%39 A 24 tOE 4 K HE K Vol. 39 No. 24
2023 % 12 A CHINA WATER & WASTEWATER Dec. 2023

DOI:10. 19853/j. zgjsps. 1000-4602. 2023. 24. 024

T B RIERHIPE IR /KANME T 25L8)

R A
(LR LA RASE, L& 200092)

W OE: BATEAKAEARAS ERS RES . BTS2 EURS4F 5 AT LT
I EI P KE A6 TAREE & Y T RN T B A R KA 2 TAZ R — R & BURAL I e/
QWSTN 3% 4L 2 4y JBE 5 e B R 35/ = i ) — 2B 3y AR DT i RV B R Hu L 32 T ) B 3H 41 6 500
T, FERBATEREAN ,Z T LR FEE A = FREA 2 HFLRIR, R B KRR THET
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mg/L B, & %6 H K COD VRT3 185 H1 4 22.52.0.41 mg/L; — R 3 B RAL I I it K B a8 B (VA
CaCO,3 ) -F 34184 1 842.53 mg/L B, £ %6 /K Al JE-F 3448 4 113.37 mg/L. ZH-B& & 46 & 3% &
25 70 % B FIEAT A A 4.09 TT/m’,
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Case of a WWTP for Coal-to-Methanol Production in Ningxia
ZHAO Ning-hua
(Shanghai Zhongyao Environmental Protection Industry Co. Ltd., Shanghai 200092, China)

Abstract:  The wastewater from coal-to-methanol production has the characteristics of high
ammonia nitrogen, high total nitrogen, high hardness, high suspended matter and low carbon to nitrogen
ratio, which has few engineering cases for its treatment and water reuse. A coal-to-methanol production
wastewater treatment plant (WWTP) in Ningxia adopts the treatment process of first-stage high-efficiency
softening sedimentation tank, QWSTN enhanced biological nitrogen and carbon removal reactor,
secondary sedimentation tank, second-stage high-efficiency softening sedimentation tank, and V-type
filter tank. The total investment of the project is 65 million yuan. The operation results show that the
process has a significant effect on the treatment of wastewater from coal-to-methanol production, and the
effluent quality of the system can meet the design requirements stably. When the average treatment water
quantity of the system is 418 m’h and the average influent COD and ammonia nitrogen are 798.03 mg/L.
and 111.06 mg/L respectively, the average effluent COD and ammonia nitrogen are 22.52 mg/L and 0.41
mg/L respectively. When the average influent total hardness (CaCO,) of the first-stage high-efficiency
softening sedimentation tank is 1 842.53 mg/L, the average effluent total hardness of the system is 113.37

mg/L. At this stage, the system s electricity and chemical operating cost is 4.09 yuan/m’.

Key words:  coal-to-methanol wastewater;  high-efficiency softening sedimentation tank;

enhanced biological nitrogen and carbon removal reactor
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Tab.1 Wastewater quality and quantity of each strand
P 7J<§/ - COD{ BOD57/ SS/i NH;I?I/ ca2+/7 Mg“{ cosz-{ HCO{/
(m*+h™) (mg:L™") | (mg-L7") |(mg:L™")|(mg-L7") |(mg:L™")|(mg-L7")| (mg-L™") | (mg-L7")
ALK 300 7~9 1200 500 150 200 880 12 150 300
T R s s 15 K 20 7 1 500 400 100 30
AR P BEE K 10 7 500 100 100 30 24 10 19 186
HEIETE K 10 400 200 150 50 24 10 19 186
IR 7K 10 7.5 150 80 200 0 24 10 19 186
JE A 2 13.5

ARV A BEALASE R 450 m/h, BT E KK
B2,
F2 gk IKR
Tab.2 Design influent quality

i H| COD |BOD,| SS
B{| <1 200 <500|<150

mg-L’I

<200

NH,-N| Ca>
<180

Mgz+
<760| <11

€O, |HCO,
<130| <270
JE K G A RIS HE A HROK ] I P Ak
P+ — R B BE+UOK BB U, BT Rl
EK>85%.
WK K L2 3

F3 &IHHKKR
Tab.3 Design effluent quality

COD/ |NH,-N/| BA/ | . SRR (LA
‘ T/ .
WiH | pH (mg- (mg- | (mg- T CaCO,i1)/
LY L) L) (mg-L™")
il 6~9| <30 <2 <20 <5 <150
2 L&k
2.1 ITERE

% T RER ] — 208 AU T TE HI/QWSTN 51k
A W I R TR S i — s/ — 2 e AR A D e T/
V HUE R FARA AL BE T 25 AR KRR T 4
i 28 whoK o X R Y R N — 2 AU AR T
b, AR K R R BT, DOV Tt K A
T o A — S R AR T Ak AR S DU
P ST N 0 1 (1 A B LA SN DI I e RU LY 73

K K AT I R A AT Y S 34 O A A K S
VI it AN St o 8795 3 7K 28 4 AR 4 B 3
A QWSTN i Ak A= ) i &R 5 v # (AHCR R &K
fiff S o7 £ . — 2% DNCR i 4800 205 W #% . —42% OHCR
SR R SN 7 . 2% DNCR Sl 80 S o . — 4%
OHCR 475 B Ak 2 R v ) , 38 2o 5 b Bl 40 S i Ak L 47
SR AL I SR B SR FH 25 B M K b KB A A A
AW . —2 OHCR S48 A S0V s A iy (4 16 T
O] i 2 — 2% DNCR ## 480Bd 0 5 I #% A o o — %
OHCR 47 5 5 Bk =2 1 i 1) TR A3 YRR A 0T, 3 2o
M SE B R A B, Uil B R
BARAC T VE Mk — 20 B TGRSR B |t B, T b Hh 7K
HEAV ALE VR — 2D R AR K,
WK IEA G S K B 2% 5 A i TG K e hs i
B BUR) 5 PEA— 2% DNCR {42 205 0 %

— G R A TUTE s e — 2 = R AL DT
15 e LR H W4 | = T B AR HE T K )5 Ah iz Ah
TR A5 e 4 H R 4 — ey 25 e K HL
K 5 Ue R K LB K 5 Ahiz b &

AN 28 vhK it — S m SR AR Ui v it LA
Aot FEECH AHCR IR 0K fff ) W 2% . — 2% DNCR
AU U N e BRI A ] A HLTS e v A b
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Fig.1 Flow chart of coal-to-methanol wastewater treatment process

2.2 FEMHYREESH

O —HESEATTiE . 18 24% , 21 T =X
B IR EE £S5 K, B SE M 19, 2 mx14 mx5. 9 m, B
& Rt 43 3 DX, B DX S5 1 B ] 28 20 min, 55— X 1%
155 2.2 kW 550 & W $iE $H HL L 3% 31 8 Na,CO,
(1700 mg/L.) \NaOH, %% —IX % 1 5 2.2 kW HER
RESEFERL , BN PFS (100 mg/L) , 25 = X% 1 &
1.5 kW HE S B i F1EHL , BH PAM (5 mg/L) ,
FEREULTEMBE 1 5 09 m BT HL , pH [F1 38 X £ 0
H,S0,, [ B} [8] 20 min, ¥ 50 pH Ry 8. 8, 31T
K EREE (L CaCO,11)<300 mg/L.

@ b 1A, T N AT R A5
JNSF 2R 66 mx20 mx7. 3 m, WX 9 GRS KT
FEHL, B G HE S 2 360 N IIF 10 kW,

B QWSTN A A= 4 b U R e S W, 4 o 1 JBE 2
2 b 2R TR 1 254, BRSO 121, 7 mx
42.1 mXx7.5 m, Bk AHCR PR EUK i S0 28 R ~F
40 mx6. 4 mx7. 5 m, /K Sj 45 B IF[H] 8 h, AR A4
3.3 m 1t R AR S B R T U E W Bk iy
w2 B A KB FEL, B 547 2 360 N I
10 kW5 BALA% — 2% DNCR il 480 i &0 5 07 2% R
68.3 mx6. 4 mx7. 5 m, /K S FEEEBFH] 13. 4 h, N E
FE5 3.3 m 1 = R RS R T U
w3 B A KB FEL, B 547 2 360 N 1%
10 kW, /M5 [ W73 i kL R e Sy it S S i A i
R Ak 176 24 0. 072 kgNO, =N/(kgMLSS-d) ; B 4%
— ¢ OHCR 47 480 Kt S b 4 RS 4 108. 3 mx13. 4

mx7.5 m, /K FJPERE T ] 43. 1 h, % 1 652 2= {54 #Y
o b5 FE LR A s Ak T T o 0. 028 kgNH,-N/
(kgMLSS-d) , A HLEf A 0. 109 kgBOD,/(kgMLSS-d),
— 2% OHCR 45 Bk S5 IV 5 A it 152 85 2 15 W K Il
B AL P13 2 — 2% DNCR Sl 42015 05 o7 ke
Yiig , B3 P K [0 3 A I R 450 m*/h 3% 2 10 kPa I
4 kW HLA% g% DNCR 4806 &0 g #% RF h
15. 1 mx11.9 mx7. 5 m, /K SI{EFEEE] 5.3 h, %265
IRA AWK FEAL, LA HE ST 1420 N IS5 kW,
AR ] AR A R 5L 5 B — 2% OHCR 4
BN SN A RS R 4.7 mx11.9 mx7. 5 m, K J7 5
FAEFIE] 1. 6 h, 152 162 225 < U 40 15 SE G FLIE R3S
K fif — 9% DNCR it 50 0 220 /2 7 4% 7K 5% A7 10 A
DIKY/8

@  —yiih. 208, R AN IR EE 45,
RAF 2R 020 mx6. 7 m, PUVERT ] 4 h, 3 bt %
SEIRHL A

® R ERERATTRE " . 1B 2 4%, i T 2
T IREE 1454 , MR SF R 19, 2 mx14 mx5. 9 m, 5
6 SN 43 3 A4S X, B KRR B[] 2k 20 mine 55—
X315 2.2 kW B FEHL , =T 4% 01 Na,CO,
(200 mg/L) NaOH, 455 52 i pH 7 10. 3; 55 K% 1
2. 2 kWHER R P, BO T PFS(100 mg/L) ;
XA 1L5 kW HES S B RE B, BT
PAM (5 mg/L) , BEA& DLIE M 1 5 ELA2 9 m 1Y e
ML, pH [E1E X B0 1,80, , F R B 8] 20 min, 74 il 52
I pH K 8, 3 K 246 BE (L CaCO, 3T ) <150
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mg/L,

© VEIEM, 13, T U AR EE
25K, BURSE N 23 mx8. 7 mx4. 2 m, JEE 6 m/h,
T AR SR EE 3 L/ (m*es) 3 B0 US98 B 15 L/ (m
s) YRS [E] 2 min, K [R)B B2 96 AR PR SR BE 15
L/(m?+s) K BEHRE 3 L/(m?-s) L BN [A] 4 min,
PO IK R PR TR 6 L/(m-s) VR A] 8 min.

@ TGRS . 1, 23 2R i TR
B+ 450, RSF R 921 mx5.5 m, W46 ) 16 h, %
LSRR EHL 1 5, D10, 18 kW,

MRHEE K AL 165, i He B A IR =X e B L,
PEELFA PAM B ik 26 e 19 0. 4%, 33 38 i FR
400 m*, e R K 15 e 7 7K %<55%

© FHHGIRH LM . 1, 23 2R TR
e 458, RSE R 098 mxS5. 5 m, We4i i} [A] 24 h, %
OGN 5, 71K 0. 18 kW,

0 —HALFIRMAKN . 1 f, W
(PAM) 12y 48 1 e £ 19 0. 4%, 7 98 1. 5 m, %
A 158 & 7K R <82%

@ HELTGRIRERAN. 16, &R,
PE T4 i R — U KI5 U e 1Y 5% | [ AR R
BN — KK T5 P E 1Y 1%, 47 58 1. 0 m, BTk
Ja 155 7K H<60%

@ RAAFEREE 18, T R A AR
40 000 m*/h, 7 1 JERZ RS (3. 4 mx7.5 m, FRP #4
) 1 EAYBR R2EE (17. 2 mx10 mx3. 5 m, FRP
) 1P I P e W B (S mx3. 1 mx3. 5 m, FRP
B 1 A5 KAL(Q=40 000 m*h, P=5 kPa, FRP £}
) K 1A HER R (1 mx15 m, FRP M) . 2 4b 3
Je , BETTE B <1 000, 3 H BE B B <120 mg/m®,
<30 mg/m’ (HFHH #<1. 0 kg/h) , B AL A <5 mg/m’
(HE 3 % <0. 1 kg/h) .
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O A TFERIEE 65007770, T 20204E 1 H
HLBR T..5 A ARz, WiXEfr31HE,
AREROEIBIT. 2021 45 HZ TRENESE3 d Y
S5 =7 SR I , HB K KB K TS e B K R A Ak
RS S AR TR IR E o TR TSI
A TR K A ¥ 355 H 00:00.,08:00 52 16:00 43 5
X R GEF L T BOK BRI, 202245 1 H—7 H
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Fig.2 COD, ammonia nitrogen and total hardness of
influent and effluent of the system and their removal effect
from January to July in 2022

% B Bt & 4t i#E K COD 2y 547.66~1 164. 62
mg/L , F- {8 Hy 798. 03 mg/L, & %: i1 7K COD #a 5E
/NTF 30 mg/L, 4 {H N 22. 52 mg/L, COD - ¥ 2=
R RN 97.18% . % B Be gt K & A N 46. 32~
163. 25 mg/L, FHI{E K 111. 06 mg/L., R 45 K &
AE2E/NT 2 mg/L, FH{EH K 0. 41 mg/L, A AT
B L BRA N 99. 63% . % B Be— G R AL DL TE
k7K A FE R 1081, 42~2 565. 37 mg/L, XA N
1 842. 53 mg/L, R4t /K B R E /T 150 mg/L,
SEE R 113,37 mg/Lo HI I 2 0] WL, S A5 ) FF e
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IKIR BT SR B &% R K AL B TR AL B, &R
40 W KK B AT RSO T 2 BT KK TR

@  AAE KB (L CaCO, 11 ) 25 1 000
mg/L, 2R FH RUBK 725 51 A6 b BE B, K BB B (LA
CaCO; i) J5 29 1 000 me/Lo AR 7K H i) Bk J32 X
DA FH A% D R AT R 2 JRUK R AE TR S0 R o 2R FHRL
L AR AL A B AL R K IS, B3 A 2% Rl S AR R K
BRI T XU N, pHL [ 187 98 0% % 7k
FR R Ak R AR T RS I i ) 52 )

G ] Y R K Ah BRI N FE 43 R K
Jo i B[] 80, B R B SRR 9 B S b it 2 R
KRS T K I W A R 24 4873 1 I A
S B o X i
3.2 FEEITHEH

AR TAE20224F 1 H—7 A F¥ A Bk &R 418
m’/h, 171 9% K 1. 20 Jo/m?, 2557 9% 0 2. 89 Ji/m’,
BIsATIR A 4. 09 JC/m’, INFE 4 FT7R .

x4 FEZTEAZE

Tab.4 Accounting statement of main operating costs

e | wokmmes | omp | Doe R

H/(E-m™)
H 2.23 kW -h/m*| 0.54 5¢/(kW +h) 1.20
PFS 109 g/m* 920 7T/t 0.10
TR M 1 700 g/m® 1 400 JT/t 2.38
A5 AL 10 g/m’ 1 800 JC/t 0.02
KL 16 g/m’ 1 000 JG/t 0.02
Iz 522 g/m’ 220G/t 0.11
1B FPAM| 10 g/m’ 13 300 JG/t 0.13
FHBSFPAM| 5.4 g/m’ 17 600 7T/t 0.10
15 25 g/m’ 500 JC/t 0.01
V5 e [ A5 5 g/m’ 3 500G/t 0.02

4 %45

JRE ] R IR 7K Ry U ) v A v R R
FEIE 7K o R F— 2R AR DTTE i/ QW STN a8 fb A=
P RO SRRl S 0 e/ — DTt — % i R AR DL /v
T8 b T2 A RG] s e K, R GE V- b B
KN 418 m¥/h HEIK COD K 4 & ¥ AE 43 5 K
798.03.111. 06 mg/L i, &4¢ 7K COD A - HMH
G314 22, 52.0. 41 mg/L; —Z S AU ALTTTE ML 7K
SR SR M 1842, 53 mg/L I, 48 H K S i

SESSMH R 113,37 mg/Lo 12 T 20 B Y A = 1k
K BAT 35 AR BACR | R G KK BT TR E il 2
WK,
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