2556

NANEO AR

5471964423



PREPARATION OF HETEROGENEOUS ACID CATALYST FROM CRUMB RUBBER

Mr. Natdanai Charoensuk

A Thesis Submitted in Partial Fulfilment of the Requirements
for the Degree of Master of Science Program in Petrochemistry and Polymer
Science
Faculty of Science
Chulalongkorn University
Academic Year 2013

Copyright of Chulalongkorn University



Thesis Title PREPARATION OF HETEROGENEOUS ACID

CATALYST FROM CRUMB RUBBER

By Mr. Natdanai Charoensuk

Field of Study Petrochemistry and Polymer Science

Thesis Advisor Assistant Professor Chawalit Ngamcharussrivichai,
Ph.D.

Thesis Co-Advisor Assistant Professor Sirilux Poompradub, Ph.D.

Accepted by the Faculty of Science, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master's Degree

...... il ___..Dean of the Faculty of Science

(Professor Supot Hannongbua, Dr.rer.nat.)

THESIS COMMITTEE
M= Chairman
(Professor Tharapong Vitidsant, Ph.D.)

(A

______________________ feblennnen

Thesis Advisor
(Assistant Professor Chawalit Ngamcharussrivichai, Ph.D.)
............................................. Ui Thesis Co-Advisor
(Assistant Professor Sirilux Poompradub, Ph.D.)

N EANIYAR'-U Examiner
(Associate Professor Nuanphun Chantarasiri, Ph.D.)
.......... K - v External Examiner

(Associate Professor Kitikorn Chamondusit, Ph.D.)



( PREPARATION OF HETEROGENEOUS ACID CATALYST FROM CRUMB

RUBBER) . : . ,

(crumb rubber)

(ASTM D3177)
(ASTM D471) (ASTM D3616)
Fourier-transform infrared spectroscopy (FTIR), scanning

electron microscopy (SEM), thermogravimetric/differential thermal analysis

(TG/DTA) acid-base titration
(CR-HNO03J)
(CR-H20 2)
6 80
3
2- -1 120 8
(octanoic acid conversion) (GC)
(catalyst recovery) CR-HNO3
CR-H20 2
50.4% 75.3% 2- -1
(<50.096)
ANBLA NN
2556 . ~Nor



# # 5471964423 : MAJOR PETROCHEMISTRY AND POLYMER SCIENCE

KEYWORDS: WASTE TIRE / CRUMB RUBBER / OXIDATION

NATDANAI CHAROENSUK: PREPARATION OF HETEROGENEOUS ACID
CATALYST FROM CRUMB RUBBER. ADVISOR: ASST. PROF. CHAWALIT
NGAMCHARUSSRIVICHAI, Ph.D., CO-ADVISOR: ASST. PROF. SIRILUX

POOMPRADUB, Ph.D., 110 pp.

this work, crumb rubber was chemically modified to sulfonic acid-
containing rubber via a controlled oxidation with hydrogen peroxide or nitric acid
at ambient pressure. The influences of oxidation conditions, including type and
concentration of oxidizing agent were studied. The original and oxidized crumb
rubbers were measured for the sulfur content by bomb calorimetry, the swelling
degree according to ASTM D47 1 and the sol/gel ratio according to ASTM D47 1.
Moreover, the physicochemical properties of rubbers were characterized by Fourier-
transform infrared spectroscopy (FTIR), thermogravimetric/differential thermal
analysis (TG/DTA) and acid-base titration. The results showed that the properties of
the crumb rubber oxidized with only hydrogen peroxide were not significantly
changed. Nitric acid and hydrogen peroxide with formic acid oxidized the crumb
rubber, giving short-chain polymer with the polar acid functions, especially sulfonic
acid and carboxylic acid groups. As the nitric acid had higher oxidizing power than
the hydrogen peroxide, the product generated from the oxidation with nitric acid
exhibited high acidity and high stability in polar/non-polar solvents. The suitable
conditions for the modification of crumb rubber to sulfonic acid-containing rubber
were the nitric acid concentration of 6 M at 80 °c for 3 h. Then, the oxidized crumb
rubbers were applied as the heterogeneous acid catalysts in the esterification of
octanoic acid with long chain alcohols, i.e. octanol and 2-ethyl-lI-hexanol, at 120
°c for 8 h. The octanoic acid conversion and catalyst recovery were analyzed by
the gas chromatography and the filtration, respectively. The crumb rubber oxidized
by using nitric acid was successfully applied as the catalyst in the esterification in
which the octanoic acid conversion was 50.4% and 75.3% for the esterification with
octanol and 2-ethyl-I-hexanol, respectively. However, the catalyst recovery was

lower than 50% due to the dissolution of catalyst in the reaction mixture.
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