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Kinetics of N-isopropyl hydroxylamine deoxygenation reaction
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Abstract: The kinetics of the reaction of N-isopropyl
hydroxylamine (IPHA) and free oxygen in deionized water was >=®
studied. With 15% NaOH aqueous solution was used as a pH Acstons oxime Y O3

}/ ?HS'
H,0
IPHA H OH
€
o : 0

adjuster. By observing the variation of free oxygen concentration
in water with time under different pH values, different reaction
temperatures and different IPHA dosages, a kinetic model of

IPHA deoxygenation reaction was established. After the analysis >=®
of the data on oxygen concentration over time under different Anionic intermediate Anionic intermediate
conditions and study on the reaction mechanism of the reaction \/

free oxygen in water with [IPHA, the established kinetic model

was simplified and optimized. Meanwhile this kinetic equation of the reaction between IPHA and free oxygen was
deduced. After the analysis of the data on oxygen concentration over time under different conditions, this reaction was
a pseudo first order reaction and the activation energy of the reaction was E,=71.09052 kJ/mol. In this system of
reaction, a certain concentration of hydroxide ions would strongly promote the reaction of IPHA and free oxygen in
water. However, the concentration of hydroxide ions in the system before and after the reaction remains basically
unchanged. Based on the study of chemical kinetics of the reaction free oxygen in water with IPHA, this results of the
reaction free oxygen in water with IPHA under weakly basic conditions IPHA had features of fast reaction rate, and
low activation energy required for the reaction, it was further confirmed IPHA having good reducibility. This work fills
the gap between the domestic and international deoxygenation kinetics of IPHA, and provides a reliable theoretical
basis for the industrial application of IPHA as an oxygen scavenger. At the same time, a certain pilot work has been
done for the application of the redox initiation system of the subsequent IPHA in acrylic series aqueous solution radical
polymerization in this process.
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Table 1 pH values before and after deoxygenation reaction

Volume of 15% NaOH/mL Temperature/ C Before reaction After reaction
pH [OH"]/(mmol/L) pH [OH"]/(mmol/L)
1.0 35 10.88 0.759 10.92 0.832
1.5 35 11.25 1.78 11.13 1.35
2.5 35 11.39 2.45 11.38 2.40
3.0 35 11.61 4.07 11.59 3.89
1.5 20 11.60 3.98 11.56 3.63
1.5 30 11.32 2.09 11.33 2.14
1.5 40 11.00 1.00 10.99 0.977

i mg/L i, CidiE.
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A 50 mg/L I (120K A AR 542, TPHA I Fig.2 Effect of temperature on IPHA deoxygenation reaction
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Fig.3 Effect of IPHA dosage on deoxygenation reaction
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Fig.4 Linear fitting plots of In[O2] with In(—d[O2]/dt) at different temperatures
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Table 2 Ink' and K' at different temperatures
Temperature/C Ink’ K'/min~!
40 —4.1729 1.5408%1072
35 —4.3450 1.2972x1072
30 —4.7017 9.0800x1073
25 —5.4606 4.2510x1073
20 —5.9360 2.6430x1073
& ’ ﬁ H
Ink'=InA-E«/RT, (6)

oA, A NFRATEF(min™), E. N IPHA BREES N R TG
b fE(kI/mol), R A BE /R SARH £ [I/(mol- K)], T A B
FE(K).
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Ink'=23.298-8550.7/T, #HX F%L R=0.9594, 5 1 1R$%
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kJ/mol.

0.00320 0.00325 0.00330 0.00335 0.00340 0.00345
TK!

K5 Ink'5 TR
Fig.5 Relationship between Ink' and T~

4 % %

W T N-RHAEEZIIPHA) G AN B J)2%, %
ST E . NaOH ¥ N (pH {8) &% IPHA #s g5 Hfk
AR PBEZ IR, LT B A, 19 T RN
DI RERRIEIRE, BRI FE®:

(1) TPHA BREU N, B FEAT pH B X R4 s B
HRES M A, v UL AR AR HE R R B OH A
IPHA BRI, B RXKHE @ [ N E %, IPHA
IR, TPHA Y FEXS B AR 2 A B 2.

(2) IPHA HIRRER BRI — 3 15 R, RS
fbfig Es=71.09052 kJ/mol. AT &5 F 55 556 45 vy
H BT

SE 30
(1 T, B, H1500. SiP s sE d i B 1], T

(2]

(3]

(4]

(5]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

MK 4bEE, 2010, 30(4): 18-19.

Ding S S, Cao S A, HuJ Y. Chemical oxygen scavenger in boiler
feed water treatment [J]. Industrial Water Treatment, 2010, 30(4):
18-19.

FRu, FEvelsE, NG, Bl BREGIRIT T Sk (1], M
LT, 2016, 44(5): 14-15.

Wang J Y, Cheng X T, Sun X D. Research and development of boiler
deaerator [J]. Guangzhou Chemical Industry, 2016, 44(5): 14-15.
Yasuhiro T, Zhang Y, Murata J J, et al. Development of partially
ni-coated diamond abrasives for electroplated tools [J]. Transactions
of the JSME, 2014, 80: 15-25.

Che Q L, Zhang J J, Chen X K, et al. Spark plasma sintering of
titanium-coated diamond and copper-titanium powder to enhance
thermal conductivity of diamond/copper composites [J]. Mater. Sci.
Semicond. Process., 2015, 22(33): 67-75.

Vander V A. Recent advance in volatile oxygen scavenger
technology [C]//NACE International Conference: Corrosion. 1994:
38.

PREEME, W2, RIF. —F & H0 N-J2 95 B 10 7 v
CN101823981A [P]. 2010-09-08.

Chen P G, Tan J, Song F. Production method of N-isopropyl
hydroxylamine: CN101823981A [P]. 2010-09-08.

BT PRI T HAG AR A AN Gk BE B BRI K
TS [D]. bifg: ARARET KA, 2013: 8-9.

Jin Y J. Study on the development of new technology for improving
the conversion rate and environmental performance of milk
polystyrene rubber monomer [D]. Shanghai: East China University
of Science and Technology, 2013: 8-9.

FIETF, e, BRI (3. RAEFRHE, 2001, 28(3):
38-39.

Wang Z P, Yang S H. Study on new deoxidizer [J]. Applied Science
and Technology, 2001, 28(3): 38-39.

Flores A F C, Zanatta N, Rosa A. Synthesis of hydroxypyrazoles and
1-methyl-3-isoxazolones via haloform reactions [J]. Tetrahedron
Lett., 2002, 43(28): 5005-5008.

Frank E, Wolfling J, Aukszi B. Stereoselective synthesis of some
novel heterocyclic estrone derivative by intramolecular 1,3-dipolar
cycloaddition [J]. Tetrahedron Lett., 2002, 58(34): 6842—-6843.
Céline C D C, Josette C D. Kinetics of the reaction of methyl iodide
with hydroxylamine in an aqueous solution within the framework of
nuclear spent fuel reprocessing [J]. Ind. Eng. Chem. Res., 2001,
40(17): 3720-3721.

YRR, 555, FTER. BRI SN I B SRS RE BN A 2
T[] PAZRIE T K224, 2001, 33(2): 249-251.

Xu Y, Zhang Y, Zhou D R. Synthesis and deoxidation kinetics of
acetoxime in deaerator [J]. Journal of Harbin Institute of Technology,
2001, 33(2): 249-251.

EIRED, BE. B ASEEOR (M) bRt A E L AL, 2007
211.

Wang S Q, Zhao Y. Power plant chemical technology [M]. Beijing:
China Electric Power Press, 2007: 211.

RIERE, ZERA. B R R R U AR 4 (K i AL 3 77 22 7 #r
D1 ZRAEHITRF AR R RARR), 1994, 14(1): 31-36.

Guan X H, Li C J. Catalytic kinetic analysis of new deoxygenant
sodium ascorbate [J]. Journal of Northeast Dianli Uiniversity
(Natural Science Edition), 1994, 14(1): 31-36.

Galen W E, Joseph E N. Ereon-12 as an oxygen scavenger [J]. J.



784 R TR Y 518 4%
Chem. Educ., 1969, 46(5): 291-292. LiZ Z, Guo X Q, Chen G J. Experiment and kinetics of CH, in CHy4
[16] John R S, Paul R S. Singlet Oxygen scavenger method for the hydrate by CO, replacement [J]. Journal of Cparhemical Industry and
determination of ketone peroxide kinetics [J]. J. Org. Chem., 1974, Engineering (China), 2007, 58(5): 1201-1202.
39(21): 3183-3185. [21] ™45, X, #E. HOmE M 1,2-3F T ERELE) 12
[17] Byun Y, Whiteside S, Cooksey K, et al. a-Tocopherol-loaded [J]. TEFETFE2ER, 2016, 16(6): 990-996.
polycaprolactone (PCL) nanoparticles as a heat-activated oxygen Yan S H, Ni F C, Jiang X. Oxidation kinetics of cyclohexene
scavenger [J]. J. Agric. Food Chem., 2011, 59(4): 1428-1431. synthesis of 1,2-Cyclohexanediol [J]. Chin. J. Process Eng., 2016,
[18] K52, ok, i E %2 NN-Z 23580 N7 L3755 Pu(IV) 16(6): 990-996.
SAAGIE T I R 77 20 58 S e R A B P R A [RI/AE [22] Fk#is. HURIMER SV EAIE B R 5] 715 I s R EE F 7L
o [ i 7 B R 2 AT S e R AR, 2004: 119. [J]. BRpGImiE k222240 (H SRR RR), 2000, 28(2): 62-63.
Zhang H, Zhang X Y, Ye G A. Kinetics of N, N- Zhang A'Y. Study on kinetics and reaction mechanism of oxidative
diethylhydroxylamine, N-hydroxyethyl hydroxylamine and Pu (IV) reaction with ascorbic acid and vanadium(V) [J]. Journal of Shaanxi
redox reaction and their application in the separation of uranium and Normal University (Natural Science Edition), 2000, 28(2): 62—63.
plutonium [R]/Beijing: Year Report of China's Nuclear Power [23] B, BeFALE, BRME. s s RSO < AR T &
Academy, 2004: 119. A% 1] 2R, 2012, 63(5): 1543-1550.
[19] fEA, HIETE, RFZE. A AR R N3 Liu SY, Neng Z L C, Qiu W. Process and kinetics of flue gas sulfur
[J]. HLILZE4R, 2010, 61(1): 68-70. dioxide extraction [J]. CIESC Journal, 2012, 63(5): 1548—1549.
Ren J, Yuan H K, Wu L J. Reaction kinetics of catalytic gasoline [24] FZ2=, W FAPLHISRITEME) 1% (1] R TR
oxygen oxidation desulfurization [J]. Journal of Chemical Industry 1k, 2017, 17(3): 558-564.
and Engineering (China), 2010, 61(1): 68-70. Wang A R, Yuan J F. Preparation of thermodynamics and kinetics of
[20] Z=EHR, g5k, BRotiE CO, B CHy /KA CH, SRIR I vanadium nitride [J]. Chin. J. Process Eng., 2017, 17(3): 558-564.

1% 1] AT 2ER, 2007, 58(5): 1201-1202.



