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Degradation of polyacrylamide—containing wastewater by ultraviolet—activated iron—carbon
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Abstract: Polyacrylamide (PAM) is a commonly used straight—chain organic polymer with good shear resistance, flocculation, dispersibility,
and drag-reducing effect. It is mainly used in soil improvement, medicine, petrochemical industry, and environmental protection. By 2030,
fossil fuels and renewable energy are projected to remain the primary energy sources (67.8%10' J in total, with fossil fuels accounting for 78% of
the total energy consumption). Over the past 40 years, polymer flooding technology has been applied in marginal oil fields and has proven
effective in many cases. Most polymer flooding projects have employed partially hydrolyzed PAM and petroleum sulfonates. However, PAM can
naturally degrade into aromatic amide monomers, which are highly toxic to humans. The purification methods of PAM~containing wastewater
mainly include physical methods (flocculation, thermal degradation, mechanical shear degradation, and membrane separation), biological
methods, and chemical methods. Among them, iron/carbon (Fe/C) micro—electrolysis, one of the widely used water treatment technologies in
advanced oxidation processes, has been demonstrated as an efficient and low—cost method to treat various types of wastewaters and contaminated
soils, including dye wastewater, organic wastewater, arsenic—containing, and fluoride—containing wastewater. Using ultraviolet (UV)-activated
Fe/C micro—electrolysis, the study determined the chemical oxygen demand (COD) removal rates of PAM solution under different pH values,
reaction times, K,S,0; concentrations, and UV powers. The experimental results showed that the COD removal rate under 365 nm UV irradiation
was higher than that under 395 nm and 405 nm. Based on the measurements of the COD removal rate and the mass of iron oxide precipitates, the
K,S,0; dosage fluctuation range was determined to be 1 mmol/L. The central composite design (CCD) approach—based response surface

methodology (RSM) analysis showed that pH, reaction time, K,S,0, concentration, and UV power had significant effects on COD removal rate.
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The regression model yielded a coefficient of determination (R,) of 0.778 9, indicating good agreement between the model and experimental

results. The optimal conditions for PAM solution degradation were identified as pH 3.01, a reaction time of 3 h, a K,S,0; concentration of

1.4 mmol/L, and a UV power of 30 W. Under these conditions, the COD removal rate reached 90.2%, achieving effective removal of PAM.

Keywords: Polyacrylamide; Iron/carbon microelectrolysis; K,S,04; UV reaction surface method; COD removal rate
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Table 1 Coded levels of experimental variables
s Hii 4 5]
-2 -1 0 1 2
pH 3.0 3.5 4.0 45 5.0
SN sF [i] /h 1.0 1.5 2.0 2.5 3.0
K,S,0 7 4/(mmol/L) 0.6 0.8 1.0 1.2 1.4
LHMR T RIW 6 12 18 24 30

x2 ARAEKHETCODEBREXELER
Table 2 Experimental results of COD removal rate under
different conditions

W K,S,0, 74/ KA CoD
F5 o pHiA H?}Qﬁh frﬁmﬁ/ﬁ IJ%JQ/\; L%

1 35 1.5 1.2 12 50.20
2 4.0 2.0 1.0 18 57.32
3 4.0 2.0 1.0 18 53.40
4 4.0 2.0 1.0 18 56.63
5 45 2.5 1.2 12 57.49
6 4.0 1.0 1.0 18 29.00
7 4.0 2.0 1.4 18 62.49
8 45 1.5 1.2 24 47.20
9 45 1.5 0.8 24 34.51
10 3.5 1.5 1.2 24 60.74
11 45 1.5 0.8 12 31.62
12 3.5 25 1.2 24 80.91
13 4.0 2.0 1.0 6 38.43
14 3.5 2.5 0.8 12 65.26
15 4.0 2.0 1.0 30 62.60
16 4.0 3.0 1.0 18 71.81
17 45 1.5 1.2 12 45.60
18 3.5 2.5 1.2 12 73.69
19 45 2.5 1.2 24 73.26
20 35 1.5 0.8 24 48.09
21 4.5 2.5 0.8 24 52.69
22 45 2.5 0.8 12 49.37
23 35 1.5 0.8 12 48.00
24 3.0 2.0 1.0 18 62.50
25 4.0 2.0 1.0 18 57.21
26 5.0 2.0 1.0 18 26.64
27 3.5 2.5 0.8 24 69.81
28 4.0 2.0 1.0 18 58.71
29 4.0 2.0 0.6 18 49.83
30 4.0 2.0 1.0 18 57.31

2.6 1REAETANOVA(FEDH)
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SRR T F IR COD RBRBIAUSE . )7 2 il
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TR 25 TC W S A S, 156 ISR W LA TN A R f) B 2R E A
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B, BT MR 5 068 L (16.933 ) 1l H 13 % w8 (KT
4) , UE IR —ANIE A F T AR TS [ 280 1)
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2.7 COD Z Bk i iz & 53 4

pH {F 1S Hsf [0] 1) 25 1k 2 25 A1 Ak Fe/C A3 Fa fige Ak
FHPAM & 7K 2Bk COD SR 2 4~ B2 8, BBLAG o 52
Y BETt A pHAE A 4 B ISHE] R 2 he

MNIE 8a 1T LU H : pH {H 2% 18 19 #5425 i - S g B[]
F, U] pH [ AT COD L BRZ A 520 5 A W &k, B pH
L P R AR RN 2 57 I ] A ZE 4, COD 2 pRoR i k. — ik
Ui, pH (EFE SO, - 12 Hb 28 G540 v 15 Y g (1 o figt 4 25 T
BLAER AR D O B ik A bl R R R
o M A R R R P T iR ER A Ak
= A TR R 2 pHABLREAIRHS , PAM 1) B A SRR 41K

M 8b T LA i 24 pHAH K 3, BB 24 1 h B, COD
EBRRIRH 59.21%; 4 pH{H M 3, B8] 24 3 h i, COD &
B 52 = 21 91.23%, Ui B 4 pH R 3 B, COD 2 B R i
& W] B I sE n . >4 pHAE R 5,862 1 h B, COD
EBRFTREZE 21.50%, Ui Y pH A R 5 B, COD %%
B 5 s (] 6% 38 Jon iy B IG5 24 pHAE A 5, B [H] 2 3 h B
COD ZBR3H 57.61%.

pH {E 1 K,S,04 ¥ B 14 A5 £k, J2: 55 A1 16 Ak Fe/C T3 L A
ARBE PAM J& 7K 25 Bk COD SR (1) 2 AN T ZES A, Ul rp vors
SEER IR AU pHAESN 4 G 1 mmol/L.

NI 9a T LA HY Bl K,S,0, V3 A3, pH 1
/N, COD A BRI . >4 5 7 B[] 1 56 4 2 1y R 4
F, K,S,0, Wk B2 ThE T Rk B2 £k A B0 7= 4 5, S0, -
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Table 3 ANOVA results of 2FI model for COD removal rate

Eriesil SF R FIH ¥ E J5 2 Le gl MERAE
COD J: B e A5l 4753.47 10 475.35 18.24 <0.000 1 G i}
pH1E 1 300.66 1 1 300.66 49.90 <0.000 1
SIS [] 244299 1 2442.99 93.72 <0.000 1
K,S,0, ¢ 551.62 1 551.62 21.16 0.000 2
AR 370.68 1 370.68 14.22 0.001 3
pH (BN B i) 4.80 1 4.80 0.18 0.672 8
pH{H-K,S,0, # & 27.51 1 27.51 1.06 03172
pH H-285P Ty % 0.087 1 0.087 0.003 0.954 5
SR ] K, S, 0, ¢ 2.81 1 2.81 0.11 0.746 4
SN R[] - B2 2 o 2 15.48 1 15.48 0.59 0.450 3
K,S,0, -5 A R T 36.84 1 36.84 1.41 0.249 1
HRA 495.27 19 26.07
= 38 N 479.34 14 34.24 10.75 0.008 0 HIEY
AR 15.93 5 3.19
sSan 5248.74 29

WU R 0.778 9, R ULE 2500 0.856 0,

a. 2] i P

K.S,0,i /% /(mmol/L)

1.%.0 32 34 36 38 40 42 44 46 48 50 3.0 35 4.0 4.5 5.0
pHH pHH
b, A b, AR HZAT T
8 pH (BT S 17 i [ 5 28 19 = 2 i 1, 10 161 1 — Ak S 2k K19 pH S K,S, 0¥ 5 22 5] 56 2 f) = 2k Mg 1 7 151 A — 2
it SFHELmE
Fig. 8 Three—dimensional response surface and two—dimensional Fig. 9 Three—dimensional response surface and two—dimensional
contour plots of pH versus reaction time contour plots of pH versus K,S,0, concentration

W, TCE Fe ALl et TR pHAE FXAF T, Fe® BEUE— 2D 0.6 mmol/L i , COD 2 B %3k £ 65.16%; 4 pH {H K 3,
R RRER A hEE A4 K,S,0, ¥ B 48 A1 £ 1.4 mmol/L B, COD 2= [ % ik %
M Ob T LA 2 24 pH H h 3, KS,0, W B 73.05%, BLII 24 pH {E 4 3 B, COD 2 5 B % K,S,0, 1



2025 4F
F15E H5

BESEAT, 55 . SEAMNE VBRI ffp R BRI B0 A 55 SR N A THE M 13 K 887

BE R BE TR I . 24 pH R 5, K,S,0, #JE 4 0.6 mmol/L
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