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Abstract

For a characterization of the pretreated waste automotive catalyst, the following analysis techniques were
applied: EA (Elemental Analysis), BET (Brunauer-Emmett—Teller), and ICP-AES (Inductively Coupled Plasma-
Atomic Emission Spectrometry). The combustion activity of waste automotive catalyst was investigated for
methanol, acetaldehyde and toluene as model VOCs in a fixed bed reactor. Carbon deposit amount was decreased
with increasing pretreatment temperature with air. The optimum temperature for air pretreatment was 400°C, and
the regenerated catalyst showed a good catalytic activity for VOCs combustion at 400°C. Catalytic activity for
methanol, acetaldehyde and toluene combustion was very excellent, and decreased with mileage.

The catalytic activity of a waste automotive catalyst for methanol combustion increased after acid treatment. The
acid effect of catalytic activity was summarized as follows: HNO; > HCI > H,S0, > CH;COOH. The waste
automotive catalyst regenerated by the pretreatment method might have a excellent catalytic activity for VOCs

combustion.
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Table 1. List of the waste automotive catalysts.

Catalyst Weight Maximum line of Minimum line of Length

(g diameter (cm) diameter (cm) (cm)
E10-F 480 14.7 83 7.1
E10-R 350 14.7 8.3 5.8
E12-F 480 14.7 83 7.7
El12-R 350 14.7 8.3 5.8
E14-F 480 14.7 8.3 7.1
E14-R 350 14.7 8.3 5.8
P14-F 480 14.7 7.7 8.7
P14-R 300 14.7 7.1 5.7

* F : Front brick of automotive catalyst
* R : Rear brick of automotive catalyst
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1. Helium cylinder

2. Nitrogen cylinder

3. Air cylinder

4. Fine pressure regulator
S. Drying tube

6. Needle valve

7. Oil flow meter

8. Three way cock
9. Four way cock
10. Evaporator

11. Constant temp. circulator
12. Temp. controller

13. Temp. recorder

14. Reactor

15. Six way cock

16. Gas chromatograph

17. Recorder

18. Data process analyzer
19. Soap film flowmeter

20. Water trap

Fig. 1. Schematic diagram of the experimental apparatus.
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Table 2. Chemical and physical properties of methanol, acetaldehyde and toluene.

Characteristic/Property Methanol Acetadehyde Toluene
CAS No. 67-56-1 75-07-0 108-88-3
Common methyl alcohol, acetic aldehyde, ethanal, methyl benzene,toluol,
Synonyms wood alcohol, wood spirit ethyl aldehyde phenylmethane
Molecular Formula CH,O CH.O C:Hs ’
Chemical Structure CH;-OH CH;~CHO CeHs-CH;
Physical State colorless liquid colorless liquid liquid
Molecular Weight 32.04 44.05 92.13
Melting Point -97.8°C -123.5°C -95°C
Boiling Point 64.7°C at 760 mmHg 21°C at 760 mmHg 110.6°C at 760 mmHg
Water Solubility miscible miscible p ﬁg% a ég:g
Density d*, 0.7915 g/ml d'®, 0.788 g/ml d*, 0.87 g/ml
Vapor Density (air=1) 1.11 0.52 3.14
Koc 9 not available 259
Log Kow -0.77 —0.22 (estimated) 2.73
Vapor Pressure 126 mmHg at 25°C 740 mmHg at 20°C 20 mmHg at 20°C
Flash Point 12°C —36°C (—38°C) closed cup 4.40°C closed cup
Constant 4.5 107 atm —m?/mol e ol at 25°C ol at 25°C
highly variable, ranges over
Odor Threshold several orders of magnitude 0.21 ppm (in air) 2.90 ppm (in air)
(10 ppm to 20,000 ppm in air)
Conversion 1ppm = 1.33 mg/m® 1 ppm = 1.33 mg/m® 1 ppm = 3.77 mg/m’
Factors 1 mg/m® = 0.76 ppm 1 mg/m® = 0.55 ppm 1 mg/m® = 0.27 ppm
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Fig. 2. Carbon weight change as a function of pretreat-
ment tempgrature. Pretreatment conditions: air,
60 cc/min, 1 hr, catalyst weight=0.25g.
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Fig. 3. Catalytic activity of the E12-F catalyst as a func-
tion of pretreatment temperature. Reaction condi-
tions: pretreatment = air, 60 cc/min, 400°C, 1 hr,
catalyst weight=0.25 g, CH;OH = 1.98 mole% in air,
reaction temp. = 100°C, total flow rate =60 cc/min.
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Fig. 4. Catalytic activity of several waste automotive cat-
alysts. Reaction conditions: pretreatment = air, 60
cc/min, 400°C, 1 hr, catalyst weight = 1.0g, CH.OH
=1.88 mole% in air, total flow rate =60 cc/min.
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Fig. 5. Precious metal content within waste automotive
catalysts.
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—o—: Toluene (0.25mole%)
60 4 —&—: Acelaldehyde (0.85mole%)
—O—: Methanol (1.98mole%)
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Fig. 6. Catalytic activity of the E14-F of combustion of
toluene, acetaldehyde and methanol. Reaction
conditions: pretreatment = air, 60 cc/min, 400°C, 1
hr, catalyst weight = 1.0 g, total flow rate =60 cc/
min.
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Fig. 7. Catalytic activity of the P14—F catalyst after acid
treatment. Acid treatment conditions: 0.1 N, 30 ml,
12 hr, shaking speed = 10, reaction conditions:
pretreatment = air, 60 cc/min, 400°C, 1 hr, catalyst
weight = 0.25 g, CH;OH = 1.98 mole% in air, reac-
tion temp. = 100°C, total flow rate =60 cc/min.
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Table 3. Specific surface areas of the E12-F catalyst
after acid treatment.

Acid treatment Seer (m%/g)
Used cat. 39.64
0.1N HC1 5423
(.1 N HNO; 56.17
0.1 N H,S0, 57.77
0.1 N H;PO, 46.97
0.1 N CH;:COOH 40.10
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