, dan dén
suy giam nhanh céc tinh chat co 1y. Trong khi d6, nano SOF nhd dugc bién tinh
bang silane flo nén c6 kha nang phan tan tot hon trong nén polyme, gitp duy
tri On dinh céc tinh chét co hoc va d6 bam dinh & ham lugng cao hon. Vi vay,
SOF dugc danh gia 14 pht hop hon dé ché tao 16p pht nanocomposite ¢6 tinh
chat co 1y 6n dinh va bén vimg. Ngoai ra hiéu qua gia cudng ctia ca hai loai hat
SiO, chua bién tinh va SiO, bién tinh con dugc giai thich boi phan ung gitra
nhom isocyanate voi nhém OH trén bé mit cac hat SiO» tao thanh cau trac lai
v6 co-hitu co viig chic [69,72]. Nhu vay ham luong nano SOF khoang 5%
dugc xem 13 pht hop nhat dé cai thién dong thoi cac tinh chat co 1y cua 16p
pht. O ham lugng nay, hat nano phan tan tuong dbi dong déu trong nén vt

lidu, phat huy tot vai tro gia cuong ma chua gay ra hién tugng két tu dang ké.
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Pay 1a co s& quan trong dé lwa chon ty 1¢ nano SOF ti wu trong qua trinh ché
tao 16p phu nanocomposite.

- Trong cac nghién clru trude day, chi tap trung nghién ctru lam tang tinh
ki nude cua 10p phu, giup cac hé vat liéu dat goc tiép xuc trong khoang 90—
150°, tham chi tién gan trang thai siéu ki nudc (>150°). Tuy nhién, cac nghién
ctru nay thudng tap trung manh vao viée tang tinh ki nudc, trong khi chua dong
thoi 1am ting tinh chat co hoc cua 16p phii. Mot s6 hé 16p phu sir dung ham
lugng fluor cao hodc ciu tric nham qua phat trién c6 thé din dén hién tuong
gidn mang, giam d6 bam dinh va suy giam d6 bén khi chju mai mon hodc tc
dong moi trudng [76]. Ngoai ra, su phan bd khéng ddng déu cua pha ki nude
trong mot s6 hé vat liéu cling co thé 1am giam tinh 6n dinh 1au dai cua g6c tiép
xuc theo thot gian.

- Nguoc lai, trong nghién ciru nay, viéc str dung hat SiO: bién tinh silane
flo (SOF) trong nén polyurethane khong chi hudng dén cai thién tinh ki nudc
ma con dong thoi duy tri va toi wu hoa co tinh ctia 16p phi. V&i ham luong hat
duoc tdi wu trong khoang 5-7,5% gitp hinh thanh ciu trac bé mat du nham dé
tang kha ning chdng tham udt, ddng thoi han ché hién twong két tu hat, tir d6
gilr dugc do cing va do bén va dap ¢ muc 6n dinh. Piéu nay cho théy su khac
biét quan trong so vdi cac nghién ctru qudc té, khi nghién ctru nay khong chi
tap trung vao hiéu tmg ki nudc ma con chu trong dén tinh can bang giita hiéu
suét bé mit va do bén co hoc — yéu td then chot cho ung dung thuc té.

- Trong khi d6, cac hé trong nude chi yéu dung PDMS hoic SiO: chwra bién
tinh, nén goc tiép xtic thudng chi dat khoang 80—-100° [70]. Piéu nay cho thay
hiéu qua ki nudc cua hé PU/SOF trong nghién ctru nay vuot troi ro rét.

3.2.3. Hinh thai ciu tric ciia 16p phi

Sau khi ché tao nano SiO, bién tinh silane & ti 18 5:6 trong dung moi
toluene va st dung chét xtc tac TEA tién hanh cho vao hé nhya PU véi ham
luong 5%.

Hinh théi cau trac cta 16p phi duoc nghién ctru phan tich qua phuong
phap do SEM, 4nh SEM cua céac 16p phu PU chira 5% hat SOF va 5% SO duoc
thé hién nhu & trén Hinh 3.10.
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Hinh 3.10. Anh FESEM ciia bé mat 16p phii chiva 5% hat nano SOF, b) Lép
phu chira 5% hat SiO;

Anh FESEM cho théy hinh thai bé mit cua 16p phu ¢6 su khac biét ro rét
khi str dung hat nano SOF va hat nano SiO: chua bién tinh. O cung do phong
dai x20.000, bé mat 16p phu chira 5% nano SOF (hinh 3.10a) xuat hién tuong
d6i dong déu vai cac hat nano phan bb min va kha dong nhét trong nén polyme.
Céc hat c6 kich thudc nho, phan tan tuong ddi déu va it xuat hién cac cum két
tu 16n. Didu nay cho thiy qua trinh bién tinh bé mat SiO- béng silane flo da lam
gidm nang lugng bé mat cua hat nano, tir d6 han ché luc hut gitra c4c hat va cai
thién kha ning tvong hop v6i nén nhua.

Nguoc lai, ¢ 16p phu chira nano SiO2 chua bién tinh (hinh 3.10b), c6 thé
quan sat théy su xuét hién ctia cac hat kich thudc 16n hon va mot sd vung két
tu cuc bo. Mat do phan bd hat khong déng déu, nhiéu vj tri xuat hién cac cum
sang tap trung cho thay hién twong két tu nano xay ra rd hon so v6i hé SOF.
Nguyén nhan 1a do bé mat SiO: chira nhiéu nhém hydroxyl (-OH) c6 ning
luong bé mit cao, dan dén xu hudng lién két hydro va két tu gitra cac hat nano
trong moi truong polyme.

Su khac biét vé muc do phan tan hat nano trén anh FESEM phu hop voi
cac két qua co 1y cua 16p phu. Dbi v6i hé SOF, su phan tan tot cua hat nano
gitip ting kha ning truyén tng suit giira nén polyme va pha gia cudng, tir d6
cai thién dong thoi do cting va do bén va dap cua 16p phu. Dong thoi, cu trac
d6ng nhit hon ciing gop phan duy tri d6 bam dinh t6t & ham lugng nano cao.
Trong khi d6, su két tu ctia SiO: tao ra cac vung khuyét tat va tdm tap trung
g suat trong 16p phu, lam giam hiéu qua gia cuong co hoc khi ham luong
nano tiang cao. Pay 13 nguyén nhan khién 16p phu chira SiO: chua bién tinh bi

suy giam manh d¢ bam dinh, dd cing va do bén va dap & ham lugng trén 5%.
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Ngoai ra, 16p silane flo trén bé mit SOF khong chi cai thién kha nang
phan tan ma con lam ting tinh twong hop giita pha v6 co va nén hitu co nho cac
tuong tac hoa hoc hoic lién két gitra nhom silane voi mach polyme. Diéu nay
tao nén cau trac mang phu dac chic va 6n dinh hon so v&i hé st dung SiO:2
thong thuong.

Nhin chung, két qua FESEM cho thdy qua trinh bién tinh SiO. bang
silane flo da cai thién dang ké kha ning phan tan ctia hat nano trong 16p phu.
Pay 1a yéu té quan trong giup 16p phu chira SOF dat dugc cac tinh chit co 1y
t6t va 6n dinh hon so véi 16p phii chira SiO: chua bién tinh.

Sy hinh thanh cu tric nham vi mé dong déu & mau SOF phu hop véi
cac két qua goc tiép xtc trude do, khi 16p pha chira SOF cho tinh ki nude cao
hon dang ké so véi hé chita SO. Nhu vay, két qua SEM da chimg minh rang
viéc bién tinh SiO, bang silane flo khong chi cai thién kha nang phan tan cta
hat trong nén polymer ma con gép phan tao nén cu tric bé mat thuan lgi cho
cac tng dung 16p phii chdng bam ban va tir 1am sach.

3.2.4. Ham lwong cic nguyén tb

Ham luong silane trong cac hat nano SiO; bién tinh silane ciing duoc xac
dinh bang phuong phap phan tich phd tan sic ning luong EDX. Két qua phan
tich dugc trinh bay trén Hinh 3.11.

Hinh 3.11. Két qud phan tich EDX ciia mau I6p phi polyurethane chira hat

Si0O; bién tinh silane
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Hinh 3.12. Hinh anh EDS -mapping ciia mau 16p phii polyurethane chita hat
SiO; bién tinh silane

Tir két qua EDS-mapping cho thay rang 16p pht polyurethane chitra hat
Si0, bién tinh silane tOn tai cac thanh ph?m hoéahocla O, C, SivaF.

Anh SEM cua 16p phu chira hat SiO, bién tinh silane flo (SOF) cho thiy
bé mit mang tuong ddi dong nhat va lién tuc, khong xuat hién cac khuyét tat
16n nhu vét nut hay 16 rong 10 rét. Cac hat nano duoc phan bd kha déng déu
trong nén polymer, chi xuét hién mét s6 cum hat kich thudc nhé rai rac. Diéu
nay cho thay qua trinh bién tinh d4 cai thién kha ning twong hop va phén tan

cua hat trong hé nhua, déng thoi han ché hién tuong két tu so véi hat SiO, chua
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bién tinh. B&é mat 16p pha c6 d6 nham vi mé nhat dinh, gop phan lam ting tinh
ki nudce cua vat liéu.

Két qua phan tich EDS cho thay sy hién dién cta cc nguyén té chinh gdm
C, O, Si va F. Trong d6, nguyén t6 C chiém ty 18 cao, phtl hop v6i ban chit cua
nén polymer hitu co. Cac nguyén t6 O va Si xac nhan sy c6 mit ctia pha SiO,
trong 16p phu. Pic biét, sy xuat hién ciia nguyén té F 13 bang ching quan trong
chtng minh su ton tai ctia cac nhom perfluoroalkyl tir tac nhan silane flo trén
bé mat hat sau bién tinh.

Két qua EDS mapping ctia 16p phu chira hat SiO, bién tinh silane flo (SOF)
cho thay su phan bd ctia cac nguyén té chinh gdm C, O, Si va F trén bé mat
mau. Nguyén t6 C ¢ mat do tin hiéu cao va phan bd dong déu, phi hop véi
ban chat ctia nén polymer hitu co. Nguyén t6 O ciing xuét hién rong khip, phan
anh sy hién dién ctia cic nhém oxy trong ca pha SiO; va nén nhua.

Pbi v6i nguyén to Si, tin hiéu phan bd tuong doi dong nhat trén toan bod
bé mit, cho thay céc hat SiO, dugc phan tan tot trong 16p phu, khong ghi nhan
hién tuong két tu cuc bod dang ké. Pic biét, nguyén td F xudt hién v&i mat do
rd rét va phan bd tuong dbi dong déu, 13 bang chimg truc tiép cho sy hién dién
ctia cac nhom perfluoroalkyl tir tic nhan silane flo trén bé mat hat sau bién tinh.

Nhu vay, két qua EDS mapping da khang dinh cac hat SiO, bién tinh dugc
phan tan hiéu qua trong nén polymer, dong thoi cdc nhém chirc flo héa ciing
dugc phan bd ddng déu trén bé mat 16p phu. Diéu nay gop phan hinh thanh cdu
tric nanocomposite 6n dinh, tao co s& cho viéc nang cao tinh ki nudc va cac
tinh chét chirc niang cta 16p phu.

o Nhan xét :

Tir cac két qua khao sat c6 thé thay rang viéc bd sung hat SiO, bién tinh
silane flo (SOF) da cai thién dang ké tinh ki nudc cua 16p phi polyurethane,
dong thoi van duy tri tot cac tinh chat co 1y. Cu thé, goc tiép xtlc tang rd rét
theo ham luong hat, giot nudc c6 xu hudng giit dang cau va han ché lan rong
trén bé mat, thé hién kha ning chong thim wdt va tiém nang tu lam sach. Két
qua SEM va EDS mapping cho thay cac hat SOF phan tan twong d6i dong déu
trong nén polymer, gop phan tao nén ciu tric mang 6n dinh va han ché hién
tuong két tu.

Vé tinh chat co hoc, do cting ctia 16p phu ting theo ham luong hat va dat

gia tri cao & ving noéng do trung binh, trong khi d6 bén va dap dat toi wu &
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khoang 5% va van duy tri & muc tot tai 7,5%. Diéu nay cho thay qua trinh bién
tinh bé mt hat da giup cai thién kha nang phan tan cta hat trong nén nhya va
han ché hién tuong két tu & ham luong thich hop, qua d6 han ché su suy giam
tinh chit co 1y khi ting ham lwong hat.

Xét téng thé gitra hi¢u qua ki nudc, kha nang tu 1am sach, do on dinh co
hoc va yéu td kinh té, ham lugng 5-7,5% hat SOF dugc danh gia 1a phu hop
nhat cho ung dung thyc tién. O ham luwong nay, 16p phu dat duoc tinh ki nudc
rd rét v6i goc tiép xuc cao, ddng thoi van dam bao do cimg va do bén va dap ¢
muc On dinh. Viéc tang ham lugng 1én 10% tuy tiép tuc cai thién tinh ki nudc
nhung hiéu qué gia ting khong twong xtng véi chi phi bd sung vét liéu. Do do,
Iwra chon 5-7,5% SOF 14 hop 1y, dam bao su can bang giita hiéu ning k¥ thuét
va hiéu qua kinh té, pht hop cho cac tng dung 16p pht chdng bam ban va tu

lam sach.
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KET LUAN VA KIEN NGHI
4.1. KET LUAN

- P4 bién tinh thanh cong hat nano SiO: bang FAS-17. Két qua FTIR xuat
hién cac dao dong dic trung cua lién két C—F, trong khi phan tich TGA cho
thdy su suy giam khdi lwong & ving nhiét d6 350-550°C, ching to cac nhom
fluorosilane da duoc ge“'m 1én bé mat hat SiO..

- Hat SOF phan tan dong déu hon trong nén polyurethane so voi SiO: chua
bién tinh, gop phan cai thién tinh déng nhat cia mang phu va han ché hién
tuong két tu hat nano.

- Viéc bo sung hat SOF 1am ting déng ké tinh ki nudc cua 16p phu, thé
hién qua sy gia ting goc tiép xtGic nude so voi mau PU va PU/SiOs.

- Pong thoi, céc tinh chét co Iy nhu d6 cing, do bam dinh va do bén va
dap van duoc duy tri trong gidi han yéu cau k¥ thuat.Trong pham vi nghién
ctru, ham luong SOF tir 5-7,5% cho su cén bang tot giira tinh ki nudc va cac
tinh chat co 1y cua 16p phi, cho thiy tiém ning Gng dung trong cac hé 16p phi

chong bam ban va tu lam sach.

4.2. KIEN NGHI

Ttr cac két qua nghién ctru vé anh hudng cta hat nano SiO: va nano SOF
dén tinh chat co 1y va hinh thai bé mat 16p phi, ¢6 thé dua ra mot s kién nghi
nhu sau:

St dung hat nano SOF (SiO: bién tinh silane flo) thay cho SiO- chua bién
tinh trong ché tao 16p phii nanocomposite nham nang cao kha ning phan tan
hat nano, cai thién tinh d6ng nhat cia mang pha va duy tri tot cac tinh chét co
Iy va cai thién dang ké tinh ki nudc cua 16p phu.

Nghién ciru sau hon co ché tuong tac gitra SOF va nén polyme, nghién
ctru danh gia thém cac tinh chat nhu chdng an mon, do bén thoi tiét, d6 bén UV
va chéng tham nudc.

Trong dinh hudng tmg dung thyc té, 16p phi chira nano SOF ¢6 tiém ning
st dung trong cac linh vuc yéu cau do bén co hoc va d6 6n dinh cao, tinh nang
ki nude tot nhu 16p phu bao v¢ kim loai, vat li¢u chéng an mon, 16p phu ngoai

tro1 hodc 16p phu chire nang c6 tinh ki nude.



44

TAI LIEU THAM KHAO
[1] D. Guo, Y. Liu, X. Zhang, and J. Liu, “A superhydrophobic polyacrylate
film with good durability fabricated via spray coating,” Journal of Materials
Science, vol. 53, no. 22, pp. 15390-15400, 2018. doi: 10.1007/s10853-018-
2730-5.
[2] C. Ma, Y. Zhang, H. Liu, X. Wang, and L. Chen, “Preparation and
characterization of polyacrylate composite and its application in
superhydrophobic coating based on silicone-modified ZnO,” Journal of
Coatings Technology and Research, vol. 18, no. 2, pp. 415-433, 2021. doi:
10.1007/s11998-020-00411-7.
[3] A. Hooda, M. S. Goyat, A. Kumar, and R. Gupta, “A facile approach to
develop modified nano-silica embedded polystyrene based transparent
superhydrophobic coating,” Materials Letters, vol. 233, pp. 340-343, 2018.
doi: 10.1016/j.matlet.2018.09.043.
[4] S. S. Latthe, A. Bhosale, C. Terashima, K. Nakata, and A. Fujishima,
“Superhydrophobic leaf mesh decorated with SiO. nanoparticle—polystyrene
nanocomposite for oil-water separation,” ACS Applied Nano Materials, vol. 2,
no. 2, pp. 799-805, 2019. doi: 10.1021/acsanm.8b02021.
[5] C. Wei, J. Dai, Y. Liu, and Z. Wang, “Simplified and robust adhesive-free
superhydrophobic SiO2-decorated PVDF membranes for efficient oil/water
separation,” Journal of Membrane Science, vol. 555, pp. 220-228, 2018. doi:
10.1016/j.memsci.2018.03.058.
[6] M. Wang, Y. Zhang, H. Liu, X. Wang, and J. Li, “ZnO nanorod array
modified PVDF membrane with superhydrophobic surface for vacuum
membrane distillation application,” ACS Applied Materials & Interfaces, vol.
10, no. 16, pp. 13452-13461, 2018. doi: 10.1021/acsami.8b00271.
[7] Y. Wu, X. Liu, J. Zhang, and H. Wang, “Facile spraying fabrication of
highly flexible and mechanically robust superhydrophobic F-SiO@PDMS
coatings,” New Journal of Chemistry, vol. 42, no. 22, pp. 18208—18216, 2018.
doi: 10.1039/C8NJ04275F.
[8] B. J. Deka, E.-J. Lee, J. Guo, J. Kharraz, and A. K. An, “Electrospun
nanofiber membranes incorporating PDMS-aerogel superhydrophobic
coating,” Environmental Science & Technology, vol. 53, no. 9, pp. 4948—4958,
2019. doi: 10.1021/acs.est.8b07254.



45

[9] H. Zhou, Y. Li, X. Zhang, and J. Wang, “Fabrication of ZnO/epoxy resin
superhydrophobic coating on AZ31 magnesium alloy,” Chemical Engineering
Journal, vol. 368, pp. 261-272,2019. doi: 10.1016/j.cej.2019.02.032.

[10] T. Ren, G. Tang, B. Yuan, Z. Yan, L. Ma, and X. Huang, “One-step
fabrication of robust superhydrophobic coatings,” Surface and Coatings
Technology, vol. 380, p. 125086, 2019. doi: 10.1016/j.surfcoat.2019.125086.
[11] M. Ghashghaee, M. Fallah, and A. Rabiee, “Superhydrophobic
nanocomposite coatings of PMMA and stearic acid grafted CuO
nanoparticles,” Progress in Organic Coatings, vol. 136, p. 105270, 2019. dot:
10.1016/j.porgcoat.2019.105270.

[12] R. S. Sutar, A. M. Kokare, S. G. Deshmukh, R. Xing, S. Liu, and S. S.
Latthe, “Superhydrophobic nanocomposite coatings of silica NPs and PMMA,”
Macromolecular ~ Symposia, vol. 393, p. 2000116, 2020. doi:
10.1002/masy.202000116.

[13] G. Luo, X. Zhang, Y. Wang, and J. Liu, “Wear-resistant transparent
PU/Si0: superhydrophobic coating,” Surface Engineering, vol. 34, no. 2, pp.
139-145, 2018. doi: 10.1080/02670844.2016.1236068.

[14] E. Yousefi, M. R. Ghadimi, S. Amirpoor, and A. Dolati,
“Superhydrophobic polyurethane coating with enhanced durability,” Applied
Surface Science, vol. 454, pp- 201-209, 2018. doi:
10.1016/j.apsusc.2018.05.125.

[15] H. Zheng, M. Pan, J. Wen, J. Yuan, L. Zhu, and H. Yu, “Waterborne
polyurethane superhydrophobic coatings,” Industrial & Engineering Chemistry
Research, vol. 58,no. 19, pp. 8050-8060, 2019. doi: 10.1021/acs.iecr.9b00052.
[16] N. Yu, X. Xiao, Z. Ye, and G. Pan, “Durable superhydrophobic coating
with self-cleaning property,” Surface and Coatings Technology, vol. 347, pp.
199-208, 2018. doi: 10.1016/j.surfcoat.2018.04.088.

[17] J. Huang, S. Lyu, Z. Chen, S. Wang, and F. Fu, “Cellulose
nanocrystal/SiO2 superhydrophobic coatings,” Journal of Colloid and Interface
Science, vol. 536, pp. 349-362, 2019. doi: 10.1016/;.jcis.2018.10.045.

[18] M. Yang, W. Liu, C. Jiang, S. He, Y. Xie, and Z. Wang,
“Superhydrophobic cotton fabric via TiO:z sol,” Carbohydrate Polymers, vol.
197, pp. 75-82, 2018. doi: 10.1016/j.carbpol.2018.05.075.



46

[19] A. M. Kokare, R. S. Sutar, S. G. Deshmukh, R. Xing, S. Liu, and S. S.
Latthe, “ODS-modified TiO2: nanoparticles,” AIP Conference Proceedings, vol.
1953, p. 100068, 2018. doi: 10.1063/1.5033004.

[20] G. B. Hwang, A. Patir, K. Page, Y. Lu, E. Allan, and I. P. Parkin, “Drag
reduction via superhydrophobic coating,” Nanoscale, vol. 9, no. 22, pp. 7588—
7594, 2017. doi: 10.1039/C7NR00950J.

[21] K. Sun, H. Liu, X. Wang, and D. Wu, “Innovative design of
superhydrophobic thermal energy-storage materials by microencapsulation of
n-docosane with nanostructured ZnO/Si0: shell,” Applied Energy, vol. 237, pp.
549-565, 2019. doi: 10.1016/j.apenergy.2019.01.043.

[22] J. O. Akindoyo, M. D. H. Beg, S. Ghazali, M. R. Islam, N. Jeyaratnam,
and A. R. Yuvaraj, “Polyurethane types, synthesis and applications — A
review,” RSC Advances, vol. 6, pp. 114453-114482, 2016. doi:
10.1039/C6RA14525F.

[23] G. Oertel, Polyurethane Handbook, 2nd ed. Munich, Germany: Hanser
Publishers, 2019.

[24] D. Wienen, M. R. Buchmeiser, and S. Agarwal, “An overview of
polyurethane biomaterials and their use in drug delivery,” Journal of
Controlled Release, 2023. doi: 10.1016/].jconrel.2023.09.036.

[25] B.-X. Cheng, Y. Zhang, H. Liu, and L. Wang, “A review of microphase
separation of polyurethane: Characterization and applications,”
Testing, vol. 107, p. 107489, 2022. doi:
10.1016/j.polymertesting.2022.107489.

[26] H. Dong, Y. Li, X. Zhang, and J. Wang, “Recent advances in polyurethane

Polymer

materials for high-performance applications,” Polymers, vol. 16, no. 22, p.
3182, 2024. doi: 10.3390/polym16223182.

[27] M. Szycher, Szycher’s Handbook of Polyurethanes, 2nd ed. Boca Raton,
FL, USA: CRC Press, 2019.

[28] J. H. Saunders and K. C. Frisch, Polyurethanes: Chemistry and
Technology. Hoboken, NJ, USA: Wiley, 2021.

[29] Y. Wu, X. Liu, J. Zhang, and H. Wang, “Advances in waterborne
polyurethane systems,” Progress in Organic Coatings, 2021. doi:
10.1016/j.porgcoat.2021.106123.



47

[30] A. Cornille, R. Auvergne, O. Figovsky, B. Boutevin, and S. Caillol,
“Recent progress in non-isocyanate polyurethane,” European Polymer Journal,
2021. doi: 10.1016/j.eurpolym;j.2021.110449.

[31] S. Roshan, A. Kumar, R. Singh, and P. Sharma, “Polyurethane
nanocomposite  coatings: A review,”  Molecules, 2024.  doi:
10.3390/molecules29163901.

[32] Y. Li, J. Wang, X. Liu, and H. Zhao, “Functional silica nanoparticles for
advanced polymer coatings: A review,” Progress in Organic Coatings, vol. 163,
p. 106660, 2022. doi: 10.1016/j.porgcoat.2021.106660.

[33] Y. Zhang, J. Li, H. Wang, and X. Chen, “Recent advances in
superhydrophobic coatings for corrosion protection: A review,” Progress in
Organic Coatings, vol. 171, p. 107015, 2022. dot:
10.1016/j.porgcoat.2022.107015.

[34] M. Ramezanzadeh, G. Bahlakeh, and B. Ramezanzadeh, “Graphene
reinforced polyurethane coatings for enhanced corrosion protection
performance: Recent advances and future perspectives,” Journal of Coatings
Technology and Research, vol. 18, pp. 1421-1443, 2021.

[35] T. V. Nguyen, P. H. Dao, T. A. Nguyen, V. H. Dang, M. N. Ha, T. T. T.
Nguyen, Q. T. Vu, N. L. Nguyen, T. C. Dang, P. T. Nguyen, D. L. Tran, and
L. T. Lu, “Photocatalytic degradation and heat reflectance recovery of
waterborne acrylic polymer/ZnO nanocomposite coating,” Journal of Applied
Polymer Science, vol. 137, no. 37, Art. no. 49116, 2020, doi:
10.1002/app.49116

[36] D. T. Vy, D. P. Hung, N. T. Anh, T. D. Lam, and N. T. Vuong, “Curing
process, mechanical property and thermal stability of acrylic
polyurethane/Fe-Os nanocomposite coatings,” Vietnam Journal of Science and
Technology, vol. 62, no. 3, pp. 486—495, 2024. doi: 10.15625/2525-
2518/17553.

[37] M. Malaki, Y. Hashemzadeh, and M. Karevan, “Effect of nano-silica on
the mechanical properties of acrylic polyurethane coatings,” Progress in
Organic  Coatings,  vol. 101, pp. 477485,  2016. doi:
10.1016/j.porgcoat.2016.09.012.

[38] M. Malaki, Y. Hashemzadeh, and A. Fadaei Tehrani, “Abrasion resistance

of acrylic polyurethane coatings reinforced by nano-silica,” Progress in



48

Organic  Coatings,  vol. 125, pp. 507-515, 2018.  doi:
10.1016/j.porgcoat.2018.07.034.

[39] S. Das, P. Pandey, S. Mohanty, and S. K. Nayak, “Effect of nanosilica on
physicochemical and curing characteristics of polyurethane coatings,”
Progress in Organic Coatings, vol. 97, pp. 233-243, 2016. doi:
10.1016/j.porgcoat.2016.04.012.

[40] M. Satapathy, P. Varshney, D. Nanda, S. S. Mohapatra, A. Behera, and A.
Kumar, “Durable porous superhydrophobic LLDPE/SiO: coatings,” Surface
and Coatings Technology, vol. 341, pp. 31-39, 2018. doi:
10.1016/j.surfcoat.2017.07.025.

[41] S. Zhou, L. Wu, J. Sun, and W. Shen, “The change of properties of acrylic
polyurethane via addition of nano-silica,” Progress in Organic Coatings, vol.
45, no. 1, pp. 33-42, 2002. doi: 10.1016/S0300-9440(02)00085-1.

[42] S. Zhou, L. Wu, J. Sun, and W. Shen, “Effect of nanosilica on polyester-
based polyurethane,” Journal of Applied Polymer Science, vol. 88, no. 1, pp.
189-193, 2003. doi: 10.1002/app.11624.

[43] T. P. Rasitha, R. K. Singh, and A. Kumar, “A comprehensive review on
anticorrosive superhydrophobic coatings,” Advances in Colloid and Interface
Science, 2024. doi: 10.1016/].¢is.2024.103090.

[44] E. P. Plueddemann, Silane Coupling Agents. Springer, 1991. doi:
10.1007/978-1-4899-2070-6.

[45] X. Zhang, F. Shi, J. Niu, Y. Jiang, and Z. Wang, “Superhydrophobic
surfaces: From structural control to functional application,” Journal of
Materials Chemistry, vol. 18, no. 6, pp. 621-633, 2008. doi:
10.1039/B711226B.

[46] F. Xue, D. Jia, Y. Li, and X. Jing, “Mechanically robust superhydrophobic
acrylic polyurethane coating,” Journal of Materials Chemistry A, vol. 3, no. 26,
pp. 1385613863, 2015. doi: 10.1039/C5TA02780B.

[47] S. G. Lee, D. S. Ham, D. Y. Lee, H. Bong, and K. Cho, “Transparent
superhydrophobic coatings based on silica—fluoropolymer nanoparticles,”
Langmuir, vol. 29, no. 48, pp. 15051-15057, 2013. doi: 10.1021/1a404005b.
[48] A. Das, T. M. Schutzius, I. S. Bayer, and C. M. Megaridis,
“Superoleophobic carbon nanofiber/fluoropolymer films,” Carbon, vol. 50, no.
3, pp. 13461354, 2012. doi: 10.1016/j.carbon.2011.11.006.



49

[49] S. Das, S. Kumar, S. K. Samal, S. Mohanty, and S. K. Nayak, “Review on
superhydrophobic polymer nanocoatings,” [Industrial & FEngineering
Chemistry Research, vol. 57, no. 8, pp. 2727-2745, 2018. doi:
10.1021/acs.iecr.7b04887.

[50] K. Chen, S. Zhou, S. Yang, and L. Wu, “Self-repairing superhydrophobic
coatings based on UV-responsive microcapsules,” Advanced Functional
Materials, vol. 25, no. 7, pp. 1035-1041, 2015. doi: 10.1002/adfm.201403496.
[51]Nguyen, T. M., Bui, T. M. A., & Nguyen, T. V., “Acid and alkali resistance
of Acrylic polyurethane/R-Si10: nanocomposite coating,” Vietnam Journal of
Chemistry, 58(1), 67-73, 2020. DOI: 10.1002/vjch.2019000124

[51] Y. Cheng, D. Miao, L. Kong, J. Jiang, and Z. Guo, “Preparation and
performance test of the superhydrophobic polyurethane coating based on waste
cooking oil,” Coatings, vol. 9, no. 12, p. 861, 2019. doi:
10.3390/coatings9120861.

[52] M. R. Safaei, R. Ranjbarzadeh, A. Hajizadeh, M. Bahiraei, M. Afrand, and
A. Karimipour, “Effects of cobalt ferrite coated with silica nanocomposite on
thermal conductivity of antifreeze,” International Journal of Refrigeration, vol.
102, pp. 86-95, 2019. doi: 10.1016/j.ijrefrig.2018.12.007.

[53] H. Agbe, D. K. Sarkar, and X.-G. Chen, “Tunable superhydrophobic
aluminum surfaces with anti-biofouling and antibacterial properties,” Coatings,
vol. 10, no. 10, p. 982, 2020. doi: 10.3390/coatings10100982.

[54] N. Ghazali, W. J. Basirun, A. M. Nor, and M. R. Johan, “Super-
amphiphobic coating system incorporating functionalized nano-Al.Os in
PVDEF,” Coatings, vol. 10, no. 4, p. 387, 2020. doi: 10.3390/coatings10040387.
[55] L. Jia, J. Sun, X. Li, X. Zhang, L. Chen, and X. Tian, “Preparation and
anti-frost performance of PDMS-SiO2/SS superhydrophobic coating,”
Coatings, vol. 10, no. 11, p. 1051, 2020. doi: 10.3390/coatings10111051.

[56] C. Qian, Q. Li, and X. Chen, “Droplet impact on cold elastic
superhydrophobic membrane with low ice adhesion,” Coatings, vol. 10, no. 10,
p. 964, 2020. doi: 10.3390/coatings10100964.

[57] T. Rasheed, S. Shafi, M. Bilal, T. Hussain, F. Sher, and K. Rizwan,
“Surfactants-based remediation for environmental pollutants—A review,”
Journal of Molecular Liquids, vol. 318, p. 113960, 2020. doi:
10.1016/j.molliq.2020.113960.



50

[58] B. Shang, M. Chen, and L. Wu, “UV-triggered liquid-repellent coatings
with long-term self-repairing performance,” ACS Applied Materials &
Interfaces, vol. 10, mno. 37, pp. 31777-31783, 2018. doi:
10.1021/acsami.8b10838.

[59] Y. Lin, H. Chen, G. Wang, and A. Liu, “Recent progress in anti-icing
applications of superhydrophobic coatings,” Coatings, vol. 8, no. 6, p. 208,
2018. doi: 10.3390/coatings8060208.

[60] A. Fihri, E. Bovero, A. Al-Shahrani, A. Al-Ghamdi, and G. Alabedi,
“Recent progress in superhydrophobic coatings for steel protection,” Colloids
and  Surfaces A, vol. 520, pp. 378390, 2017. dot:
10.1016/j.colsurfa.2016.12.057.

[61] X. Chen, Y. Li, Z. Wang, and H. Zhang, “Fabrication of superhydrophobic
coating from non-fluorine siloxanes via one-pot sol-gel method,” Journal of
Materials Science, vol. 53, no. 16, pp. 11253-11264, 2018. doi:
10.1007/s10853-018-2348-7.

[62] A. Kumar and B. Gogoi, “Durable self-cleaning superhydrophobic
coatings for aluminum surfaces via chemical etching,” Tribology International,
vol. 122, pp. 114-118, 2018. doi: 10.1016/j.triboint.2018.02.032.

[63] H. Ye, L. Zhu, W. Li, H. Liu, and H. Chen, “Spray deposition of water-
based superhydrophobic coating with high stability,” Journal of Materials
Chemistry A, vol. 5, no. 20, pp. 9882-9890, 2017. doi: 10.1039/C7TA02118F.
[64] H. Sakalak, K. Yilmaz, M. Giirsoy, and M. Karaman, “Roll-to-roll
initiated chemical vapor deposition of superhydrophobic films,” Chemical
Engineering  Science,  vol. 215, p. 115466,  2020.  dot:
10.1016/j.ces.2019.115466.

[65] V. A. Ganesh, H. K. Raut, A. S. Nair, and S. Ramakrishna, “A review on
self-cleaning coatings,” Journal of Materials Chemistry, vol. 21, no. 41, p.
16304, 2011. doi: 10.1039/c1jm12523k.

[66] L. Xing, Y. Zhang, H. Liu, X. Wang, and J. Li, “Effect of hydrophobic
nano-SiO: particle concentration on wettability,” Nanomaterials, 2022. doi:
10.3390/nan012193370.

[67] Y. Wang, X. Liu, J. Zhang, and H. Chen, “Surface characteristics and
wettability of silanized coatings,” Applied Surface Science, 2021. doi:
10.1016/j.apsusc.2020.147808.



51

[68] T. Darmanin and F. Guittard, “Superhydrophobic and superoleophobic
properties in nature,” Materials Today, 2015. dot:
10.1016/j.mattod.2014.08.001.

[69] Yari H., Moradian S., Tahmasebi N. - The weathering performance of
acrylic melamine automotive clearcoats containing hydrophobic nanosilica, J.
Coat. Technol. Res. 11 (2013) 351-360. doi:10.1007/s11998-013-9541-z.

[70] H. P. Duong, . V. Duong, P. T. T. Hang, va V. T. T. Hién, “Fabrication
of hydrophobic coating on filter paper based on PDMS/SiO: particles,” Tap chi
Khoa hoc va Coéng nghé - Dai hoc Pa Niang, 2025. doi:
https://doi.org/10.31130/ud-jst.2025.23(10B).639E.

[71] Ho, V. P., & Tran, N. D., “Superhydrophobic Coating on Fabric by Cold-
Plasma at Atmospheric Pressure,” Journal of Technical Education Science, vol.
10, no. 1, pp. 44-50, 2015.

[72] Nguyen Ngoc Linh, Dang Thi My Linh, Nguyen Tuan Anh, Vu Quoc
Trung, Nguyen Thien Vuong, 2K/UV dual-curable acrylate epoxy/SiO,
nanocomposite coatings: crosslinking and mechanical properties, Vietnam
Journal of Science and Technology, 2024, 62(4), 725-736

[73] Yong-li Yan, Yu-xiu Cai, Xiao-chun Liu. Hydrophobic Modification on
the Surface of S102 Nanoparticle: Wettability Control. Langmuir, 2020, 36(49),
14924-14932. DOI: 10.1021/acs.langmuir.0c02118.

[74] Lilia Arellano Galindo et al. Superhydrophobic to Superhydrophilic
Wettability Transition of Functionalized SiO. Nanoparticles. Ceramics
International, 2022, 48(15), 21672-21678.

[75] B. Przybyszewski, M. Kucinska-Lipka, J. Janik, and M. Gorski,
“Hydrophobic  and  Icephobic  Behaviour of Polyurethane-Based
Nanocomposite Coatings,” Coatings, vol. 9, no. 12, p. 811, 2019. doi:
10.3390/coatings9120811

[76] Y. Li, L. Li, and J. Sun, “Recent advances in durable superhydrophobic
coatings: fabrication and applications,” Progress in Organic Coatings, vol. 151,
p. 106057, 2021.



