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Competitive Oxidation of N,N-Diethylamine with H,O, Catalyzed by TS-1
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Abstract: Oxidation of N,N-diethylamine (DEA) to N,N-diethylhydroxylamine (DEHA) in the catalytic system of TS-1/H,O, has been stud-
ied. The competitive reactions between the oxidation of DEA and DEHA were further investigated. The results suggested that the conversion
of DEA and effective utilization of H,O» can be increased dramatically when H,O, was added dropwise, while the mole ratio of DEA/H,0»
greatly influenced the selectivity for DEHA. TS-1 can catalyze the oxidation of DEA, as well as the oxidation of DEHA.
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Fig. 1. XRD patterns of TS-1 with different Ti amounts. (1) 4.1%; (2)
2.5%; (3) 1.9%; (4) 1.5%; (5) 0.74%.
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Fig. 2. UV-Vis (a) and FT-IR (b) spectra of TS-1 with different Ti contents. (1) 4.1%; (2) 2.5%; (3) 1.9%; (4) 1.5%; (5) 0.74%.
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Fig. 3. XRD patterns (a) and FT-IR spectra (b) of TS-1 under differ-
ent TPA/Si molar ratios. (1) 0.10; (2) 0.12; (3) 0.15; (4) 0.18.
TPA"—tetrapropylammonium cation.
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Fig. 4. SEM images of TS-1 with different TPA"/Si molar ratios. (a)
0.10; (b) 0.12; (¢) 0.15; (d) 0.18.

TPA"/Si /R LU R 38 I, JORL K /N N2 1.5 pm 3% 7
%4 %) 300 nm.
2.2 TS-1 %t DEA &1k [ B9 & 1L 1% &

% 1 4 TS-1 % DEA 1 DEHA %4k 2 3 1) i
fevEgE. W LA H, AN TS-1 i, DEA 1 DEHA )
H—E RS L; InA TS-1 i, DEA Al DEHA
) A 22 1) KR 2 . R0, 76 DEA A A6 ) B,
TS-1 I AKX DEHA 354 7= 4= B & 1) g . 1X
im# TS-1/H,0, 1k &% DEA fil DEHA )% 4k H
A A M I AR T,

221 TiEE®EMN

WFFCR I, TS-1 49 1 07 [0 48 A0 3 PE Aot o i 48
Ti(IV), B HoH 28 Ti(IV) 1934 hn, o 1k fE ) 88



www.chxb.cn

MFHU 55 TS-1/H,0, PR RAEAL = Z AL T8 4 I W 1553

% 1 TS-1 3% DEA %1 DEHA S 1%/ Bz B4 1k 14 88 52 i
Table 1 Catalytic performance of TS-1 zeolite for the oxidation of
DEA and DEHA

m(TS-1)/ DEA oxidation (%) DEHA oxidation (%)
g X(DEA) X(H;0,) S(DEHA) X(MDEHA) X(H,0,)
0 38.1 41.1 80.1 45.0 77.5
0.05 70.5 80.3 82.7 71.5 90.6

Reaction conditions: CH;OH 5 ml, DEA or DEHA 10 mmol, H,O, 10
mmol added at once, 318 K, 1 h. DEA—N,N-diethylamine; DEHA—
N,N-diethylhydroxylamine.
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Fig. 5. Effect of the Ti amount on the oxidation of DEA and DEHA.
Reaction conditions: CH;0H 5 ml, DEA or DEHA 10 mmol, H,O, 10
mmol added at once, TS-1 0.05 g, 318 K, 1 h. (a) DEA oxidation; (b)
DEHA oxidation.
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Fig. 6. Effect of TS-1 amount on the DEA oxidation. Reaction condi-
tions: CH;0H 25 ml, DEA 50 mmol, H,O, 50 mmol, 318 K, H,0O, was
added dropwise at a constant rate within 2.5 h.
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Fig. 7. Effect of the TS-1 crystal size on the oxidation of DEA and
DEHA. Reaction conditions: CH;0OH 5 ml, DEA or DEHA 10mmol,

H,0, 10 mmol added at once, TS-1 0.05 g, 318 K, 1 h. (a) DEA oxida-
tion; (b) DEHA oxidation.
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Fig. 8. Effect of reaction temperature on the DEA oxidation over
TS-1. Reaction conditions: CH;OH 25 ml, DEA 50 mmol, H,O, 50
mmol, TS-1 0.25 g, H,0, was added dropwise at a constant rate within
2.5h.
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Table 2 Effect of the adding method of H,O, on the DEA oxidation
over TS-1

Adding Time X(DEA) X(H,0,) S(DEHA)
method (h) (%) (%) (%)
At once 1.0 70.5 80.3 82.7
Dropwise 1.0 76.6 81.2 84.0
2.0 80.1 86.3 85.9
2.5 84.8 90.0 87.5
3.0 88.2 94.5 86.0
4.0 92.1 98.6 85.4

Reaction conditions: CH;OH 25 ml, DEA 50 mmol, H,O, 50 mmol,
TS-10.25¢g,318K.
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Fig. 11. The reusability of TS-1 in DEA oxidation. Reaction condi-
tions: CH;0H 25 ml, DEA 50 mmol, DEA/H,0,= 1.3, TS-1 0.25 g,
318 K. H,0, was added dropwise at a constant rate within 2 h.
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Fig. 12. XRD patterns of the TS-1 before and after reaction.
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