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Abstract — Three different alumina sols were prepared by hydrolyzing aluminum isopropoxide as a starting material in
methanol solvent, followed by peptizing with acetic acid, nitric acid or hydrochloric acid as a peptizing agent by the Sol-
Gel Method. Also, coating solutions were obtained by adding a silane coupling agent, (3-glycidyloxypropyl) trimethox-
ysilane to the alumina sols, deposited on polycarbonate substrates by dip-coating and densified by thermal curing. The
effect of types of peptizing agents was studied on the properties of coating films. As a result, coating films, prepared
with hydrochloric acid or nitric acid as a peptizing agent, showed excellent properties of pencil hardness of H or 2H and
adhesion of 5B. On the other hand, coating films, prepared with acetic acid as a peptizing agent, exhibited poor prop-
erties of pencil hardness of HB and adhesion of 3B.
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aluminum alkoxideZ AFE3}o] #1552 E7 71Es)] A)1A A=3t
thH6). 22t o] A AlZH alumina sol> E1|7F &2 7]
o] 7152 3ol £A4] Xtttk EAIHC] o] st #
Aol A= A S o] &-3to] EEZ2] aluminum alkoxideE
Feke] miRhZol] SaliAX] 5 Ake] 3] TRl W& 714
TFokE YA Axe F o] JAE wEkE Foll 42 A alumina
sols A28k, o] 2 Al AlZE alumina sol- &l 7} g2
TAEIERE {71 £3Mdo] -53tar, FHste] Eol &
w2 A ¥ 7] alumina sol®] B8-S H ke = Qv It
.

2 ArellA] Z-A el ©J3l aluminum alkoxideE 71ial A7l el
ol AAE F3hE ARE AR Alelell S-3o] ol mekE
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o] dlmAlEo] A/dE alumina sol2] Y= & F2H& W3l n]x]=
kS ARSI B3 o] alumina sol2 PC 7] A ¢l F & 5}o]
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2-1. A2
AT = EUEHE aluminum isopropoxide (AIP, 98%,

Samchun Chemical)E AH&-8F51 31 B8k &-vl] 2 4] v €k-S-(MeOH,
99%, Samchun Chemical)s AH-&-3}3Ith. 3l WA 24 A knitric
acid, NA, 60%, Samchun Chemical), Z*F(acetic acid, AA, 99.5%,
Samchun Chemical) 2! %4 4k(hydrochloric acid, HA, 35%, Samchun
Chemicalys ARS3IS 01 EEA = 22 5775 ARESISICE At
HAZ Y A 2= (3-glycidoxypropyl) trimethoxysilane (GPTMS, 99%
Shin-Etsuy& AH8-3181 32, 7k A| 24 ethylene diamine (EDA, 99%,
Samchun Chemicalys ARE-3IAT).

Table 1. Synthesis condition of methanol-based alumina sols

Methanol + AIP

L A
Stirring for 1 hr at
65° C

H:0

4
d

h

Hydrolysis for 3 hr at
65 C

Peptizing
azent

Y
Peptizing for 6 hr at
65° C

Filtering

h 4

Alumina sols

Fig. 1. Flow diagram for preparing alumina sols.

2-2. U

A 252, W27) 9 k7)1 7F 14 1,000 mLe] 47 B &
2} of Table 13} 7+¢] 0.05 mole®] AIPL} 6 mole®] MeOHE 3
7FskaL 65 °CellA] 1 hr &< Htsto] AIPE 83018131 -1 % AIPS)
7leiel WSS 28] 0.3 mole®] H,0E 71819 3 hr B¢k W&
AL 5 S Al A Theket 572 AHAA, NA, HA)= 3 7Fst 5
65 °C2] =% 3tellA] 6 hr &< 3| A A alumina sol& A|Z3F31 0.
], 0]°42] alumina sol®] A% 3 TF Fig. 12 LERJQITE o] &
Az alumina sol®fl 0.05 mol®] GPTMSE 718k 1 hr 59
HEAIZ] §- A 814|191 EDA 0.0125 mol& 1 7}F8}ed, 30 min &<t
WHAA FHF2) T8 He AFBTh 1§ o] TR A& AFE31o]
1 mm 7712] PC (polycarbonate) 7]l $]1l dip coating 11 - 80 °C
oflA 2 hr B¢t @ A3AA TH TS FAsHloH, ool 7]
Tuko] Al2F7gE Fig 2= YERITE

Sample code AIP (mole)  MeOH (mole)  H,O (mole) AA (mole) NA (mole) HA (mole)  GPTMS (mole) EDA (mole)

Al 0.01 0 0

A3 0.03 0 0

AS 0.05 0 0

A7 0.07 0 0

A9 0.09 0 0

N1 0 0.01 0

N3 0 0.03 0

N5 0.05 6 0.3 0 0.05 0 0.05 0.0125
N7 0 0.07 0

N9 0 0.09 0

H1 0 0 0.01

H3 0 0 0.03

H5 0 0 0.05

H7 0 0 0.07

H9 0 0 0.09
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Fig. 2. Flow diagram for preparing coating films from alumina sols.

2-3. EAEH

2-3-1. XRD (X-ray diffractometer) =7

Alumina sol®] 728 250l hE AT W3lE 17]$ 3]
120 °ColM AFAIA B8 = F XA 34 22497] (MiniFlex600,
Rigaku)Z 2425 F431tt.

2-3-2. FT-IR ¥4
Alumina solZZ 18] Aol o] s}8txAd & Al <9I FT-
IR spectroscopy (Cary 630, Agilent Technologies)E A&-3F5Itt.

2-3-3. Y& A
ol8] 27127 M3 ¥ alumina sol?] YEZ= oA 3EHE o]
3+ )I=H24971(SOS 1, K-ONE scatteroscope)s A3l =743}

At

2-3-4. TEM (transmission electron microscopy) =73

oJ3] 2102 334 alumina sol U19] A} 23E AEIE @251
13} transmission electron microscopy (TEM, Tecnai G2 F30, FEI
Company)s A8}

235 5945 54

o] 7o AxH A5 &4 4 79 FHe] FaES 57
3}7] $18Fe UV-visible spectrometer (T60 U, PG Instrument)S A}
83101 300 nmellA| 800 nme] Ipgelx] FaE-E S43IGIT).

2-3-6. -2 57

ASTM D 3359[8]°ll <=718to] Zd3tel I8 ol cutter= w53+
Dokl & W ¥ 7§l 3M Ho|ZE & HAPAIA U3 g o
2 3] dojulo] 58 T3 7| eke] WA Ags dEekelth 1
BE X1 A Tl 1 mm 70T 11x 112 AR 0 7 7518 vjof

100719) 4E-& w31, 1 Yol Blo] 223 M Tape)E 213t &
43| FoldA x-S Bt E2 = 2 757} 100714
5B, 957l ©]A=2- 4B, 857} ©]42 3B, 6571 ©]d2 2B, 357 o>
1B, 71 ©|3F= 0B= ERISL).
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3-1. Acetic acid (AA)E SHuHIZ ARE Al 240 OX= He

Fig. 32 AAE A2 AHg-3Fo] #1323 alumina sol®] Y &34
Ailo|th Al, A3, AS, A7, A9 £ H1t Y= 217} 112 um,
0.78 pm, 0.62 pm, 0.40 pm, 0.38 pm= AEFA 0 7 I 7 Vet or
AAS] H71Fo] S71ERE 3t Qv FolA|= AEe Bt

Fig. 4= AAY] H7F-S H3FA|A A28 alumina sol®] 714133
2 ool o] Fg= oAkl AAQ oFst ALE R Q1S St F
#35] dojubA] Jall YAbEo] A= SR Eo] & A=l A H
B2 FE0] 10% oleke] B 25 Rl

Fig. 5% AAS] 715 WsIA]A A28t alumina sols PC 7] 4]
Floll IR 5 AR5 AlA o7l I8 Euke] £ wiglo|)
PC 717 2] F3-8-8 90%= 7HA) 341 (400~800 nm) oA =2
F9-5-5 e whd AA7F 718 alumina solE FHE EEE2
o]t U 70% o]3ke] TS HAET], o= oIl AAR Q1
3l dAfAtol 9] Bt F-E8] dojubA] 3l A717F 2 S A S
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Fig. 3. Particle size distributions of alumina sols prepared with dif-
ferent amounts of acetic acid.
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Fig. 4. UV-visible transmission spectra of alumina sols prepared with
different amounts of acetic acid.
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Fig. 5. UV-visible transmission spectra of coating films prepared with
different amounts of acetic acid.

alumina solo] A|ZE P& F3lgo] Wolx|&= o7 j&‘ﬂ'%r/} a
2l AA F71e) STV Fakgo] SUbshs B3 BRlth
Fig. 6= AAS] 715 W slo]] - alumina 5014 A7 BHE
TEM= AHg-3fl 5748 Aottt AA H 7ol 242} 0.01, 0.05,
0.09 mole® W B= AR oA §iAF=Eo]l AR S5 & S3AE

[k

PA s As & 4 A em, o] 2 13 Fig. 39 AA7F H 71
alumina sol 5] F¥ Y57l 038 ym O 0.2 & A7) 5 HY S
oF = it

Table 2= AAS AME-310] #|Z% alumina sol®] AFEf S} o] ZH-E
Az 78 mupe] AEA o) S el stoltt, o]
B & o] AAE AFESHe] dojxl e E’_‘: o] g
SR Fig. 404 $0] Eulgo] Fx] B3hS ok 5= 9o AA
= A71slo] Alxd 319 =Hk 4BellAF-E] HBS *x] il

(‘?51‘.

S

AEE UEhdS & 5 ARl &gk o] AlRES 2B B 3B
A Fe FAE S Bels o 5 AT

3-2. Nitric acid (NA)E SHuH|Z AR Al 240 O|Xl= W&t

Fig. 7& NAE- 34| 2 A8 Al NA 3719 W317} alumina sol2]
Q% ®3¥of vx]= FE-S Vel 19 o]th N1, N3, N5, N7, N9

A2 Hit 9732 22 0540 pm, 0220 pm, 0.012 pm, 0.006 pm,
0.004 ym#% LFERL} s Al 2 AAS A3 73-9-0l1 4 0.38 umell 4]
112 pm®] B3t Y5 YEPA A9 1ot 34 Y=ot sl
v, NA 371l S7Fekr5s Bt Y57t A FoAl=
k.

Fig. 8 NAS] 715 W s}A)A Az ¢t alumina sol®] 7FA] 34

ﬁw_i

Fig. 6. TEM images of alumina sols prepared with different amounts of acetic acid. a) 0.01 mole, b) 0.05 mole, c) 0.09 mole.

Table 2. Results of state of coating solutions and pencil hardness and adhesion of coating films prepared with different peptizing agents

Sample code State of coating solutions Pencil hardness Adhesion
Al Precipitation - -
A3 Precipitation - -
A5 Precipitation 3B 2B
A7 Precipitation 4B 3B
A9 Precipitation HB 3B
N1 Precipitation - -
N3 Transparent and stable sol F 5B
N5 Transparent and stable sol H 5B
N7 Transparent and stable sol HB 5B
N9 Transparent and stable sol 5B 5B
H1 Precipitation - -
H3 Transparent and stable sol H 5B
H5 Transparent and stable sol 2H 5B
H7 Transparent and stable sol H 5B
H9 Transparent and stable sol F 5B
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Fig. 7. Particle size distributions of alumina sols prepared with dif-
ferent amounts of nitric acid.
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Fig. 8. UV-visible transmission spectra of alumina sols prepared with
different amounts of nitric acid.
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A7 H7HA N1 AISEE 60% o]3e] F3&& Hol= tE Alas
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Fig. 9. UV-visible transmission spectra of coating films prepared with
different amounts of nitric acid.

ol IR T A A3}t AlA Dol ' muke] Fahg wslolc),
Q¥ PC 7|AIS] &2 90%E 7HAEA GelA w2 F
&S YER Y, NAZ A|Z% alumina sols-2 N1 A|&25 A9t
Aol PC 71 A 9 v]sest B8-S 1Rl HhHe] N1 A8
60%2] S FHE-S BT o] A% NA H71= ) sllurt
Z25] O|FRA|A] ot alumina sol] YE7F AR R FoEo] 7F
A Ao AlrHLh
Fig. 10 NA 37188 H3tAA Al Z3 9] )IAF Al S TEMS
AREEl S8t AFfo]th NA 371g0] 0.01 mole™ J T4 0 & 42
ZA-olE AAL] 7399 riRZER| 2 §IAF Ale] 8] S fo] sl & &
AA7F GRS & 5 A Th W] NA A 71F0) 0.05 moled}
0.09 mole= 2t 73-9-oll= A} Ato] 9] &5 o] A glom,
NA #7}gFo] S71e= A} 5717} Folx) = 43S B3t} o)
ANZHE NA F7tgo] 71875 slurt 2 dojdohs A&
o 4= et

Y Sz 78 uko] 5448 LJERA Table 204 NAZ A%

B of

%) 0he SBOA He) ARAEE Wol, AAZ AHE A] 1T} 9
A7k §5590m, Ns 24914 Hel e ABFEE el
910w, o] 224e] el RAL B eI,

7

Fig. 10. TEM images of alumina sols prepared with different amounts of nitric acid. a) 0.01 mole, b) 0.05 mole, c) 0.09 mole.
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Fig. 11. XRD patterns of alumina sols hydrolyzed at different tem-
peratures.
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Fig. 12. FT-IR spectra of alumina sols hydrolyzed at 65°C.

Korean Chem. Eng. Res., Vol. 54, No. 6, December, 2016

3-3. Hydrochloric acid (HA)S SHK|Z AI2 Al 240] O|Xl= 25k

Fig. 13 HA 3718 W3tAIA A28 alumina sol2] ] =24
ZAzjolt}, HI, H3, HS, H7, H9 A1 52| 3+ Y %=1= 7217 0.630 um,
0.150 pm, 0.012 pm, 0.008 pm, 0.006 pm= LFEREO ™ HAS] A7}
ol T7VTE Wt Yt Hole AEE Bt
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Fig. 13. Particle size distributions of alumina sols prepared with dif-
ferent amounts of hydrochloric acid.
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Fig. 14. UV-visible transmission spectra of alumina sols prepared with
different amounts of hydrochloric acid.
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Fig. 15. UV-visible transmission spectra of coating films prepared with
different amounts of hydrochloric acid.



Fig. 16. TEM images of alumina sols prepared with different amounts of hydrochloric acid. a) 0.01 mole, b) 0.05 mole, c) 0.09 mole.
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