Korean Chem. Eng. Res., 53(3), 357-363 (2015)
http://dx.doi.org/10.9713/kcer.2015.53.3.357
PISSN 0304-128X, EISSN 2233-9558

0
i
&
M

ZIEHE El0|0] STIH| MBS 218t Si0,-Zn0 S &Y
HEN - SALY - ZAIRY* - UBE

stofriety g5helehy el
426-791 7715 QWHA] =T SRFistE 55
#SEn 7P A)
701-300 734 57 HHEE 120
(2014 8¥ 4 A<, 2014 112 18U R A<, 20149 1€ 23U A1)

Synthesis and Characterization of SiO,-ZnO Composites for Eco-Green Tire filler
Sun Jeong Jeon, Si Nae Song, Shin Jae Kang* and Hee Taik Kim'

Department of Fusion Chemical Engineering, Hanyang University,
55 Hanyangdaehak-ro, Sangrok-gu, Ansan-si, Gyeonggi 426-791, Korea
*KOGAS Head Office, 120 Chumdan-ro, Dong-gu, Daegu 701-300, Korea
(Received 4 August 2014; Received in revised form 18 November 2014; accepted 23 November 2014)

(@] ok
pel =

Eoo] epigAl 9o Qg X187 Blolo] Jze] o= Blolojakglelr ARH AL Ql= 1E Akstopd o Al
A WS flete] theatslold s} vher ) Aejrteke] BeA el digt AgE AASISIT) L AtellM= Eel
o19] EY|=(tread) ol 282 7150] 1 BAAQ] TREEEE diAleh] 915 Aol vheatslopd o] BakAlE
7] S1ete], AR vhrld Aerke gk Al o ms vl Akl Alsteld s EelA A9
55107 hysteresis </ EolHA EXES ©S FUiA7)7] fl8l] vk s el e H53EE S sl
olE flato] HAlel 1t =] A Al v RS HARPIA Aste] Al sHdskaat s/ dAzE
(Aging time)?} = W] 12]aL REG=2] BES- ool whet vl el thall ZALSISiT). 0.03% 1]o| Abslopl s} =
3713 1042] 22319 ArjFtellA] 71 2R FI=©F 50.5 nm)9}k PYAIQ] #AME-S BT, oF 649 mYg] &
HFEHAS eIt

Abstract — The development of the environment-friendly tire that meets the standard requirements according to tire
labeling system can be improved through using highly homogeneous silica immobilized zinc oxide nanoparticles. In this
study, a considerable amount of nanoporous silica was essentially added into nano zinc oxide to improve the phys-
iochemical properties of the formed composite. The introduction of nanoporous silica materials in the composite facil-
itates the improvement of the wear-resistance and increases the elasticity of the tread. Therefore, the introduction of
nanoporous silica can replace carbon black as filler in the formation of composites with desirable properties for con-
ventional green tire. Herein, mesoporous silica immobilized zinc oxide nanoparticle with desirable properties for rubber
compounds was investigated. Composites with homogeneous dispersion were obtained in the absence of dispersants.
The dispersion stability was controlled through varying the molar ratio, ageing time and mixing order of the reactants. A
superior dispersion was achieved in the sample obtained using 0.03 mol of zinc precursor as it had the smallest grain size
(50.5 nm) and then immobilized in silica aged for 10 days. Moreover, the specific surface area of this sample was the
highest (649 m?/g).
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)‘Pﬂo}oﬂé 7] $138ll Zinc acetate dehydrate(98%, DaeJung, Korea)

5 2UE2 % AMESF3)AL, anhydrous ethyl alcohol(95%, Daelung,
Korea)ﬂ— Oxalic acid(95%, Showa Chemical, Japan)E ©]-83}>] 7}
& &8 S(soly st s ke Ak
471 %}0% 245 a=Z Ao & A2l Tetraethyl Orthosilicate(99%, Sigma-
Aldrichys 7|2 AH-3813132, Ammonium hydroxide(28%, Daelung,
Korea)= tha4 8] Ael7h 728435 fIste] AH&-E ]It

2-2. AU
2-2-1. Ab3lo}d (Zine oxide)2] A1

0.005~0.06% 3=719] Zinc acetate dehydrate= 212} o€k 100 ml2}t

T
1)
I N ’ )
/ N
A n N eamo + N Q em0
CHa ) || OH O
(o]
w :
Zinc acetate dihydrate S
O *r
| o
| 1] ,
# OFN__o. w0 * 2 om—Coow + WO
l
o HO
Zinc Oxalate Acetic acd
2
) O 7n ++
o ”K__’_ o H;O
” N ZnO + 2C0O; + 2H:0
o H0 Zinc Oxide
Zinc Oxalate 430°C

Fig. 1. The chemical mechanism of Zinc oxide preparation.
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Zinc acetate 0.005mol +Ethanol 100ml Oxalic acid 0.055mol + Ethanol 100ml

et spm o atioe " suesowpmaere

Add the zinc acetate slowly into the warm ethanolic solution
of Oxalic acid with stirring .

Formed a White sol

Calcination at 430°C

Fig. 2. Schematic diagram of Zinc Oxide fabrication.

7.01g NH,OH + 84.28g EtOH

416669 TEOS + 100g EtOH

Reflux at 80°C for 6hr

——

Aging 1/5/10 Days

Fig. 3. Schematic diagram of Porous Silica fabrication.
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— =
Aging 1/5/10 Days

Calcination at 430°C

Fig. 4. Schematic diagram of Zinc oxide-porous silica composite process.
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Fig. 5. X-ray Diffraction of Zinc Oxalate.
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Fig. 6. TG-DTA analysis of Zinc Oxalate.
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Fig. 7. X-ray Diffraction graph of Zinc Oxide.
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Fig. 8. (a)Primary particle size of ZnO made by 0.005 mol Zinc acetate dehydrate, (b)0.01 mol Zinc acetate dehydrate, (c)0.03 mol Zinc ace-
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Table 1. Zinc oxide average size

3hd Elolo] FXA 282 13 Si0,-Zn0 H3A B H S} 361

Zinc acetate dehydrate 0.005 mol 0.01 mol 0.03 mol 0.06 mol
Average size 515 nm 93.22 nm 50.47 nm 139.83 nm
X Table 3. Reagent and their respective quantities used in the experiment
S IOZ JCPDS 47-0715 Sample Zinc acetate dehydrate Oxalicacid ~ SiO, Aging
ZnSi-1Day 1Day
ZnSi-5Day 0.03 mol 0.05 mol SDay
ZnSi-10Day 10Day

Intensity(a.u.)

1 1 1 1 1 1
10 20 30 40 50 60 70 80

2 Theta(degree)

Fig. 9. X-ray Diffraction Graph of Silica.

Table 2. Physicochemical properties of the SiO,
BET Surface area  Pore Volume Pore diameter BJH

Sample (m’/g) (cm¥/g) (nm)
SiO, 1 day 555 0.58 4.2
Si0, 5 day 647 0.61 3.8
SiO, 10 day 649 0.61 3.7
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Fig. 11. X-ray Diffraction Graph of ZnO-SiO, Composites.
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Fig. 12. Scanning Electron Images and Element Mapping of ZnO-SiO,
Composites.
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Fig. 13. FT-IR Graph of ZnO-SiO, Composites.
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