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Abstract

Coking wastewater has a complex composition and contains a large amount of toxic and harmful
substances such as phenols, ammonia nitrogen, and benzene, which are difficult to treat. Moreover,
due to its low BOD content, it is difficult to maintain the growth and reproduction of microorgan-
isms in the biochemical sludge process, making it more prone to carbon source shortage during

NESIH: KEE, LRE, MR, MER. ZEERIEN PR E I RE IR 0], PR ORI RT,
2024, 14(6): 1308-1319. DOI: 10.12677/aep.2024.146165


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2024.146165
https://doi.org/10.12677/aep.2024.146165
https://www.hanspub.org/

KL &

denitrification, which affects subsequent denitrification. Therefore, biochemical denitrification has
always been a difficult point in the entire industry and has attracted much attention from the coking
industry. This article analyzes and studies the use of post denitrification tanks to add sodium ace-
tate and composite carbon sources in coking wastewater treatment processes. By comparing the
COD, total nitrogen, ton water treatment cost, and total nitrogen treatment cost in the effluent, the
composite carbon source has significant advantages, achieving the goal of cost reduction and effi-
ciency improvement.
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1. 5|

FEHEKBRIRA AL BTG DL, K2 85K 2R AMInIR (2 AT 40 78 COD, BRiEFE L i 1Ak,
K NOX-N VD972 4, BETRRE KRB R ERR, BRAEHAGEFRARR[1]. AMIRBRIEIJ7 30 Tk kAt
HAROIUONR, ASCE BRI AR AR AR P T2 i B SR A IR B O R, R A R
5 CERANEAT X LT T, JERLPAT BOMP MR AR BRIRZG ], BEAT AR RS, A SRIREAT R AR i i &
A IE T S8 3, RIESEIRRMERITE . Si—1E[2]. BRURROTERE. Ihg, ELESEMA B KA H i FR i)
A, AERT U RE i E B A BRI P BN E, 3D REREAE, IR B REAIE R H Y.

2. BSIKAIBTE. KEENT

1) WHCEE) ALK AL B, A RALFRKE 2909 4000 m® , FEAF T2y 510 + AL
+AAO + —Ulith + JE BRI AL B OFBRACEE) + FHIRAUH + U0, KACERSG RGEHEK E B4
IR AR B R N T I T AR P HE R A . W RSN ARK, ST BRI
AT HIRIK, EARGEEK CODY TN & 32 R IO REM ™ A — € MIBal, HARKTFMECR, BB
TG T i S SR AL B A SR BRAE TSI R, R AR R e A — @ Bl

2) Ja B N A A S A LR, SR AR 7 AT BRI £ B, R B R AL
B REOFIR T AUHEAT K, SEORHE R 2> 9. PE ful R4, PE M A BELAEL 248K, 1EG/KAEE T Z
FIRFEA AL R B - IR BREE S, FEEENRE. OB A B IL S, G S AR, By,
WEZ, AT RBE TG4, PR B [3].

3) KHE H AT AP KE . 5 B SO i (Rt ) it A 8 5 B A T ) HRT: )5 B &
AL Lt K 7715 B I 101 2905 10 h.

3. MG R
3.1 ESKRNTHE

U E B R u Ve KR & FE, FRHRAAINHEESEEZE 71.22mg/lL. ME SR A. B. C RILIHHK
TR LR AT X RS . AR BN 51 AR 2, BRIE IR EL R B 10 % )5 4 H . 43 BlfE [ ZE COoD
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Figure 1. Comparison of denitrification rates
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Figure 2. Comprehensive denitrification rate of composite carbon source
2. EEWREARARE

AR BT 5 /M SE 56, SO R A 2Rl 5 DU BIRE AT X B, R AR A (100 73 COD)
IR BRCR B, 22 25 h [edifl, A AE N 93.29%, BZEIHAE CIN y 4.21, T IImnls.
BRI FEIEEK 100 77 COD MR E SR A 21Tl TRESLR .

3.2. EAWRRERHTINE

3.2.1. RFHLHIBHEE

AR A (LR IR A iR 22 i B IR . B 9%, P ME IRLh. MUEMRAZ. M
PrEFE N1 BEIFIMEALRISEA SR NI, BB FRCERE K, REREE B, 754
At I L SR ARt A 8 o R 0 S 5 S A e P ST R A R DR R TR VR BT TR (AR, 0 AL
SFFRRIEMR AR, G 3T A R 4ERE S50 [4].

3.2.2. WiFHET B

TER—FT R ATIR, o FREE/N. MEME SR, ARBIRNE &40 B5H6 R T 2 Mty
K MR A RS, A2 T I R MR . REFRR AL e s 2k I T Re s A RO iR
fEAE %, DL AR AE i R O AR 3
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3.3. AL

MR 7 S b, 5 BSOS A K (— DTt oK) S EAE 40~80 mal/L B XTI S, AU N2l
DU KR EE T HOR B, 5 R B i-dl 2k
B SR P T RI I R 2 1R, KUY AT R S B adt 7K I8 17 L e e 1 2

Table 1. Control plan for carbon source trial chemicals (single series operation)
= 1. BRI ATESIT R R (B RTIET)

W Bz LR B ORI BRI RIS

e BIER wo mewm) V() (W %) ()

BIZTIE VS 2 DL R e K R / PLSEBRE Kk E /

ity EARIE8:2) T 5E [lipact

(GB—H) BB VS 3 DA SRt 7K i / LSRR /
B EWIH(5:5) M 5E M &

rkiR sk N DA SRR 7K e BE LSz gk /K e

(45— ) AR 8 o / o /

rkiR sk - DA SRR 7K i BE LSz gt /K e

(=) A 8 oyt / oy /

(1) BRI PR BN SR AR SE PRt AR 0L, BRI oL, 1B RN & .
(2) BLFRIYBIUNE E BEAR IR B BAR T BB ST 5, S il B e 37 BRSO T 5 A I 5 R A i
[F]%5 COD IR EEBMN, R G BRI IR 2 i i A1 ML A B0 22 2o

&t 21 / / / /

i

1) Bk COD & : LRGN L BRANARIE Y COD &8 17 Ji mg/L, E A fRE COD 4 100 /i mg/L;
2) BT R), NRIUERGAIARE M LAY ZOE R, WIS HIE [R5 COD #mpIiEah 1 * 1.2 R4

3) R R), NRIERGRIFE MR AEYING ZOE R, 7EF%E COD #nmEal I * 1.1 R

4) FRRIE 5E A B 0 R AR YR B AR G B B AT 1R DLIE 5 B

5) Bk, BARLET, DS E L 90 m¥h TR, SERREEKE DLAE R SR KN E -

3.4, EFMIRAR

(1) BRIEMLGRA
B H R & 20— B R M T A B S RIEMSONE i, RS RA S EamiiiR
FA 2520 COD AR ABRIFAE I RCR o BRIERIINZGZ B4R, JF Ha 2 BiR i) B Il

R EER, HEILE 2.

Table 2. Experimental equipment and related parameters

=2 IWREREXSY

M PVC; V& 40 Lih; /7 10 Bar; ThE 60 W; L 380 V; /i WRS;

HUBBRF ER I B (L/H) 2 MG-40/10

6 mm &4 200 K
2K 40 K

() KikBmm7 5
1) O TG A BRI e AR PO KSR TN sl AR e TRl R B 3 413800 B e i (AR
P THOLTE), ZARGE BECEIR T, B AR e & 2 )5 B R4 3. 15 4);
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Figure 3. The original dosing point of the system
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Figure 4. Dosing points of the modified system
B4 BUERARGMAR

2) HETRIFEHINEARTT R IE — VTt 7K TN #00):

TRUEFE AL H AR, K NOx-N /RN L7324, dEMR K s B 256k, RiE KIS bRHRT.

HEIE— R R, £k S & mIEASMNEIRR, Bk COD &4 1.0 kgCOD/kg &
Gk, EERIRE RN EiZ T G E A

MC = K x (TNeff — 0.8 x TN fR1E) x Q/(X * 1000)

Mc JyB K5 G IRIEVE AL N (kg)s

K N A IS BN E A7 ) COD &, —MRIUETEH 4.5~6 (mg COD/mg N), K HIEHL ik
FHEMBRIERZE . KA E R . #EKKR . MLSS(IS YR M) S, (ESebrifa I, T, £5HK
TN RERIR G, AL mRE. RS, RGRES, T ETE T K DURRCHRIERN &

TNeff AL R G — Pt /K5l TN ¥R (mg/L);

Q Mtk /K & (m¥d).

e T AR 0 T BRI T B — e B T &N, O T AR KRR AR, AT i R CIN i
SN, LN R AS I 0 T Y S R A R, T I BRI AN R A B ) A A T R R R AE I
2%, AR /K S B S A A 2 RS T B BRI & [5]

3.5. LB Ak

1) EEIE RIS
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BRAIN &, WEARAE B A KBk
2) MESRRS

B EURAR

BRI B AS I TR 2 R 5 3.

Table 3. Carbon source test data testing plan

= 3. BRRARIR BRI R R

FEae Wt b HOFE W
1 L EHR bR K&, CODerv TN L 4 NI IR
- NHoN. BAE. TREE JRERIHIREK. K 4

3.6. NEMRIEE

Hi i PR U RGBS Ja B AE AT I AR T, A S HBLRE SO, LB ROR B, iS5

Ko NBRR R RER R EIET, B

3.6.1. EREBIRRRINE
SRR SRR R A R4 Tt R 2

L RE 0T R bR B SR R T 5

4,

Table 4. Reasons and solutions for excessive ammonia nitrogen

* 4. BRBRERRBRERR

B RE iy S &4
BAAE, BREEFEIL DO ZR T MnEsE, Reirdih DO
DO Fi, AR, Likitirmte stk etk (AR, I/ Bl e
AN K HER .
- Jp ; . J& B Akt K
WG AR <tomgly Do MO/ EETI 704 mo BRI
MLSS 1% WO HER, $Es MLSS
5 VR MR I R LA B IR BATA KRS BE5R HEE
3.6.2. TN fBARRRRIE
HKEEIER, TN $neErs, w68l A g veds il WL T 4 5.
Table 5. Reasons and solutions for TN exceeding standards
2 5. TN #BHr R FE KRR 15 1E
B R E i WS &4
1. I ER R S nBRIE BN &
2. I AH T R B AR N SN 2R 5
HEK TN s 3. HIRHIESRE IS SBIN O BRAE, HK TNRRE L
Fia, mE YR S G IR R RINE, Rk H iR 2R
BN . Jo B i K
Iy SA E’\/: }I‘—’i’—
ﬂﬂﬁggggﬁwm VMR AR, BRI R 0 DO AT
TRVEAS 2 BN /)N N e )=
MLSS P& B HEE, $EE MLSS
P 9 AR 2 % Gk by N A I ==
e WA SMBK . FEIRA, HNEEIN
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3.6.3. COD #BtrfRR Ik
COD b5 J5 R S i e F i i 45 6.

Table 6. Reasons and solutions for COD exceeding standards
3= 6. COD j#rJR E R R FEHE

T REJR A iy WS &

1. HINESE, ek DO;
2. # TN ikks, H7K COD iBks, AT LA 24y b ik
TR & s

BIREAR 3. # TN Rik#5, Hizk COD #BFr, 1) HKiFA b
BARE 2) Wbt KE; 3) S BRIt N

N2 N, 7ER 2 R T S BRI
EAWRIERBOmE. COD J&
MLSS 1i% b HEE, $EE MLSS
2 b A T
ﬁ“géﬁg’ WD SR . AR, N RS AHE R

4. BRESH

TERRIR A I b, 5 B R A R R e 18 AT, AR A R o A IR 5k BT A IR 58 58 o s
SREREI A, #EfA R T LA AR HRI[6]. BRIEVE N RS TAE S A K BB AN R, A
[ PR R RT 5 i A R 52 00 AN [ [ 7]

T B AL B R b, AN BB U AR IR B 5 LU = AN 7

A AR st SR R b1, seE—— AR, DRIEB AR [8];

B\ AEM A KB 1 A R TR AR ) BT A K SO FE U A WL —— A ROTE OB, 3 s
e E[9];

C. MEREAIHFE: L Z iR S N E A il b —— RO, 1847 AR In[10].

TEMCIREN XA K, IMANE AR S SERANEAT R, PPN EATEARIEE 24 T BRI PERE |
P ZUSAS PR BUE 24 771 1 e 0 AR f th AT SR AL, 3R AL COD RERSAR B bt SR, 5 B A Ak i
Pl COD A%, HERBR, HAR. LGEEMAAZER[11].

4.1 RERFHHLK COD #iExitt

1) fEVIAE AN, BT 5 K, o B A A SEOInRRIER, DLE SRR SR e b, K
DA TR LIk, LA EIFEE &4 H 15

2) WG, —yiith /K (5 Bl ALithit k) COD & & —EAE 250 mg/L & 300 mg/L 2 [a] /Mg B 3
3, B A WS Bl A KRB, 84T T8 BENE I L PR BE AT LR R

3) JEE R A WENE ARE)E, HK COD Fasb Fi%, Wahtkiih, AR 50 mg/L~96
mg/L, Kii5r COD e 4EFF(E 90 mg/L LIRS, 1M J5 B ik B it 7k COD i ZR#N )5, Hizk COD
FEAAE 90 mg/L~120 mg/L, BBh#HK.

Je B A it K COD iR 7. [ 5.
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Table 7. Comparison of COD data for inflow and outflow of post denitrification tank

F 7. BERMEWIZEEK COD HEXTEL

IR Sk
1 256
2 280
3 268
4 285
5 264
6 258
7 288
8 276
9 264
10 259
11 276
12 284
13 265
14 284
15 276
16 258
17 265
18 271
19 248
20 273
21 298

COD (mg/L)

Ja B A At Jr B AHAE B it
96 105
84 110
85 98
89 106
81 110
78 98
87 94
89 98
74 96
71 120
79 112
75 95
71 97
69 98
72 109
65 92
66 83
63 97
60 96
59 92
58 109

350

CODXf Lt

300
. /va

200

CoD% i (mg/L)

—e— (0D (mg/L) —¥iilbthsKCOD (mg/L)

/M"——Mo

LIPS

—e—C0D (mg/L) JGHRRLATBCOD (mg/L) —COD (mg/L) & ERAHLBILCOD (mg/L)

Figure 5. Comparison of COD changes in inlet and outlet water of post denitrification tank

[ 5. FERHHMELK COD LRI

4.2. RERMHHHEKERBEERTE

1) JaBEIAEt AT 5 REIN IR S E AR, B0 R REWANER, ERE AR, —UT
MK S H 62.1 mg/L Eik=E 64.2 mg/L, JoBEIAEL A KSR B 29.4 mg/L BT 31.6
mg/L, [R5 B B b TXrLE, BT 5 KA, PRELEEAHZEAKR, Al K S B R—L,

2) %6 KRMUaE, Ja BRI A IR PN E S idE, HKERITIRR P IEMR, M RWE), 2
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SE G FEALERRAE 30mg/L LA

3) Ja B A B IR BN, KB EZ L BT, BAIGRET 29.6 mo/L b E 58 FOK B AN 36.6
mg/L, JEEEEEARAERFAE 35 mo/L Loy, AL TARIA GRS, B Uil K S BT E A g KR

J& B A K S B R 8. & 6,

Table 8. Comparison of total nitrogen data in the inflow and outflow of the post denitrification tank
8. RERMHE KB EBEI L

i 1/ ME(mg/L)
— it K JE B RTEA At JE BRI B it
1 62.1 294 29.6
2 59.3 30.1 31.7
3 65.2 30.7 30.6
4 62.4 31.6 32.4
5 64.2 29.5 36.6
6 63.2 30.2 33.6
7 59.5 31.2 34.4
8 66.7 29.6 35.7
9 64.6 28.5 36.4
10 63.6 29.2 355
11 67.4 30.3 34.3
12 64.7 28.4 36.4
13 61.4 275 31.8
14 62.8 28.6 355
15 63.2 29.7 36.5
16 61.9 27.4 35.9
17 63.5 26.1 31.9
18 64.3 27.9 32.9
19 58.5 26.1 31.9
20 59.1 25.4 35.7
21 59.6 26.1 34.9
SEXTEE

o
=)

FEE (mg/L)

EK’?SO e W

ﬂa
20

i) /R

—o— S (mg/L) —UTHAK (mg/L) —e— B (mg/L) J5E KA (ng/L) B (mg/L) 5B RASBIE (mg/L)

Figure 6. Comparison of total nitrogen changes in inlet and outlet water of post denitrification tank

6. FERMELBH L KB REUITEE
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4.3. RERMHERRE L RIEEL

1) Ja BRI A dth ST FE B AT AR AR A L 2 G B AL B b 64.46%~88.70%, 1 LK
48 AN COD fAh 7o &

2) Ja B B {AEEEA N SRR, W RESM IR AR A LA AR B, TE 4.97~6.41 2 H], F
BITHFERR AL 5.77, (HE BRI A WAXTE IS A BRI AT 7 K AT AR/ el ii & LU TE 5.07 %2 5.86
Wsh, B8 KUUJE, JHFEMALLLIZSEE, 1 3.74 £ 4.83 W/INEEAAL, “FEREFEmRELL N 4.4,
N B ¥ 76.26%. J5 B A I H it FEXS Lhan R A 7.

‘\\/ /‘—:-'
THFERK AL
8.00
7.00
6.00
5.00
=
& 4.00
iy
3.00
2.00
1.00
0.00
0 5 10 15 20 25
I IRl /R

—o— 5 B R AL IBATB I FERR VR IR A HL o J& B RH AT FERSUR B L

Figure 7. Comparison of consumption between two post denitrification tanks

7. FERELEEIEFEXT

4.4. RERBWHRHELRAIIEL 534

1) JFEREML AET 5 RIBS BRI TEIN, ZP YR, Wik A 5 B B AT
4 0.11 Jo/Mi/K~0.17 Jo/miK, 55 6 RITUh, 5Bt A A3 2 & IT4G, iKmAT4 0.38
JCIME7K~0.52 TT/MEZK, 548 44.88%~56.55%%, K & BEARIE /K A ;

2) [FHEEERGA T RERIAE, 71 5 R, EEKRML A EEE R B haTid
10.29%~15.78%I[1 kA, HEE 6 KIT4h, J5ERAH A 174 13.08 J6/kgTN~21.17 Jo/kgTN, 544 LAl
50.58%~64.09%:;

3) LA WIR AL TR, TEE B A thSE BN E A RIE DL, B0 R B BRI 2 A
A, BB AR 9. 4 8),

Table 9. Cost comparison data

F 9. MAILE R

IR MK A 53 T (LI K) JEA BT (TL/kgTN)
JE B A At JE B A B it JE BRI At Ja B ) AEfE B it
1 0.77 0.88 14.55 2721
2 0.78 0.88 16.30 32.07
3 0.74 0.89 15.33 25.62
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gk
4 0.74 0.90 17.38 30.14
5 0.73 0.89 15.15 28.33
6 0.48 0.87 14.54 29.42
7 0.48 0.90 16.82 35.84
8 0.47 0.87 12.54 25.62
9 0.48 0.90 13.40 28.74
10 0.46 0.92 13.51 30.56
11 0.48 0.91 12.83 27.63
12 0.46 0.84 12.74 27.84
13 0.47 0.88 13.85 29.58
14 0.45 0.89 13.05 29.36
15 0.43 0.96 12.97 32.22
16 0.43 0.90 12.36 28.97
17 0.40 0.92 10.72 29.23
18 0.43 0.95 11.88 30.26
19 0.42 0.90 12.93 31.52
20 0.41 0.88 12.24 30.88
21 0.40 0.91 11.86 33.03
FRAKT LG
40 1.2
35 i
30
0.8
25 =
IS
20 0.6 %
0 0.4 -‘_{ﬂ
10
0.2
5
0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

e 5 EH AL (TT/kgTN) Ja BB (JT/kgTN)
= 5 B RAHAEANE (TO/ME7K) e 5 B A ALBIE (JT/ME7K)

Figure 8. Comparison of processing costs

8. IR ASTEE

5. &

IS E R A B, BN FIRIE AT A AR, RS S5 T AR

1) JaE kA A BEMEAmIE)S, XS ERMEN B i, H/K COD & &Eit— L RIh
23.36%~46.79%, BEWLK COD 74 AIH, /> COD X jg & /KM, MEREWIHE—DHFIEN
9.30%~28.85%:

2) JEEKRMN A AT HE ARG, MK RATIA 0.28 Ju/MiK~0.46 JL/MiK, THE
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44.39%~67.46%, F:F B A T4 8.46 Tu/kgTN~20.9 Ju/kgTN, 44 Hufi] 35.13%~76.01%, HlizK A<

R 55 P A

SE 3k
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