oC KHo4 »‘“"m""q,
oF A n
N % @ E
o e
g : y
. B 00
(3 &

CHUONG 2.
PHAN UNG PHA RAN - LONG

2.1. PHUONG PHAP SOL GEL

2.2. PHUO'NG PHAP KET TUA HOA HOC

2.3. PHUONG PHAP THUY NHIET/ DUNG NHIET
2.4. PHUO'NG PHAP PIEN HOA



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

2.1. PHUONG PHAP SOL GEL

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

20 KHG“& e,

5 () ’1.‘
WER YN
@ < 3
H = LYY
i @ Og0
% &
¥ TP HOCHIMINH =

2. Sw phat trién cau truc.
3.  CAc bwéc tién hanh.

4,  Cac phwong phap tao mang.
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1. Mt so khai niém

Precursor:

v' La nhitng phan t& ban ddu d€ tao nhitng hat keo (sol).

v Pudc tao thanh tir c4dc thanh t6 kim loai hay 4 kim.

v Pudc bao quanh bdi nhitng ligand khéc nhau.

v’ Precursor c6 thé 12 chit vo co kim loai hay hitu co kim loai.

Cong thic chung cua precursor : M(OR)y

v6i M la kim loai va
R 1a nhom alkyl ¢6 cong thic :C H, ., .
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1. Mt so khai niém

Sol:

\/

< MO ta su phan tdn cua cdc hat keo trong chat 10ng.
<» La nhitng phan t rin c6 kich thudc tir 1 d€n 10 nm.
% Kich thudc nho nén luc tuong tac gitta ching la luc Val der
Waals.
< Céc phan tu trong dung dich va cham 1an nhau 1am cdc hat
chuyén dong ngiu nhién Brown.
% Ca4c hat sol dén mot thdi di€m nhat dinh thi hidt 1An nhau
dé tr§ thanh nhitng phan t& 16n hon, dén kich thuéc cd 1-
100 nm va tuy theo xuc tdc c6 mat trong dung dich ma
phét trién theo nhitng huéng khic nhau.

4

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

98 KHou R

\ o, u
" B
<3 < 3
Z : B o
: B OS0
% !

¥ TP HOCHIMINH =

1. Mt so khai niém

MONOMER
DIMER
pH< 7 hay cvéuc .
pH>10,¢6  panhore pH tu' 7-
mudi 10,khong
e c0 muoi

A P 100nAMm
Cautruc3

TN 2
chi€éu cua
mang Gel

SOLs

Su phdt trién ctia Sol d6i vé6i nhitng xic tac khic nhau.

XUC TAC AXIT

=>Lam ting chiéu dai hoiic
tao sy phin nhianh ngau
nhién cua chuoi polimer.

XUC TAC BAZO
>Tao nén sy két tu phan
nhdnh cua cac cluster.
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1. Mt so khai niém
Gel:

< Hat keo Sol két tu lai + két cAu thanh phan rin va 16ng trong dung dich
lién két chiit ché hon = chat két dinh: Gel.
< Su ngung tu (tdng so lién k&t Kim loai-Oxide-Kim loai)
= c4c hat trong dung dich phét tri€n tao thinh mang 1udi.
% Ting ndng d6 dung dich, thay doi do pH hoic ting nhiét do
= ha rao can tinh dién cho cdc hat tuong tac
= céc hat két tu v6i nhau
= tao dugc Gel
Nung & diéu kién binh thudng:sdn phadm 13 gel khd (xerogel).

/
0’0

2,

Nung § diéu kién siéu tdi han: sdn pham 12 gel khi (aerogel).

J/
0’0

A\

Sol => Gel: Ton tai cdc qud trinh thily phin va ngung tu
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M(OR) + H,0 M(OH) + ROH
2M(OH) M-O-M + H,0
M(OH) + M(OR) M-O-M + ROH
ng sO dnh hudng dén qud trinh ddng hoc Sol-Gel :
K, :  hing s6 toc do thuy phan
K., hing so toc dd0 ngung tu nudc
K., :  hing so toc dd ngung tu rugu
Néu K, >> K__ va K, >> K__ : thuy phan hoan toan, khong ngung tu.
= mat d0 nhém OR giam nhanh.
< Khi toc @0 gidm OR nhd hon toc dd ngung tu.
— thuy phan va ngung tu cung xay ra.

T6c do ngung tw: ~ AIMOMI _ g MO + K [M(OH)][M(OR)]

/

(@)

c th

J/

R @
* o

/
0’0

/ /
0’0 0’0

L0

dt
K. >K_ . tdc d0 ngung tu nudc ti 1€ v6i [M(OH))?
K, <K, . tdc d6 ngung tu rudu ti 1€ v6i [M(OH)][M(OR)]

Hai phan Gng ngung tu rudu va nudc xac dinh chinh xdc qua trinh ddng hoc cua
phan tng.
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2. Sw phét trién cau tric
C6 3 loai phét tri€n cu tric :

a. Monomer - Cluster.

b. Cluster - Cluster.

c. Monomer- Monomer (khong ddng ké).
a. Su phat trién monomer - cluster(oligomer):

* Cdc monomer lién két v6i nhau = cdc oligomer,

« Céc oligomer cdn trd sy lién két ti€p tuc cta cdc monomer khic vao ching
—> phdn tng tao lién k&t ngiing lai => Diéu kién gidi han phdn tng Gng (hay
kha ning khué&ch tin monomer d€ 14p day 16 trong trong mang, 1am cho ciu
trdc mang k&t chit hon).

« Tuy nhién van con nhitng vi tri alkoxide khong bi thuy phan hay thiy phin
khong hoan toan nén khong thé ngung tu.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2. Sw phét trién cau tric

b. Sy phat trién cluster-cluster

> V§i xic tdc axit va ti s6 r (H,0:M) thdp (r<2),: phdn dng thdy phan chua hoan
toan thi xdy ra ngung tu. Cic monomer vira bi thiy phin tirng phan vira ngung
ty d€ ph4t tri€n ciu tric, tao ra oligomer cé khdi lugng phan t& thap cho dén
khi hét nuc va M(OH), thi ngiing lai.

> Khi chAm thém nudc, nhitng vi tri alkoxide con lai ti€p tuc thdy phan va ngung
tu xay ra lién ti€p gifta nhitng oligomer vira tao thanh.V4i xtc tdc axit va ti sO
r 16n , giai doan dau phdn ng thiy phin xdy ra hoan toan, cic monomer
nhanh chéng lién két thanh cdc dimer va oligomer (cluster) 1am phdt tri€n ciu

trac cluster-cluster.

10
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THUY PHAN

I
RO— M—OR =+

I
OR

NGUNG TU

OR

OR
1
H,0 — = RO—+ M— OH
OR
OR OR

-+ REOH

I
RO— M1 OH + RO

— M—OR ———» RO —

I
OR

OR

AM~— O — AN - OR

OB

OFR OR

+ RFOH

OF

RO— M—4—OH -+

HO+— M— OR —» RO—

OR

M— O — M- OR

I I
OR OR

OR
+ HOH
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Phwong phap Sol — Gel Phan wng Thuy phan

Thuy phan :
M(OR).  + nH,0 —— M(OH) + nROH

Ngung tu :
Ngung tu ruou
M(OR), + M(OH), — M-0O-M + ROH
Ngung tu nuoc
M(OH) + M(OH), — M-0O-M + H,0

12
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Phwong phap Sol — Gel Phan wng Thuy phan

Thuy phin
M(OR), + nH,O - > (RO)_.- M-(OH), + nROH

Hoa este
M(OR)y + xH, 0 | ( M(OH), + xROH

x : hoa tri kim loai
- Cdc thong s6 dnh hudng dén phan tng thdy phan:
Xuc tac,
Nhiét do,
Dung moi,
TisOr....

13
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Phu’(rng phap Sol — Gel - Anh hwéng cita cac thong so

a. Anh hudng cta xic tdc :
Xic tdc axit 1am ting tdc do thuy phan hon xuc tdc bazd
Axit manh < thdi gian phan tng nhanh
Xuc tac axit thong dung: HCl, CH;COOH, HF, HNO,.
0] giai doan thiy phan, nhém alkoxide bi proton hod nhanh nén de hap thu

nudc va tach rugu.

\ PR B L
NP B P B R

L AR

Growth and gelation

14
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Phuwong phap Sol — Gel - Anh hwéng ciia cac thong so

b. Anh huéng ciia dung moi :
Dung moi ngian chin su tach pha 16ng nay dén pha long khac trong
giai doan dau ciia phan ng thuy phan. Cé6 2 loai:
Dung moéi phin cuc (Protic): H,O, ruou ciia cdc alkal(CH,OH,
C,H,OH...), formamide...

Hoa tan nhitng chat phan cuc, tdi este hod, phdn ¢ng thiy phin va rugu
phan vi no tac dong tao ra H+.

Dung moi khong phin cuc (Aprotic).

Thay th€ alkyl khong thily phan hoan toan do né tdc dong tao ra OH -.

Loai dung moi nay khong tham gia vao phan @ng nghich.

15
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Phwong phap Sol — Gel Phan irng Thiy phan
c. Anh huéng ciia ti sd'r: 1<r < 25: Phdn ¢ng thuy phan

3
Tl T 1 T T T

—
ETHANCL: TEOS = 3
E
-
=
=
= 10 =
=
=
s
E | —
E

L1 1 L 1
i X 4 b 1

WWATER: THEALYS

Anh hudng cla ti s6 r dén thdi gian hod Gel cla Silica
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Phwong phap Sol — Gel  Phan tng Ngung tu

Phén tng ngung tu = lién két kim loai-oxide-kim loai
Ngung tu dién ra lién tuc = mang lu6i KL-oxide-KL trong khip

dung dich.
MOR + MOH . > M-O-M + ROH
MOH + MOH - -~ M-O-M + H,0

Su ngung ty xay ra li€n tuC 4z, ien michnop. ta0 nhitng hat keo 16n
Polimer c6 kich thudc 16n.
a.Anh hudng cta xic tic
T6c @6 phan Ging ngung tu ~ Nong do H+
Xuc tac thudng dung : HCI, HNO,, CH,COOH ...
Toc dd ngung tu dat cyc ti€u tai pH ~ 1.5
va dat cyc dai tai pH =4

17
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Phwong phap Sol — Gel  Phan wng Ngung tu

b. Anh huong cua dung moi :

Dung moi Xtic Lam chim phan

phancyc + . =) Wng ngung tu
(protic) baza

Dung moi Xtic Thiic day phin

phincue ¥ oot = Ung ngung tu
(protic)

<»Thém mot sd chit phu gia (DCCAs) d€ 1am Gel khd nhanh ma
khong b1 dut gay.

Mot s6 DCCAs thudng dung 1a cdc loai axit hitu c¢d nhu : axit
oxalic, axit acetic, axit polyacrylic, axit stearic ...

18
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3. Cac giai doan trong qua trinh sol-gel

e TRON LAN

e GEL HOA

e DINH HINH

e HOA RAN

e THIEU KET |

19
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3. Cac giai doan trong qua trinh sol-gel

Solutien > Sol

> ——» Com> ~

1
T T

0 o o o

20
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Temperature {"C)

1200 -

1000 -

800 -

600 -

400 -

200 -

T Mixing

2 Casting

3 Gelation

4 Aqging

5 Drying

6 Stabilization
I Densification

FPorous Gel

Relative time
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Sol-gel Precursor

( -

H

Spin-coating
“ Nanowires

Template deposition

Nanotubes

Nanofibers

¢ o © Nanoparticles
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1.Tron lan:

Dic tinh hap din clia qué trinh sol-gel 1a khd ning thuc hién tinh dong
nhAt cia vat liéu, dic biét 1a bing qud trinh polimer hod cdc hop chat
hitu cd kim loai d€ tao thanh gel c6 tinh polimer.

DPiéu quan trong trong giai doan nay 1a tao ra ciu tric M-O-M. Céc hop
chat hitu co kim loai M(OR)_ ( M : KL , R : gdc alkyl ) ddp tng dugc
cdc yéu cau ndy. Precursor hitu c¢d kim loai M(OR)_phdn dng véi nuéc,
trdi qua phan tng thuy phan va ngung tu theo gidn d6 dudi, trong di€u
ki€én dung moi thich hdgp..

Thuy phan :
M(OR), + nH,O M(OH), + nROH
Ngung tu :
Ngung tu ruou
M(OR), + M(OH), M-O-M + ROH

Ngung tu nuoc
M(OH), A + M(OH), M-O-M + H,O

25
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1. Tron lan:

Nhitng phdn ¢ng ndy xdy ra dong thdi va thudng khong hoan toan, nhung
oxit cudi cung van hoan thanh. K&t qua cua nhitng phdn tng trén 1a dang chat
keo huyén phi cda nhitng phan t& cuc ki nhd (1-10nm) va sau clng tao ra
dang lién két 3 chiéu cla nhitng oxit v6 c¢d tuong dng.

Phan ¢ng thuy phan v ngung tu c¢é thé dugc ting hay gidm tdc ddo= cich
thém vao cdc chat xic tic axit hay bazo thich hop.Tai diém pH thap (axit),
cdc phan t nhé tich tu thanh ciu tric polimer(ting chi€u dai), trong khi tai
pH cao(bazo), cdc phan tif ting kich thudc 1am chAm qué trinh thiy phan.

Tuy vao so luong nude c6 mit, phdn dng thuy phén sé ti€n tGi hoan toan
hay dirng lai. Sau mot chudi tring hdp phiic tap, su tao thanh sol va gel hod,
thi nhitng phan t& nhd (= 2nm) tao thanh tir gel c6 nhitng 10 x0p cuc bé trén
bé mit dugc hinh thanh. G6c — OH va - OR giy ra nhitng phdn @ng tao sdn
pham phu nhung nhitng sdn pham nay dé dang bi loai bd, va tao thanh mdt
mang luéi oxit 3 chiéu phifc tap, dinh xif dau tién trén bé mit d€ thiy tinh.
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2. Gel hoa:

<*Khi chat gel sét dudc hinh
thanh, gel s€ duy tri tinh trang
c6 mat do thdp va bé miit
riéng. Su thay ddi manh mé
trong hoat dong Iuu bién hoc (
rheological behavior) cua sol
dudc dung dé nhin dang di€ém
hoa gel.

‘*Theo hudéng nay, Saks va
Sheu da tinh toan dudc thoi
gian gel hod. Thuc nghi€ém cho
thdy, mdi chat c¢6 ciu tric tai
diém gel rat khdc nhau, céc
nhin t6 4nh hudng gom : do
hoa tan, pH va nhiét do ...

Diffusion Aggregation

0. 09 ||© b ) | y
% ® ) | v‘{_
v o ¢ e — W ‘

Gela’rion}

Qua trinh Gel hoa

CuuDuongThanCong.com
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3. Qua trinh dinh hinh:

<*Sau qud trinh gel hod, ciu tric mang ridn vSi nhitng 10 x0p con chira dung
mdi ti€p tuc phdt tri€n qua 3 giai doan gém :ti€p tuc ngung tu, ddong dic va hda
thd (coarsening). Su tring hgp ctiia nhitng nhém hydroxyl khong phan tng, 1am
ting thém sy k&t ndi cia mang gel, qud trinh ndy xdy ra song song vGi hién
tuwgng co rit. Pong dic 13 hién tuong co rit ty phat va khong thé ddo ngudc cla
mang gel, dat dudc tr su tong day chat 18ng trong 16 xdp, Iuc diéu khién dong
chdt Iuu tao ra luc nén, kéo mang rin vao trong chit 16ng. Chat 10ng chdy
xuyén qua moi trudng 16 x0p tudn theo dinh luit Darcy:

Véi 1, : d6 nhét clia chat1éng ;D : dd thAm (thAm thdu) clia chat 16ng

»>Thong lugng J ti 1€ v6i gradien cua 4p sudt chdt 10ng. Qud trinh nay phu
thudc rat 16n vao chat xdc tdc, va dat cuc ti€u tai diém dang dién 13 noi ma cdc
phan ti khong tich dién. (VD : d6i vdi Sila tai di€m pH = 1,7 )
“*Sau cung, su hod thd (coarsening) c6 lién quan t6i qua trinh cua sy hoa tan
va tién ldng tu, dugc diéu khién bdi su chénh l&éch cla tinh tan dugc giita nhitng
bé mit véi ban kinh khdc nhau ctia dd cong (mit khum). Qud trinh nay khong
tao ra sy co cia ciu tric mang nhung c¢6 4nh hudng dén do bén clia gel va phu
thudc vao cdc nhin td 4nh hudng dén sy hoa tan nhu : nhiét do , 0 pH , ndong
do va loai dung moi.
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4. Qua trinh ho4 ran:

Pé tao vat liéu khdi can phdi tranh sy dit giy clia mang gel trong qud trinh
nung, bdi vi stic cing x4y ra 12 do luc mao din tai bé mit chung ctia khi- 18ng.
Khe niit dugc tao ra néu nhitng sw chénh 1éch cda siic cing nay 16n hon stc cing
clia vat liéu. Theo cong thitc Laplace cho luc mao din clia mit ciu bdn kinh r
va chat 16ng v6i géc lam udt O (wetting angle), 4p sudt mao dan p dugc dinh
nghia la:

< Ap suit nay ti 1& véi ning luong bé miit tai ti€p dién 16ng — khi. T4t cd céc tdc
dong trén cédc thong sd ndy (cé6 xu huéng 1am gidm d€n muc thap nhat gradient
4p sudt mao din va ting Iuc cd hoc clia mang) c6 thé ting cudng kha ning tao
thanh gel khoi. Dung dich phdi truc ti€p cho chit 16ng bay hdi tai van tdc rat
thap. D6 1a nhitng nguyén 1y 1y thuy€t, nhung trén thuc t€ lai khong kha thi vi
thdi gian nung siy qud dai. C6 thé mat hang tuin, thim chi hang thing d€ tao
thanh gel rin.

Mot hudng khic d€ kich thich qud trinh nung siy 13 thém vao chit phu gia
hod hoc diéu khién qud trinh nung kho (DCCAs) 1am gidm b6t sifc cing bé mit
cua nhitng chat 16ng c6 k& hd, cho phép loai trir nhanh chéng nhitng chat du
khong mong muon.

29
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4. Qua trinh hoa ran:

% Vi du: Formamide(HCONH, ) 12 1 trong nhitng DCCAs phd bién nhit dé ho4 rin gel

L X 4

L)

silica. Hoat dong nay cla formamide trong qud trinh gel hod bit diu & trang thdi dung
dich, dudi di€u kién xic tdc axit. Phdn ¢ng thuy phin thong thudng xdy ra nhanh va
hoan toan hon dudi di€u kién xic tdc axit, va van tdc ngung tu binh quin cao nhat 1a
tai diém pH gin 4. Do d6, sy cong thém formamide vio hé thong xic tic axit ¢ thé
cho phép su thuy phin c6 hiéu qua, va hién tudng ngung tu nhanh xay ra khi
formamide thuy phan, vi formamide kich thich sy ting pH dung dich.Vi thé, viéc
thém vao formamide c6 thé 1am gel bén hon. (D€ quan sit sy thay ddi vé mit ciu
tric va ddng hoc trong qué trinh két tu cua dung dich vdi formamide, ngudi ta st dung
gbc tdn xa tia X nho. Ky thuit nay do su phu thudc vao goc clia cudng do tan xa cua
mau vSi ndng do electron dong nhat.
Viéc thém vao formamide (chat phu gia) s& lam gidm thi€u kich thudc trung binh clia
cluster tai di€m chuyén ti€p gel, chi y ring chit phu gia 1am ting cudng sy phét trién
két tu ctia cau tric hat nhan. Tdc ddong ndy ludn phu hdp véi thuc t€, ring formamide
ting dd cing t&€ vi cua gel udt va ciing tuong tv véi kich thude 10 x6p clia gel kho,
trong khi duy tri sy phidn bo kich thudc 16 x0p hep. Mit khiac, d0 nhét cao cla
formamide din dén sy hinh thanh 16p formamide trén bé mit gel. Chinh diéu nay da
lam gidm 4p sudt mao dan theo 2 c4ch:
1. Gidm gbc ti€p xuc
2. Do ¢6 4p suit hdi thap, né boc hoi rat cham, 1am gidm dén mic tdi thi€u sy tao
thanh nép ran niit.
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< Mot hudng khéc, cach thic hiéu qui nhit d€ 1am vo hiéu tic dong

L)

L)

khong mong ddi clia stic cing bé mit, 12 ngin cdn bé mit ti€p xic
16ng- hoi. Biéu nay dat dudc bing cdch xi 1y gel trong ndi hap dudi
diéu kién siéu t6i han doi véi dung moi, (chd y ring chi€u hudng
cia su xt 1y nhiét d0 khong cit ngang su cin bing dudng cong).
Cong nghé nay duy tri gel dan xudt t¥ hdp chat hitu cs kim loai.
Montpellier da tim ra nhitng di€u kién chiét tach (hut) siéu téi han
t61 uu dé ché tao khoi gel khi.

Hai cdch khic dudc st dung dé tranh di€m tdi han 12 :

1. Thém vao thing du thé tich cia chit I1dng trong ndi hap va xit Iy
nhiét.

2. Dit vao 4p suit khi trd trude khi x 1y nhiét. S&n pham tao ra la
loai gel vé6i nhitng 16 x6p day khi (dudc goi 1a gel khi). Gel khi 1a
mdt loai gel rat x0p va gion. N6 1a loai sdn pham rat 1y thd vi ciu
tric dic biét ma trong vai trudng hdp cé thé dudec mo ti dudi dang
cua hinh hoc fractal. Ching rat nhe, mat o thap ¢d 0.01g/cm3 va c6
kha ning tu sap xép hinh dang(autosimilarity).
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5. Thiéu két:

¢ DAy 1a tién trinh két chit khoi mang, dude diéu khién
bdi ning luong phan gidi. Mang rin dich chuyén nhd luu lugng
nhét hay su khuéch tdn d€ loai trir 16 x6p. Trong nhitng gel c6
bé mit x0p cao, luc diéu khién di manh d€ tién hanh thiéu két
tai mot nhiét do thap, ndi qud trinh chuyén ddi tuong d6i cham.
Thuc ra, dong hoc clia qua trinh k&t chit khoi mang trong Gel
kh4 phtic tap vi hién tugng loai hydro va su gidn nd ciu tric
x4y ra dong thdi.

< O nhiét do dudi 700 °C, su thiéu k&t chi€m chd trong
bing qud trinh khuéch tdn nhS vao nhitng phan ng hod hoc.
Nguoc lai, khi trén 750 °C co ché dong nhét bit dau, va ning
luong kich thich cia qua trinh nay ¢6 lién quan d€n ham lugng
nhom —OH.
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4. Cac phwong phap ché tao mang

Precursors

7

orying | cure

7
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4. Cac phwong phap ché tao mang

1. Phuong phdp nhiung (dip coating)

b |

1
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OH_

M6 hinh c¢6 bdn tao mang bing phuong phdp nhiing.
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4. Cac phwong phap ché tao mang
1. Phuong phdp nhiung (dip coating)
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4. Cac phwong phap ché tao mang
2. Phuong phdp phu quay (spin coating)

o,

Mo hinh ¢d bdn tao mang bang phuong phdp phu quay.
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4. Cac phwong phap ché tao mang
2. Phuong phdp phu quay (spin coating)

Ve ‘sO/hfem EvapJoration Td
L L L

Surface Layer Becom

Depleted of Solvent x
Surface Tractions Pull Fluid In

Wherever O is Locally Higher

Coating Solution

Substrate

Hinh anh mé td siic cing bé mdt tao nén & qud trinh bay hoi dung méi trong

phuong phdp phu quay.
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4, Cac phwong phap ché tao mang
2. Phuong phdp phu quay (spin coating)
C6 2 phuong phap pho bién dé phan tan: phan tan tinh va phan tan dong

+ Phan tan tinh 1 pp don gian:dau tién ta lang dong 1 16p nudc & gan khoang
gitra dé (khoang 1 dén 10cm -2 phu thudc vao do nhét cia chat long va kich
thudc cua de)

+ Phan tan dong 1a pp phan tan khi d¢é quay o toc do thap, khoang 500
vong/phit, phan tan chat long trén dé va khong can ding nhiéu quéa dung dich
can lang dong

Sau khi phan tan xong,ta tiép tuc gia toc ¢ toc do kha cao dé 1am mong di 16p
chat 1ong trén bé mit dé dé co duoc kich thude mang nhu mong mudn,téc do
khoang tir 1500-1600 vong/phut. Phuong phap nay kéo dai khoang 10s dén vai
phit. Téc d6 quay va thoi gian trong pp ndy 1 nhitng yéu t6 xac dinh do day
ctia mang (toc do spin quay cao hay thoi gian quay spin lau s& tao mang mong
hon)

38
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Anh hudng ciia dong luu dén do day mang
trong qud trinh phu quay

Thdi gian quay: 30s;
P46 nhot:3.080 mPa.s

Spinning

Qutward Force

750 1250 1750 2250 2750 3250

Té'c d§ quay
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Anh huong cua gia toc
Gia toc cua dé theo toc do quay cua hé
spin c0 thé anh hudng dén tinh chat cia
Ramp Ratle

RPM  ——-

16p phu.

Khi dung dich bat dau kho, trong suét
chu ky quay dau tién cua spin, giai doan
nay rat quan trong can phai kiém soat
gia toc chinh xac.

Gia toc doéng vai tro quan trong trong
tinh chat cuia mang trén dé mau.

Qué trinh hé spin quay s& cung cap 1
luc Xuyén tdm qua dung dich, con gia
téc s& cung cap 1 luc xoan trong dung
dich, nho luc xoan ndy ma dung dich s&
dugc phén tan trén mang.
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 Toc do bay hoi cua dung dich trong sudt qué trinh hé
spin quay duogc xac dinh boi ban chat dé bay hoi cua
chat long va boi 16p khong khi bao quanh trén bé mat
: dé trong sudt qua trinh quay spin.

\I_Ll]\ « Nhiét do khong khi va d6 am doéng 1 vai trd 16n trong
viéc Xac dinh tinh chat ctia mang phu.

L&p pha spin tan dung thiét ké kiéu khép kin.Trong moi truong khéng that su kin
gi6,0ng dan khi cho phép 1 lugng khi nhé thoat ra trong suét qua trinh hé spin
quay,cing véi 16 thong hoi & dudi dé gitr hé spin quay,ong dan khi tro thanh 1
phan ctia hé thong dé giam chuyén dong tu do khdng mong mudn.

Hé thong nay gilp qua trinh 1am kho cham va giam dugc sy anh huéng véi do am.
Tbc do 1am khod cham tao co hoi thuan loi 1am ting sy dong déu ctua do day mang
trén mat dé.Chat long dé dang khd ngay khi n6 di chuyén vé hudng bién cua dé
trong sudt qua trinh hé spin quay,dd nhdt & tdm khong dong déu khi ma do nhét
ctia chat 16ng thay doi tir khoang cach ¢ gita dé ra bién d¢; 1am cham toc do lam
kho,c6 kha ning do nhét van con duoc gitt nguyén trén bé mat dé.

CuuDuongThanCong.com https://fb.com/tailieudientucntt

41


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

< KHo, wos Hoag
o0 KHon, - -
2 o %
g ot 5
o 2 :
: : @EQ
z
2 E
% &
¥ TP HOCHIMINH =

 Qua trinh xu ly nhiét

Tang nhiét: cung cip nhiét lugng d€ loai bd dung mdi con sét
la1 trong mang vua tao thanh.
Chat luong sdn pham phu thudc:

Tang nhiét

Xu 1y nhiét trong nhitng méi truong khac nhau
Nung khd bing cdch bay hoi § di€u kién binh thudng, ta thu
dugc sdn pham goi 12 gel khd (xerogel).
Nung & di€u kién siéu t6i han thi sdn pham nhan dudc it bi co
hon va goi 1a gel khi

42
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Uu nhugc diém cua phuong phap Sol-Gel

Uu diem
+ C6 thé tao vat liéu & tat ca cac chiéu.
+ C6 thé tao mang phu lién két mong dé
mang dén su dinh chit rat tét gitra vt
Kim loai va mang.
+ C0 thé tao mang day, cung cap cho qué
trinh chong an mon.
+C6 thé dé dang tao hinh cac vat liéu co
hinh dang phirc tap.
+ C6 thé san xuat duoc nhiing san pham
cO do tinh khiét cao.
+ Kha ning thiéu két ¢ nhiét do thap,
thuong la 200- 600 °C.
+ L& cach hiéu qua kinh té don gian dé
san xuat nhitng mang co chat luong cao.

CuuDuongThanCong.com

Nhuoc diem
+ Su lién két trong mang yéu.
+ Do chong mai mon kém.
+ C6 d6 tham cao.
+ Rat kho dé diéu khién do xop.
+ D¢ bi ran nut trong qua strinh
nung say.
+ Chi phi cao vdi vat liéu tho.
+Hao hut nhiéu trong qué trinh
tao mang.

43
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T e TONG HQP NANO SILICA XOP

480 ml H:O

Kkhir ion

Khudy 30 phiit

v

Dung djch hoat
ding bé mit

Viml) TEOS,
& Khuay 2 gidr, 80 °C
Dung djch

huyén phi miu
tring sira

Litam ﬂ Rura. sdy

Taa tring

(dang bjt)

ﬂ Nung 550°C

MCM-41

1 20.0nm
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2.2. PHUO'NG PHAP KET TUA HOA HOC
(PRECIPITATION METHOD)
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soluble insoluble

A precipitation reaction is a reaction in which soluble ions in
separate solutions are mixed together to form an insoluble

compound that settles out of solution as a solid. That insoluble
compound is called a precipitate.
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Co s& hda ly cua qua trinh két tua
e Két tua hda hoc xay ra rat nhanh.

* Két tinh xay ra cham.

* Nhung két qua gidng nhau la tao ra pha madi tach khoi hé
khi dat dugc gid tri qua bdo hoa & diéu kién phan &ng.

& Co s& hda ly chia qua trinh két tua hda hoc va két tinh I3
hién twvong qua bao hoa trong dung dich.

& Khi c6 qua b3o hoa trong dung dich sé& xuat hién “mam”
két tinh — tao pha mdi cha quad trinh két tda hodc két
tinh.
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CO CHE

* Dua vao phan &rng gilra cdc chat tham gia phan &rng dé tao
ra chat cd do hoa tan nhd nhat trong moi trwong phan &ng
tach khoi hé dudi dang chat kém tan.

Vi du: FeCl, + H,S = FeS; +2 HCI
CaCl, + Na,CO; = CaCO, | + 2NaCl

* Cac phan rng hdéa hoc xay ra dé tao hop chat kém tan tach
khdi hé la: phan &ng trao do6i, thay phan hay 6xy hda khtr.

* Co ché tao ra két tha co thé khac nhau nhung cé diém
chung la tao ra pha mé&i khac véi pha tén tai ban dau.
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Su hinh thanh hat khi c6 mam

* La giai doan phat trién kich thwdc cac hat khi cé phan
(rng tao két ta ti kich thwdc mam (khéng nhin théy)
dén kich thudc hat (nhin thdy duorc).

e Qud trinh tao mam co thé gidng nhau nhung phat
trién mam co thé khac nhau, c6 chat tao hat dang vé

dinh hinh, cé chat tao hat dang tinh thé.
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- M&i qué trinh phat trién hat sé c6 co ché riéng nhwng su
I&n 1&n cla mam thanh hat c6 cung quy luat khuéch tan chat
nudi mam tlr dung dich 1én bé mat phéat trién ctia mam dé Ién
|en thanh hat co kich thwdc xac dinh & dang co cau trac trat

tw hay khong trat tu.

- Hat dwoc tao thanh nhwng t6 chc cau trdc chwa hoan
chinh — viéc hoan thién cau trac va kich thwéc hat rat quan

trong, khdng gibng nhw qua trinh phat trién hat khi két tinh.
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* DO v&di qua trinh phan &ng két tua, cé 2 giai doan tao

hat:
— Giai doan tao hat so cap.

— Sy twong tac th cap cua két tua vai nudc cai.

51
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Giai doan tao hat so cap

e Cac chat phan ng tao két tla tiép xuc vdi nhau do cac ion phan
&rng két hop tao phan t&r mdi nhung chua cho két tda.

* Th&i gian ton tai cla cac phan tir mdi dac trwng bang viéc tudng
khong nhin thay hat phat trién va duoc goi la giai doan cam &ng.

« Pé tao cic hat so cap, cac hat nay tén tai bén virng trong khoang
thoi gian nhat dinh tuy thudc vao ban chat cda cac chat tham gia
phan rng va két tda dwogc tao thanh trong diéu kién nao.

* Trong giai doan cdm &ng, dd khéng 6n dinh cdia dung dich tdng dan
cho dén khi hinh thanh hat so cap thi dung dich tr& lai can bang
bén.
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* Giai doan chuyén gidi han hoa tan va tao hat
so cap la giai doan quyét dinh qua trinh phan
irng két tua.

e Sy két hgp cac nguyén t&r hay phan t& trong
trong hat so cap sé cho biét quy luat phan bod
cua chung co trat tw hay khong co trat tu
trong khéng gian — phu thudc vao ban chat
cua nguyén tu
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Su twong tac th cap cua két tia véi nwde cai

e Qua trinh hoan thién cau truc cta hat két tia so cap duoc
hinh thanh trong qua trinh ngdm két tda vdi nwdc cai (pha
nudc con lai sau phan &ng két tia) — dwoc goi la qua trinh
hda gia két tda.

* Trong qua trinh hda gia két tha co sy tuong tac cla hat so
cap v3i nuwdc cadi dé hinh thanh hat th& cap, qua trinh xay ra
trong hé di thé ran-long.

e Khi c6 mat clia nudc cai, cac hat so cap ludbn tén tai can
bang dich chuyén lam bién d6i d6 hoa tan clha két tua trong
nudc cdi do hiéu &rng mudi va cd sv lam tang luc ion cla
dung dich dién giai.
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Téng hop hat nano y-Fe,O,
bang phwong phap dong két tia (Co-precipitation)

Céac buéc thuc hién

1. Chuan bi dung dich

2. Tao két tua.

3. Loc rira két tia.

4. Xiur ly nhiét. Cac théng s6 anh hwéng

Ti I& ndng d6 mol gitra cac chat.

AN

MGoi treong (pH, dung moi)
Toc do khuay.
Nhiét do két taa. 55
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Co ché hinh tao hat:

Fe3* + H,0 — Fe(OH), 3* (thédng qua qua trinh mat proton)
Fe?" + H,O — Fe(OH),?¥ (thdng qua qud trinh mat proton)

Fe(OH),>* + Fe(OH),*Y — Fe,;O, (thdng qua qua trinh 6xi hoa
va dehydride héa)

Fe,O,+ O, —» Fe,O5(thong qua qua trinh 6xi hoa)
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Phan tich két qua
- kich thudc hat

e

7k s . (), 01115
MAU_Fe203 [ TEM ]
JEM-1400 10 )0k 100% 19/07/2 45 P

Comment: 0] perat::u.r-‘: NGUYEN QUOC BAO

Anh TEM ciia y-Fe,O,
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Phé VSM méu Fe,O, nung 300°C
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2.3. PHWONG PHAP THUY NHIET/DUNG NHIET
(HYDROTHERMAL/SOLVOTHERMAL PROCESS)
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Qua trinh thuy nhiét la qua trinh xay ra cac phan rng hdéa hoc
di thé v&i dung mdi la nwée trong mot hé kin & nhiét dd cao hon

100°C, dwéi ap suat cao hon ap suat khi quyén.

Nhiét d6 cla phan &ng thly nhiét thwérng nam trong khodng tir
nam trong khoang tlr 100°C - 1500°C, ap suat trong khoang mét

vai bar dén hang tram kilobar
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CO SO LY THUYET
Phwong phap thay nhiét st dung dung méi & nhiét dd cao va ap suat
trén diém t&i han cta n6 dé lam tang dd hoa tan va kha nang phan
(’ng clia hau hét cac hop chat vd co, bang cach do cho phép xay ra

suw két tinh cda céc ion tién chat dwoc phan tan trong dung dich.

O day nuwdc vira 1a dung moi dé hoa tan, vira 1a moi trwdng truyén

ap suat do tai diéu kién nay nwéc ton tai & pha ldng va pha hoi.

Tat ca cac phan (rng nay déu xay ra trong mét hé kin hoan toan,
do do sé gilr dwgc suw 6n dinh vé nhiét do cling nhw &p suat trong

gua trinh phan &ng.
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CAC YEU TO ANH HUONG QUA TRINH PHAN UNG

1. Ban chéat cua tién chat tham gia phan (rng
2. Ban chat cla dung méi

3. Nhiét doé phan rng

4. Ap suat

5. Th&i gian phan &ng
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Hinh thai va tinh chat héa hoc cla tién chat sé anh huwéng dang ké
dén san pham tao thanh

Dung moéi déng mdt vai trd rat quan trong trong phan &ng dung
nhiét. Nhiét dé soi, kha nang lién két phdi tri, dd phan cwc cla dung
moi sé& anh hwdng rat nhiéu dén kha nang phan tan, hoa tan cac
chat phan (ng, tr d6 sé& anh hwédng dén kich thuwdc cling nhw cau
tric pha tinh thé, kha nang phan tan trong cac dung dich khac nhau
cda san pham tao thanh.

Nhiét d6 dong vai tro rat quan trong trong viéc hinh thanh san
pham ciing nhw 6n dinh nhiét ddng hoc cho cac pha phan rng va
ap suat sé 1a can thiét trong viéc hoa tan cac tién chat tham gia
phan &ng dé tao ra suw két tinh san pham, thdi gian phan (rng ciing
la yéu to rat quan trong cla qua trinh thdy nhiét vi sy 6n dinh cda
cac pha nhiét ddng phu thudc nhiéu vao thoi gian.
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Thiét bi cho phan ng thay
nhiét c6 dang mdt ndi hap
(autoclave) c6 kha nang chiu , :
, ] Apparatus in hydrothemal synthesis
duwoc ap suat va nhiét doé cao ~
trong thdi gian dai, toan bd

dung dich sé dwgc dat trong

ndi hap, day kin va nhiét do

dwoc cung cap qua 10 siy, 6n [ e

At B
autoclave autoclave I
medicine

dinh, tw déng va ap suat cao sé

autoclave for

dwoc hinh thanh t&r chinh ban hydrothermal

than ap suat hoi co trong binh.

65

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Commercually avalable autoclaves. (Phow cowrtesy Commercially avaslable autoclaves. (Conrtesy of

of Parr Instruments Co., lilinois, US.A.)

Vet

Farl)

Temperaturfiihler

Druwchmittier

_.455

Druchbehidlicr &

Tefonciasaty —

Berstscheibe

M/S/ Toshin Kogyo Co. Ltd., [apan.)
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Schematic diagram of the
autoclave used in

hydrothermal / solvothermal
synthesis (1) stainless steel
autoclave (2) precursor
solution (3) Teflon liner (4)
stainless steel lid (5) spring

i

. ﬁ ‘.A w"\' W
@ ¥ ‘@

autoclave used in my group
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’'U VA NHU'QO'C BIEM CUA PP THUY NHIET /DUNG NHIET
UJu diém:

-Hau hét vat liéu déu tan trong mét dung méi phu hop & nhiét dd va
ap suat cao gan diém t&i han cla no.

- Thay thé cho phwong phap phan &ng pha ran dbi véi cac vat liéu
khong thé ding phan t&ng pha ran.

- C6 thé diéu khién dwoc hinh dang, kich thwéc, ciu tric cta san
phdm bang cach diéu khién cac théng sé khac nhw nhiét do, thoi

gian phan tng, tién chat phan tng, do pH
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Nhwoc diém:

- Binh thay nhiét kha dat tién
- VAn dé an toan trong qua trinh phan trng can phai dwoc kiém
soat chat ché.

- Khéng thé quan sat dwoc qua trinh phan (ng (“black box”)
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PNG DUNG CUA PHUONG PHAP THUY NHIET/DUNG NHIET
Ché tao céc hat nano (TiO,, ZnO...), s¢i nano, thanh nano, vat liéu
dang kh("

Diamonds, quartz , piezoelectric crystal are made by hydrothermal method
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CHE TAO HAT NANO PHAT QUANG NaYF,:Eu

3,2ml
C,,H;;COOH

9,6mIC,HOH
6,4ml H,0

0,6135g RE stearate +
Khusy 15 phit ﬂ. 0,1345¢ NaF

[ Dung dich 1 ] |:> ! ] Khudy 30 phat

Hon hop keo phan tan cé mau
trang duc
Siéu am hoan lwu 30 phat G Siéu Am

Thay nhiét trong 24 gio
180°C

Ly tam, rira 3 Ian CHCl,:C,H.OH @
(1:6 v/v) va 3 lan CZH[

Ly tdm thu ldng, say 12
gitr & 100°C

<

NaYF:Eu3*
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Gian d6 X RDcua vit liéu nano NaYF, 4 nhiét do Scfy 60°C va 100°C

Budc song (nm)
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2[TEM]
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Mau muc in NaYF,:Eu3*a) Chua chiéu UV kich thich, b) Sau khi kich thich UV buéc séng
254nm
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TONG HOP HAT Fe O,

CO+

+ D

Siéu am
30 phut

dung dich
Vang cam

Fe3Oy
(den)

Nung
solvothermal
trong hé Kin
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