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The study for the synthesis, surface-modification, and dispersion
of UV shielding nano-scale metal oxide

Jin Mo Kim

Depart. of Industrial & Engineering Chemistry, The Graduate School,

Pukyong National University

Abstract

Nowaday, amount of ultraviolet rays reaching the face of the earth
increases as, the destruction of ozone layer of the"stratosphere by the
freon gas is progressed. So many people are interested in protecting
skin and saving energy through the cutting off ultraviolet rays. Due
to these requirements, it is widely used shielding ultraviolet rays by
absorption and scattering with metal oxide.

In this study, their properties of 'dispersion and' photo characteristic
were compared firstly after-the synthesis-of metal oxides such as CeO,
FesOs, ZnO and TiOs. Consequently, zinc oxide showed the
characteristic of being more superior to other oxides.

The zinc oxide was synthesized into the sol gel method, and then
sintered at relatively lower temperature of from 500 to 900 C in order
to reduce particle size. The sintered zinc oxide was surface-modified
using silane coupling agent such as vinyltrimethoxy silane (VTMS),
vinyltriethoxy silane (VTES), trimethoxymethyl silane (TMMS),

3-chlorotrimethoxy silane (3-chloro TMS), and 3-aminotrimethoxy



silane (3-amino TMS). Also, the dispersibility of surface-modified
zinc oxide was investigated with addition of surfactant under various
solvent system of controlling the degree of hydrophilicity /

hydrophobicity during ball-milling.
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2.1. 384 As

7Aoo wpge] wel o Table 13 o] #F&ad, 7hA]%

Ao agla Aoz vhEh 100 T 400 nme] S Ao Molga §f

=, RS g8 r FTFee A SFA FE3HA wEAE AF
HA 7= A9 AdAE T s Aol AdAe g
Table 1. Properties of ‘solar radiation
A DR g W g
RE K 2
Vi) 100~ 280 nm
~ W3l skt At g
g AR 050~ 815 | A9A okl s,
(Ultraviolet) (UV-B) mebel DAA
914 -
) 315 ~ 380 nm
24 (380 ~ 435 nm)
A (435 ~ 500 nm)
7FA 3 - =2 (500 T 565 nm)
(Visible) 380 780 nm w2 (565 ~ 600 nm)
%3} (600 ~ 630 nm)
22 (630 ~ 780 nm)
ERRK! ~
(Near-IR) 780 nm 1.4 ym cang Az
#9120 FH 94 13~ 30 m | AAED 2ol 243
(Infrared) (Middle-IR) o eE A 24 W ASER
SRS - AF2E BA8E B
(Far—IR) 3.0 ~ 1,000 zm
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Fig. 1. Schematic of representation-of the process in which as
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unscreen chemical absorbs ultraviolet radiation.'”
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Table 2. Refractive indices of various powder materials
712 A =4E 712 A =4 E
e 3.01 &F 1 u} 1.76
AFstE] gE (Rutile) L R i) s R ey 1.74
~FslE] & (Anatase) 2.52 Z4kabE 1.64
e A E 2.50 o}o] 7} 1.59
Sk sk 42 . 1.58
Qe AR Ry 2.20 A2l Ake] E 1.57
I e 2.10 7= 1.56
A SHA & 2.10 e E 1.51
Abstotdd 2.02 4N 1.50
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2.2.2 Iron Oxide
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2.2.3 Titanium Oxide
o] 23} E] B (Titanium Oxide; TiO2)2 E} WAl <otg ol H|s] ZdEo] =

Qs ASER WAL eve, R So BeE Ao $53

-

95
oh Ed, veREAe]l $4eha Foluh ol deke] eges] wWiel 4

Folub ®8, 93, Febad, A, FAAF 5 E ¥ AsHw 9

m Anatase (100) = Anatase (001)

s et
F TR S ST

i Fo 1“; /-;"..\-\Au"
A 277N

£
el
5

N

Fig. 4. Perspective view of the surfaces of different phases of Ti0,.?
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2.2.4 Zinc Oxide

A&hobdl (Zine Oxide; ZnO)= o}l s} mi ofcdmloleby B ahn, 2
Ao RE FotdFowEYH AFHY FPHoRE FHoldS &fdt
of 7] FolA T SAA A=tk Zn0o =4 E (2.02)2 TiO0 =
AE 25~27HET A7) wie 9S Ao AHAF A o} Folw F
W7t o = Astold A LS Fig. 59 #o] hexagonal wurtzite T-%

g JpAv oA wEgle] 33 eVel AME wEa o

Fig. 5. The unit cell of ZnO with hexagonal wurtzite.
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Fig. 9. Stabilization of pigment suspension-electrostatic stabilization.
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Fig. 10. Stabilization of pigment suspension-steric stabilization.
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Fig. 12. Effect of pH for particles surface.
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Young's equation®l °]&%H HEZLS ®HWHE wjsta stEgHor T

Sbs Ae SR B9 457 Z4ol AA 9 tangent dropelth

HHo 9 air bubble?] T 7FA] Wo] t}l FHo] <9d e 1y
ol FAT g A2 o HE72 ta A3 o] ALkE 5 Sk
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k> +

¢ 90 eo
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YSL

Fig. 13. Contact angle of liquid droplet wetted to rigid solid surface.
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Relative Compound Group Representative Solvent

Polarity Formula Compounds
Nonpaolar R-H Alkanes Petroleum athers,
ligroin, hexanas
Ar-H Aromatics Toluene, benzene
R-0-R Ethers Diethyl ether
R-X¥ Alkyl halides Tetrachloromethane,
chloroform
R - COOR Esters Ethyl acetate
R-CO-R Aldehydes Acetone, methyl ethyl
and ketones ketone
R - NH, Amines Pyridine, triethylaming
R-0OH Alcohols Methanol, ethanal,
isopropanal, butanol
R - COHN, Amides Dimethylformamide
R- COOH Carboxylic acids Ethanoic acid
Polar L H-OH Water Watar

Fig. 14. Solvent miscibility.

Table 4. Surface tension (yL), Hansen solubility parameter and formula

of solvents

Solvent * yL Hansen, Solsljeny Skeletal formula
. pararpeter
EC 938 235 g s
FaaN
Water 72.7 47.8 H H
Ethyl alcohol 2 26.5 <~ OH
(6]
MEK 24.2 19.1 A
(0]
Butyl acetate 2438 17.4 PN

_36_



3.2. ZnO &4

AF3LE oA 4F3leled (Sigma aldrich, 99.6%, 50 nm) Al &7} A2 A

AAEY o] FAF Fagol g $Lagrh HH, AuHo

= ‘_lv—‘i (‘Qz}_
2707} Bl ASE ANF Ao 1 FHge] AL AT 43

27 243} 6] BE AN TR WRE 2] sl Qa3
N7 old Atstold NRES ARG FH AEE 2GFA )

g & Fig. 159 eIt
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Thermocouple

Flask

Stirrer

Heating mantle

N T )

Thermo controller

<>

Fig. 15. Schematic diagram of experimental apparatus.
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3.2.1. ZnCl,9 CTABS o] &3 A

Folx Fig. 163} o] 10L 47 ¥&d uk$7ol CTAB 30 g (>98%,

Aldrich) 2% 1 L2 %3 %, NHIOH (25 wt%) 25 g& a2 59

stttk 2@ 2HS 1 Lol €842 ZnCly 130 g (=99.995%, Aldrich)
oM 4 WSt wkakg]

& EFdel Fstn ek Bk 96 hek
agingA17) ¥ e ojmete] §ujg AL FREFE AAGAL F5
Ao e Az A F Az 7] 291718 °F 500 CTolA

NH:OH

CTAB+H:0 | 4 | ZnCl-+H-O

!

Stirring for 4 -h

!

Aging for 96 h

1

Filtering, Washing & Drying

1

Heat treatment at 500°C

Fig. 16. Scheme of preparation of nano-scale ZnO using CTAB.
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3.2.2. ZnClp$} TEAE o] &3 A

T Fig. 177 o] 10L 47 w83 w-&+Fo TEA 75 g (99%,

Junsei), NH,OH 50 ml¥ a1 =3A#AY. 575 1 Lol €3 © ZnCl, 75

goll Citric acid 50 g (99%, Aldrich)S #7} sttt &3S NHOHS}
T3t TEAd H7FAIZ § 2o A 4 hsQt wrkstdth Wik 2 96

Citric acid

TEA+NH:OH | ™ fZnCla+H:0

!

Stirring for 4 h

4

Aging for 96 h

!

Filtering, Washing & Drying

!

Heat treatment at 500°C

Fig. 17. Scheme of preparation of nano-scale ZnO using TEA.

_40_



3.2.3. Zinc acetate$t EGE o] &3 FA¥

Tl Fig. 187 o] 10L 47+ 83 wh-g+o| Zinc acetate 130 g
(99.99%, Aldrich)g ethylene glycol 1200 ml (99%, Junsei)ol %32 100
TollA ¢bds] gafd w7 urketqdvt. 443 &3i€ $ 130 CT7HA
S A7 H 1 heet AHe s wntstdoh wwk 5 3kef of epo] &

= AAstaL ogE® AlFEAY. 5 222 60 T Ax 5, 44+

=

ZolA F7] #9718k 500 CellAl DAttt

Zinc acetate

Ethylene glycol

5
Stirring 100 °C, for 3 h

!

Aging 130-°C, for Th

|

Filtering, Washing & Drying 60 °C

!

Heat treatment at 500 °C

Fig. 18. Scheme of preparation of nano-scale ZnO using EG.
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3.3. ZnO¢ W AP

Al71e] 7haEsl
S WEYgdsr] g9 de FEr] JARt Ay wEba, A kA 9
A4 21 FHES =0]7] 98 trimethoxy”7] & 7FAHA 3Frhe] 2] 317]

wol ol AUAEL AHgsel wHATEOoR v 4YL AW

N
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rlr
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o
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N
il
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o,
ot
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o
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i

o, g\ fEe ARg3 A AZHAEZE vinyltrimethoxysilane
(VTMS, Sigma-Aldrich; 99%), vinyltriethoxysilane (VTES,
Sigma-Aldrich, 98%), trimethoxy methylsilane (TMMS, Sigma-Aldrich,
98%), (3=chloropropyl)  trimethoxy  silane  (3-chloro TMS,
Sigma-Aldrich, 97%), (3—aminopropyl) trimethoxy silane (3-cmino
TMS, Sigma-Aldrich, 97%) % 57HA& Ab&stail, o5 Fx&
Table 50l HHEFW AT

Folzl Figy 199 FHNE 5554 wek $4 500 ml Seb2E A
el gm 300 mlet AT AZHA 9 g& FYsAaL, &uivt FHAY

e ojedo] SR Es d deihgy o302 259 AYs
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o
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Ll E A A st =
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Table 5. Silane coupling agent used for ZnO surface modification

Silane coupling agent

Structure

Vinyl trimethoxy silane (VTMS)

HaG, OCH;
\—sli—r:)c:H3
OCHs,

Vinyl triethoxy silane (VTES)

Trimethoxy methyl silane

(TMMS)

(3—chloropropyl) trimethoXy silane

(3-chloro TMS)

|
OCHj5
) ) ) OCH3,
(3—aminopropyl) trimethoxy silane ] NH
HzCO-Si =
(3-amino TMS) éCHg
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MEK 300 ml |4 |Silane 9 g

!

Zinc oxide powder 60 g

!

Stirring 4 h

!

Filtering & Washing

¥

Drying 70 °C

Fig. 19. Procedure of surface modification for ZnO nanoparticles using

silane coupling agent.
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(it
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o

o AEE 3 EAlo] 7+ %33 3-chloro TMS®Z %W 7|2

Aestel Ag3n ol ECE AH kel Agagl

3421 4A +x &3

AEAA FEAEA G T 2 Aol whE AL
3}l polyurethane % polyacrylate 735 7FA
sto] EAbshelar, T AR Y =48 B S8 x & Table 6, Fig. 20

J_:,';
% Fig. 219 Heli vk
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Table 6. The property of dispersant with different structure

Dispersant Structure Acid value Amine value MW
Dispersant A | polyacrylate - 20mg KOH/g +10000
Dispersant B | polyurethane - 20mg KOH/g 13000

%OOH
_O beHCOO ] o 0
Il I [l
G Pre C__ Polyether/ Pre
Alkyl-O] N poly —NH O—PolgestEFO’ NH—poly +NH QO‘A"(},"I
mer mer
[
NHCQO NHCOO
L -n
Anchoring Anchoring
group group
Fig: 20. Polyurethane based dispersant.
3\\ /CH2 ~ /CHT“-... /CH 7~ ,CH2
e T ¢
i P [ ”< - ciclie
o) ) ) | mrnes
: | ’ﬂ groups
L alkyl J | (EO),OR uoro-
carbon

Fig. 21. Polyacrylate based dispersant.
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3.4.2.2 pH &7}
A A4 Qold Fa 8 F shrh B4 Fo] X pHolth
$ake] o)A & Be] AA = pHO ghol whe o] At BAAE

AAsHAl Aok ARt o e ThA = B2 ofrlzbe] EAakAll &

AR gk A7 (acid value)THS 7HA = EAbAleE ofwlzb
(amine value)¥& 74| & E4tA|l 2 Z472F BARS Festth AMSE

AbAl 9] B4 & Table 79 UERHSITEH

Table 7. The property of dispersant with different acid & amine value

Dispersant Structure Acid value Amine value
Unsaturated
Dispersant".C - 120 mg KOH/g
carboxylic acid
Unsaturated
Dispersant D 90 mg KOH/g -
carboxylic acid




3.423 297 &3}

T FAA Fxet s Aozt E THHAINE AME wde Edl
S0 Apolo| uwhe} FACA &3 FLErt Gkt FARA] TEr] 9
Fadol 57w u5A Aole A ARAL 2AEY] e AW
F9aL, A8 EAkAle] 54E oF#l Table 84 WER AT

Table 8. The property of different type dispersant
Dispersant Strueture Amine value End group
Dispersant A polyacrylate 20 mg KOH/g H| 7|
Dispersant E polyacrylate 20 mg KOH/g A
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35.1.1. X-A 3&d B4
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Fig. 22. UV/VIS spectra of dispersion sol of metal oxides using EC.
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Fig. 23. UV/VIS spectra of dispersion sol of metal oxides using MEK.
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4.1.2 Morphology &4
PN AFH 4F7e &5 Ashw Eab AEE59 TEM ARIE Fig.
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nm)29] T+ AF LS ALEsd e, o5 Y A¥E TEM #
Ao Al gl & 4 ATk ©, TiO; - anatase®] -5 44l glol&= #

=k = 54E UERAT
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(A)

Fig. 24. TEM images of dispersion sol of metal oxides; (A) CeO, (B)
FexOs, (C) ZnO, (D) TiOg-rutile, and (E) TiOs-anatase.
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(a)

(b)

(c)

Fig. 25. XRD patterns of ZnO synthesized using (a) ZnCl, / CTAB,
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(b)

15.0kV X100,000 100nm WD 8.0mm

Fig. 26. SEM images of ZnO synthesized using (a) ZnCls / CTAB, (b)
ZnCl, / TEA, and (c) ZnAc / EG.
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Fig. 27. TEM images of ZnO synthesized using (a) ZnCl: / CTAB, (b)
ZnCl, / TEA, and (c) ZnAc / EG.
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Fig. 29. FT-IR spectra of bare and surface-modified ZnO powder
using VTES.
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Fig. 31. FT-IR spectra of bare and surface modified ZnO powder
using 3-chloro TMS.
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Fig. 32. FT-IR spectra of bare and surface modified ZnO. powder
using 3—amino TMS.
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Fig. 33. The element analysis of surface modified ZnO powder; (A)
Bare, (B) VTMS, (C) VTES, (D) TMMS, (E) 3-chloro TMS, and (F)
3—amino TMS.

Table 9. The element content of surface modified ZnO powder

3-chloro 3-amino
Bare VTMS VTES TMMS
Element TMS TMS
at % at % at % at % at % at %
Si 1.89 1.28 2.73 1.58 2.39
7n 100 98.11 98.72 97.17 97.38 97.61
Cl 1.04
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Fig. 34. Images of contact angle
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of non—-modified ZnO and modified

VTMS, (C) VTES, (D) TMMS, (E)

TMS.

_66_




BO

70 A

50,4

40 4
S0%
20
10 7

bareZn0 VIMS WTES M5 3-chloro /3-amino

Average Contact Angle [dgree)

Fig. 35. Contact angle of ZnO- samples modified by various silane

coupling agents.
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Fig. 36. Photograph images of the sedimentation behavior of various
dispersion ZnO sol with and without surface-modification with silane

coupling agent at various time; (A) 24 h, (B) 48 h, and (C) 96 h.
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Fig. 37. UV/VIS spectra of surface modified ZnO and bared ZnO

dispersion sol in EC.
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Fig. 38. UV/VIS spectra of surface modified ZnO and bared ZnO

dispersion sol in MEK.
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Fig. 39. UV/VIS spectra of-surface modified ZnO nanosol using

3-chloro TMS with various dispersants.
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Fig. 40. UV/VIS spectra of surface modified ZnO and bared ZnO

dispersion sol using dispersant B.
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4.4.2.2 Morphology &4
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Fig. 41. TEM images of surface modified ZnO sol with various
dispersants; (A) dispersant A, (B) dispersant B, (C) dispersant C, (D)

dispersant D, and (E) dispersant E.
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