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Oxidation of 2,6-Dimethylnaphthalene by Co-Mn-Br Based Homogeneous Catalyst
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2 o & d7dAE F92 Co-Mn-BrAE AH3t3, 4didoz 288 we2ANA 26-DimethylnaphthaleneDMN) Q] AHs} ¥k E43 Zujs} ut
Eoll MAE 9% nFAG o5 A 2 09 HAEY WS o) 8se] Zuje] FTE AN APYrh WA LAY BE BHLEHAA
29 FENSE M5 UIARE EASUT, 1 A 2-formyl-6-naphthoic acid, 2-methyl-6-naphthoic acid, 283 2-hydroxymethyl-6-
methylnaphthaleneo] W3-F1E 9 S HAE + Atk T& 26-naphthalene dicarboxylic acid(NDA)S] $8-& Cost Bre) k¢ Be o482 wi=r}
€ A& ¢ = ANT, AF FA HE F U color-be Mnd FES YHS Ao Q= Aoz Uegon gujdiE MnT Bro) 3EzAE
249 77 At 2EAZ Ce/Cu FHES 2713122 NDAY 442 Z/N7 1 SujdAE So)= 2AHES 9L 2 g9k

Abstract: The catalytic performance of Co-Mn-Br system was performed in the 2,6-dimethylnaphthalene(DMN) oxidation at relatively mild reaction
conditions such as 160 C and 6 kg/cm’. Experiments were conducted using a 2 { batch reactor with varying the concentrations of catalysts. The
reaction route of DMN oxidation was considered by measuring the concentration of intermediate species. As the intermediate species, 2-formyl-
6-naphthoic acid, 2-methyl-6-naphthoic acid and 2-hydroxymethyl-6-methylnaphthalene are found. It was found that the yield of 2,6-naphthalene
dicarboxylic acid(NDA) is largely dependent on the Co and Br concentrations. In addition, it was observed that color-b was closely related with Mn
concentration in this experimental range. The burning loss of solvent could be reduced by controlling the concentration of Mn and Br. Addition of
small amount of Ce and Cu compounds led to increase the NDA yields and decrease the burning amount of solvent.

Keywords: 2,6-dimethyl naphthalene(DMN), 2,6-naphthalene dicarboxylic acid(NDA), Co-Mn-Br homogeneous catalyst, oxidation
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Figure 1. The schematic diagram of reaction system.
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Table 1. The General Articles of Catalysts, Solvent and DMN

Regents Purity Maker
(Chemical formula) | (%)
Co Co(OH): 95 Aldrich(US.A)
Mn |Mn(CH:COO): - 4H,0i 97+ | Yakuri Pure Chemicals
(Japan)
Br HBr Solution 47~49 | Yakuri Pure Chemicals
(Japan)
Cu Cu(CH:COO); - HO | 98+ Aldrich(U.S.A)
Ce Ce(CHCOO); - HO | 999 Aldrich(U.S.A)
Acetic CH3;COOH 97+ Junsei(Japan), Daejung
acid Chemicals & Metals(Korea)
2,6-DMN (26~-DMN) 9.1 VFT(German)
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Figure 2. The GC-MS chromatogram of product from DMN
oxidation,
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Figure 3. GC-MS spectrum of NDA.
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Figure 4. Predicted reaction route for DMN oxidation
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Figure 5. The fraction of product and intermediates with
reaction time of DMN oxidation,

Table 2. Effect of the Reaction Time on the GC Peak Area
Fraction®* of Product and Intermediates in the Co-Mn-Br-
catalyzed Oxidation of DMN

R e e

acid naphthalene
5 min 0.8557 0.01383 0.00672 0.01232
15 min| 001256 0.003%4 0.0341 0.89765
30 min|  0.00879 0.0026 0.02198 091846
90 min|  0.00427 0.00197 0.01542 0.93344

* fraction = each correlated peak area < the normalized total peak
area
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Table 3. Effect of the Reaction Conditions on the Yield of
NDA in the Co-Mn-Br-catalyzed Oxidation of DMN (90 min)

Run Temperature Pressure Catalyst (ppm) Yield

No. () (kg/cm) g Co Mn %
1 160 6 1250 1250 50 8232
2 160 6 3000 2000 4000 89.55
3 190 6 1250 1250 0 /4%
4 200 8 2500 1250 370 8642
5 200 8 2500 2000 4000 7954

Table 4. The Operating Conditions of DMN Oxidation

Temperature 160 C
Pressure 6 kg/em’
Co 1900 ~ 3400 ppm
Catalyst Mn 100 ~ 3000 ppm
Br 1200 ~ 4000 ppm
Reaction time 90 min
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Figure 6. HPLC Chromatogram of product and filtrate.
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Figure 7. The change of yield and the content of color-b in
the product of DMN Oxidation with cobalt concentration from
1900 to 3400 ppm.
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Figure 8. The change of yield and the content of color-b in
the product of DMN Oxidation with manganese concentration
from 100 to 3000 ppm.
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Figure 9. The change of yield and the content of color-b in
the product of DMN Oxidation with bromide concentration from
1200 to 4000 ppm.
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Figure 10. The change of the content of O, CO, and CO; in

the off-gas of DMN Oxidation with cobalt concentrations.
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Figure 11. The change of the content of Oz, CO, and CO: in
the off-gas of DMN oxidation with manganese concentrations.
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Figure 12. The change of the content of Oz, CO, and CO; in
the off-gas of DMN Oxidation with bromide concentrations.

Table 5. Effect of the Promoter Concentration on the Yield of
NDA and on the Burning Fraction of Solvent in the Co-Mn-
Br-catalyzed Oxidation of DMN

Catalyst Promoter Burning
1;11(1)1 (ppm) (ppm) %;:l)d (%) color-b
Co Mn Br Ce Cu CO CO;
1 2800 1000 2500 - - 8 018 081 41
2 2800 1000 2500 200 - 8 009 033 26
3 2800 1000 2500 - 100 9 008 067 30
4 2800 1000 2500 100 5 94 013 051 23
5 2800 1000 2500 100 10 9% 010 039 2%
6 2800 1000 2500 100 20 92 011 038 29
7 2800 1000 2500 200 10 91 010 052 24

o) dxE =ZA Zasgd.
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§ ZAxetx "37—'}5]‘:} E Ce(ll)& Mn-Bro] 49 9= xi¢
doA 2= g 203 24 Wz Mne] FAo] AA Zuj
g4o] FA 55.011]714 FHEol WY E HYoZH color-bE
FHNTIE BEE WA 9T 4BE S Ao d@A g
17), 4% 2ATable 5)NME color-b7t 2A 45} o] 9
A% Ce 8FEL2 Yzedl m2)of .Bro] ¥&d T3 244
< TMAE ZAAA Bro) ANAZNY 98 fale= =9
Fo| o] I A5 Aoz AZA17],
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