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Optimization of carbon extraction from water by wet oxidation
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Abstract  [Background] Extraction of carbon from water is a crucial preprocessing step for measuring '“C in
environmental waters using liquid scintillation spectrometry. [Purpose] This study aims to explore the optimal
technological conditions for extracting carbon from water using wet oxidation method. [Methods] A wet oxidation
system combining sodium persulfate and Fenton’ s reagent, along with phosphoric acid acidification and nitrogen
bubbling, were employed for the wet oxidation carbon extraction experiments on two types of water samples with
known (deionized water + sucrose) and unknown carbon components, each with a volume of 10 L. Simultaneously,
carbon extraction experiments were conducted on the water samples having unknown carbon component, using a
combination of wet oxidation and 185 nm ultraviolet (UV) oxidation so as to determine the optimal timing and
sequence of reagent addition, as well as the optimized reagent dosage and ratio. Further experiments under optimized
conditions were conducted to obtain more results for deep analysis. [Results] Under the optimized conditions, after a

3-h reaction at 90 °C, the organic carbon extraction rate for the known carbon component (deionized water + sucrose)
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exceeds 96%. The total carbon extraction rate from the unknown carbon component water is (96.8+0.3)%, with an

inorganic carbon extraction rate >98.5%, and an organic carbon extraction rate of (93.4+0.2)%, while the oxidation

rate of tannic acid-type organic compounds is only (88+0.2)%. After the combination of wet oxidation and 185 nm

UV oxidation, the total carbon extraction rate for the unknown carbon component increases to (98.3+0.5)%, with an

inorganic carbon extraction rate >99% and an organic carbon extraction rate that can reach (95.6+1.4)% .

[Conclusions] Results of this study indicate that wet oxidation alone cannot represent the carbon recovery rate in

actual water samples using typical organic compound carbon recovery rates. The combination of wet oxidation and

185 nm UV oxidation proves to be a more effective method for carbon extraction from water.

Key words 'C in water, Inorganic carbon, Organic carbon, Ultraviolet, Wet oxidation
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1. Nitrogen Cylinder; 2. Pressure Relief Valve; 3.Gas Flow Controller; 4.Electromagnetic Valve;

5.Electronic Scale; 6.Fluorinated Barrel; 7.Water Pump; 8.Reaction Vessel; 9.Heating Mantle;

10.Condenser; 11.Separatory Funnel; 12.PTFE Electromagnetic Valve; 13.Compressor Cooler;
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Fig.1 Schematic of the wet-oxidation system
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Table 1 Three different ways to deliver reagents
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Method Time and order of reagent addition

@® TINTEER [OBE 2.5 h i 5 3 Na,S,0,  AgNO,  H,0, FeSO, FRINRF R XN 4k 42 [ R 2.5 h
After adding phosphoric acid for 2.5 h, Na,S,0,, AgNO,, H,0,, FeSO, were added in order to continue reaction for 2.5 h

@ TN TR W 2 VA 5 K B pH & 7, 4% FeSO,H,0,+Na,S,0,+ AgNO, [ 5 FEAK RIS 1.5 hJ& B0 N B IR 4k 488 Jse 1
2h Add a trace amount of phosphoric acid to adjust the pH of the water sample to 7, and then add FeSO,, H,0,, Na,S,O,,
AgNO, successively for 1.5 h, and then add phosphoric acid for another 2 h

® VNN RR \Na,S,0,« AgNO, FeS0,H,0, & < N 3 h CH: A AR Rk 715 0 (14 180 B 20 miL 25 85 /K i e ik 7 $ s
1) H,PO,, Na,S,0,, AgNO,, FeSO, and H,0, were added successively and reacted for 3 h (20 mL of deionized water was
used to flush the reagent delivery pipe at the interval of each reagent addition)

Efficiency of Carbon Conversion / %

Method® -

Method®

Method@

B2 A [EGR TS TR) NG Yot ftk 2 A6 28038 () s
Fig.2 Effect of different reagent dosing times and sequences
on efficiency of carbon conversion
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Table 2 Orthogonal test for screening the optimal amount and ratio of reagents

EM A ANa,S,0, B H,0, C AgNO, D FeSO, EHPO,  &HMbaE
Number of experiment / mmol-L™ /mmol-L”"  /mmol-L" / mmol-L™ /mmol-L"  Oxidation efficiency / %
1 18.49 14.69 0.05 0.18 25.35 81.89+0.45
2 18.49 19.58 0.25 0.54 50.70 85.73+0.27
3 18.49 24.48 0.45 0.90 76.05 89.10+0.37
4 18.49 29.37 0.65 1.26 101.4 88.04+0.26
5 21.85 14.69 0.25 0.90 101.4 90.95+0.40
6 21.85 19.58 0.05 1.26 76.05 91.85+0.28
7 21.85 24.48 0.65 0.18 50.70 92.81+0.20
8 21.85 29.37 0.45 0.54 25.35 83.29+0.43
9 25.21 14.69 0.45 1.26 50.70 91.68+0.38
10 25.21 19.58 0.65 0.90 25.35 90.86+0.30
11 25.21 24.48 0.05 0.54 101.4 88.53+0.24
12 25.21 29.37 0.25 0.18 76.05 87.58+0.44
13 28.57 14.69 0.65 0.54 76.05 92.44+0.24
14 28.57 19.58 0.45 0.18 101.4 91.67+£0.36
15 28.57 24.48 0.25 1.26 25.35 91.88+0.30
16 28.57 29.37 0.05 0.90 50.70 89.17+0.42
T, 86.19 89.24 87.86 88.49 86.98

T, 89.73 90.02 89.03 87.50 89.85

T, 89.66 90.58 88.93 90.02 90.24

T, 91.29 87.02 91.04 90.86 89.80

L 4 3 4 4 3

R 5.1 3.56 3.18 3.37 3.27

s T 2R A5 AN F R 4 TSI 80 SR (K P A« L 20 -0 35 T LA B8 A X 7 ) 4 A B 2R 340 o v s W 22 B R=max(T)~min(T) , [
B 27 [R] 350 S0 28 SR AR s, B R DB 2 ) 9 FH e 0 ATk 1 A A 2502 s i g oK

Notes: T, represents the mean of the oxidation efficiency of the 4 experiments with the i dosage of each reagent; L represents the highest average
oxidation efficiency corresponding to the number of dosage values of each reagent; the range R=max(7,)-min(7)) reflects the degree of influence of
this factor on the experimental results, the greater the R value, the greater the influence of the amount of this reagent on the oxidation efficiency of

organic carbon
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i)

0L The water sample was heated to
Environmental L p 90 °C, and nitrogen was
ater Samples introduced at a flow rate of
300 mL-min*

Add 45 mL phosphate (98%), 170 mL sodium
persulfate (400 g-L"), 65 mL silver nitrate 3 hof
> (0.1 mol-L™"), 3.5 g ferrous sulfate heptahydrate, | reaction > is collected

25 mL hydrogen peroxide (30%) in sequence,

and flush the pipe with distilled water bottles

ICarbon dioxide]

with absorption|

at the interval of each reagent

4 A R R R

Fig.4 Flow chart of optimized wet oxidation
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Table 3 Extraction rate of organic carbon and partial organic components in the experimental water sample

IKFESTY AR Iy ECE S AR

Type of water sample Type of organic matter Proportion of molecule / % Oxidation efficiency / %

H ECbRitE K JE M Sucrose - >96

Own standard water

WEEK S W) Total organic compounds — 93.4+0.2

Environmental water gk 1y £+ 412 Carbohydrate 0.08 94.5+0.6
51 12 Proteinoid 3.85 97.6+0.3
i 52 Lipoid 2.74 97.7+0.4
FLT* RS Tannin 6.15 88.4+0.2
A Jfi FE K Lignose 23.9 99.6+0.2
FH3 14k &4 Condensed nucleus compounds  33.8 95.0+0.2

T4 BIMEEFNHRANBNBELE

Table 4 Transformation efficiency of organic carbon after combined use of ultraviolet and wet oxidation

SLIGS R 77 F B At e Reagent dosage and ratio PYE

Number of experiment i pO,(98%)  Na,S,0,  AgNO,(0.1 mol‘L™)  FeSO,7H,0 H,0,(30%) Efficiency /%
/ mL /g /mL /g /mL

1 12 1.36 1.3 0.07 0.5 91.4£1.1

2 1.3 1.6 1.4 - - 94.2

3 1.3 1.6 1.4 - - 96.9

4 1.3 1.6 1.4 — - 95.7
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