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Reaction pathways in the supercritical water oxidation of typical alcohols

CHEN Zhong, WANG Guang-wei, YIN Feng-jun, YANG Shu, CHEN Hong-zhen, XU Yuan-jian

(Key Laboratory of Reservoir Aquatic Environment of Chinese Academy of Sciences ,
Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China)

Abstract: Supercritical water oxidation (SCWQ) experiments of typical alcohols such as methanol, ethanol,
isopropanol were carried out by using an innovatively designed lab scale, continuous flow gas sealed wall reactor
(GSWR) to explore the reaction pathways and generalities of simple alcohols. The investigation indicates that
during the supercritical water oxidation reactions, methanol has a lower conversion than ethanol and isopropanol,
and with the main intermediate of formaldehyde. However, the important intermediates for SCWO of ethanol and
isopropanol include acetone, acetic acid, acetaldehyde and methanol. Dehydrogenation, decomposition and
polymerization reactions associated with many free radicals are involved in the supercritical water oxidation
processes of all three alcohols, and three kinds of products produced, which include chemicals with the
increased, unaltered and decreased carbon chain compared with the reactants, but generally speaking, the
tendency of decreased carbon chain orientation dominates for the SCWO reactions of alcohols, and has the
terminal products of carbon dioxide and water.
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Figure 1 Flow scheme diagram of the continuous

flow gas—sealed—wall reactor for supercritical water oxidation
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Table 1 Feed concentration and reaction temperatures

Series Reactant Mass concentration w/%  Inlet temperature #/°C  Outlet temperature ¢/ C

Al methanol 2 360 390

A2 methanol 4 360 400

B1 ethanol 2 360 390

B2 ethanol 4 360 400

B3 ethanol 2 380 410

B4 ethanol 4 380 420

B5 ethanol 6 380 430

Cl1 isopropanol 2 360 390

C2 isopropanol 4 360 400

3 isopropanol 2 380 410

4 isopropanol 4 380 420

C5 isopropanol 6 380 430
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Figure 2 COD and pH value of the liquid samples
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Table 2  Principal products for the supercritical water oxidation of methanol

Product w/(mg-L™")

Test series

methanol ethanol formaldehyde acetic acid acetone
Al 1260 13.6 15.4 16.7 36.4
A2 253.6 4.5 11.8 14.5 34.8
2.2.3 ZEEBIRFKEN M EB=WaHT Y, N | SR 5 H =R skl 1) SO 74, an

T3 RHOBBIGFOK B B FE =Y, i BE.F . Schanzenbicher 45" 7 430 ~ 490 °C Al
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e PR I O N NIRRT IR, S%2 M HSCIE5 R BoR R F S Ho g 2 A A ]
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Table 3  Principal products for the supercritical water oxidation of ethanol

Product w/(mg-L™")
ethanol methanol formaldehyde acetaldehyde acetic acid acetone propionic acid butyric acid

Test series

B1 97.1 257.0 45.2 53.6 162.2 133.4 7.1 6.5

B2 200. 4 532.5 33.5 38.9 1057.7 46.2 7.3 8.6

B3 61.9 265.7 36.7 28.5 300.7 49.6 8.4 6.7

B4 9.0 116.8 42.6 30.5 110.9 29.4 7.8 7.2

BS 55.5 416.4 22.4 47.8 2155.8 65.3 7.0 7.6
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M3 4 W 7ESR NI SR AL b BR TR BE OHEE . Hunter 551 SR IR S G IE K I B A X 5
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Table 4 Primary products for the supercritical water oxidation of isopropanol

Product w/(mg-L™")

Test

) formal- acetal- o propionic/

series isopropanol  methanol ethanol acetone acetic acid o
dehyde dehyde butyric acid

C1 20.3 62.5 4.4 68.2 73.4 1256.0 508.5 13.7/8.7
c2 6.5 111.5 14.2 53.5 38.6 1200.9 834.6 7.6/14.4

C3 6.0 87.2 6.1 28.9 27.4 37.9 653.4 8.4/9.8

Cc4 5.2 113.4 10.0 25.8 24.7 45.9 605.8 6.8/6.5

C5 4.3 70.0 5.5 18.7 12.4 20.9 421.4 6.2/5.9
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Figure 3 Proposed comprehensive elementary steps for the supercritical water oxidation of typical alcohols
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