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Study on efficient purification of PAM wastewater by non-thermal plasma

Rong Junfeng Li Longyang He Yuan Zhang Ye Li Fuhu Shi Tongshang
(School of Chemical Engineering, Anhui University of Science and Technology., Huainan 232001)

Abstract Non-thermal plasma was applied to treat polyacrylamide (PAM) wastewater. The influence rule of
PAM wastewater initial pH value, solution concentration and discharge time,discharge voltage on COD degradation rate
was investigated. At the same time,the effect of pH value and discharge time of PAM solution on the viscosity removal
rate of PAM solution was also studied. Then, the effect of pH value on the viscosity removal rate of 1. 0g/L. PAM
solution was studied separately. Through orthogonal test, the factors affecting the COD degradation rate of PAM
wastewater were determined as follows:discharge time™>discharge voltage™>solution concentration™> wastewater initial

pH value. The COD highest removal rate of PAM wastewater reached 85.74 % , when the optimal conditions were as
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follows:discharge voltage 40kV ,discharge time 5h,solution concentration 1. 0g/L,pH 1. 5.

Key words non-thermal plasma, discharge voltage. polyacrylamide, COD degradation rate, viscosity removal

rate

I & i B B AP = UCR M AR BAR K
IR T AR CR (H AR = R T K& RN
Tk e (PAMD [ 5 7K . PAM K FLAG R B 5 L &b e
KRB S 5 P T, 2 AT AT R K A B A — AN
LG by E B A Y B Ak ek, W
Y o R B L R A3 A ) B S BRI K
(1 PAM , HAZ 5 i 20 15 e Wy R A7 55 B, AR e ik
I PAM [ N EBEEH . AN REAR BR V5 e ) 5 1k 2 5 38 5
iR IR 5 PAM 317462 43 % 52 WA T
ST K A 5 A A2 R R AR B e, B
f2F il A B B — o R B 1 ks g AR
Wi 2 R R K e B 0 AR FKE PAM 23 B
INGY T AR A e K AR Y IR B R B, B %2
K A i R iR P A R e

T PAM K XMERE , iR 5 T K — B 2 L =

BB I K AL B AR i R AR A AR v T 4
R—F B PR ARG B A H bR K555
T AR DL RE A SRy A SR dk A A L 38 5 R O 5K
PR R R, ZEARE SRR TR R
Ak DAl AR AR B R A T — AR [ B s K Ak 2
BRSBTSk FARR 5
B TR AL AL B A PAM K, DL PAM %K
A0 B AR SO K Al R 0 B 5 L B

1 LIGER 4

L1 EFENEF

BEA PAM K (B IR AR L BRBR K L B R £ K
BRI B AL R TR LR I IR A, KO
O M 4l s FOK TR BT L B TIR I Bk B L AR E B ik, ¥ 0
Prédi,

E&T A : WY ARFAA QA0 I 23030 B (201910361079) 5 ¢ #OH T K 2 5 4R 3 & W B 300 B (12661
EE R R R EE(1987-) 5 A o, SR U, DA 5 45 88 7 (A R K Ak BRLBE 5T TAF:



.+ 270 - o T BB ow 5 48 &

R TR 2§ (TDGC2 ), i V1 1F 28 o 7 4y
A BT A B R A FR (DD862 1) , i VI IE %8
ML B A R A 5 4F B R LR (CTP-2000K
LD = oy S S SN /NI I T S R
19 2% (DF- 118 L 4 30 [ ik 5 96 X 25 48 B D
i R Sk (P6015A B , 36 [ 48 50 A | 5 807 2R 3
# (TDS2014 1) , 36 [E %8 58 /4 A] s L F K (PTF-A
R AN 3 W7 R R 2E AER A IR A F s AR i COD
TH a8 (HCA-100 A1) L VT 95 28 3 4 i SR A PR A
A 3 28 SRS HL (DZ-3030B &), 42 3 AL HL A FR 2>
s e R BE 3 (NDJ-9S B, EIFFHFRLE AT
B A A B AR b 3 A% . A
1.2 XRTE

S B 25 A S T A R YR RN A4 B AR K Ak
BN I 3£ A ) S A e <AV E e o 1 R DA
JE 10mm Y A7 9% 3% 38 A50OK P B T B Ok R S T
B, ¥ 200mL B4l PAM J% K in A 45 85 14 K b
BRI VT 2 » B2 30 1R VR AT T IR0 A YT B ik
PH A EAT R S . AR IE SO 2 R HE 2 LB
FEA PAM K 58 5 W H A BT, I A o BEL 4 75 H
7 B T BRI B AR R A R AR A K Y
PAM, TECHL HL T 50 I [R] L PAM R KV B2 pH
AN TR 2R S5 A7 R SBORE R ) 8% R B i (HLT 828—
2017 M SE W W COD A .35 COD [ fg R, R
FHE 76 85 B 1D o 2 A T H BN R BR R, COD
R A R IR B () R BRSBTS T i T

.. COD—COD_
CODgis = — o= X 100% 28
Dk = L{ 7% 100% 2

0

K H,COD, i PAM JE/KIE W) 4 COD {H,
mg/L;COD N4t B J5 PAM J& K& % COD fH.
mg/L;n, A PAM /KW E IR F B . mPa-S; 9 A
W IR JE PAM JEIK WG , mPa-S,

2 H#R5ITE

2.1 MEBEEI PAM & COD [ fE R0

i T E TR R g S om (LA 2 o AR %
[T O A TR AT S W B [ O AT N 1 [ P
AT 5 35mm) , 76 i HL HL R B HRL R R AS [) 2% 1
PR EE 0. 5g/L.1. 0g/L.2. 0g/L i PAM iAW
HEAT L Ak B, 25 S0 FR FRL R 6 OR TR VR B PAM I
W COD REff s, 25 R 0| 13, hE 13
ATLLVE O RN RS R S R st ] oy 1~
3h BF, COD B fif 2835 AL P, 2 J5 3 W 22 1 5 Tl

Bt 5h 5, COD R fig R T F 2., RN ZTE
FaE B CH &R . PAM W TR Y vk B T FRS B
COD P& fifg 2R 228 18 . K W] Wk B ) PAM % i, HL
COD [ fiff 5 Fifi 55 L H F 9 385 K, 728 4k 345 K AR A
] L L R 40k VI, PAM B W COD [ i 3%
Ry, INE 1—3 BXF bt a] LA L B iR
1.0g/L 1§ PAM ¥, H COD P& fif % & T i 5t ik
FEN 0. 5g/L 2. 0g/L ) PAM VAW .

90
—=—30kV
80r T 3skv //f"

L —a-40kV - —
8 Zg v 45KV /:/'7
%50- (-

B

& 40
g 30t
© 20t
10 —
ol

A

2 3 4 6

JCEL A ] /h

BT B B RS R R 0. 5g/L PAM I
COD [ fiff 28 (1 5% i)

100

80r

60F

40t

CODFEIRZR /%

201

3 4 5 6

H LB /b

B2 JCH E R R 1. 0g/L PAM )
COD P fift 2% 1) 52 i

—=—30kV
80F e 35kV A

56

T 2

3 4

e /h

B3 H H R X R R 2. 0g/L PAM IR
COD [ i 3R 1 5% i)

2.2 MEBEEIX PAM &K COD [ 2R 1 % E

FE T LR 40KV BCH (BT BE 5 mom i H B[R] AS
A 24 F , X i W BE ol 0. 5g/L. 1. 0g/L. 2. 0g/L
) PAM ¥ W08 47 0 e Ak B L 2 5% Ha s ] X S [
W PAM ¥ COD B fif 2 9 52 M, 45 5L WA 4,
H AT U Bl R R JR) A AE K, PAM I COD
Wit it R A R T 4 5 . B E) R 1~ 3h B, PAM
FEW COD [ fiff 2 4 i B0 MR i B I [A]  d 5h 2 )5



% 3 AR AR B TR R B0R L& PAM K T RS .« 271 -

W COD REf T Ih #a T 92, X 2 RN fEfa
(A TICFEL R P S I 5 55 R B ) A S 4 L S TR PAM
15 18 B FE P BOR W T PAM ¥ BE AN B AR, B il
HORARNG . LR TB JE 2 T AL £ RN I [R) AR, B 0 T
LI ] 5h PAM B BTt B 1. 0g/ L.

920
0 oo s
L — Log o
S 70 L 5 g/L . ////

3 4

JCeL A A/

P4 iR A R )R ) 3 B PAM ¥
COD P fif% 28 1) 5 il

2.3 pH X PAM &K COD PR XM &I
BUREWE 0.5g/L.1.0g/L.2.0g/L 1y PAM
WA 200mL, F &4 b B 5ER R %5 W I B PAM
W pH. PRIFHCH B R AR L AE pH A
[ 2585, X7 PAM ¥ 47 0 b 38 g v s ] 28
1h.2h.3h.4h.5h.6h), %% pH X AR E PAM
W COD FEf 2 ny 5o 45 R WK 5—7, & 5—
7 W] B A R B R RE I, PAM IR COD R
fiff 2R T o AR B R 3k 5h R COD R ff %
T % pH=3~5 Bf, i B[ o 1~ 2h /Y
PAM W COD R ff 20 b T B, 5t A2 iR Pk 2%
T PAM WP B R 73 7 545 by W i 68 Al 801

-

8ot B e I
5270' = v v - -
. 60F . —
Tsof - ° aa s

L e 1h v 4h

%40 - AN e 2h & Sh
S 30 - 4-3h —<6h
] - \

20¢ ~ ..

10} N

075 3 4 5 6 7 8 9 10

pH

B 5 pH X BmKE 0. 5¢/L PAM &
COD [ fiff 38 1) 52 Wi

90
80F — T, e
< 70 A{
3 60F \ v
B sor R
al =2 &
S 301 T N\ 43 —<6h
20+ e e e
0 1 2 3 4 5 6 7 8 9 10

Bl 6 pH X EEE 1. 0g/L PAM ¥
COD P % 28 1) 5 i)

CODS#H 1%
—- N WA NN ®
SR=-R-R-R-R-R-R-)

B 7 pHXFEWKE 2. 0g/L PAM %K
COD B fiff 22 (14 5

WY, fH AR R 1 3R B B AT X AR YRR, I A pH=1
It G5 il 3R B 4t
2.4 pHX PAM B RHEEERENF I
AN 2 T HL A B, T A R R IR A TS BT Uk

M 0.5g/L.1.0g/L, 2.0g/L # PAM & W% pH
(PAM & W 41 4 pH=5). % %< pH XF A [a] ¥ &
PAM W6 BE L BRI 52 m , 45 R UL 8, #h &I AT
HLBRME ST PAM IS WM 26 B R AR &, IR A
JERME S ME T VT PAM BEIR 25 44 Bl 0% 3K L B AR

TorFHMAMEAER T, S B WRE AN, N6
PEVE WA BERE IR PAM I BEIRE54 . A T FAIK PAM
VAL VR RS B [ B SHE I 22 5 0 2, B U pH =4,

80f
701

K8 pH XAIEHE PAM ¥ K % B 25 B R a0 52

2.5 HHEEEEIX PAM BRHEERENZ N
BUFR R 0.5g/L.1. 0g/L. 2. 0g/L ) PAM
WS 200mL, 43 590 il A A T 45 5 7 1A K A 38 g
JJ*J%J‘&JZEEEEF%J 40kV, 7E i BB [E] 1Th, 2h, 3h,
FAF T X PAM ¥ W 2R 47 b 38, 25 58750 L I JR] X
KIEJ(ZU“ PAM 5 W% B 25 BR A8 09 52 Wil , 45 2% DL &
o FHEIATHL PAM ¥ W00 5 W B R 0. 5g/1.1. 0g/L
Hﬁ,ﬁﬂzEﬁﬂa‘lﬁﬂﬁL Lh J5 W TS KBRS B AN A2
A 5 75 BCHR B ) AR ] 2% 44 7, PAM 5 W0 & vk
1. 0g/L B HZHBE L BRF e K H PAM i 59k B2
2.0g/L B}, BRI [A] SK 2] 3h WM BG E K BRR A G
THE. HEEZE PAM 7@?&%%%&@?%% il H
B . 5 08 3 28 B A0 4, B A ik H B[R] 22K
T4 T 1h,



. 272 . 1 T 8 B 948 &

=)
(=)
m
\

50+ pd *— 1.0g/L
pd —a—2.0g/L

& )

i - - 0.5g/L
®

&

2 3
JECEL AR /h
PO i I i) R [ o B PAMEL 75 Y 2
B R
2.6 pHMWRERE 1.0g/L 1 PAM AR E X

L0 |

i &0 480 Ak 4 RN 6 1R R Y R 1. 0g/L 19
PAM %W pH, ¥ pH #EHI7E 1.2.3.4.5.6.7, H
200mL pH A[E 1) PAM ¥ 8 . AR 3 45 5 1 1K
K Ab BB N 4 5 A ECFR FEL R R 40k VL, X PAM %
WO AT TCH A0 B BRI [A] 4 1h, 2h, 3h 4h) , B %%
pH XF R E 1. 0g/L B9 PAM % 6 E L BRF M
S, A5 R UL 10, AT SR pH B G
With pH="5) IF IR R LB 58 HIFAR R A
P pH . PRk HE AT R R B A B R LR T
e 68 TR G H . ¥ PAM ) pH
FEWITE 1 FRIE A7 A B L 266 B L BRAUR B

80 —=—1n
700 2%

Teop 4

W
(=]

10 pH M B 1. 0g/L PAM % &
25 I S 11 5 )

2.7 EXRKE

TERR DR 2R S0 0 BE Al [, DL PAM ¥ R0 & 1k B
T EEL B L JECHEL B[R] PAM SR pH M AR R iR
T Lo3DIERRE, EAZEm#m KN E RHER
JKAFBUA WL 1, E a2 il g it Mok g 25 2R W3k 2,
IEAZ IR A5 R A WLk 3,

®1 EXHBYMEEZREZKTRE

EES
KA ALE W BO A CGi DO I
WEE/(ge L D] HHE/kV) i ] /b)) pH)
1 0.5 35 3 0.5
2 1.0 40 4 1.0
3 2.0 45 5 1.5

F2 EXRBETRABER

A B C D COD
RS [WRTEERE/ k8 G GRM FRfs/
(gL 1] M /kV)  BFE /b pHD %

1 0.5 35 3 0.5 61.25
2 0.5 40 4 1.0 79. 42
3 0.5 45 5 1.5 80. 33
4 1.0 35 4 1.5 80. 58
5 1.0 40 5 0.5 85.63
6 1.0 45 3 1.0 69. 34
7 2.0 35 5 1.0 73. 81
8 2.0 40 3 1.5 69. 73
9 2.0 45 4 0.5 75.42

x3 EXHBERIN

HERY K K> K k1 ko ks 2R

A 221.00 235.55 218.96 73.67 7852 72.99 16.59
B 215.64 234.78 225.09 71.88 78.26 75.03 19.14
C 200.32 235.42 239.77 66.77 7874 79.92 39.45

D 220.30 222.57 230.64 74.10 74.19 76.88 10.34

KRR KOS COD BRI IMANE (0 =1,2,3) sk £
7~ COD BRI FHEG=1,2,3-),

i3k 2—3 AL PAM % COD B fit
SR YR Ay« 5 H BSF 8] = i fRL B PR > 3 VT
WE>H® pH. MK FHE R AB.C D, B
T E IS ) S E L R 40kV O PAM I R R e
1.0g/L.pH = 1.5, 7F M 5 F F #F 17 50 UF 52 5,
COD B fif 335 5 85. 74 %,

3 Hit

KGR 2 5 IR £ AR X PAM B K #1744k
b3 A5 B AR A Y i BRI PR AT B 1 AR
Fk 2 K AR BRI L RS TR R B T R
HLHRT PAM ®146 pH I WM BEXT COD [ i 5 11
ML . 7R R 2R S0 00 S b 1 2 1F 38 U5 L A
FE TR PAM W COD [ R (1) 32 T , 16 B
HL B (] 5h. i LR 40k V., PAM ¥ Wk 5T fE ik B
1.0g/L.pH=1.5 B}, COD F&fit & 7] 35 85.74 %,
) B9 5 7 AN TR AR AR pHL LA R R R
A6 PAM W R B2 L BR B w45 R KW,
PAM W6 LB B S COD Rl —3L,



#
&

AR AR B TR R B0R L& PAM K T RS .« 273 .

Sk

[ 1] Ma Jiangya,Fu Kun,Fu Xue,et al.Flocculation properties and

kinetic investigation of polyacrylamide with different cationic
monomer content for high turbid water purification[ J].Sepa-

ration and PurificationTechnology,2017,182:134-143.

[ 2] Fares Almomani,Banu Ormeci.Measurement of polyacrylam-

ide polymers in water and wastewater using an in-line UV-Vis
spectrophotometer [ ] ]. Journal of Environmental Chemical

Engineering,2014,2(2) :765-772.

(3] B RERR RS, A IR & R I5 K b R34 B 1% 1) %

R Bl 2 W5 [T ] B AR B2 H R . 2016,44(2) :185-190.

[ 4] Saeced Farrokhpay,Lev Filippov. Aggregation of nickel laterite

ore particles using polyacrylamide homo and copolymers with
different charge densities[ J].Powder Technology,2017,318:
206-213.

(5] ZRMGE. 557U R 58 A0 v 1h 28 9 43 6 e 1% K [T . 8
JA4E T.,2016,45(8) :1535-1538.

L6 o BT £, ok b, 55 BUR O BE-55 85 0K S0 P IR) A 1
R KAL) T8 ,2016,45(12) :53-57,

L7 B2 AT, 55 AR R 55 88— R A b 3800 B A A AL
K I IE R () )AL Tk ,2012,31(3) :662-670.

[ 8] Tichonovas M,Krugly E,Racys V.et al.Degradation of vari-

ous textile dyes as wastewater pollutants under dielectric bar-
rier discharge plasma treatment [ ] ]. Chemical Engineering

Journal,2013,229(8) :9-19.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

FEAORA T 052, 55 AT 55 S T A R A K R LTS
Y5 [T ]. 3R B8 TR 44 4] . 2015, 9(10) 1 4613-4622.
Biljana P D,Goran M R, Bratislav M O, et al.Decolorization of
reactive textile dyes using water falling {ilm dielectric barrier
discharge[ J ].Journal of Hazardous Materials, 2011,192(2)
763-771.
Wen Y Z,Shen C S,Ni Y Y, et al. Glow discharge plasma in
water:a green approach to enhance ability of chitosan for dye
removal[ J |. Journal of Hazardous Materials, 2012, 201-202
(1):162-169.
Valsero M H, Molina R, Schikora H,et al.Removal of cyanide
from water by means of plasma discharge technology[ ]J].Wa-
ter Research,2013,47(4):1701-1707.
Rong Junfeng, Zhu Kaixun, Chen Minggong. Study on purifi-
cation technology of polyacrylamide wastewater by non-ther-
mal plasmal]].Plasma Science and Technology,2019,21(5)
054008.
ATy, 55 7 L o a0, 45 AR S5 8 7R 55 40 o ) Ak B e
132 7K 9 b ) 80082 (). R PR B2, 2010,30(9) : 1207-1212.
R S PR T ), 03 B, A5 AR A5 B T A O [R) JURE PR R B4 1
R K LD 0. o [ R BT AL, 2017,68(6) 1 2546-2554.
W B ), 2R 4R 4% . A% AR W, 55 . DBD R 7 P AR AE ) AB0RL B A
X HCFL D S A [T, R Al 2 TR SE 1, 2012, 26 (5) - 889-
894.
Wk B #:2018-10-09
&R B #:2019-11-16

TR AL 2 2 T BB Tepex 3 S5 21 4k 34 4 3490
D57 2 bR E V22 TR R4 A K I ) L 6 9 R R
LSRRI A L A B AR R R T 2 1 L E P Sk A
+ 3 BRI VK 52 4 T 98 (PCIMD T & il 3 1 e, 7540 JR L T
TSR AR USRI R AT R . 5 AR 7 1 A
1 ORBEA LGt Tepex R 0 6% 16 45 28 80 K Sk b R Bt 3K
13096 o 0 S 10 B Al i ) R4 A 7 T
T HERERTE CHPM) Ak 45 35 Tepex V5 7 45 W1 % 0 45 19 & %
i Klaus Vonberg 118 . Tepex H v T 18 [ A B FE /Y
+ BH BT\ 7] Bond-Laminates GmbH #F % il 38 .

b T b I H A MEIREAE PCIM 19 SRl F %
D7 R T T LR A B S B I
} BRE AR MR A T H Tepex dynalite 104-FG290 (4)/
AT O ) B S 35 R TR S A bR o R
zﬁwﬁﬁﬁﬁ@ﬁﬁmmo@mmﬁ%mmmﬁmzﬂ,
DO (25 ) T i R L O I A 2T 2
1SR BT AL A 0 A Sk B A R SR A R LR
TOBRIE o FH 3L T % 90 5B A s CEPP) 19 S0k 90 VK 6 55 —Fh T
§ R 1 1 1 00

Do MR HR R 2 s R O A
B A B T A R R R T S S S P 4 A
z%ﬁ%iﬁﬁﬁiﬁﬁ@MHT%Hm%E~ﬂﬁﬁ
DB I BT AR PR TSR L LA 9 T A R L T LR R

e e T

1

BA BX Tepex #1431 B JL &2 EE #5 K #& 1

+

FEHE A 7 A P TR R R ROA 6 kb )
yﬁMm%ﬁ%ﬁﬁmmmﬁﬁ¢w%%mmﬁ%mmﬁ
TFAJR 3 Toll K2 B2 B 3 ZIM 31 H 613 A Norbert }
&mmmﬁ%ﬁcﬁﬁwﬁﬁﬁﬁ%%%#ﬂMﬁ%€
26 % .1 HA A ¥ — A i u & ¥ /). Schramm £ “U0 i
SR B A A2 R 0 T 9 B o R 2T 2 1 b
b o U0 2% P £ 7 A AT 3067 g
S H 4 0F O T % TS T S5 4 R TR Bl |
SLK 5% Pk b S0 H7 52 2 BE 25 T o W25 M 0F AT 4 4
%ﬁ%ﬁwwmw%M%@%E%F%%ﬁﬁﬁ&ﬂdﬁ€
B 72 DL e 2R 40 HE 2 AL s Avionaut W 7 38 43 M 48 107 43 +
A T VT4 ) L I 7 S B A 3 00 358 e R 0 Sk A R A4S+
R A 5 019 6 50 2 0K A 6 b
PRI SE IR T RS R T 2T % ST 4 i
BRE TR L T Tepex BHEHABT A2 72 T2 0 7 b i i+
4%%m%mﬁ%éﬁﬁ%ﬁ%%ﬁ%%ﬁ%@%%ﬁ%{
MBS 7S LR SR I VIP BRI R
A R S TR B A A, HER T
HiAnt 7% 1 % 00— 36 B T HE YT B 2 14K 4 9F 70 |
JUBCR DRI T &, T Ho I 55 4% B m L. T |
ﬂ&ﬁu&rwwﬁﬁmmﬁﬁﬁmm@&ﬁo&ng
SRR B A PR T2 S0t , " Vonberg U L (%ﬁﬁ);

et er e en—hsr s er e se s sn—se s —hen—er s —hee s o0t er—sr s —her—hsr s —hor—hsr s sr s e se st ee e er e er e X





