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Abstract: In order to solve the problem of high nitrogen load caused by large fluctuation of wastewater in a printing
and dyeing industrial park, a combined coagulation—iron carbon microelectrolysis —sodium hypochlorite oxidation
process was used to treat the high nitrogen wastewater. The experimental results showed that the COD removal rate
in coagulation stage reached 83.12% under the conditions of no adjustment of initial pH, ferrous sulfate and poly-
acrylamide dosage of 400 and 15 mg/L, respectively. Under the conditions of initial pH of 4, iron-carbon mass ratio
of 1:1, iron dosage of 60 g/L., gas-water ratio of 5: 1 and HRT of 120 min, iron-carbon microelectrolysis was ap-
plied to the coagulation effluent. The effluent pH increased to 6.91, and the removal rates of COD and NO, -N were
50.26% and 53.66%, respectively, with NH,-N as the main reduction product of NO,-N. The microelectrolysis ef-
fluent was treated with sodium hypochlorite. Under the conditions of no adjustment of initial pH, sodium hypochlo-
rite to total Kjeldahl nitrogen mass ratio of 8.5: 1 and reaction time of 30 min, the removal rates of TN and NH,"-N
were 88.56% and 97.75%, respectively. After intermittent treatment of combined process, the effluent COD<55
mg/L, TN<14 mg/LL and NH,"-N<1 mg/L, met the direct discharge requirements in Table 2 of the Discharge stan-
dards of water pollutants for dyeing and finishing of textile industry (GB 4287—2012). After calculating, the cost of
chemical agent of the process is 5.09 Yuan per ton.
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1 SRIEES

1.1 KRS XA

S FH 7K B A 2R 58 55 R A B Y Tl el IXC P ) B
£ T K, COD Ky 608 ~ 734 mg/L, TN Ky 107~125
mg/L NH,*~N 4 23 ~ 30 mg/L .NO, =N 4 16~23 mg/L.
pH7E8.9~9.7,

S R (R IO AT BR A A ) (M
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SAACER (B2l R R M (280 S8 T 1 43 5> 10%
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Fig. 1 Process development

1.3 XKWHE

(1) 558k )8 1% A 5 3% 1 e Ak 30 . 55 8% )8 12
T 1 mol/L NaOH ¥ ¥ h 25 B i, B 5 11 0.1 mol/L
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Fig. 2 Iron-carbon micro-electrolysis device
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Table 1 Treatment effect of printing wastewater under different coagulation methods
R T PAC+PAM  PFS+PAM  FeCL+PAM  FeSO,+PAM PAC PFS FeCl, FeSO,
COD B /% 41.79 15.81 44.40 81.88 39.68 13.54 40.78 80.39
UV, BBR3/% 40.64 0.40 5.28 67.18 39.12 0.40 5.28 66.98
NH, =N 2 Ex #/% 4.62 1.34 8.24 10.96 4.44 1.29 7.12 11.46
TN 2 B %1% 5.22 9.98 9.84 10.32 5.21 9.35 9.90 10.23

M2 1A UL, FeSO, 4 A PAM [ IR 5k 7 XX} BN 7E
J% K Y A BEAK B R 4, COD LUV, JNH, =N | TN fi¥ 2=
[ 43 50 AT 35 81.88% .67.18% .10.96% .10.32% .,
212 ¥R F%B

[ 5 #1 4f pH o 9, PAM £ it 4 15 mg/L, 872
FeSO, % i ; [ £ ¥ 4 pH A 9, FeSO, 4% il & 2 400
mg/L, 2 4% PAM Il &% 5 [#] & PAM 4% fin & 4 15
mg/L, FeSO, $ Ml 2N 400 mg/L, 2 28 %] 4 pH; 43 %1
%25 FeSO, PAM Y& A1) i pH X COD UV, .
NH, =N . TN #3520, 25 5L an &l 3 fr s o

A 30 0L, FeSO, #4400 mg/L PAM %
T A 15 me/L W 4f pH 7E 9~10 W), IR BE AR #8047,
TR AL DR P, B T JRK pH 7E 9~10, [H i A A
PRI 4G pH. 7RI S5/ T COD . UV,5, \NH,"~N TN
(22 B R 50 5 M 83.12% .57.67% .12.45% \11.46%
22 YMMEBREERIRK

JREEAL BHS H 7K TP COD TN \NO, -N .NH,"-N
43 B 102~ 124,98 ~ 118,16 ~ 23, 15 ~ 24 mg/L,
pH 7 8.5~9.0. 2 %8k fie I & L . %) Gy pH Bk
K CHRT R 8RBtk Rl FL A 2808 7 52 )
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i & 4 AT UL, B A B 5T & LAY /)N, COD A
NO, =N (9 2 B 3 59 I, 24 Bk fi Br & 1L oy 101 1
COD \NO, =N 19 2 [ 2 K i 7K NH,"-N 3 Jinn 4t 35 5
R LM 50.10% . 53.45% .9.44 mg/L. 3% PE 5 5
T 302 38 OB ik B A B0 i T 0 i R
I, 42 15 NOy —N 38 5 5 45 ML) 11 B fie sl o 00
NO, =N 1 3 B3k J5 7 %) o NH,'-N, Pt oK op
NH, =N 4 ¥ F Bl NO, -N B9 AR fe i A8 k1 . 2 gkt
JoT i LU Ak S RIS, ok 206 PR e AR AR T R
NI ORI GITAT 74NN 1 5 (TS N A 7 d g g
PEFE 1 1A TEH .
222 %#FhmEg

PEATIREE K pH R 4, FE R L L R 101 %
JKH A 5: 1 HRT 24 120 min 6170 F , % 28850 &
X} COD .\ NO, =N 5 NH,"-N (520, 418 5 Fr 7w .

-~ Sk =
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s 50 R i
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Fig. 5 Effect of iron dosage on COD(a), NO,-N and NH,"-N(b)

FS H,COD \NO, =N [ 25 B 2R i 2k 43 i 42 1) 34
MR NI =gt B i Ei' ) | K= NI K 2 N R 7 G
R E B 20 BB Rl 60 g/L Y, NO, =N
COD 1y 25 [k 2 K i 7K NH,-N 3 im & 43 51 A4
53.39% .50.30% . 11.23 mg/L; M 7 2= R R B W #a T
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2.2.3 A4k pH

PR B 0T HE R 1 1 BRI R 60 g/L K
Fb A 5: 1 HRT 24 120 min §) £ 14, 3 8 1R 5 K
pH & 2.3.4.5.6.7, % % pH %} COD, NO, =N,
NH, =N 520, 25 R 03 2.

R2 AE#HEpH THKpH.COD.NO,-N 5 NH,-NH Tk

Table 2 Changes in effluent pH, COD,
NO,-N and NH,"-N at different initial pH
1 pH 2 3 4 5 6 7
COD LBEZH/% 54.19 52.36 50.15 38.55 20.87 10.77
NO,-N LR I% 61.45 57.44 53.69 3591 27.70 22.39

7k NO, =N g b &t/
(mg-L_l)

tH 7Kk NH, N 34 fin &t/
(mg-L™")
Hi 7K pH 3.89 557 686 7.0 7.51 7.89

1479 1338 1237 826 637 5.15

13.41 11.83 10.74 6.27 4.67 3.01

t e 2 n 0L, K H g COD A NO, —N 2 B R B
& pH 38 I FEAR , K NH-N 3 &b o i
fife SN S TR A B I, AEAR pH MR R T L [H] 5 37
AR T ERZ ALY A NO, =N 1 25 B A1
07 B v, DAL O 4 R I KL TR R A R A B A AL R BR TS
¥ . MW pH Ry 4B, ROV J5 COD  NO, =N £ BR
RO BN 50.15% .53.69%, Hi /K pH # T £ 6.86, i
JEJ5 S AL A TE pH ) S5 o
224 &KW

TEJR B BT £ Lo 12 1 8R40 28 60 o/L W) IR
pH A 4 HRT A 120 min B &8 T, # Hl <K E 490
J90.5:1,10:1,15:1.,20:1.25:1.30:1, B2 KL
X} COD NO, =N .NH, =N B 521 , 45 5 0L 36 3.

x3 FAEAHESETHKCODNO, -N5NH,-NH K

Table 3 Changes in effluent COD,
NO,-N and NH,"-N at different air input

KL 0 5:1 10:1 15:1 20:1 25:1 30:1

ik COD/(mg-L™") 56.65 53.97 51.30 46.31 40.80 39.62 38.47

COD Z:BR %1% 48.22 50.67 53.11 57.67 62.71 63.78 64.84

NO,-N ZBRE#%/% 50.33 53.71 42.61 36.22 31.01 24.44 18.55
7K NO, =N b4t/
(mg-[,_l)

7K NH,"-N 3¢ fim#/
(mg-L™")

9.08 9.69 7.69 6.53 559 441 335

8.01 943 734 587 4.67 3.78 3.04

i 3 0, B K LK, COD B % b
I NS pH LA A& T 3 5 A I 0 v T
e B 305 e W0 SR A I SR I A I
Bh L BEZE K L BB S, NO—N 26 5 56 T 1 U W
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HE RBE—REMEF—AARNACLER LR K

fIC, SOK R 51 I 25 BR 38 G8 B e KB . B <] {2
T BH R B A 1 BT, R R A AR AR . T A R
KT ERRZPMBEMRE S NO, G FH T BILT
NO, =N i ZBRACE" . #4E COD 5 NO, -N iy % Bk
TEOL, e B g e B S K o 501, -EIF COD \NO, -
N ) 2 B35 5k 50.67% .53.71%
2.2.5 HRT

TE R BT £ Lo 12 1 8R40 28 60 g/L W) IR
pH N 4 SUK R 5 14T, 81 HRT 43 518
60.90. 120, 150 min, % %% HRT X} COD.NO, -N,
NH, =N #5200, 45 R WL 3K 4.

&4 ZAREHRTTFCOD.NO,-N5NH,/-N#ZE{L

Table 4 Changes in effluent COD,
NO;-N and NH,"-N at different HRT

HRT/min 60 90 120 150
K coDn/(mg-17") 75.92  67.77 56.78  59.03
COD ZBER/% 3425 41.51 5026  48.67

NO, -N £ BR3/% 2939 3945 53.66 46.19

HAKNO, =N /(mg- L") 645 834 1077 1034

K NH, -N K it/(mg- L")~ 3.45 7.68 1045  9.12

fia% 4 n] UL, i % HRT A9 3% K, COD A1 NO, -N
(4 25 R 0 0 T 1 K, NHL, =N A= it g i v fn o %
IR BRI A 8 1) 2 fioh B ) 45 2 AR AR D S 1)
17,4 HRT>120 min B, K BR324 Pr A%, AT 68 J2 i
TR K A5 BRI ] o S B2 B 55 A Bk e b RE R
AT, BEAR T 480 Ak 5L 0 B00% o

XoF 0 Bt L P i S5 00 S5 A AT DAL S L DA Bl T
A 11 BB N 60 o/L R KW Ik pH R 4%
KA 5:1 HRT A 120 min 8 & 525 ,COD .NO, =N
(25 B R 43 3 50.26% . 53.66% , i 7K pH i 6.91,
COD \NO, =N 733 2} 56.78 .9.27 mg/L.
23 SRKBEEEIR

Rtk B P AR A R K H B TN R 96 ~ 116 mg/L .
NH,"-N 2} 24 ~ 33 mg/L . pH 1£ 6.8 ~ 7.1, K & MR
Pl HLR R 2R R AR N N, il
PRI 3% 52 3 4R R TR SR R B AR A T %) SR A B 1 2% o

P4 W46 pH 7. 5 N B E] 30 min, 43 ) #%
m(NaClO) :m(TKN)#»6:1.7:1.8.0:1.8.5:1.9.0:1.
10.0: 14 m vk /R 84, I b TKN CRUEILIG D) o A AL
RORE) G AR Z A, % 52 U IR B 2 %
BB TR R R K TN D NH, =N 25 B3 %5 19 5% i) 5 78
m(NaCl0) : m(TKN)=8.5: 1 J Ji B [d] A 30 min # 5%

T KA pH 20501 4.5.6.7.8.9 .10 FLAS 3
pH (6.88) , ¥ & pH XJ K ok i f % 113 7K TN \NH,"-N
FEBR B B 5 [ 5E m(NaClO) :m (TKN)=8.5:1,
AT pH, AE V4 0,10,20.30 .60 min BURE , % %%
SN B [B) XoF K ke s R R HH 7K TNCONHL, =N 2% BR AR
S . SCHG 25 N3R5 TR o

x5 AEEZEXTN.NH,-N % B EH 0

Table 5  Effect of different factors on
the removal rate of TN and NH,"-N

m“}’;%g;‘m 6:1 7:1 8:1 85:1 9:1 10:1
HIK TN/(mg-L7") 37.37 26.55 15.18 12.31  12.31 12.01

TN 2 5% %/% 64.19 74.56 85.45 88.20  88.29 88.24

Hi7K NH, -N/

4 0.76 0.73 0.67 0.57 0.56 0.55
(mg-L")

NH,-N ZBR%/% 97.48 97.56 97.78 98.08  98.12 98.18

W1 hfH pH 4 5 6 688 7 8 9 10

HK TN/(mg-L™") 57.78 36.54 15.53 12.12 11.68 13.46 37.65 52.74

TNEBH/% 4248 63.62 84.54 87.93 88.37 86.60 62.52 47.49
HUKNH-N/ - 5e 115 081 059 054 074 1.06 1.09
(mg-L")

NH,"-N KR 2/% 95.43 95.89 97.12 97.91 98.07 97.34 96.23 96.12

SN B[R] /min 0 10 20 30 60
K TN/(mg-L™)  102.78  20.41 13.21 11.76 11.07

TN 2B %/% 0 80.14  87.15 8856  89.23

i 7K NH, =N/ 28.67 2.55 0.66 0.64 0.59

(mg-L_l)
NH,'-N £k #/% 0 91.08  97.68 9775  97.95

M5 Al %0, B % m(NaClO) : m (TKN) () 3 i,
NH, =N £ B EF5 78 90% LA b, ifi TN 25 bk R bl &2
¥R ,m(NaClO) :m(TKN) ik #] 8.5: 1 Bf ,TN \NH, -N
(1 25 B 2R 20 510 88.29% .98.08% o

WIhE pH |1 4 39 2 7, TN 22 5 3R T g, 5 A 1
T NaClO 7EBR Pk 251 F EZ L HCI0 B A7 78, 247
il EL AT 5 SR AR M B TS MRS CL, H R 1 i i
HCIO 4 R e bl , R BRBOCR B 221 . P he pH ih 7 3%
F 105, TN 2 BR B FEAL, 2 B T 0ME 2% 8 T NaClo
BEREY R EABE BRINT BB |
TR AR A BN = K, DR R UK NH N VR B A
ik, AVET pH 5 pH A 7 i 22 BRSO A 22 B3, R
S STH RN pH BEAT IR L

RV FE R 19 20 min AT R &SR 4L 45 A K
(1) ~ 2 (6) Ay 1 G 4h E Ak & A = ) 2
' N,320 ~ 30 min 78 [ N S0 2212, 30 min J5 38 ik
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) Fa s, Ho B 30 min B TN  NH, N 4 25 55 % 43
S AT 3k 88.56% .97.75% , )5 K 7E F ) W B WK & Y
A NaClO %% 58 )& , H NaClO 52w 520 52 oo 42 o

NaClO+H,0— HCIO +NaOH (1)
NH,+HCI0— NH,Cl+H,0 (2)
NH,CI+HCIO—NHCL,+H,0 (3)
NHCL,+H,0—NOH+2Cl +2H" (4)
NHCL,+NOH—N, T+HCIO+H"+CI" (5)
JSYERNE IR
2NH,+3NaCl0—N, T+3H,0+3NaCl (6)

AT B PR Ak S50 A5 3 NaClo Ak & 1 - A
P8 5 UE K pH, m (NaCl0) : m (TKN) g 8.5: 1, JZ ¥
30 min, 7F I A5 1 T A B4 e Gl PR A K, HE K TN
NH,"=N 23 51 4 11.76,0.64 mg/L, = & 43 51 35 £
88.56% .97.75% .

SR FHTB 358 — R e i P A — T 0 4 A 1k o
2B A 18] B AR B S BR R ALER AE K K, COD L TN,
NH,-N F ¥ L Bg % 2 5l 2 93.15%. 89.11% .,
97.21%, Jit & & J£ 53 5] 2 <55 mg/L. <14 mg/L. <1
mg/L, 7] 1K B 25 2L Y # T b K 75 4 W HE i AR v )
(GB 4287—2012) 3 2 1Y L HECE K .

24 IZEBITHRASW

SLE AL F /NGB B, ORI 2 20 0 R
S M e TR o B (B BRI 4% \PAML VR ) 2k 5k fal L
fift By B (R TR %) U LR R A Ak B B (K SR T
FERIBCE¥E) , BARHESTRHLE6, x 1218
1 625500 9% 2 5.09 JT /1t

*®o6 HFER
Table 6  Cost of agent

255 i/ (mg-L7")  WA&/Oc-c")  lA/OGe-0h)
T 18 S 4k 400 300 0.12
PAM 15 12 000 0.18
VT, 140 700 0.098
T bR 110 200 0.022
Pk s 120 1 660 0.199 2
AR 7700 580 4.466
it 5.09
3 i

(1) JH 5% R 4% F PAM X B[ 48 B K #E 17 il ik
AN AT 2R OK pH B R 2k 5 PAM #2005 43
400,15 mg/L B ZF T ,COD R R85 83.12%

(2) 38 2o 4 e Tl P i 1) S A 38 T A T[] Bof 25 [

—130—

ENAE K A AL B 5SS A L EW iR pH R
4 R T Lo 11 BRIl 60 o/L K LN
5:1.HRT 4 120 min i 25145 ,COD .NO, =N iy 3B
KAy W N 50.26% . 53.66% , filf 7% ALY i I = 4 328
NEA

(3) A8 5 g e S HA A% 11 7K pH, 7E m (NaClO)
m(TKN) &y 8.5: 1 S b B[] 2y 30 min A 4514, I
1% & %8 A6 XF TN ONH, =N [ 2% Bk % 50 51 88.56% .
97.75% .,

(4) TR Bk — 8k e Pl i — IR SRR A AL 5 T
ZORE A Ak B % Tk IXCEP AR B K, COD TN,
NH, =N # ~F 2 25 Br % 5 5 5 93.15% . 89.11% .
97.21% , ] ik B 27 2L Y 3% T b 7K 75 Yo 4 HE R AR )
(GB 4287—2012) K 2 W HLEHE N Z k. L T A
F KA N 5.09 6 /1o
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