MO DAU
1. Tinh cap thiét ciia dé tai:

Trong nhiéu nim qua, ¢ sy phat trién manh mé vé nhimg tng dung cua cac loai
vat liéu chira Ag biéu hién nhiing tinh khang khuén, tiét tring. Ly do cho viéc nghién
ctru vé vat liéu nano sinh hoc 13 sy nhiém khuan vao nhitng bé mit trong cong nghiép y
hoc va cong nghiép ong dan, 1am hinh thanh nhimg mang sinh hoc lay nhiém
(Infectious biofilms). Nhirng mang sinh hoc dugc hinh thanh khi nhing té bao vi khuan
bam vao mét chit rin, bé mit udt va tap hop lai thanh nhiing khuan lac nho
(microcolonies). Nhitng khuan lac nho nay lai phat trién thanh nhing quan thé vi
khuan, tao thanh nhirng 16p mang véi sy tip trung cao ma khong bi tin cong bdi cac

tac nhan bao vé 247,

Su hinh thanh nhitng mang sinh hoc (biofilm) da trg thanh van dé nan giai trong

cong nghiép y hoc va cic san phdm hang tiéu ding.

- Trong cong nghiép y hoc, su nhiém khuan va nhidém tring 14 rac réi thuong
thiy véi cac bd phan cdy ghép dudi da. Vi khuan nhidm vao va ngay 1ap tic phat trién
trén nhitng mo cay, din téi viéc phai cat bo cac bd phan dé ngin chin nhing sy lay

nhiém chét nguoi 2.

- Biofilms ciing 1a mt tro ngai trong cong nghé thuc pham va cong nghiép bao
bi. Vi khuan c6 khuynh huéng bam vao bé mit bén trong cta cac loai duong dng dan
ma néu khong phat hién kip thoi c6 thé 1am phét tan nhimg bénh 1ay nhidm. Nhiing
bénh c6 lién quan dén thyc pham va céc truong hop ngd doc thire in ciing dugc giy ra

bd1 su c6 mat cua vi khuan va biofilms trén bé mat cua vat liéu lam bao bil*! .

- Vi céac loai san pham hang tiéu dung nhu: do choi tré em, nam va gia, do
bang b6 vét thuong, va thim chi dd mic 1a nhimg mdi truong thuan loi cho su phat

trién cua cac té bao vi khuan®!,



Bac va cac trang thai oxi hoa cia n6 (Ag’, Ag’, Ag *", va Ag*") di duoc thira
nhdn kha ndng ngin chan sy anh hudng cia nhiéu loai vi khuan va vi sinh vat thuong
c6 mat trong y hoc va cong nghiép. La mot trong nhiing vat liéu c6 hoat tinh khir trung,
diét khuan manh va it doc tinh vi mo dong vat. Bua ion Ag vao cac san phém khac

nhau s& ngan ngira sy hinh thanh cac biofilm™".,

Vit li¢u Nanocompozit 1a mot loai compozit trong do co su két hop cuia cac hat

d6n c6 kich thudc nano trong nén polymer™>**’1,

Viéc két hop gitta cac loai polymer véi cac hat nano Ag nham muc dich tao ra
mot loai vat liéu mdi, khai thac nhiing tinh chét vat 1y, hoa hoc, sinh hoc dac thu. San
pham tao ra c6 thé dugc tng dung trong cac linh vuc y hoc, sinh hoc, méi trudng, cong

nghé hoa hoc, cong nghé thyc pham va bao bi****?7].

Céc hat nano kim loai quy nhu Ag hay Au ciing c6 nhiing tinh chat rat quan
trong nhu: quang hoc, dién, tir tinh, hay xtc tac. Vi vay hat nano kim loai c6 kha nang

ung dung trong nhiéu linh vuc nhu ban dan, xuc tac, vat 1y luong 2421

Polyvinylancol (PVA) duoc st dung dé tao nanocompozit boi tinh cong nghé
thuan loi nhu: d& gia cong, hay hé s truyén cao (high transmittance). PVA ciing duoc
biét t6i nhu mot chit on dinh t6t (good stabilizer) d6i v6i cac hat kim loai nho, nd ¢o
tac dung bao vé cling nhu ngin ngira sy két tu va ling dong (agglomeration and

precipitation) cua céac hat®'?*,

D¢ tai nham tim ra quy trinh cong nghé 6n dinh tao ra nanocompozit trén co s&

Ag/PVA. Céc tinh chét ciia nanocompozit ciing can duoc 1am rd.
2. Co sé khoa hoc ciia dé tai:

Dé tai duoc tién hanh dya trén cac két qua nghién ciru tong hop nano bac va thir

nghiém hi¢u lyc diét vi khuan, nam bénh ctia chung boi cac cong trinh da cong bo.



Hién nay, nano bac dugc ché tao bang nhiéu phuong phép, trong d6 c6 phuong
phap khtr hoéa hoc trong méi truong polyme hinh thanh vat liéu nanocompozit. San

pham c6 kha nang tiéu diét vi khuan, nam bénh va vi rut cao.
3. Muc tiéu cua de tai:

Bang phuong phap khir hoa hoc ion Ag" trong méi truong polyvinylancol
(PVA), nghién ctru quy trinh téng hop hat nano bac hinh thanh vt liéu nanocompozit
Ag/PVA. Khao sat cac yéu t6 anh huong t6i kich thude va sy phan bd cia hat nano
bac, nghién ctru cac tinh chit hoa 1y ddc thu cua vat li¢u.

4. Noi dung nghién ctru:

Noi dung cua dé tai nghién ctru bao gdm:

- Bing phuong phap khtr hoa hoc xay dung quy trinh tong hop nanocompozit
Ag/PVA véi chat khir hydrazine hydrat va st dung trinatri citrat nhu 1a tic nhan tro

phan bd t&i su hinh thanh hat nano bac.

- Khao sat sy anh hudng cia ham lugng AgNOs, trinatri citrat téi kich thude va

su phan bo cua hat nano bac trong nanocompozit.

- Nghién ctru cac tinh chit hoa Iy cua vat li¢u: tinh chét quang hoc, cAu trac,

kich thudc va sy phan bd ctia hat nano bac, tinh chat nhiét cua vat liéu.
5. Y nghia khoa hoc va thue tién ciia dé tai

Két qua cta luan 4n s& 1a co so khoa hoc cho nhitng nghién ctru tiép theo cua
viéc ché tao hat nano kim loai bang phuwong phap khir hoa hoc. Cac két qua cta luén an
cling 14 co s& cho cac nghién ctru ing dung tiép theo ctia nano bac nhu chat sat khuan
trong y té, moi truong, thuc phém, xtc tac hoa hoc, chat diét trir nAm bénh trong nong

nghiép...



CHUONG I: TONG QUAN

I.1 Tong quan vé cong ngh¢ nano:
I.1.1 Khai niém va su ra doi ciia cong nghé nano:

Thuat ngit cong nghé nano (nanotechnology) xuat hién tir nhitng ndm 70 ctia thé
ky 20, lién quan dén cong nghé ché tao céc cdu tric vi hinh cia mach vi dién tt. Do
chinh xac ¢ day doi hoi rat cao tir 0,Inm dén 100 nm, tirc 1 phai chinh x4c dén timg
16p nguyén tir, phan t&r. Mat khac qua trinh vi hinh héa cac linh kién cling doi hoi
ngudi ta phai nghién ctru cac 16p mong cd bé day ¢& nm, cac sgi manh c6 bé ngang ¢
nm, cac hat c6 duong kinh cd nm. Phat hi¢én ra hang loat hién tuong, tinh chit méi mé,
c6 thé tng dung vao nhiéu linh vyc rit khac nhau dé hinh thanh céc chuyén nganh méi
c6 gan thém chit nano. Hon nira, viéc nghién ctru cic quy trinh cua sy song xay ra
trong té bao cho thdy sy san xuét ra cac chit cho su séng nhu protein, déu duoc thuc
hién boi viée lip rap vo cung tinh vi, cac don vi phan tir véi nhau ma thanh, tirc 13 ciing

¢ trong pham vi cong nghé nano' .

I.1.2 Co sé khoa hoc cia cong nghé nano:

Khoa hoc nano nghién ctru cidc van dé co ban cua vat 1y hoc, hoéa hoc, sinh hoc
cua céc cau trac nano. Dya trén céac két qua ctia khoa hoc nano di dén nghién ctru ing

dung cau truc nano. Cong nghé nano dya trén nhitng co sé khoa hoc chu yéu sau:

- Hiéu tng kich thwéc lwong tir: Cac hé ban dan thip chiéu 1a nhitng hé c6
kich thudc theo mdt, hai, hay ca ba chiéu c6 thé so sanh v&i bude séng De Broglie cuia
cac kich thude co ban trong tinh thé. Trong cac hé ndy, cac kich thudc co ban (nhu
dién tir, 10 trong, exciton) chiu anh hudng ctia sy giam giit luong tir khi chuyén dong bi
gi61 han doc theo truc giam gitr. Hi¢u img giam gilt luong tir dugc quan sat thong qua

su dich dinh vé phia séng xanh trong phd hap thu véi sy giam kich thudc hat. Khi kich



thudc hat giam té1 gén ban kinh Bohr exciton, thi c6 sy thay d6i manh mé vé ciu trac

dién tr va cac tinh chat vat 1}'/[“’24’27].

- Hi¢u vrng bé miit: Céc cau tric nano cé kich thudc theo mot chiéu rat nho nén
chuing c6 di¢n tich bé mit trén mot don vi thé tich rat 16n. Hiéu ung bé mat thuong lién
quan dén cac qué trinh thuy dong hoa bé mit, cac trang thai buc xa bé mit va stc cang
ctia bé mat vat liéu. Mot sd tinh chat dic biét cua cac vt liéu ciu trac nano co nguyén
nhan 14 do céc twong tac dién — tir gitra ching qua céc 16p bé mit cia nhitng hat nano
canh nhau. Lyc twong tic ndy trong nhiéu truong hop ¢ thé 16n hon luc twong tic Van

der Waals!'**?7],

Bang 1.1: Dién tich bé mit cua hat cau thay d6i theo kich thudc hat. O day gia

thiét khéi luong riéng cua hat cau 1a 2 g/cm’

Puong kinh Dién tich/g (cm?)

1 cm 3 cm?

I mm 30 cm?

100 pm 300 cm’

10 pm 3000 cm’
I um 3m’

100 nm 30 m®

10 nm 300 m*




- Hi€u wng kich thwdéc: Cac dai luong vat 1y thuong duogc dac trung béng mot
s6 dai lugng vat 1y khong ddi, vi du do dan dién cua kim loai, nhiét 6 nong chay, tur do
bdo hoa cua vt liéu sat tu. .. Nhung cac dai lugng dac trung nay chi khong ddi khi kich
thudc cua vat liu du 16n va & trén thang nano. Khi gidm kich thudc cta véat liéu xuéng
thang nano, trc 1a vat liéu tré thanh cAu trac nano thi cac dai lugng dac trung noi trén
khong con bat bién nita, nguoc lai chung sé thay di theo kich thudc va goi d6 1a hiéu
tg kich thudc. Su giam theo kich thudc nay dugc giai thich bang vai tro cua tan xa

dién tir trén bé mat cang tang khi bé day 16p nano cang giam!''****"]

I.1.3 Y nghia ciia khoa hoc nano va cong nghé nano:

Khoa hoc va cong ngh¢ nano c6 y nghia rat quan trong va cuc ky hap dan vi céac

1y do sau day:

- Tuong tac cua cac nguyén tir va cac dién tir trong vat liéu bi anh hudng boi cac
bién ddi trong pham vi thang nano. Do d6, khi lam thay d6i cau hinh ¢ thang nano cta
vt liéu ta c6 thé “diéu khién>> dugc céc tinh chat ciia vat liéu theo ¥ mudn ma khong
phai thay doi thanh phan hoa hoc ctia né. Vi du thay ddi kich thudc ciia hat nano sé lam
cho chung d6i mau anh sang phat ra hodc c6 thé thay d6i cac hat nano tir tinh dé ching

tré thanh hat mot domen thi tinh chat tir ciia né sé thay d6i han!'!.

- Vit liéu nano c6 dién tich mit ngoai rit cao nén ching rat 1y tuong dé dung
vao chirc nang xuc tac cho hé phan tng hoa hoc, hap phy, nha thudc chira bénh tir tir

trong co thé, luu trir ning luong va ca trong liéu phap thim my!'".

- Vat li¢u c6 chtra céc cau truc nano co6 thé cting hon, nhung lai bén hon so véi
cung vat li¢u d6 ma khong ham chira cac cau tric nano. Cac hat nano phan tan trén mot

nén thich hop c6 thé tao ra cc vat liéu compozit siéu ctng!''),



- Toc do tuong tac va truyén tin hi¢u gilta cac cau tric nano nhanh hon gitra cac
cau tric micro rat nhiéu va co thé st dung tinh chat siéu viét nay dé ché tao cac hé

théng nhanh hon vé6i hiéu qua st dung ning lugng cao hon''.

- Vi céac h¢ sinh hoc vé co ban co6 to6 chirc vat chat & thang nano, nén néu cac bd
phan nhan tao dung trong t€ bao co6 to6 chirc cau triic nano bat chudc ty nhién thi chung

s& d& tuong hop sinh hoc. Didu nay cuc ky quan trong cho viée bao vé stc khoe!'!,

1.2 Gi6i thiéu vé hat nano kim loai — H¢ keo:
I.2.1 Cac hat nano kim loai — H¢ keo:

Céc hat nano kim loai di duoc biét dén tir rat 1au. Nguoi ta dd tim thay cac hat
kim loai vang va bac trong thuy tinh tir trén 2000 ndm trudc dudi dang cac hat nano.
Ching duoc st dung 1am chét tao mau, thudng dung trong cira kinh nha thd. Nam
1831, Michael Faraday di nghién ctru va chimg minh rang nhitng mau sic dic biét cia
cac hat kim loai 1a do kich thudc rat nho cta chung chr khong phai 14 do trang thai cAu

trac ciia chiing mang lai'' .

Heé keo 13 hé phan tan ma pha phan tan bao gdm nhirng hat c6 kich thuéc tir 10”
+ 107m. Hé keo chi la mot trang thai phan tdn cia mot chét chur khong phai 1a mdt

chat"',

Nhu vay mot chat bat ky ciing déu c6 thé ton tai & trang thai phéan tan keo, néu

duoc tao nhitng diéu kién thich hop.

bé phan loai hé keo, nguoi ta thuong dua vao do phan tan dé phan loai mot cach
khai quat. Ngoai ra, theo trang thai tdp hop cua moi truong phan tan ngudi ta phan
thanh keo 16ng, keo ran, keo khi. Theo twong tac véi mdi truong, ngudi ta phan thanh

keo ki 16ng, keo wa long!'". .



Theo nghién ctru hoa keo nguoi ta con phan h¢ thanh sol, gel. Sol 1a nhitng hé
phén tan nhung gitta cac hat keo khong c6 tuong tac lién hé chung véi nhau. Gel 1a h¢

ma giita cac hat c6 twong tac rang budc chiing trong mot lién hé nao dot''.

1.2.2 Hat nano kim loai:

Hat nano kim loai dugc phan chia theo ti€u chuén:

- Hat nano (nanoparticle): vat liéu véi mot hay nhiéu chiéu ¢ kich thudc nano
mét.
- Thang nano (nanoscale): vat liéu voi mot hay nhiéu chiéu ¢ kich thuge 100nm

hay nho hon.

bay la su théng nhét véi gid1 han dugc st dung trong hé théng khoa hoc, mac
du c6 mét vai mire do chua rd rang lién quan t61 gidi han kich thudc cao hon. Cac hat
va vat liéu voi mic do kich ¢d nhé hon cho téi 1um, tham chi téi vai um doi khi van
duoc coi 14 “nano”, tuy nhién diéu nay khong phd bién véi su gia ting sy chuan hoa

trong khoa hoc nanot*****".

1.2.2.1 Tinh chit:

Nhitng tinh chit cta hat nano xut hién 1a hé qua cta nguyén 1y giam cam luong
tlr va su d6i xtng cao ctia bé mat cic nguyén tir - nhitng diéu ndy phu thudc truc tiép
véo kich thude hat nano. Su diéu chinh kich thudc cta hat nano c6 thé dan téi nhiing
thay doi vé tinh chat cua céac hat, day 1a nguyén nhan va chil dé cta nhiéu nghién ctru.
Khéong gidng voi vat lidu khdi c6 nhing tinh chat vat Iy khong thay d6i theo khdi
luong, hat nano cho thay kha ning thay ddi nhimg tinh chat nhu dién, tir va quang hoc
theo dudng kinh hat. Sy xuat hién nhiing hiéu ng nay béi nhimng mirc niang lugng
khéng gidng nhau cia cac hat nho trong vt liéu khdi, nhung riéng r&, boi hiéu tng
giam cam dién tu. Nhiing tinh chit vat 1y cua hat nano vi thé duoc xac dinh boi kich

thudc cia cac hatm].



Ti 1€ Micro Ti 1€ nano Ti I¢ Nguyén ti/Phan tir
A
o8 ™
= 5= S5 <kT &5 >kT & >>kT
Vat liéu khoi bam va hat bam va hat nguyén tur va
Kim loai kim loai cach dién phan tir

Hinh 1.1: Sy m6 rong khe dai va muc nang luong cua cac
nguyén tur véi sy gia tang kich thudce

Mirc ning lugng Fermi (Ep) 13 mirc ning luong day cao nhit cta hé thong trong
trang thai day. Nang luong ving cidm (E,) cua h¢ théng nay 1a khe ning luong giira
trang thai ning luong cao nhat va thip nhat. Trong hé thong nay, tir nhirng nguyén tir
cho t&i vat liéu khdi, sy dan trai nang lugng duoc quyét dinh boi mire d¢ xen phu Ién
nhau giira cac qiiy dao (orbital) dién tir. Pidu ndy c6 thé két hop & trong phén tir dé
hinh thanh orbital phan tir, va xa hon dé mé rong cau tric dai, nhu trong kim loai hay
ban dan. Gia tri cia E, twong tng v61 Ep dugc tach boi s6 electron tu do trong cAu trac
dai m¢ rong. Véi vat licu khéi, s6 electron tu do trong cau trac dai béng s6 nguyén tur
trong khdi vat li¢u. Diéu nay dan dén E, rat nho, vi thé chi quan sat dwoc tai nhiét do
thép. Duéi nhiét d§ nay, cac electron tu do cua kim loai c6 thé d& dang nhay 1én mot
trang thai nang lugng cao hon va c6 thé ty do di chuyén trong céu triic. Trong vat li¢u
ban dan, sd electron ty do it hon dang ké so véi s6 nguyén tir. Diéu nay dan t6i E, cao
hon tai nhiét do thudong. Nhu thé c6 nghia trong ban dan cic electron s& khong di

chuyén ty do, va dan dién, néu khong c6 ngudn ning lwong kich thich™”.
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Murc nang luong dién tir trung binh (khe Kubo) duogc tinh:

AEr
3n

0=

Trong do:
- 014 khe Kubo
- Eg la mac nang lugng Fermi cua vat liéu khoi
- nla téng sb electron hoa trj trong hat.

Vi du: hat nano Ag véi duong kinh 3nm va khoang 1000 nguyén tir (twong ung
v6i 1000 electron hoa tri) s& c6 gia tri & khoang 5 + 10meV. Néu ning luong nhiét kT
cao hon khe Kubo thi hat nano sé& giéng vo1 kim loat tu nhién, nhung néu kT ha xuéng
dudi khe Kubo, nd s€ tré thanh phi kim loai. Tai nhiét d§ thuong, kT cé gia tri khoang
26 meV, vi thé hat nano Ag cO 3nm s€ biéu hién tinh chit ctia mét kim loai. Tuy nhién,
néu kich ¢& cta hat nano dugc giam di, hay nhiét do thép hon thi hat nano s& thé hién

tinh chat phi kim loai™".

Str dung hoc thuyét nay, va muac nang lugng Fermi cua kim loai Ag la 5,5 eV,
khi d6 hat nano Ag sé& mét tinh chit kim loai khi ¢6 dudi 280 nguyén tir tai nhiét do
phong. Theo Kubo, nhiing tinh chat nhu dién, tir thé hién qua hiéu ung kich thudc
lugng tir. Nhitng hiéu ung ndy dan téi kha ning ung dung ciia hat nano trong cac linh

vuc nhu xuc tac, quang hoc hay y hoc*”),

1.2.2.2 Xic tac:

Su hi¢u qua cua nhiing vat liéu dugc st dung trong xuc tac dugc mong doi s€
t6t hon ddi v&i hat nano so véi nhimg chét rin theo hoc thuyét thong thuong. Day 1a
diéu don gian boi hat nano c¢6 mot luong nguyén tir 16n hon hoat dong trén bé mat so

v6i hat 16n hon”,
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So nguyén tit
Hinh 1.2: Su phan bd ctia cac nguyén tir trén bé mit so v6i
tong nguyén tir co trong cac hat
Hat nano cé cau trac rat chit ché vé kich thude nguyén tir ma luong 16n khéc
thudng cta cic nguyén tir co trén bé mat. Co thé danh gia su tip trung ndy boi cong

thirc?”:

P =4NY3 %100

Trong dé: P 1a ti s& cua sb nguyén tir trén bé mat va tong sd nguyén tir (N)

trong hat vat liéu.

Mot hat nano vé&i 13 nguyén tir & cAu hinh 16p vo ngoai thi ¢o téi 12 nguyén tir
trén bé mit va chi mot ¢ phia trong. Hat nano Ag 3nm c6 chira khoang 1000 nguyén tir
thi ¢6 khoang 40% tong s6 nguyén tir trén bé mat. Hat c6 duong kinh 150nm chira

khoang 107 nguyén tir thi chi c6 khoang 1% nguyén tir trén bé mat™>".

Ttr hiéu ing bé mit ndy, c6 su thay d6i kha ning phan tmg cta hat nano tir hiéu
g giam cam luong tir. Tir su thay d6i ndy trong ciu trac dién tir c6 thé lam ting hoat

tinh xtc tac mot cach ddc biét trong hat nano ma khac rat nhi€u so vo1 hiéu ting & vat
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liéu khdi. Phd quang hoc chi ra rang cdu tric dién tir ctia dam kim loai nho hon khoang
5nm so voi vat lidu khdi. Mot lugng nho cac nguyén tir kéo theo két qua cua su thanh
1ap céac dai electron véi pham vi cta cac electron hoa tri 16n hon, va trong vung nhd
hon cta dai hoa tri. Su bién d6i nang luong va cAu tric dién tir duoc phat ra boi do
cong bé mat cia hat nano kim loai lam tang d0 co bop cua hang rao so voi vat li€u
khéi. That vy, hing s6 hang rao nho hon 13 nguyén nhan lam thay doi trung tim cta
dai d t&1 nhitng nang lugng cao hon, lam ting kha nang phan ing cua bé mat chit bi
hit bam™”),

Co su gia ting mot sd canh va gbc trong hang rao kim loai va diéu nay c6 thé
lam cho phan tmg khac so v6i bé mit phang cta kim loai. Su gia ting phan tng tai
nhitng vi tri sép xép hut cta cac hat co thé rat 1én, n6 quyét dinh mot murc d6 rat lon

hoat tinh xuc tac cua vat li¢u, méc du sy tap trung nay la rat thépm].

Nhitng hat nano ctia mét diy 16n cta sy chuyén tiép giira kim loai va oxit kim
loai da duogc tim théy nhitng hoat tinh xtc tdc phu thudc kich thudc cac hat, diéu nay
dang dugc nghién ciru manh mé. Hinh dang, sy on dinh va sép xép cua cac hat da duoc
chimg minh 14 c6 anh hudng téi hoat tinh xtc tic va vi thé ciing 1a dé tai cta nhiéu
nghién ctu hién nay. Trong cac ing dung cu thé cta hat nano, hoat tinh xtc tac can
dén mot chat nén phu hop dé 6n dinh, bao vé, ngan ngua sy két tu va c6 thé thu hoi lai.
Hién nay c6 nhiéu sy quan tdm trong viéc tim kiém cac phuong phap c6 hiéu qua dé
ché tao vat liéu xtic tac co hat nano véi cac chit nén nhu cc oxit vo co, nhom, silica va

titan, hay cac polymer*”,

1.2.2.3 Quang hoc va lwgng tu:

Vit liéu nano tuong tac véi anh sang khac so véi vat li¢u khi. Nhiing vat li¢u
v6i sy sap xép trong pham vi kich ¢& nano thi gia tri duong kinh sé twong duong hay
nhoé hon budc séng anh sang. Néu vat liéu co dudong kinh gan véi bude song anh sang,

va dugc bao boc bdi chat nén véi chi s6 khuc xa khéc nhau, khi d6 anh séng véi bude
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song thich hop sé bi tan xa (scatter). Nguyén nhan cta hiéu tmg nay 13 16p ddu mong bi
kéo cang qua bé mit cta nudc hinh thanh cac mau sic khac nhau. Hiéu tng ndy duoc
st dung trong vat liéu quang hoc nhu tinh thé photon (photonic crystals), ma duoc thiét
ké voi cac pha co cac chi sé khiic xa khac nhau, dudng kinh dic trung, cu trac nhu

. A 5 A A r re s r 2
mong doi dé tao ra san pham mong mudn tuong tac v6i anh sang*’,

Trong trudng hop vt liéu ma sy phan chia cic pha nhé hon déng ké so voi budc
song anh sang, hiéu ung nay khong xay ra. Thay vao d6 hai pha thé hién nhu mot vat
lidu riéng biét c6 lién quan toi sy truyén anh sang. Vi thé, nhitng vat liéu trong sudt
dugc thém vao nhitng hat nano van co thé trong sudt véi anh sang cho du hat nano
dugc hinh thanh tir nhitng vat 1iéu mo duc hay phan chiéu. Cac compozit, vat liéu trong
sudt, hat vo co,... & kich thudc micro thudng 1a md duc. Anh sang khuyéch tan 1a
nguyén nhan gdy mo duc, bj triét tiéu boi nhitng vat lidu véi chi s khuc xa phu hop
hay sy giam duong kinh cua chit don ¢ kich thuéc nhé hon 50nm. Theo d6 céc
nanocompozit khi dugc thém vao cac hat nano ¢ thé hoat dong nhu 13 vat liéu dong
nhat voi cac tinh chét thay d6i. Thay vi phan tin anh sang, su két hop cac chi sé khiic
xa cua cac hat nano va vat liéu nén dugc tao ra. Hat nano véi chi sd khiic xa cao c6 thé
duoc phan tan vao thily tinh hay polymer dé 1am gia ting hiéu qua chi sé khiic xa cta
dung dich, phuong phap ndy c6 ich v6i san pham quang hoc c6 chi sé khiic xa cao dan
toi viée ham tin hiéu tot hon™"",

Hat nano kim loai hay ban dan twong tic v6i anh sang thong qua co ché khac
nhau. Do nhitng tinh chit ndy ma cac hat nano thudng duoc cho vao mot chat nén
quang hoc dé thyc hién nhirng chirc ning mong muébn. Hat nano kim loai tuong tac véi
v6i 4anh sang theo hiéu ung cong hudng plasmon (Plasmon resonance), xudt hién tir
dam may dién tir. Hat nano ban din duoc biét toi nhu 12 chidm luong tir (Quantum dot),

tuong tac voi anh sang theo hiéu Gmg giam cAm luong tir (Quantum confinement effect)
[27]
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1.2.2.4 Cham hrong tir:

Hau hét cac hiéu ung dién tir quan trong trong hat nano ban dan 1a @6 rong cua
khe ho gitra trang thai dién tir cao nhat (dinh ving hoa tri) va trang thai thip nhat (day
vung dan). Sy hoat dong nay theo sy giam cam luong tir do cac hat c6 duong kinh nho,
ma anh hudng truc tiép t&i tinh chét quang hoc cua cac hat ban dan so véi vat lidu khoi.
Ning luong tbi thiéu can dé gay ra mot cip hd dién tir (electron — hole pair) trong hat
nano ban din duoc quyét dinh boi khe dai (Band gap Eg). Anh sang v6i nang lugng
thép hon Eg khong thé bi hép thu boi hat nano, su hép thu anh sang cling phu thudc
vao kich thuéc hat. Khi kich thudc hat giam phd hap thy ddi voi nhitng hat nho hon

. A A / e £ 2
dugc dich chuyén vé bude song ngan'*”.
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Hinh 1.3: Pho hap thy ciia CdSe tir anh TEM vdi kich thudc tir trai qua: 2.1, 2.5,
2.7,3.1,3.8, va4.2nm

1.2.2.5 Plasmons:
Céc hat nano kim loai c¢6 thé c6 pho hip thu vé6i dinh hap thu gibng vé6i cta cac
hat nano ban dan. Tuy nhién, sy hip thu nay khong bat ngudn tir su chuyén tiép céac

trang thai nang luong dién tir, thay vao d6 hat ¢ nano kim loai 1a phuong thire tap hop
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cua cac di chuyén dam may di¢n tur bi kich thich. Duéi tac dong cta dién truong, co sy
kich thich plasmon céc electron tai bé mit cac hat. Sy cong hudng nay xdy ra tai tan sb
ciia anh sang t6i va két qua 13 sy hap thu quang hoc. Hién tuong nay goi 1 bé mat
plasmon (surfaec plasmon), hay hap thu cong hudng plasma (plasma resonance

absorption), hay ving bé mat plasmon (localized surface plasmons) *”).

Khi kich thuéc hat giam, cac electron tu do bat dau tuwong tac voi ranh gidi caa
cac hat. Khi céc hat nano kim loai bi tdc dong bdi anh sang, dién truong cua adnh sang
t61 gdy ra su dao dong manh cia cac dién tir tu do (cac electron dan) (hinh 5). Déi véi
cac hat nano c6 kich thudc nho hon dang ké so voi budce song ciia anh sang, su hap thu

xay ra trong pham vi budc song hep, dai plasmon®”.

Do rong, vi tri, va cuong do cua sy tuong tac plasmon bicu 16 bdi hat nano phu

thudc:
- H.':?mg s6 dién méi cua kim loai va vt liéu nén.
- Kich thudce va hinh dang hat.
- Su tuong tac gitta cac hat va chit nén.

- Su phan bd cua cac hat trong chat nén.
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Hinh 1.4: Sy sao dong plasmon cua céac hat hinh cau dudi tac dong cua dién
truong anh sang.

Do anh hudng cta cac tic yéu td trén, nén mot s tinh chit mong mudbn cia vat
lidu c6 thé dugc diéu khién. Cac kim loai khac nhau s& co sy twong tac twong tng vi
thé mau sic s& khac nhau. Sy triét tiéu caa anh sang boi hat nano kim loai xay ra theo
ca co ché phan tan va hip thu, nhung co ché hap thy xay ra rd hon nhiéu véi hat co
kich thuéc nhé hon 20nm. Cac hat nano thudng duoc biét dén voi su tao hdn hop véi

thaty tinh hay cao su, thé hién ra nhu mau dé ciia Au hay vang cia Ag?’.

Ngay nay hau hét viéc nghién ctru va sir dung déu tap trung vao nano Au va
nano Ag, boi ching thé hién rd rang nhat hiéu tmg plasmon, va ca hai cing c6 phd hip
thu trong ving nhin thdy. Tang kich thu6c hat, hay ting hing s6 dién méi cia dung

dich, nguyén nhan cua dich chuyén d6 (red shift) cua su hap thu plasmon™”.

Vi tri cia dinh héip thu trong chdm luong tor duoc dich chuyén kha ro khi chi
thay d6i mot thong sé duong kinh & pham vi nano. Dbi véi hat nano kim loai sy dich
chuyén vi tri cia cac dinh 1a rt nho véi cac hat kich thudc bé (<25nm trudng hop Au).
Doi voi hat 16n hon (>25nm trudng hop Au) sy dich chuyén d6 cua vi tri cong hudng

plasmon 14 dang ké hon*").
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Hinh 1.6: thé hién sy anh huong duong kinh ctia hat nano Au téi vi tri dinh hép
thu cong huong plasmon. Néu cac hat c6 hinh dang méo mé, khi d6 dai plasmon tach
ra theo cac cach khac nhau tuong tng voi cach thirc dao dong cua sy dao dong cac
electron.

Chang han, véi cac hat nano hinh que (nanorod — shaped), dai plasmon phan
tach thanh hai dai twong ung sy dao dong cua céc electron ty do theo chiéu doc
(longitudinal) va ngang (transverse). Su cong huéng theo chiéu doc giéng véi cac hat

hinh cau, theo cach thire dich chuyén do*”.
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Hinh 1.5: Sy thay doi ph6 budc séng hap thu UV — vis
cua cac hat c6 kich thudc khac nhau
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Hinh 1.6: Ph6 UV — vis ctia que nano
Céc hat nano kim loai dugc dung cho cac ung dung thudc quang hoc va lugng
tir, chung thuong duoc cho vao trong vét liéu nén thich hop nhu polymer hay thuy tinh.
Su két hop hat nano kim loai vao cac chat nén quang hoc cho phép xay dung céc thiét
bi dé st dung céc tinh chat thuan loi cia chung. Vat lidu nén khong chi gitp hinh thanh
cAu trac cla san phém ma con co vai tro bdo v¢ va ngan ngua su két tu lai cla cac

hat'*"!,

1.2.3 Tong hop hat nano kim loai:
Phuong phap tong hop hat nano dugc chia thanh 2 mang chinh: “Top-down” va

4cBOtt0m_up”[24,25] .

1.2.3.1 Top Down:

Phuong phép top-down bao gém qué trinh chia nhé vat liéu khoi thanh kich ¢
nano tir cic qué trinh nghién co hoc. Phuong phap nay thuan loi béi don gian va tranh
dugc qua trinh bay hoi ciing nhu cac doc t6 thudng co trong cong nghé bottom-up. Tuy

nhién, chat lugng san pham hat nano tir qué trinh nghién dugc thira nhan 1a kém hon so
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v6i san pham tir phuong phap bottom-up. Mit han ché chinh cua cong nghé nay 1a van
dé nhim tap chét tur thiét bi nghién, dién tich bé mat hat thép, su phan bd vé hinh dang

va kich thudc khong déu, va tdn nhiéu ning luong**.

1.2.3.2 Bottom Up:

Phuong phap bottom-up st dung nguyén tir hay ion két hop lai tao thanh hat
nano. Phuong phép nay c6 kha niang diéu chinh hon phuong phap top-down nhd qué
trinh diéu chinh cic phan tng héa hoc, va méi truong phat trién cia cac hat, khi d6
kich thudc, hinh dang va cAu tao cua hat nano c6 thé duoc diéu chinh. Vi thé hat nano
tor phuong phap bottom up dugc xay dung dua trén co s& hoa hoc, cac phan ung hoa

hoc thudng tao ra san phdm c6 chét lugng ciing nhu kha ning tng dung t6t hon!***.

Céac cong nghé nay noi chung c6 thé 4p dung duoc trong chat khi, 16ng, ran va
tham chi 13 trang thai siéu toi han. Vi thé san pham ctia phuong phap nay rit da dang.
Phuong phap nay thudng doi hoi phic co kim thich hop hay dung dich mudi dé sir
dung nhu 1a cac tac nhan hoa hoc, ma c6 thé diéu khién két qua qua trinh phan ly hay

khtt thanh céc hat nhan va lon 16nP?*%,

1.2.3.3 Tong hop dung dich:

Khoa hoc vé téng hop dung dich hat nano duoc dé cap bdi thi nghiém cua
Michael Faraday vao giita thé ky XIX. Dung dich d6 sim cua hat nano Au dugc tao ra
bang cach khir (AuCly)” véi phosphorus 1a tic nhan khir. Gan ddy cac cach nay duoc
1am lai, va dudng kinh cua cac hat nam trong khoang tir 3 = 30nm. Pay 1a mot vi du vé
phéan Ung khtr héa hoc, phuong phap thong thuong dé tao ra hat vat liéu nano, ngoai ra

c¢6 cac phuong phap khac nhu phan hity nhiét, hay khtr quang hoc cac ion kim loai'**.

Quy trinh ma tac nhén 13 phitc co kim hay mudi kim loai 13 phan tmg khir hoa
hoc, diéu nay c6 thé dugc thuc hién boi dung dich chat khir nhu alcohol dugc biét dén
trude tién boi Hirai va Toshima, st dung tic nhan khir hoa tan hay nhitng chat khac

duoc thém vao dung méi. Pa sb cach tiép can don gian dé tong hop hat nano Ag déu
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dua trén su khut bac nitrat bdi sodium borohydride hay sodium formaldehyte.
Hydrogen trudc ddy duogc sir dung 1a tic nhan khtr hidu qua ddi véi viée tong hop céc
kim loai quy. Chéng han, dung dich hat nano Ag c6 thé duoc téng hop béi tac nhan
khir hydrogen twong tac v6i Ag,O, hay cac phuong phéap tong hop st dung tac nhan
phan huy microwave (hoat tinh trén AgCOs) hay dién phan cic mudi kim loai (sir

dung KNO; hay AgNO;)?*.
1.2.3.4 Mot s6 phwong phap ché tao hat nano:
- Phwong phap an mon laser:

Pay 1a phuong phép tir trén xubng, Vit liéu ban dau 1a mot tim Ag duoc dit
trong mot dung dich c6 chira mot chit hoat hoa bé mat. Mot chum Laser xung co budc
song 532 nm, do rong xung 1a 10 ns, tn s6 10 Hz, ning lugng mdi xung 13 90 mJ,
duong kinh vung kim loai bi tdc dung tir 1-3 mm. Dudi tdc dung cia chun Laser xung,
cac hat nano c¢¢6 kich thudc khoang 10 nm dugc hinh thanh va duogc bao phu boi chét

hoat hoa bé mit CnH,,;SO,Na véin =8, 10, 12, 14 v6i ndng d6 tir 0,001 dén 0,1M™.
- Phwong phap khiwr hoa hoc:

Phuong phép khir hoa hoc 1a dung cac tac nhan hoa hoc dé khir ion kim loai
thanh kim loai. Thong thuong cac cac tac nhan hda hoc ¢ dang dung dich long nén con
goi 1a phuong phép héa uét. Pay 1a phwong phép tir dudi 1én, dung dich ban dau co
chtra cac mudi cua cac kim loai nhu AuCly, HoPtCls, AgNO;. Tac nhan khir ion kim
loai Ag+, Au' thanh Ag, Au ¢ day la céc chit hoa hoc nhu Citric acid, Vitamin C,
Sodium Borohydride NaBH,, Ethanol (c6n), Ethylene Glycol. Dé cac hat phan tan t6t
trong dung moi ma khong bi két ty thanh dam, nguoi ta sir dung phuong phap tinh dién
dé 1am cho bé mit cac hat nano c6 cing dién tich va day nhau hodc dung phuong phap
bao boc chét hoat hoa bé mit. Phuong phap tinh dién don gian nhung bi gi61 han boi

mot s6 chat khir. Phuong phap bao phu phire tap nhung van ning hon, hon nita phuong
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phap nay co6 thé lam cho bé mit hat nano c6 cac tinh chat can thiét cho cic tng

dung®’!.

- Phwong phap khir vat ly:

Phuong phéap vat 1y dung céc tdc nhan vat ly nhu dién tir, song dién tir nang
lugng cao nhu tia gamma, tia tir ngoai, tia laser khir ion kim loai thanh kim loai. Du6i
tac dung cua cac nhan t6 vat 1y, c6 nhiéu qué trinh bién d6i ctia dung méi va cac phu

gia trong dung moi dé sinh ra cac gbc hoa hoc cé tac dung khir ion thanh kim loai'*’.

Vi du: nguoi ta dung chum laser xung c6 budc song 500nm, do dai xung 6mns,
tan s6 10Hz, cong suat 12-14mJ chiéu vao dung dich c6 chira AgNO; nhu 12 ngudn ion
kim loai va Sodium Dodecyl Sulfate (SDS) nhu 1a chat hoat hoa bé mit dé thu duoc hat

nano Ag[25 ],

- Phwong phap khir hoa ly:

bay la trung gian gitta hoa hoc va vat ly. Nguyén 1y 1a dung phuong phap dién
phan két hop véi siéu 4m dé tao hat nano. Phuong phép dién phan thong thuong chi co
thé tao duoc mang mong kim loai. Trude khi xay ra sy hinh thanh mang, cc nguyén tir
kim loai sau khi dugc di€én hoa s€ tao cac hat nano bam 1é€n dién cuc am. Lic nay nguoi
ta tac dung mot xung siéu am ddéng bd voi xung dién phan thi hat nano kim loai s& roi

khoi dién cuc va di vao dung dich®,
- Phwong phap khir sinh hoc:

Dung vi khuén 13 tac nhan khir ion kim loai. Ngudi ta cay vi khuan MKY3, cac
loai nam Verticillium... vao trong dung dich c6 chira ion Ag dé thu duoc hat nano Ag.
Phuong phéap nay don gian, than thién véi moi trudng va cé thé tao hat véi sd lugng

16n'*!,
1.3 Hat nano kim loai bac:

1.3.1 Co ban vé kim loai bac :
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Bac c6 cau hinh nhu sau :
Is2
2322p6
35%3p°3d"?

4s*4p®44"°

55!
Hinh 1.7 : Céu trac tinh thé cta bac

Ban kinh nguyén tir Ag: 0,288 nm

Ban kinh ion bac: 0,23 nm

Bang 1.2: S6 nguyén tir bac trong mot don vi thé tich

Kich thudc hat nano Ag (nm) S6 nguyén tir trong do

1 31
5 3900
20 250000

Bac nano 1a vat li€u c¢6 dién tich bé mat riéng rat 16n, c6 nhiing dac tinh doc dao sau:

- Tinh khir khuan, chong nam, khtr mui, c6 kha nang phat xa tia hong ngoai di
xa, chong tinh.

- Khdng c6 hai cho suc khoe con nguoi véi licu luong twong doi cao, khong co

phu gia hoa chat.



23

- C6 kha nang phén tan 6n dinh trong cac loai dung méi khac nhau (trong cac
dung méi phan cyc nhu nudc va trong cac dung moéi khong phan cuc nhu benzene,

toluene).

- B0 bén hoa hoc cao, khong bi bién do1 dudi tdc dung ctia dnh sang va cac tac

nhan oxy hoa khtr thong thuong.
- Chi phi cho qua trinh san xuét thap.
- On dinh & nhiét d cao.
1.3.2 Hiéu \rng khang khuin ciia nano Ag:

Co ché chinh xéc cua viéc trc ché su phat trién cua cac loai vi khuan chua that

\ ~ ay A <A , ~ A+ A , [24+2
su duge 1am rd. Mot sb nghién ctiru dd dua ra co ché nay gdm co**"):

1.3.2.1 Ngin chin sur tiép xtc ciia vi khuan véi oxi:

Tat ca vi khuan sir dung enzym nhu mét 16p “phdi hoa hoc” dé chuyén hoa oxy.
Céc ion bac phan hiy enzym va ngin chin qua trinh hit oxy. Tac dong ndy lam chét tit
ca cac vi khuan, tiéu diét chung trong vong 6 phat. Céac vi rat phat trién bang cach ki
sinh trong té bao séng khac va dua vao nhan mai dé tai tao va nhan ban, con té bao sé
bi bénh. Cac ion bac con ngan oxy dua vao té bao san sinh ra vi rat va ching chét do

nghet tho'*°).

1.3.2.2 Twong tic ciia ion Ag" véi cac phan tir sinh hoc:

Céc kim loai ning giai phong ion va két hop véi nhém —SH cua protein. Protein
thong qua mang nhay t& bao vi khuan, cho phép van chuyén dinh dudng qua thanh té
bao.

Ion bac (Ag") thay thé cation hydro (H") ctia nhom thiol, lam giam hoat tinh

thAm thiu cia mang nhay va tham chi lam chét té bao.



Quter
membrane

Periplasm

Inner
membrane

A

24

“0* antigen

o

*
L]
L}
I
]
¥
L]
L]
i
}

¢ =} Lipopolysaccharide
yt— Porin

Outer membrane
protein
Lipoprotein
Peptrdamun
, Enzymes within the
periplasm

'ThL LT

Transmembrane

.li“""II 4 - protein
11> Phospholipid

Membrane proteins

Hinh 1.8: C4u tao té bao vi khuan

Hinh 1.9: Cau triic bén trong cua (a) té bao E. coli manh khoe va (b) sau khi

chiu tac dong cua nano Ag
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Hinh 1.8: (a) thé hién ciu trac bén trong t& bao khée manh cua vi khuan
Escherichia coli va (b) 1a cdu trac cia té bao E. coli sau khoang 12h voi chit dinh
dudng c6 chira Ag. Miii tén 14 16p day cac hat dién tir bam trén thanh té bao vi khuan.

Lé6p dién tir nay duoc giai thich 12 dé ngan can sy thim thau qua mang té bao.

Sy tuwong tac cua ion Ag' v6i nhom sulfhydryl chi on dinh & bé mit té bao vi
khuan. Céc nghién ctru ciing chi ra rang khong c6 Ag & bén trong té bao vi khuan, chi
bé mat nhom —SH 1a bi tac dong. Diéu nay cling gidi thich tai sao chi nhiing loai vi
khuan va vi rt bj tac dong boi ion Ag+, trai ngugc voi té bao dong vat co va khong co
nhom sulfhydryl bén ngoai. Ion Ag" ciing khong c6 kha ning thim qua mang nhay té
bao dé twong tac voi nhém —SH bén trong, diéu nay cho thay Ag khong c6 doc tinh véi

con ngudi va dong vat*®,

1.3.3 Ung dung ciia nano Ag:

Lop bao
vé dién tir

)

F]mng Tinh dan dién | Nano
tinh dién bac

Bac c6 2 dic diém ndi bat 1a tinh dan dién tét va tinh khang khuén cao. Theo do,
nano bac ciing c¢6 2 Gng dung quan trong 1 1am vat liéu dan dién va 1am chét khir

trung. V& vat liéu dan dién, nano bac thuong dugce dung trong keo dan dién, nano dan
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dién va 16p bao vé tir...Vé tinh khir tring, nano bac thudng duoc tng dung 1am chat
tiét tring, khang khuan, khir mui hoi** 1. .
Hién nay thé gidi da san xuat nhiéu san pham tiéu ding c6 chira nano bac nhu:

Cung cap thiét bi cho tré em: Nhitng dd dung bang nhya c6 pha thém nano
bac vao c6 tac dung khtr tring. Qua kiém tra xac dinh cho thiy chiing c6 kha ning tiéu

diét trén 99.9% vi khuén.

Hinh 1.10: Ung dung ctia nano bac trong d6 dung tré em
Hop dung thirc an: Bot nano bac dugc két hop voi cac hop chira thirc an duoc
phat trién boi cic nha san xuat Han Quéc. Céc hop nay co thé diét vi khuan nhu E. coli,

S. aureus ma khong lam giam gid tri cua san pham.

Nano-silver Nango-sivier
used|200ppm) not used

HNano-sikver used{200ppm}

Hinh 1.11: Ung dung ctia nano bac trong d6 dyung thirc an
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Thiét bi gia dinh (tu lanh, may hut bui, diéu hoa, may giit...)

Hinh 1.12: Ung dung ciia nano bac trong may giat, ti lanh
Y té:

- Thudc chita bénh:

Hinh 1.13: Ung dung ctia nano bac trong duoc pham
- Mang hé hip: D6 1a mot tim mang moéng c6 thé cho khi va hoi nude qua
nhung khong thé cho chét long di qua, c6 vo s nhitng 16 khi nho ton tai trong tim
film. Cac hat nano bac gan day da duoc két hop véi film polyolefin voi ddc tinh khang

khuan rat tot.

Hinh 1.14: Anh SEM ctia méang polyolefin két hop nano Ag
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Hinh 1.15: Ung dung ctia nano bac trong mot s6 do y té
Son khang khuin: Bot nano bac duoc trén véi son va phu 1én cac phim dién

thoai di dong. Chung c6 cac dic tinh khang vi khuén cao.

Hinh 1.16: nano bac trong son khang khuan va phim dién thoai
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Thiét bj dién ti: Cac nha khoa hoc cua hang IBM ciing dang nghién ctru Gmg
dung nano bac dé san xudt linh kién dién tr phuc vu nhu cau ngay cang cao cua ngudi
tiéu dung.

Hinh 1.17: Nano bac trong mdt s6 thiét bi dién tir

1.4 Vit liéu compozit:
1.4.1 Téng quan vé compozit:

Vit liéu compozit hay compozit 13 vat liéu tong hop tir hai hay nhiéu vat liéu
khac nhau tao nén vt liéu méi co tinh ning hon han cac vat liéu ban dau, khi nhing
vat li¢u nay lam viéc riéng s

Nhin chung, mdi vét liéu compozit gdbm mdt hay nhiéu pha gian doan dugc phan
b trong mot pha lién tuc duy nhat. (Pha 1a mot loai vat liéu thanh phan ndm trong céu
triic cua vat liéu compozit). Pha lién tuc goi 1a vat liéu nén (matrix), thuong 1am nhi¢m
vu lién két cac pha gian doan lai. Pha gian doan dugc goi la cot hay vét li€u tang cuong
(renfot) dugc tron vao pha nén lam ting co tinh, tinh két dinh, chong mon, chéng

xudel!. ..

Nhuya nén trong vat liéu compozit 1a chét két dinh, gitp chuyén Gng suit sang
cho soi gia cuong khi cé ngoai luc tdic dong vao vat li€u. Nhya nén quyét dinh kha
ning bén mai trudng, chiu nhiét cua vat liéu. Nhiét do thuy tinh hoa (T,) cua compozit

ciing chinh la T, cua nhuya nént,

Trong vt liéu compozit, thanh phan ¢t gia cudng duoc st dung pho bién hién

nay la cac loai so1 nhu: s¢i thuy tinh, sgi Aramid, sgi carbon, soi sisal, sgi amiang... P9
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cung, ty trong, kha nang chiu nhiét, chiu moi truong hoa chét...1a céc tinh chit cua cbt

gia cuong can duogc quan tam khi chon loai soi cho vt liéu compozit"’.

Ngoai hai thanh phan co ban trén thi trong vét liéu compozit con ¢6 cac phu gia

khac nhu chat xuc tac, chat xuc tién, chat tao mau...

Vit liéu compozit c6 vu di€m la nhe, bén, co tinh cao, chiu nhiét, chiu hoa chat
va gia thanh phu hop nén duogc st dung rat rong rai. Hién nay, compozit da c6 mat ¢
hau hét cac linh vuc cua doi1 song con ngudi nhu giao thong van tai, xay dung, cong

nghiép, y té, hang khéng, vii trul!..

Vit liéu compozit cao cp 1a loai compozit dat tién, kha nang chiu nhiét do cao,
bén chéc. Loai vat liéu nay chu yéu dung trong nganh hang khong dan dung, quan su,

vii tru va dé lam mot s vat dung trong thé thao nhu golf, tennis"...

1.4.2 Nanocompozit:

Vit liéu nanocompozit 1a loai vat liéu compozit véi ham lugng chét gia cuong

thip (1 — 7%) va chét gia cudng nay phai & kich thuéc nanomet!'~.

Vit li¢u Nano compozit (Nanocompozit) la hudng khac cua cong ngh¢ nano.
Nanocompozit dugc san XUt béng cach dua vat liéu vo co céu tric 16p ¢6 kich thudc
nanomet nhu khoang sét tur nhién (nanoclay), hay céc hat nano kim loai, ng cac bon
vao polymer dé dat do phan tan dén murc d6 nano. Nhitng vat li¢u méi dudi dang cac
nanocompozit c6 thé dung dé ché tao chat tc ché tia tr ngoai, vat lidu khur trung, vat

liéu chdng chay va cac ung dung khac!'!.

1.4.3 Nanocompozit trén co s¢ Kim loai/Polymer:

Véi nhitng ting dung cua hat nano kim loai thi polymer dac biét dugc quan tam
1a chét bao boc boi khi d6 chiing ¢6 thé ¢ nhiéu tinh chat da dang va thd vi: chung c6

thé 1a chat dan dién, din nhiét hay ciing c6 thé cach dién cach nhiét. C6 thé & trang thai
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ua nudc hay ky nudc, co thé cd co tinh cao (nhya) hay mém (cao su),... Cudi cung,

polymer bao boc dé dang va thuan tién dbi v6i su 6n dinh hat nano kim loai®***!,

Loai compozit nay thong thuong dugc tao boi ¢ dang mang hay bot, béi cong
nghé don gian, va ciing d& dang khai thac ciing nhu diéu khién cac tinh chdt mong

mu6n*+>,

Cong nghé ché tao c6 nanocompozit kim loai/polymer c6 thé chia thanh phuong

phap in situ va ex situ***>*")

- Phuong phap in situ: monomer dugc trung hop, ion kim loai dugc dua vao trude
hay sau qua trinh tring hop. Sau dé ion kim loai trong nén polymer dugc khir

boi tdc nhan hoa hoc, bdi nhiét hay birc xa, dé hinh thanh hat nano.

- Phuong phép ex situ: hat nano kim loai duoc tong hop trude, va bé miat duoc
thu dong hitu co (organically passivated). Ttr d6 hat nano dugc phan tan vao

dung dich polymer hay dich monomer sau d6 tién hanh tring hop.
1.4.3.1 Ex situ:

Hat nano kim loai dugc chuén bi trude, trude tién la phai diéu khién tranh su
léng dong, déng thoi 6n dinh ngay mam tinh thé. Piéu nay duogc thuc hién bdi sy khir
dung dich mudi trong dung moi thich hop, thudng chét 6n dinh c6 chira polymer. Viéc
tao hat bang phuong phap nay thuong lam giam bé mit dé ngin ngira su két tu cta cac
hat. Céac hat nay sau d6 duoc dua vao polymer. Piéu ndy dugc thuc hién bdi su tron
v6i dung dich cua polymer hodc monomer, ma sy khudy tron nay tuy thudc vao qua
trinh gia cong polymer. Tuy nhién, phuong phap nay bi gidi han béi sy phan tan. Dicu
can thiét 13 phai 1am giam bé mait cac hat, vi thé 1am bién doi céc tinh chat cua chung,
dé phan tan chung. DAu vy, v6i budc ndy thi khd dé thu dugc compozit voi su phan
b tdt, va phan nao d6 s& bi két tu lai. Ngoai ra, quy trinh nay bi gidi han béi sy tuong

thich (compatible) trong hé théng polymer — hat — dung moi'*".
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1.4.3.2. In situ:

Phuong phép in situ dugc ap dung dé ché tao nanocompozit kim loai/ polymer
v6i nhidu cong nghé khac nhau. Phuong phap nay thuong khong don gian va thuan loi
nhu ex situ, nhung cho két qua tét hon va c6 thé diéu chinh chét lugng san pham vat

liéu nanocompozit'*”.
1.4.4 Tong hop nanocompozit kim loai/polymer biang phwong khir héa hoc:

Phuong phap hoéa hoc 1a phuwong phap phd bién nhdt trong san xudt
nanocompozits. Ching duoc dic trung boi sy phan bd co hat nano hep, lién quan dén
qua trinh diéu khién téng hop don gian va su on dinh that sy cta hat nano trong hé
théng. Nhimg phuong phap niy déu dya vao nhiing tién trinh khtr khac nhau lién quan

dén polymer hodc copolymer, dendrimer, cang tot khi phan huy nhiét'>”.

Quy trinh tong quat cua tong hop nanocompozit kim loai — polymer bang ¢

dinh hoa chét trong polymers theo hinh sau**:
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Mudl Fam Loal
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Monomer

h J

Hat nane ltim loat duoc
&n dinh b polyrmer

Hat nane lzim loat

¥

Nhom chire polymer

h 4
Eét hop véi polymer

Polymer c6 dinh hat nano
hay dam hat nano

Keo nano duoc én
dinh polymer

B& mit polymer diroc
gla cuong bén hat nano

Hinh 1.18: So d6 tong quat quy trinh tong hop nanocompozit kim loai/polymer
1.4.4.1 Chit khir va tién trinh khi:

Nhitng chat khtr thuong dung 13 H,, nhimg hdn hop c6 chia hydrogen NHs,
NaBH,, NH,NH,, NH,NH,.H,O (chét khit manh li¢t), hydrazine borane,

phenylhydrazine, va nhitng chat khir photographic (hydroquinone, n-phenylene

diamine, pyrogallol va thir khac

[24,25,27]

Nhitng chat khtr hidu quéa cao 1 sodium borane lién quan dén nhom chét khi

manh, superhydride LiAIEtH, triethylsilane Et;SiH (chit khtr manh nhung cham),

nhitng rugu khac nhau (cd monatomic va polyatomic) thuong dung 1a ethylene glycol
(EG), diethylene glycol (DG), triethylene glycol (TG), etc..., dextrins, aldehydes

(formaldehyde, benzaldehyde), hydrogen peroxide, va tetraecthylammonium chloride

hydrate (C,Hs);NCLxH,0.
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Su khtr van tiép tuc cho dén khi kim loai ¢6 thé xuét hién trong polymer dudi
dang huyén phu. Nhing kim loai thudng dung tao kim loai nano bang phuong phap
nay thi thuong str dung nhom chat khir ¢ chira hydrogen. Nhimg ion kim loai c6 tiém
nang cao thi khu rat dé dang. Sy khtr ion kim loai v6i su dién phan dién hoa hoc thi co
hiéu qua vé khia canh nhiét dong lyc. Chiing ta hiy xem vai phan tmg dién hinh, dic

biét su hinh thanh Pd va Au gia tri zero khi khtr bang dung dich hydrazine:

2H,PdCl, + N,HsOH — 2Pd’+ 8HCI + N, + H,0
4HAuCl, + 3N,HsOH — 4Au” + 16HC1 + 3N, + 3H,0.
Phan tng khir ion Cu®* bang formaldehyde trong dung dich kiém:
Cu* + 2HCHO + 40H™ — Cu’ + 2HCOO™ + H, + 2H,0.

Diéu thi vi 14 nhitng chét khir c6 phan tir cao ¢ chtrc ning nhu 13 nhitng chat
khtr va chit 6n dinh ion kim loai cta su hinh thanh huyén phu cua hat nano. Hat keo
ciia Ag, Au va Pd dugc san xuit tir dung dich mudi twong tng ctia chung bang chit
khir Polyvinyl Alcohol va Polyethylene Glycol nhu 1a chat 6n dinh. Két qua 13, hat
nano kim loai phan tan thap thi gan véi dang hinh cdu. Bac khir nhanh va hinh thanh
hat nano khi mudi bac thém vao dung dich chloroform solution poly(2,6-dimethyl-1,4-

phenylene oxide).

Thudng thi chit khir cho vao tir tir trong diéu kién khong khi tro tai nhiét do
phong hodc nhiét do cao hon (trong trudng hop kim loai quy). Nhiing tién trinh nay
trong sudt su soi cia alcohol, nudc, alcohol-nude va chat trung gian khac khi nao ty 18
phan tir ciia chat khir va ion kim loai > 1:1. Thinh thoang co hat trung binh cua hat
nano trong polymer thi bat dau 16n 1én tir tir tai téc do vira phai cta viéc dua ion kim
loai vao. Tréi lai, sy khir thuong dung tai giai doan hinh thanh phtrc ion kim loai gi tri

thap khi téc d6 cho vao nhanh***7],

1.4.4.2 Phuong phap khu:

Céac phuong phap khtr ¢6 thé dugc chia 1am hai nhom:
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Phuong phap tao mam: 13 phuong phap khir héa hoc céc kim loai trong dung
dich mubi cua chung. Céc kim loai nhu Cu, Cr, Ag thuong dugc diéu ché bang phuong
phéap khir dién hoa hay khir bang birc xa hoa hoc. Trong trudng hop ndy thuc té mot

lwong nhat dinh kim loai ¢6 thé cho vao polymer®..

Phuong phap khir trong méi trudng polymer: phuong phap niy bao gém su
khtr cac phan tir kim loai trong mdt hon hop tao véi polymer. Hon hop nay khoang 1 —
3% kim loai, doi khi tir 3 — 15%. Sy tap trung cua cac ion kim loai dugc gidi han boi
cac nhom chtrc cua polymer va phu thudc vao cAu tao ctia hdn hop tao thanh. Co sy
tuong tac cua hdn hop chat khir v6i nén polymer, trong phan tir polymer ton tai nhiing

khoang tréng 14 noi chira dung va can tré su gia ting kich thude cia cac hat nano'™.

1.4.4.3 Su khir trong dung dich polymer:

Su hinh thanh kich thudc hat nano trong mdi truong polymer bi tdc dong bdi

ban chét ctia polymer, khdi luong phan tir, trong truong hop copolymer, 13 cu tao va
tham chi 13 sy phan bd lién két trong mach copolymer'>.

| ( ’I j“}z Bay hoi .;.-i ’\-E'_j::{:;
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Hinh 1.19: Co ché hinh thanh hat nano kim loai trong moi trudng polymer
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Co ché hinh thanh hat mang moéng nanocompozit kim loai/ polymer gdm 3 giai

doan:

- Giai doan 1: Sy tron hop tao thanh mdt hon hop phan bd déu cua ion kim loai

vao dung dich polymer.

- Giai doan 2: Hinh thanh mang méng bang phuong phap cho bay hoi cho téi khi
con lai phan du 5 — 10%.

- Giai doan 3: Xay ra phan ung khtr rit nhanh hinh thanh hat nano két hop véi

mach polymer.
1.5 Tong quan vé PVA:

Polyvinylancol (PVA), duoc tong hop dau tién & Ptrc nim 1925, dugc dua ra thi
truong & My nam 1939 boi cong ty Du Pont. Sy két hop cac thudc tinh chi c6 & PVA
khién chung tr& thanh mot trong nhimng loai nhya tan trong nudc da dang nhét san co

cho cong nghiép.

Polymer nay khong thé tong hop truc tiép tir monomer vi vinyl ancol khong bén
va khong thé phan lap. Vi vay, nd dugc tao ra tir qua trinh thiy phan polyvinyl axetat.
Ciing giéng nhu dan xuit xenlulozo dugc dic trung boi DS va DP khac nhau, mdt loat
cac hop chit PVA c6 thanh phan khac nhau c6 thé dugc tong hop nho thay d6i muc do
thuy phan (méc d6 thé, DS), va khdi luong phan tir (d6 trung hop, DP) cua vat liéu

polyvinyl axetat ban dau.

Ngoai cac tng dung trong cung mot linh vuc canh tranh nhu cac polymer tan
trong nudc khac, PVA duoc sir dung nhu mot hop chat trung gian véi khéi luong dang
ké. Cac dan xuét quan trong nhat ctia PVA 14 polyvinyl butyral (duoc st dung nhu 13
vat liéu gilra cac lop thuy tinh bdo v€) la mdt axetal dugc tao ra tr phan Gng cla

butyraldehyt vé61 PVA. Tuong tu, polyvinyl formal dugc tao ra tor phan Ung cua
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formaldehyt v&i PVA, dugc dung dé boc day dién hodc cac 16p 16t kim loai. Polyvinyl

formal ciing ¢ cac ing dung nhu 1am soi gia rel'.

Ay

OH

I.5.1 Cong thire:

Cong thuac phan tir:  «C,H,09-,

CAu truc 1ap thé cia PVA:

OH ., OH _OH . OH
\C/H N /H\/H\ ek
/© C L /O
\CH{ Son ol pen e

1.5.2 Tinh chat:

Tat ca cac PVA duoc thuy phan mot phan va hoan toan déu c6 nhiéu tinh chat
thong dung, 1am cho polymer c6 gia tri cho nhiéu nganh cong nghiép. Cac tinh chat
quan trong nhét 13 kha ning hoa tan trong nuéc, dé tao mang, chiu diu m& va dung
mdi, dd bén kéo cao, chat luong két dinh tuy¢t voi va kha nang hoat dong nhu mdt tac

nhan phan tan 6n dinh!'”,

Tom tit cc tinh chat cia PVA (dic trung boi loai Elvanol) trinh bay trong bang

sau:

Bang 1.3: Tinh chét ciia PVA

Dang Bot

Mau sac Trang t61 kem
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Ti trong riéng, g/cm3 1.27-1.31
Thé tich riéng, in’*/Ib 22.9-21.1
Chi s6 khtic xa, nD* 1.49 - 1.53
b0 dan dai, mang da déo hoa % Duéi 600
Do bén kéo, kho, chua déo hoa, psi Dudi1 22 000
b0 ctng, do déo hoa, Shore 10-100

Nhiét d6 han gin nhiét, kho, chwa déo hoa, °C | 165 —210

Nhiét do duc ép, da déo hoa, °C 100 — 150

D bén nhigt, trén 100°C Lam thim mau chim
Trén 150°C Lam thAm mau nhanh
Trén 200°C Phan hay

D6 bén bao quan (mdt vai nim) Khong gay hong

Nhiét dung riéng, cal/g/’C 0.4

Tinh bét chay Chay véi toc do cua gidy

Anh huong ciia anh sang Khong anh huéng

Anh huodng cta axit manh Hoa tan hodc phan huy

Anh huong ciia kiém manh Chay mém hodc hoa tan
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9

Anh huong cia axit yéu

Chay mém hodc hoa tan

Anh huong ctua kiém yéu

Chay mém hoic hoa tan

Anh huong ciia dung méi hiru co

Khong anh huéng

Khi dun séi trong dung dich nudc, PVA s& tach ra khoi nudc va két tia. Tinh
chét phy thudc vao do polymer hoéa va mirc do thity phan polyvinyl acetate nhu do tan

trong nudc ting khi khdi lwong phan tir giam.

PVA chtra mirc acetat thap khong thé tan & hau hét cic nhiét do hodc ¢ nhiét do

thuong nhu: xang, xylene, eter...
1.5.3 Diéu ché:

PVA duoc diéu ché bang phan tmg xa phong héa polyvinyl ester:

NCH——CH; —CH—CH,—
| | ? | CH.OH. NaOH CH C"'zT
o) — 0 = |
| | OH
CO—CH, CO - CH, n
L _in
Vinyl acetat Polyvinyl acetat PVA

1.5.4 Ung dung:
Dung lam chét két dinh binder, myc in, bot phu, chét gén két trong bdt ceramic
hodc bot kim loai, chét chéng léng. .
1.5.5 Vai tro ciia PVA trong tong hop nanocompozit:
Polymer thuong dung nhu mot chat 6n dinh hat trong tong hop héa chat keo kim
loai, ching ngan chan duoc su két tu va léng dong cua hat. Khi ga“'m nhiéu hat vao trong

chit nén polymer thi ciing thuén l¢i trong viéc tao thanh mang. Mang c6 hat kim loai
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trong d6 dwoc xem 13 mot tiém ning tmg dung rit cao trong thuc tién. Polyvinyl
alcohol dugc biét dén 12 mot chit 6n dinh tét dbi voi hat nano kim loai. Vi thé tién
hanh thi nghiém trén chat nén PVA véi chit khtr 1a hydrazin hydrat (mot chat khir

manh) dé tao hat nano bac la hudng kha thi®!=%,

1.6 Tinh hinh nghién ctru trong va ngoai nudc:
1.6.1 Trong nuwéc:

Vit li¢u nano chi mdéi dugc tap trung nghién clru trong vai nam tré lai day. Vé
vat liéu polymer nanocompozit, tinh tir trudc nim 2008 méi chi thdy cac bao céo vé
téng hop ciing nhu tmg dung vat liéu polymer nanocompozit trén co s Clay bién tinh.

Céc bao cdo vé nanocompozit trén co s& Nano Ag chi thay tir nim 2008.

1. Vit ligu nanocompozit trén co sé Caosu epoxy va dit sét Lim Dong bién tinh
- Trwong Phuéce Nghia', Ha Thic Huy” - "Bo mon Khoa hoc Vit liéu -
Truong Pai hoc Khoa hoc Ty Nhién - 2 Khoa Ho4 - Truong Pai hoc Khoa hoc
Tu Nhién.

2. Nghién ciru va trién khai ung dung vt lieu compozit trén co so vat lieu Nanoclay
bién tinh (vit ligu polymer — nanocompozit) - Pham Quang Hién, DS Thanh Thanh
Son, Nguyén Hiru Niéu - Khoa Coéng Nghé Vit liéu — Truong Pai Hoc Bach Khoa
TP. H Chi Minh (2007).

3. Ché tao Nano bac bang phuong phap chiéu xa tia gamma va tng dung ché tao chai
xit khir mui hoi nach — Trung tAm nghién ctru va trién khai cong nghé birc xa thanh
ph6 H6 Chi Minh (2007).

4. Ché tao Nano bac bang phuong phap hoa uét tng dung diét khuan E. Coli — Trung
tam vat liéu Pai hoc Khoa hoc Tu nhién — Dai hoc Quéc Gia Ha N6i (2008).

5. Nam 2008, TS. Nguyén Thi Phuong Phong tai PTN nano Pai Hoc Qudc Gia TP.

HO Chi Minh cung cac cong sy da thuc hi¢n viéc diéu ché hat nano Ag trong cac
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nén polymer nhu PVP bang birc xa, nén cao su thién nhién bang phuwong phap kht
héa hoc, hay nén vai coton. Cac két qua thyuc hién tir cac dé tai nay déu cho két qua
tot.

1.6.1 Ngoai nuwoc:

6. Nam 2006, Yongzhi Wang Khoa hoéa, Pai Hoc Jilin, Changchun 130023, Céng hoa
Trung Hoa cuing cic cong su voi dé tai « Tong hop vdt liéu nanocompozit trén
co s¢ Polyvinyl pyrrolidone/Ag bang phwong phdp ma in xoay* c6 ndi dung va
dat duoc cac két qua sau:

- Ndi dung: Tong hop nano Ag bang phan tmg khir hoa hoc véi tac nhan khi 1a
ethanol trong moi truong Polyvinyl pyrrolidone (PVP), Cac hat nano Ag duoc
diéu chinh phan bd trong PVP bang phuong phap ma dién xoay.
- Két qua:

= Tinh chit quang hoc ctia nanocompozit bang phd UV — vis.

= Ciu tric cia nano Ag phan b trong Polyvinyl pyrrolidone 13 céu tric

tam mat (Fcac) duoc xac dinh bang XRD.

= Hinh thai va sy phan b cia Ag trong PVP dugc xac dinh bang TEM.

= Sy lién két cua nano Ag véi PVP dugc xac dinh bang phd XPS.

7. Nam 2007, Wenjun Ding tai Khoa Sinh Hoc, Hoc vién khoa hoc Trung Hoa, Bic
Kinh, Céng hoa Trung Hoa cing cic cong sy v4i dé tai “Ché tao mang PVA trong
suot cé tinh khdng khudn® c6 ndi dung va dat duoc cac két qua sau:

- N§i dung: Tong hop nano Ag trong méi truong PVA bang phuong phap in
situ vo1 tdc nhan khir 1a nhi€t, sau qua trinh nay lam bay hoi thu dugc mang

nanocompozit Ag/PVA.

- Két qua:



42

= Kijch thudc ctia nano Ag tir 5 =~ 20nm thé hién qua anh cia TEM
= Ph6 UV — vis cho thay nanocompozit c¢6 sy gia ting do hap thu.

=  Mang Ag/PVA c6 tinh khang khudn cao véi cac ching loai trong d6 c6
E. coli

8. Nam 2004, N. V. Serebryakova tai Hoc Vién hoa ly, Vién khoa hoc Nga, Leninskii
pr. 31, Matxcova, Nga v6i dé tai “Cdc phwong thire hinh thanh hat nano Ag trong

dung dich polymer “ c6 ndi dung va dat duoc cac két qua:

- Noi dung: Tong hop nano Ag bang cic phuong phap khir hoa hoc trong PVA ¢6
khéi luong phan tir khac nhau, xac dinh tinh chat quang hoc cua vat liu, theo

doi1 hinh théi cua ctia nano Ag trén anh TEM.
- Két qua:

C6 hai hinh thtrc thanh 13p nano Ag, mot co6 kich thudc on dinh theo thoi gian,
va hinh thac con lai kich thuéc 16n dan theo thoi gian. Voi PVA (MW 22000)
cac hat nano Ag dugc hinh thanh c6 kich thudc 6n dinh, sy phan bd cao nhét &
kich thudc 7,4 nm, su hép thu dac trung & budc song 412nm. Con vdi PVA co
MW (72000, 145000) su hinh thanh hat nano Ag la khong déu va khong 6n

dinh, theo thoi gian kich thudc hat 16n dan va c6 su gia ting budc séng hap thu.
9. Nam (2006), Deng Yan cung cac cong su tai Vién khoa hoc vat li¢u nano, Trung
Quéc voi d& tai “Tinh chat quang hoc cia madng polymer nanocompozit
Ag/PMMA “ ¢6 ndi dung va dat duoc cac két qua:
- Ndi dung: Tong hop nanocompozit Ag/PMMA bang phuong phap in situ
- Két qua: Nanocompozit c6 sy gia ting ctia cuong do hap thu khi c6 mit Nano Ag

té1 bude song 532nm.
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10.Nam 2006, F Faupel cung cac cOng su tai Vién cong nghé vat liu, Kaiserstrasse,
DPuc v6i dé tai “Tinh chdt vat Iy, héa hoc va tinh khing khudn cua 16p phi

nanocompozit Au — Ag/ PTFE “ véi ndi dung va két qua:
Noi dung:

- Téng hop mang nanocompozit véi cac hat nano kim loai quy 1a Au va Ag phan
tan trong mdi trudng PTFE bing phuong phéap khir, 16p mang nanocompozit cd

kha ning khang khuan.

- Mang nanocompozit dugc chuin bi v6i d6 day 100 + 300nm, cac hat kim loai
sap xép tir 10 = 40%.

- Tac dong khang khuan cua 16p phu nanocompozit duoc udc tinh véi hai xét
nghiém. Tac dong khang khuan cua vét liu dugc danh gia bang téc do phat
trién cta cac ching vi khuan 1a Staphylococus aureus and S. Epidermidis —
nhiing loai gay nhiém trung.

Két qua:

- L&p phu nanocompozit cia Ag cé tac dung diét khuan/m” véi 0,1g Ag.

- L&p phu nanocompozit ciia Au cé tac dung diét khuan/m* véi Img Au.

11.Nam 2007, Radhakrishnan cung cong su tai Khoa Hoa, Pai Hoc Toronto chi nhanh

Mississauga, Mississauga, Canada voi dé tai “Chuan bi va nhitng tinh chdt cua hat

nano Ag, Ag>S trong nén polymer sinh hoc* c6 ndi dung va két qua:

Noi dung: Tong hop nanocompozit voi cac hat nao Ag, Ag,S trong nén polymer 1a
tinh bot Sagu. Két qua cua viéc tao ra nanocompozit nay duoc kiém tra bang

phuong phép xéac dinh céu trac, tinh chat quang hoc va tinh chét nhiét.

Két qua:
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- Phd XRD cho ra cdu tric trong nén polymer ctia Nano Ag 1a dang khdi (cubic),

con cua Ag,S 1a monoclinic..
- TEM cho biét cac hat nano chu yéu c6 dang hinh cau kich thuéc tir 10 + 30nm.
- TGA cho thay vat liéu c6 sy 6n dinh nhiét téi nhiét 46 670°K.

12. Nam 2005, P.K. Khanna cung cong su tai Phong thi nghiém vat li¢u nano, Vién
cong nghé vat liéu, Pudng Off Dr. Bhaba, Panchawati, An D6 v6i dé tai “Tong hop
nano Ag bang phuong phap khir hda hoc” ¢6 ndi dung va két qua:

Noi dung: Tong hop Ag/PVA nanocompozit bang phuong phap khir trong dung
dich mudi Ag véi cac tic nhan khir 14 Hydrazin hydrat (HH) va
formaldehyde sulfoxylate (SFS), nghién ctru tinh chit quang hoc, cdu

truc, kich thudc va sy phan bd hat nano, tinh chat nhiét caa vat liéu.

Két qua:

Vit liéu c6 kha cuong d6 hap thu ¢ budc song khoang 418nm

- XRD cho biét cu tric dang cubic ctia nano Ag

- SEM va TEM xéc dinh dugc kich thudc cua cac hat nano Ag vao khang 20nm.
- TGA cho két qua chiu nhiét ctia nanocompozit 1a 430°C..

13. Nam 1999, Kan Sen Chou cung cong sy tai Khoa Cong Ngh¢ Hod Hoc Truong
Dai Hoc Tsing Hua - Dai Loan véi dé tai “Tong hop Ag/PVA, PVP nanocompozit
bang phwong phdp khir hod hoc” véi ndi dung va két qua:

Noi dung: Tong hop nano Ag bang phuwong phap khir véi tac nhan 1 formaldehyt
trong dung dich mubi AgNO;, méi trudong PVP va PVA, Khdo sat anh
huong ctia méi trudng bazo va ti 16 cac chat qua trinh tong hop, xac dinh

cAu tric ciia nano Ag, Xac dinh kich thudc nano Ag biang TEM.

Két Qua:
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- Sir dung ndng 46 AgNO;= 0.01M, Ti 1é cac chét cho qua trinh tong hop la:
. [formaldehyt]/[ AgNO;]=4, [NaOH]/ [ AgNOs]=1, [Na,COs]/[Ag]=1
= PVP/Ag=9,27;PVA/Ag=337.

- XRD cho biét cdu tric cia nano Ag 1a cubic

- TEM cho thiy kich thudc ciia nano Ag tir 7 + 20nm.

14. Nim 2008, Young Key Shim cung cong su tai Truong Hé Théng Cong Nghé
Nano, Dai Hoc Inje, Kimhae, Han Quéc véi dé tai “T. (5ng hop nano Ag sw dung

nhém chire hydroxyl va hoat tinh diét khudn ciia ching® c6 ndi dung va két qua:

Noi dung: tong hop nano Ag bang phuong phap khur, sir dung cac hop chat ¢ chira
nhom hydroxyl nhu 1a tdc nhan khir va tdc nhan bao v€. Nghién ctru cac
tinh chit quang hoc, xac dinh kich thuéc hat nano, kha ning khing

khuan cua vt liéu.
Két qua:
- Vat liéu c6 cudng do hap thu ¢ budc song 420nm.
- Nano Ag ¢6 cu triic & dang cubic
- Nano Ag c6 d6 phan bé kich thudc tir 2 + 8nm.
- Nano Ag c6 hoat tinh khang khuan cao.

15. Nam 2005, Noritsugu Kometani cung cong su tai Khoa Hoa, Dai Hoc Osaka,
Osaka, Nhat Ban véi dé tai “Tong hop Nano Ag Bang phwong phdp khir nhiét
v6i ndi dung va két qua:

Noi dung: Tong hop nano Ag v6i PVP nhu 1 tac nhin bao vé va tac nhan khu, ap

suat thuc hién phan trng 40Mpa, ¢ cac nhiét d§ khac nhau.
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Két qua:
- O nhiét d6 250°C: hat nano tao ra c6 kich thudc nhé hon 50nm, cuong do hép
thu 16n nhat & 400nm.

- O nhiét d6 300 - 350°C: hat nano tao ra c6 kich thuéc nhd hon 30nm, cuong do

hap thu gia tang 1én t&i 500nm.
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CHUONG II: THU'C NGHIEM

I1.1 Héa chét va dung cu:
I1.1.1 Hoa chat:

Bang 2.1: Danh sach cac hoa chit sir dung nghién ctru

Tén héa chat Cong thire Hing san xuat Thanh phin
PVA (MW60.000) | TCE2TCHIL | yerek - e 99%
OH
Bac Nitrat AgNO; Merck — Dtrc 99%
Hydrazin hydrat NH,-NH.H,0 Merck — Dtic 99%
Trinatri citrat CeHsNazO; Merck — Dtrc 99%
Nudc cat
I1.1.2 Dung cu:
Binh cau 3 ¢b May khudy tir gia nhiét
Becher 250ml Catu
Becher 50ml Diia khudy
Ong dong 50ml Van x4 khi
Binh dinh mac 100ml Gidy nhom
Pipet 1ml Nhiét ké 200°C
Pipet 2ml Binh khi Nito
Pipet S5ml Bong bong
Pipet 10ml Kim tiém

Can phan tich 4 s
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I1.2 Tong hop nanocompozit Ag/PVA:
I1.2.1 Quy trinh tong hop:

Polymer
PVA
A 4
AgNO; 0.02M Dinh lugng 0.2g
Tao dung dich
A 4 v
Dinh lugng > Hon hop

A 4

Khudy 15 phut

Nh‘ié.t dﬁ 80°C , Phén (g Hydrazin - hydrat
Thoi gian 20 phut 0.02M
x . Dung dich
Hon hop ph -
o hop phan ung nanocompozit
A 4
Bay hoi

Ag/PVA

Mang nanocompozit
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I1.2.2 Thuyét minh quy trinh:

- Chuén bi dung dich PVA: can mot lugng 0.2g PVA, va mot lugng nudc ct
dinh trudc vao binh phan Gng trén may khudy tir va gia nhiét t6i 80°C t6i khi dong
nhat.

- Sau khi tao dung dich PVA déng nhit, dung dich AgNO; 0.02M s¢ dugc thém
vao theo mot lugng thich hop da dinh trudc. Hon hop s& duoc 1am sach boi khi nito va

tiép tuc khudy trong 15 phiit.

- Dung dich hydrazine hydrat 0.02M sau d6 dugc thém vao bang kim tiém theo
ti 1¢ mol hydrazin/AgNO; = 1/1, thoi gian phan Umg duogc thyc hién 20 phat dudi sy

khudy tron ciia may khudy tir.

- San pham 13 dung dich nanocompozit Ag/PVA c6 mau vang dic trung duoc

chuan bj dé kiém tra bang phd UV — vis.

- Tao mang nanocompozit bang cach cho bay hoi dung dich nanocompozit va

dem phan tich phé XRD, duong TGA, anh TEM
I1.3 Céc thiét bi phin tich vt liéu:
11.3.1 M4y quang phd hap thu (UV - vis):

Khi tién hanh do mau trén mdy quang phd hap thu s& cho mot dang phd c6 chiéu
cao mili xac dinh twong ng voi timg chat khac nhau. Céac hat nano Ag s& cho dai hip

7538 nhu vay tir két qua cua phd

thu budc song anh sang trong khoang 390 + 450nm
UV — vis cho phép ta du doan vé kha ning tong hop dugc nano Ag, tir d6 ¢ thé dua ra

nhing hiéu chinh can thiét cho quy trinh tong hop nanocompozit.
11.3.2 Phd hong ngoai IR:

Dudi birc xa hong ngoai vat liéu s& hap thu mot s6 tan sé thich hop. Ning lugng

hap thu 1am nguyén tir v nhém nguyén tir trong phan tir dao dong manh hon. Tan s6
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héap thu twong Gng vé6i tin sb dao dong chudn (dic trung cho cac nhom nguyén tir co
trong phan ttr). Tir d6 x4c dinh cdu trac ctia nanocompozit ciing nhu ban chat lién két

gitra Ag va PVA.
I1.3.3 Nhiéu xa tia X (XRD):

XRD cho ta biét sy c6 mat hay khong co6 mit cia tinh thé nano Ag (dinh tinh
pha tinh thé). Moi pha g6m mot loai 6 mang va khi chup nhiéu xa tia X s& cho mot hé
vach dic trung. Tir két qua nay so sanh v6i phd chudn c6 thé két luan thanh phan céc
pha co trong mau. Trong d¢ tai nady XRD dé ching minh d c6 su hién dién cta cac hat

nano Ag trong san phdm nanocompozit hay 13 chua.
I1.3.4 Phép phan tich nhiét (TGA):

Phép phan tich nay c6 khd nang x4c dinh kha ndng chiu nhiét cia vat li¢u
nanocompozit. Nhiét do bat dau cia sy phan hity cho t6i sy phan huy cta vat liéu déu

duoc xac dinh trén TGA.
I1.3.5 Kinh hién vi dién tir truyén qua (TEM):

Nguyén tic truyén sang cta thiét bi nay gidng nhu cua kinh hién vi quang hoc
truyén qua, ngoai trir viéc sir dung burc xa dién tir thay cho birc xa kha kién. Kinh hién
vi dién tir truyén qua c6 kha ning xac dinh chinh xéc kich thudc, cling nhu hinh dang
hay su phan bd cta hat nano Ag tao thanh nhd c6 d6 phan giai t6t vao khoang tir 0.1 =

1nm.



51

CHUONG III: KET QUA VA THAO LUAN

II1.1 Tong hop nanocompozit Ag/PVA:

II1.1.1 Phén &rng tao hat nano Ag trong moi truwomg PVA:

Khi cho tir tir dung dich hydrazin hydrat vao khir mudi AgNO; thi mau dung
dich thay doi, tir khéng mau chuyén sang mau vang dic trung theo ham luong AgNO;
thay d6i. Dung dich mau vang 6n dinh trong mot thoi gian dai vi cac hat nano Ag phan
b trong mdi trudng PVA. PVA c6 vai trd bao vé, ngan ngira sy két tu va lang dong
cua cac hat nano Ag.

PVA chira nhom -OH hoat dong c6 thé tao phuc voi ion Ag™ cua dung dich
0[31]

AgNO;. Dudi tac dung cua chit khir hydrazin hydrat, Ag" chuyén héa thanh Ag’"'l.

Ehu
AgNQO; +23q.PVA —» Ag"+ PVA — [AgY/PVA]——  Ag’

I11.1.2 Két qué chup phé UV — vis:

I11.1.2.1 Phé UV - vis ciia dung dich PVA, dung dich AgNOs, dung dich
AgNO;/PVA va dung dich nanocompozit Ag/PVA:

1.500

1.000 - —

Abs.

0.500 —

o.oo0 L
190,00 400,00 00,00 700,00
nm.

Hinh 3.1: Phé UV — vis cta dung dich PVA
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1.000 -

0.500 -

0.000
19000

400.00 G00.00
nm.

Hinh 3.2: Phd UV — vis cua dung dich AgNO;

F00.00

1,500 —

4.000

0500 -

0000
100,00

400,00 G00.00

Hinh 3.3: Ph6 UV — vis cua nc?img dich AgNOs;/PVA

F00.00
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1.780 — T T

e Ho. BN | Wavelength nm. Abs. Description

1] 415.50 0914
2l @ 323.50 0.061

1.000

Abs.

0.000 -

0.152 1 L
190.00 400.00 600.00 700.00
nm.

Hinh 3.4: Phd UV — vis cta dung dich nanocompozit Ag/PVA

Nhén xét:

Hinh 3.1, 3.2 va 3.3 cho thiy cac dung dich PVA, AgNO; va AgNO5/PVA hoan
toan khong thay dinh hip thy trong ving budc séng tir 390 + 450nm.

Dbi voi pho UV — vis cua dung dich nanocompozit trén hinh 3.4 cho thiy c6
mot dinh rat 1d & budce song 415.5nm trong dai bude song do tir 190 + 700nm. Nhur vay
c6 thé két luan trong dung dich di c6 sy hién dién cua cac hat nano Ag sau phan tng
khir AgNO; trong PVA, dinh hap thu nay 13 két qua cua hién tuwong cong hudng

plasmon xay ra trén bé mit cua cac hat nano Agt****>"3%]

Két qua nay cho phép danh gia tinh hiéu qua cia quy trinh tong hop
nanocompozit véi chat khir hydrazin hydrat, 13 nén tang cho phép khao sat su anh

hudng ctia ham luong AgNO; téi kha nang tong hop vat liéu nanocompozit.
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I11.1.2.2 Ph6 UV — vis ciia dung dich nanocompozit theo ham lwong AgNOs:

Panh gia sy anh huong ciia ham lugng AgNO; t6i qua trinh tong hop
nanocompozit, cac thi nghiém s& duoc tién hanh voéi ham luong AgNO; thay d6i (tinh
theo khdi luong ctia PVA) tir 1 + 7% theo s6 luong & bang sau:

Bang 3.1: Bang s liéu khao sat anh huong ham lugng AgNOs t6i qué trinh tong
hop nanocompozit

STT | AgNO3y/ PVA (%) | mpya(g) | ml (H,0) | ml (AgNO;) | ml (HH)
1 1 0.2 28,8 0.6 0.6
2 2 0.2 27.6 1.2 1.2
3 3 0.2 26,4 2.4 2.4
4 4 0.2 24 3.0 3.0
5 5 0.2 23 3.5 3.5
6 6 0.2 21.8 4.1 4.1
7 7 0.2 20.6 4.7 4.7

Dung dich thu dugc sau qua trinh tong hop véi cac s6 lidu trén duge do trén

may UV — vis cho cac két qua nhu sau:
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3.393 T T T
3.000 B
2,000 B
ES No. PN | Wavelength nm. Abs. Description
1| 1@ 419.00 0.170
2| ™ 325.00 0.037
1,000 - -
0.000 —\j/'\
o~
-0.309 1 1 1
300.00 400.00 500.00 600.00 7004
nm.
”
N X . ” . .
Hinh 3.5: Ph6 UV - vis cta dung dich nanocompozit Ag/PVA (1%)
3.393 T T T
3.000 B
Ho. PV | Wavelength nm. Abs. Description
e I 419.00 0.380 7
(4] 325.50 0.035
i
<L
1.000 [ B
0.000 - =
™
-0.309 L 1 L
300.00 400.00 500.00 800.00 700,

nm.

Hinh 3.6: Phd UV — vis cta dung dich nanocompozit Ag/PVA (2%)
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Hinh 3.8:

Ph6 UV — vis cia dung dich nanocompozit Ag/PVA (4%)

2292 T : :
3.000 [ g
2.000 No. PV | Wavelength nm. Abs. Description T
1 5] 422.00 0.823
2 o 327.00 0104
1.000 | - E
0.000 [ E
o
-0.209 1 1 1
300.00 400.00 500.00 800.00 700,
nm.
”
N 2 . N . .
Hinh 3.7: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (3%)
3392 T T T
3.000 [ E
No. P | Wavelength nm. Abs. Description
2000 1 I 42450 1.325 -
2] 325.00 0.215
1.000 | E
0.000 o N
-0.308 L L 1
200.00 400.00 500.00 &00.00 700.
nm.



Abs.

Abs,

57

3.383 T T T
3.000 -
Ho. PN | Wavelength nm. Abs. Description
1 ] 427.00 1.832
2000 _ B 323.00 0.134 i
1.000 —
0.000 -
-0.202 . . .
300.00 400.00 500.00 ©00.00 T00.
nm.
”
N . ~ . 7 . . 0
Hinh 3.9: Ph6 UV - vis cta dung dich nanocompozit Ag/PVA (5%)
3.393 T T T
3.000 -
No. PN | Wiavelength nm. Abs. Description
1| @ 434 50 2332
2 322.50 0.206
2000 -
1.000 -
0000+ -
-0.209 1 L L
300.00 400.00 500.00 &00.00 700
nm.

Hinh 3.10: Phd UV — vis cua dung dich nanocompozit Ag/PVA (6%)
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2,000

1.000

No. PN | Wavelength nm. Abs. Description
1 L] 436.50 2767
2 (1] 322.00 0.258

0.007
200.00 400.00 500.00 S00.00 T00.
Hinh 3.11: Pho UV — vis cua dung dich nanocompozit Ag/PVA (7%)
2042 T T T =
2000 1
1.000 -
o ;
__,
o.000 __. -
(4]
-0.256 1 1 L
200.00 400.00 500.00 ©00.00 700.00
nm.

Hinh 3.12: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (1 + 7%) trong dai
budc song tir 300 + 700nm
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2.944 .

2.000

Abs.

1.000

D.023E 1 1
348,80 400.00 500.00 800.00 700.00
m

Hinh 3.13: Ph6 UV — vis cta dung dich nanocbmpozit Ag/PVA (1 +7%) trong dai
budc song tir 350 + 700nm

Nhan xét:

Hinh 3.5 = 3.11 1a cac két qua chup phd UV — vis cta cic mau nanocompozit
téng hop voi ham luong AgNO; thay ddi (tir 1 7%). Cac két qua nay duoc dua 1én
trén cting mot biéu d6 nhu hinh 3.12 va 3.13. Két qua cho thdy su anh hudng cia ham

luong AgNO; t6i qua trinh tong hop nanocompozit 14 rt rd. Cu thé:

Khi ham lwong AgNO; trong hdn hop AgNO3/PVA ting (tir 1 = 7%) thi d6 hap
thu cta nanocompozit Ag/PVA ting dan va dinh hip thy ctia nanocompozit Ag/PVA
cling dich chuyén dan theo cac budc song 16n hon (tir 419 + 436,5nm). Piéu d6 ching
t6 rang: khi ham lugng AgNO; ting, cac hat Ag tao thanh d& dang tu hop lai voi nhau

hon, dan ti kich thude cia hat nano Ag ciing ting 1én.
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Lin (Counts)

I11.1.3 Két qua chup XRD:

Dung dich nanocompozit sau qua trinh tong hop duoc cho bay hoi tao mang va
dem phan tich nhiéu xa tia X (XRD). Két qua nhu sau:

MAU_NANO Ag i

d=1.44606
d=1.17804

1.23137

d:

| wwwwwkwm )

oty

W 0
2-Theta - Scale
MAUiNANO Ag i - File: MAU_NANO Ag i.raw - Type: 2Th alone - Start: 30.000 ° - End: 84.990 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 30.000 ° -

Hinh 3.14: Pho XRD ciia nanocompozit Ag/PVA

Tir két qua XRD trén hinh 3.14 cho thiy 5 dinh ¢6 cuong do cao nhat hoan toan
triung hop v&i pho chuan cua kim loai Ag (hinh 3.15) tai vi tri gi tri cac goc 20 = 38°
(d =2.35837A); 44,2° (d = 2.05520A); 64,4° (d = 1.44606A); 77,6° (d = 1.23137A) va
81,6° (d = 1.17804A) twong g vé&i cac mat {111}, {200}, {220},{311} va {222}

thudc 6 mang Bravais trong ciu triic Fec cua kim loai Agh¥™.
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MAU_NANO Ag i

Lin (Counts)
I
o 0=2.35837
1.17804

d=1.44606
1.23137

d:

ekt Wb

d

ey

T
2 W s0 60 70
2-Theta - Scale

MAUiNANO Ag i - File: MAU_NANO Ag i.raw - Type: 2Th alone - Start: 30.000 ° - End: 84.990 ° - Step: 0.030 ° - Step time: 1. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 30.000 ° -
[llo1-087-0717 (C) - Silver 3C - Ag - WL: 1.5406 - Cubic - a 4.08570 - b 4.08570 - ¢ 4.08570 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 - 68.2024 - I/Ic PDF 17

Hinh 3.15: Phé XRD ctia nanocompozit Ag/PVA so sanh véi dinh chuan ctia Ag
I11.1.4 Két qua chup IR:

T
80

Mang nanocompozit dugc phan tich trén phd hong ngoai (IR), két qua nhu hinh

3.16 va3.17:

Phén tich phd IR ctia PVA hinh 3.16: theo 1y thuyét van hap thu ctia -OH vao
khoang 3640-3590 cm™', nhung do lién két hydro s& lam dich chuyén van -OH vé ving
c6 tan s6 thip 3437.91 cm™, van hip thu ctua -CH, - tai 2924.39 va 2854.54 cm™. Dao
dong cua OH tai 1459.68 va cua C-H tai 1382.79 cm™.

Theo hinh 3.17: van hép thu cta -OH tai 3398.32 cm™. Van ctia —-CH,- ¢6 mot
miii tai 2911.25 cm™. Dao dong cua -OH tai 1448.27 va ciia C-H 1381.90 cm™. Ngoai
ra con co van bién dang ctia nhém -OH tai 607.95 cm” va C-H tai 850.93 cm™ ma
trong PVA khong cé. Diéu nay cho thiy di co lién két hoa hoc giita PVA va kim loai

bac[3l’33].
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I11.1.5 Két qué chup TEM:

Mang nanocompozit dugc dem chup TEM dé xac dinh kich thudc, hinh dang,

cling nhu dic diém phan b hat nano Ag.

LRI

MAU_NANO Ag 1_4.bmp [ TEM ] m— 50 0nm

JERM-1400 100KY 80k 100% B/15/2009 12:08 P
Comment: Operator JEOL
Hinh 3.18: Anh TEM cua hat nano Ag trong nanocompozit Ag/PVA (1%)
(thang do 50nm)
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" s— {0001

MALU_NANO Ag_1.bmp [ TEM ]i 100.0nm
JEM-1400 100N w50k 100% 4 009 11:07 &k

Comment: Cperatar JEOL

Hinh 3.19: Anh TEM cua hat nano Ag trong nanocompozit Ag/PVA (4%)
(thang do 100nm)
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MAU PVA Ag 3. bmp[TEM]
JEM- ]4|||| 100k w100k 100%4G

Comement:

Hinh 3.20: Anh TEM cua hat nano Ag trong nanocompozit (Ag/PVA = 6%)
(thang do 100nm)
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Nhan xét:

Hinh 3.18 cho thay: véi ham lugng AgNO; 13 1% so voi PVA, cac hat nano Ag
dugc tao thanh chi yéu 14 hinh cu véi kich thudc trong khoang tir 10 + 30nm va phan
bb déu trong compozit.

Hinh 3.19 cho théy: v6o1 ham lugng AgNO; 1a 4% so voi PVA, cac hat nano Ag
duoc tao thanh chu yéu 13 hinh cau véi kich thuée tir 10 + 50nm va phan bd khong déu,
c6 hién tuong dinh ty lai nhau.

Hinh 3.20 cho théy: vo1 ham lugng AgNO; 1a 6% so voi PVA, cac hat nano Ag
duoc tao thanh chu yéu 13 hinh cau véi kich thudce tr 10 + 50nm va két dinh lai voi1
nhau.

Nhu vay, khi ham luong AgNO; tang thi kich thudc hat nano Ag cling ting
theo, két qua nay phu hop vai két qua chup UV — vis. Va khi ham lugng AgNO; nho
(1%) thi ¢ phan b cua hat nano Ag déu, nhung khi ham luong AgNO; ting (4%) thi
c6 hién tuong két dinh lai véi nhau va khi ham lugng AgNO; ting 1én 6% thi cac hat
nano Ag két dinh lai véi nhau.

I11.1.6 Két qua chup TGA:

Mang nanocompozit Ag/PVA dugc dem phan tich TGA dé xac dinh kha ning
chiu nhiét so vé1 PVA.

Hinh 3.21, 3.22, 3.23 1a cac két qua chup TGA cho thay nanocompozit véi ham
luong Ag thap (2% AgNO;) va cao hon (6% AgNO;) déu co kha ning chiu nhiét t6t

hon PVA. Nhung c6 su khac biét trong qua trinh giam khéi luong cac mau:
- Khdi luong that thoat ciia PVA giam nhanh trong khoang 10 phut tir phat 20 = 30.
- Khéi luong that thoat cia Ag/PVA (2%) giam tir tir.

- Khdi luong thét thoat ciia Ag/PVA (6%) giam nhanh hon 2%
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TGA PVA Temp
% C
200.00-
1 500.00
Start 217.12C 4 400.00
10000- End 495.02C
WWeight Loss -0.615mg
-82.219% 1 800.00
' W
0.00 1 200.00
4 100.00
-100.00
0.00 20.00 40.00 60.00 80.00 100.00
Time [min]
Hinh 3.21: Duong TGA cta PVA
0
TGA Ag/IPVA (2%) Temp
% C
200.00-
1 500.00
Start 21953C
End 544 37C
Weight Loss -0.979mg 4 400.00
100.00 T~ -81.448%
4 300.00
0.00- 1 200.00
1 100.00
-100.00-
I L I I L I 4 0.00
0.00 20.00 40.00 60.00 80.00 100.00
Time [min]

Hinh 3.22: Duong TGA ctia nanocompozit Ag/PVA (2%)
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T 0.
TGA ;E.E_';-"l PVA (6 _/'g) Temp
% c
200,00
Start 225 70C S00.00
End 542,660
Weight Loss  -2.555mg
-8B.T715% !
10000 — 400,00
. ____\
%, 1 B0:0.00
\‘“*-h.___
0.00- T 1 200,00
1 100,00
-1m.ﬂ.'.l' i 4 i L i i - N i i
0.00 20.00 40,00 60,00 20,00 100.00
Time [min]

Hinh 3.23: Duong TGA ctia nanocompozit Ag/PVA (6%)
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I11.2 Téng hop nanocompozit Ag/PVA véi sw c6 mat trinatri citrat:

I11.2.1 Phé UV - vis ciia dung dich nanocompozit theo ham lwong Trinatri

citrat:

Dé nghién ctru sy anh hudng cua trinatri citrat t6i kich thude hat nano Ag, cac

thi nghiém dugc tién hanh véi hdn hop cd dinh AgNO,/PVA = 7%, trinatri citrat duoc
dinh luong theo ti 1€ khdi lugng trinatri citrat/ AgNOs = 0.0; 0.05; 0.1; 0.25; 0.5; 0.75;
1.0; 1.25; 1.5 theo bang s6 liéu sau:

Bang 3.2: S6 liéu khao sat anh hudng ham luong trinatri citrat toi qué trinh tong
hop nanocompozit

Trinatri ml
STT| citrat/ | mpya(e) |ml(H:0) | (Trinatri | mI(AgNO3) | ml (HH)
AgNO; citrat)
1 0.0 0.2 22.0 0.0 4 4
2 0.05 0.2 21.87 0.13 4 4
3 0.1 0.2 21.74 0.26 4 4
4 0.25 0.2 21.34 0.66 4 4
5 0.5 0.2 20.7 1.3 4 4
6 0.75 0.2 20 2.0 4 4
7 1.0 0.2 19.4 2.6 4 4
8 1.25 0.2 18.7 33 4 4
9 1.5 0.2 18 4 4 4

Dung dich sau qu4 trinh tong hop dem phén tich UV — vis c¢6 két qua nhu sau:
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Abs.
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Foo.oo

1.000

0500

1.828 T T T
Ho. | PV | Wavelength nm. | Abs. Description |
i=lenl] 1 i@ 437 00 0.900 7
2 ™ 321.00 0.222
1.000 - E
0.500 .
0.000 .
0113 1 1 1
200 .00 400 00 500 .00 &00 .00
nm.
Hinh 3.24: Ph6 UV — vis cua dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 0.0)
z.152 T T T
2000 -
1500 Ho. | PV | Wavelength nm. | Abs. Description | |
1) i@ 40550 0963
2 321.00 0161

200.00

400.00

S00.00
nm.

Hinh 3.25: Phd UV - vis cua dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 0.05)

GO0,

ao

Foo.ao
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2.152 T T T
2.000 - —
. Ho. | PV | Wavelength nm. Abs. Description
’ 1) 1@ 409.50 0.991
20 ™ 321.50 047

1.000

0.500

-0.068 1

200,00 00,00 S00.00 00,00 o000
nm.
Hinh 3.26: Phé UV — vis cua dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO3 = 0.1)
2.152 T T T
2000 - -
1500 - Ho. | P | Wavelength nm. | Abs. Description | i
1 1 406.50 1.015
AR . ] 321.00 0.216

1.000

0500

20000 400,00

S00.00 G000 Foooo
nim.

Hinh 3.27: Phé UV - vis cta dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 0.25)
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2152 T : :

2000 - -1

enr Ho. | PV | Wavelength nm. | Abs. Description | i
| 1 @ 408 50 1114
2 (L] 321.00 0238

1.000

0500

-0.063 L 1

Foo.aoo

200.00 400.00 S00.00 G00.00
Hinh 3.28: Pho UV — vis cta dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 0.5)
2.152 T T T
2.000 — 1
el Ho. | PV | Wavelength nm. | Abs. Description |
1 1T 407.00 1077
20 3 .50 0472

1.000

0.500

-0.062 1 L

200.00 400,00 S00.00 G00.00

nm.

Hinh 3.29: Ph6 UV — vis cua dung dich

F00.00

nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO3 = 0.75)



FAbs.
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2.152 T T T
2000 - -
Ho. | PV | Wavelength nm. | Abs. Description |
15001 1] @ 405 50 1 04 7
20 32050 0206

4.000

0500

-0.0638 : : :
20000 400.00 S00.00 0000 Foo.oo
Hinh 3.30: Phé UV — vis cua dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 1.0)
2152 T T T
2.000 - -
Ho. | PV | Wavelength nm. | Abs. Description |
1.500 1 @ 406 50 0 99 .
2 520,00 0163

1.000

0.500

-0.063 1 1 1
300.00 400.00 &00.00 600,00 700.00
nm.

Hinh 3.31: Pho UV — vis cta dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 1.25)
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2.152 T T T
2.000 -1
Ho. | PV | Wavelength nm. | Abs. Description |
Uslelel 1 i 406 .50 1036 7
2 320.50 0190
1.000 - -1
0.500 ~ -1
-0.063 [ 1 1 L |
200,00 00,00 S00.00 S00.00 Foo.o0
nm.
Hinh 3.32: Phé UV — vis cua dung dich
nanocompozit Ag/PVA 7% (trinatri citrat/ AgNO; = 1.5)
1223 |
1.000 :
0,500 - —
i \__ ] :
0.000 m
0082 ' ' '
300,00 400,00 £00.00 00,00 700.00

nm.

Hinh 3.33: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA 7% (trinatri
citrat/AgNO; = 0.0 + 1.5) trong dai budc song tir 300 + 700nm



1.223

1.000

Abs.

0500 [

0.000
0082

75

251.26

400,00

S00.00

G00.00

F00.00

nm.

Hinh 3.34: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA 7% (trinatri
citrat/AgNO; = 0.0 + 1.5) trong dai budc song tir 351 + 700nm

Hinh 3.24 + 3.32 1a cac két qua chup phd UV — vis cia cac mau nanocompozit
tong hop voi voi sy c6 mit cia trinatri citrat voi cac ham luong khac nhau. Cac két qua
nay dugc dua 1én trén cung mat biéu dd nhu hinh 3.33 va 3.34. Két qua cho thy co su

anh hudng rat rd cua trinatri citrat téi kich thude hat nano Agcu thé:

- Trén hinh 3.24 1a két qua chup UV — vis ctia mau nanocompozit Ag/PVA 7%
khong c6 trinatri citrat (trinatri citrat/ AgNO; = 0.0), két qua cho thdy c6 dinh héap thy &

budc song 437nm.

- Véi cac mau ¢ trinatri citrat (hinh 3.25 + 3.32) ¢6 cac dinh hip thy 6n dinh tir

405,5 +409,5nm.

Céc két qua duoc so sanh 13 hon trén cuing mot biéu db nhu hinh 3.33 va 3.34.
Nhu vay kich thudce cac hat nano Ag tao thanh khi c6 mat trinatri citrat s€ nho hon so
v6i khi khong co trinatri citrat va kich thuéc ndy khong thay doi theo ham lugng

trinatri citrat.
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I11.2.2 Phé UV - vis ciia dung dich nanocompozit theo ham lwong AgNO; ¢6

Trinatri citrat:

Nghién ctru sy anh huoéng ctia ham lugng AgNO; téi kich thudce hat nano Ag
khi c6 mit trinatri citrat cac thi nghiém duoc tién hanh voi ham luong AgNOs (tinh
theo khdi luong PVA) khac nhau tir 1 = 16%, ham luong trinatri citrat st dung theo ti
16 khdi lugng trinatri citrat/AgNO; = 0.1 trong qué trinh tong hop nanocompozit
Ag/PVA. S liéu cho céc thi nghiém nhu bang sau:

Bang 3.3: S liéu khao sat anh hudng ham luong AgNO; t6i qua trinh tong hop
nanocompozit vdi sy c6 mat cua trinatri citrat.

ml
str | AN D mia@ | ml#0) | (Trinaui ( Ag';los) )

citrat)
1 1 0.2 28.4 0.4 0.6 0.6
2 2 0.2 26.8 0.8 1.2 1.2
3 3 0.2 25.2 1.2 1.8 1.8
4 4 0.2 23.6 1.6 2.4 2.4
5 5 0.2 22.0 2.0 3.0 3.0
6 6 0.2 20.7 2.3 3.5 3.5
7 7 0.2 19.3 2.7 4 4
8 8 0.2 17.5 3.1 4.7 4.7
9 9 0.2 15.9 3.5 5.3 5.3
10 10 0.2 14.3 3.9 5.9 5.9
11 11 0.2 12.7 43 6.5 6.5
12 12 0.2 10.5 4.7 7.1 7.1
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13 13 0.2 9.6 5.0 7.7 7.7
14 14 0.2 8.2 5.4 8.2 8.2
15 15 0.2 6.6 5.8 8.8 8.8
16 16 0.2 5.0 6.2 9.4 9.4
Céc két qua do UV — vis nhu sau:
1.827 T T T
1.500 -
Ho. | PV | Wavelength nm. | Abs. Description |
1.000 - 1) i@ 409 50 0333 7
4 . 321.00 0106
<L
0.500 - -
0.000 - .
-0.095 1 1 1
F00.00 400,00 S00.00 g00.00 FO0.00

nm.

Hinh 3.35: Pho UV — vis cua dung dich nanocompozit Ag/PVA (1%) c6 trinatri citrat
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1.827 T T T
1.500 1
1.000 b Ho. | PV | Wavelength nm. | Abs. Description | i
. 1@ 408.50 0377
& 2 o 2,00 0100
0.500 - - 1
0.000 — (5] 1
0.0 : : :
30000 0000 S00.00 §00.00 Foo.oo
Hinh 3.36: Pho UV — vis cua dung dich nanocompozit Ag/PVA (2%) c6 trinatri citrat
1.227 T T T
1.500 - 1
Ho. | PV | Wavelength nm. | Abs. Description |
1.000 - 1) 1 405.00 0.423 E
e 2| o 318.50 007
z
0.500 . R
ooool ¢ e
-010 L 1 L
200.00 400.00 S00.00 G00.00 T00.00
Hinh 3.37: Pho UV — vis cua dung dich nanocompozit Ag/PVA (3%) 6 trinatri citrat
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1.827 T T T
1.800 E
en Ho. | PV | Wavelength nm.| Abs. Description | _
' 1] & 410,00 0469
2] 321.00 0107
0.500 -
0.000 E
-0.110 1 L 1
300.00 400.00 500.00 600,00 700.0C
nm.

Hinh 3.38: Pho UV — vis cua dung dich nanocompozit Ag/PVA (4%) c6 trinatri citrat

1827 T T T
1.500 - -
Ho. | P | Wavelength nm. | Abs. Description |
LR 1 @ 40950 0575 7
2 32050 0117
0500 - -
0.000 - B
-0.110 1 1 L
300,00 400,00 500,00 500.00
nm.

Foo.oo

Hinh 3.39: Pho UV — vis cua dung dich nanocompozit Ag/PVA (5%) c6 trinatri citrat
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1.827 T T T

1.500 - -

1000 - Ho. | PN | Wavelength nm. | Abs. Description | i
1 @ 410.50 0727
2 321.00 0125

0.500 - -

™
0.000 - -
-0.110 : : :
F00.00 £00.00 S00.00 &00.00 Foo0.oc
nm.

Hinh 3.40: Pho UV — vis cua dung dich nanocompozit Ag/PVA (6%) c6 trinatri citrat

1.827 T T T
1.500 -
Ho. | PV | Wavelength nm. | Abs. Description |
1.000 -
1) @ 405.00 0.506
E 2 321.00 0148
0.500 -
o~
0.000 -
ERED] 1 1 1
300,00 400,00 500.00 G00.00
nm.

F00.00

Hinh 3.41: Pho UV — vis cua dung dich nanocompozit Ag/PVA (7%) c6 trinatri citrat
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1.827 T . -
1.500 - -
1.000 Ho. | PV | Wavelength nm. | Abs. Description | -
" 1) i@ 405 .50 0.580
z 2 ™ 32050 0157

0.a00

0000 - =

0,110 1 L
200,00 400,00 500.00 600,00 700.00
nm.

Hinh 3.42: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (8%) c6 trinatri citrat

1.827 T T T
1.500 - -1
1000 b Ho. | PV | Wavelength nm. | Abs. Description | i
. 1) 1@ 409,00 1.040
uw
= 2 @ F21.00

0500

0000 - 1

-0.110 1 1
300.00 400,00 500,00 600.00 700.00
nm.

Hinh 3.43: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (9%) c6 trinatri citrat
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1.827

1.500

1.000 —

Abs.

0.500

0.000 -

Ho. | PV | Wavelength nm. | Abs. Description
1) i 409.00 1.262
20 M 32050 01m

-0.110
300.00

400.00

a00.00
nm.

G00.00

FO0.00

Hinh 3.44: Phd UV — vis ctia dung dich nanocompozit Ag/PVA (10%) c6 trinatri citrat

1.827

1.500 -

1.000 -

A,

0.500

0.000 -

-0.1410

Ho. | PN | Wavelength nm. | Abs. Description
1) @ 407.00 1.423
2 32050 0.208

200.00

A00.00

S00.00
nm.

G00.00

F00.00

Hinh 3.45: Pho UV — vis cua dung dich nanocompozit Ag/PVA (11%) c6 trinatri citrat
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1.827 T : -
1500 - Ho. | PN | Wavelength nm. | Abs. Description | i
1) i@ 408.50 1 EB6
2 321.50 0245

1.000

Abs,

0500

0000 - 1

0110 1 L L
300.00 400.00 500.00 500.00 700.00
nm.

Hinh 3.46: Pho UV — vis cua dung dich nanocompozit Ag/PVA (12%) c6 trinatri citrat

1.936 T T -
Ho. | PV | Wavelength nm. | Abs. Description |
1.500 | 1) i 406.00 1767 _
2 M 32250 0191

1.000

Abs

0.500

0.000

-0.095 1 1 1
300.00 400.00 &00.00 B00.00 F00.00
nm.

Hinh 3.47: Pho UV — vis cua dung dich nanocompozit Ag/PVA (13%) c6 trinatri citrat
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2.274

2.000

1.500

Abs.

1.000

0.500

0.000
-0.005

Ho. | PV | Wavelength nm. | Abs. Description |
1) 1@ 4093.00 2077
20 323.00 0.211

200,00

400.00

S00.00
nm.

00,00

FOO0.00

Hinh 3.48: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (14%) c6 trinatri citrat

2,205

2.000

1.500

Abs.

1.000

0.500

Ho. | PV |Waue|ength nm.l

Abs.

Description

1
2

=
1T

L]

405.00
32250

219
0.227

-0.042
200.00

400.00

S00.00
nm.

S00.00

Foo.oo0

Hinh 3.49: Pho UV — vis cua dung dich nanocompozit Ag/PVA (15%) c6 trinatri citrat
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628 T T T
Ho. | P | Wavelength nm. | Abs. Description |
1 1T 412.50 2.408
2 32200 0.253
2.000 L

Abs.

1.000

00T E L 1 1 =
200.00 400,00 500,00 &00.00 700.00
nm.

Hinh 3.50: Pho UV — vis cua dung dich nanocompozit Ag/PVA (16%) c6 trinatri citrat

2.56449 T T T

2.000

Abs.

1.000

0.000

-0.122 1 1 L
300.00 400.00 a00.00 GO0.00 FO0.00
nm.

Hinh 3.51: Phd UV — vis cua dung dich nanocompozit Ag/PVA (1 + 16% c6 trinatri
citrat) trong dai budc song tur 300 +~ 700nm
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2.620

2.000

Abs.

1.000

0000

-0.188 1 1 1
271.01 400.00 &00.00 B00.00 F00.00

Hinh 3.52: Ph6 UV — vis ctia dung dich nanocompozit Ag/PVA (1 =+ 16% c6 trinatri
citrat) trong dai budc song tir 370 + 700nm)
Nhan xét:

Hinh 3.14 = 3.29 14 c4c két qua chup UV — vis ctia nanocompozit khi c6 mit
trinatri citrat vdi ham luong AgNO; khac nhau (1 + 16%), tong hop cac két qua duoc
thé hién trén hinh 3.30 va 3.31. Két qua nay cho thay:

- D6 hap thu ctia nanocompozit ting theo ham lugng Ag.

- Gia tri budc song cac dinh hip thy véi ham luong AgNO,/PVA tir 1 + 15%
dao dong tir 406 +~ 410nm. Nhu vay, khi c6 mat trinatri citrat, cdc hat nano Ag sinh ra
s& 6 kich thudce 6n dinh v6i ham lugng AgNO; thay doi tir 1 = 15%.

- Khi ham luong AgNO; 1én t6i 16%, gié tri dinh hap thu dich 1én 412.5nm, cho
thiy c6 ddu hiéu gia ting kich thuéc ciia nano Ag khi str dung ham luong AgNO; cao
to1 16%.



I11.2.3 Két qua chup TEM nanocompozit v6i s c6 mit ciia trinatri citrat:

¥

s 0
A-

*
#

<

; L BRI
MAU d 4. bmp [ TEM] I 50.0nm
JERM-1400 100KV 100k 100%:

8182009 1024 A
Comment: Operator JEOL
Hinh 3.53: Anh TEM cua hat nano Ag trong vt liéu nanocompozit Ag/PVA
c6 mat trinatri citrat (3%) (thang do 50nm)
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BT

MAU_8a_2.bmp [ TEM ]

JEM-1400 100k w50k 1 00% ) 109 914 A

Comment: OperatorJEOL

Hinh 3.54: Anh TEM cua hat nano Ag trong vt liéu nanocompozit Ag/PVA
c6 mat trinatri citrat (7%) (thang do 100nm)
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Hinh 3.32 va 3.32 cho thiy: véi ham luong AgNOs 13 3% va 7% so véi PVA,
cac hat nano Ag duogc tao ra c6 dang hinh cAu v6i kich thude khoang tir 5 + 30nm va
phan b déu trong nén PVA.

Nhu vay, véi su ¢c6 mat cua trinatri citrat s€ lam tdng d0 phan ly cua ctua dung
dich, 1am cho ion Ag" phan bd déu hon khi dé cic hat nano Ag tao thanh van cé kich
thude nho va phan bd déu ngay ca khi ham luong AgNO; ting dén 7%. Két qua nay
phu hop véi phd UV — vis.

I11.2.3 Két qua chup TGA ciia nanocompozit véi sw ¢6 mit cia trinatri citrat:

Mang nanocompozit véi sy c6 mdt cua trinatri citrat cling dugc phan tich TGA

dé xac dinh kha nang chiu nhi¢t so vo1 PVA va Ag/PVA.

TGA AQ/PVA (2%) - Trisodiumcitrate Termp
% C
200.00-
Start 22249C 4 500.00
End 543.62C
Weight Loss -1.531mg
-81.306% 4 400.00

100,00 .

4 200.00
0.00- 1 200.00
1 100.00
-100.00-
1 L 1 L 1 L 1 L 1 L 1 0.00
0.00 20.00 40.00 §0.00 80.00 100.00

Time [min]

Hinh 3.55: Duong TGA ctia nanocompozit Ag/PVA (2%) c6 mat trinatri citrat
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TGA Ag/PVA (6%) - Trisodiumcitrate Temp
% C
200.00-
Start 219.80C - 500.00
End 543.24C
Weight Loss -1.333mg
-81.729% 1 400.00
100000 ——
- 300.00
0.00- 1 200.00
- 100.00
-100.00¢
0.00 20.00 20.00 60.00 80.00 0.00
Time [min]

Hinh 3.56: BPuong TGA ctia nanocompozit Ag/PVA (6%) c6 mat trinatri citrat

Két qua cho thay:

- Nanocompozit Ag/PVA (2% AgNO;) va Ag/PVA (6% AgNO;3) khi c6 mat

trinatri citrat déu c6 kha nang chiu nhiét cao hon PVA (hinh 3.21) va ciing cao hon

nanocompozit Ag/PVA (6% AgNO;) khong co6 trinatri citrat (hinh 3.23).

- Kha nang chiu nhiét ciia nanocompozit lic ndy la gan gidng nhau va tuong

duong vo1 nanocompozit Ag/PVA (2% AgNOs) khong ¢6 trinatri citrat.
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CHUONG IV: KET LUAN VA KIEN NGHI

IV.1 Két luén:
D3 tong hop nanocompozit trén co s¢ Ag/PVA bang phuong phap hoa hoc vai
tac nhan khir 13 hydrazin hydrat va chit tro phan b trinatri citrat. Nanocompozit

Ag/PVA duoc kiém tra bang phd UV — vis, IR, XRD, TEM va TGA.

Khi khong c¢6 trinatri citrat, véi ham lugng AgNO; tang thi kich thudc nano Ag
cling tang. Tuy nhién, khi c6 mat trinatri citrat thi kich thudc cta nano Ag dugc 6n
dinh tbt, khong thay d6i theo ham luong trinatri citrat va cdc hat nano Ag ciing duoc

phan b6 déu hon trong nén PVA.
IV.2 Kién nghi:

Trén co s& ndi dung da nghién ctru, tiép tuc hoan thién quy trinh tong hop
nanocompozit Ag/PVA véi cac chat khir khac nhu sodium borane, hydrazine borane,

phenylhydrazine...

Nghién ctru cac tinh chat cia mang nanocompozit Ag/PVA nhu tinh chit co 1y,
kha nang chiu moi truong...
Nghién ctru kha nang khang khuan, khang nam ciia vat liéu tir d6 tién hanh cac

nghién ctru ng dung vat liéu chira nano bac.
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