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W E RIEAKE—F R A VLR K, DR (CWAO) R F 1Ay CWAO-UASB-AOA-# fi
AAL-IRBEULTE T 2 RE M X HLEAT A 2 e . 76 CWAO Tolk b F it i, WZIRTE (T,) FHedes Sie 3R 5
(K) B ER BT 2 NEHEBESE KA Aspen Plus X CWAO i R AT RS L, Aspen Plus XF T, B0 45 IR [F] 43
i KA RS (DCS) S 25 B XHR 2206 £2.0% AN ARG LE BT 5, K N800 W (m>C) ™'y 454 Kl
T, ] LA RAG B m A, dE 4 5 CWAO Rl B2 R 4 TR 1 Tk b it

XEIR BRI K MRS RSB AR

Bl 00 R 7K A — ol s A B S B R LUK, BRI A MUK BB & e, JrHE R Hul
I KD SRR AT, S 51 RAKARE TS G AR A TAEEEAL T UM N A . E AT E A A A R
e AT WL TV R 7K (0 77 1 2 A B I CWAO. BBk AR iy, LF s W, #ps
bR AW R K B IS AT 2 FH D 318 il HAR B VE & P2 AR A ) BRI A B TSR IR <. CWAO
& — Pl 8 U i R R v R P A LR K I %, I ELAT LUK e 2 428 v PR /K I Al AR AR 2. CWAO FiAE
POIEMILL, @& R, AN, TSEBLE LA, AP AERAAY . BE R OB R
Ao WAPEERY, W H KK COD>20 000 mg- Lt B, &N RG] SEHLE S 77 R 4 4 B %
BE RAE BT R 7 B4 B RICT, CWAO M 2648 I3 125~320 °C, JE 77 0.5~20 MPa;
CWAO #7337k COD Z K4 10 000~100 000 mg-L's CWAO 1) T4 R H vz, BT DL SR AL B3 I %
VW By RIRK. RA KK, HEUR Y-,

HAT, B4 CWAO BFAHE AR CHG TR KR, miE, MmE, 3 RF. HARSEEZK CWAO T
SHEARB R, HRERENEE A BREETH CWAO Ttk 8150, CWAO TE®itHHE
HEAT P b AR B R L 46 N R B2 R i as, O B T LU R A, RO #3038 TR SUOKIR &
YT KT 250 °C IR /1 KT 6.5 MPao (AL 2246 T4 M) o I8 9225 B L HE B 0 v 2306 CWAO
Tkt 3 B R B ks, o U8 SKIBEY-SKREY, Camf T iEFM) 4o
e R T7 AR B RIK KRB EE A AB LR RMA R TERSH X2 EE S
H CWAO %2 B rh B4 A IS 1 I E i N MR OR . CWAO B2 7 %1, e # A4 Ji— il 3161
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UM, BHHRABAERRE (O ERUR KRS SRS LIEE R BT R, 1K E /> 23 38 0 e 24
A, LRAEFE CWAO T2 Wi BHE&E, AHE TR LA CWAO SN FE A1) CWAO-UASB-AOA-H% il
AR BEDUIE T AP R K TAE LI HEAT 78RV, Horh H ST 7 CWAO £R, JFR A Aspen
Plus Xf CWAO i FE#E 47 Fa S Bl 48 Aspen Plus X o B Bl 2 B kAL 24 9 BRI 0 o B £ 0F & 1
CWAO T A% B PR Z I TR AE B, H4s A AR K, T RLSEE CWAO HAth Tl % &
SE PR A AR AL B, A RTE S CWAO 2 R4 TR T4k % it . Aspen Plus 7E8E4L T, 2E
YL L. b T2 N LR TR AR iz B R U100
1 AR
1.1 TSR

HBRT B R R RE R A& B, Table 1 I?je: waﬁiﬁﬁ}i{é}(ﬁ wastewater
045 32 BE A g 71 D ke e 7 v el Ak S A f
AL o PR K 32 EE RS IR E B SR AL & 4, S
BrIE K &N 36 t-d™!, 1Z A R K 3 BS f: BE
B COD s ANATAEAL ., 75 YWk B AR AL R FE 45
Ko JBIKAB T ZN: CWAO-UASB -AOA-#Efil S8 AL-TREEUTVE, T2 F KA CWAO, %I H T 2015 4F
AT RE 8 A MINITE. CWAO Bt A72 d Y, BB HHE A 235 m?, AL E R 24
B KA 2E W ERAIF S0 BT B AR B Ru JEAEAL ], 40k CWAO AH 5 R K AT A4 tE (B/C) | 0 2
HZE0.6LLE, COD ZHBREL 75% UL L. KKK FEILE 1.
1.2 IEZixiE

W) 7K AL BE ) T2 AR 9 CWAO-UASB-AOA-# filt AL -TR BEDTVE, Horh CWAO N EARTZ . B
TR 7K T S 2 3o 1 4 it e 2K B K B BEAT I T, K5 HE /K COD I & 10 000~65 000 mg L' o 1 & X & 7K 3t 47
— R ARCRE S 308 R0 % S ok DR R R AR K I R, = 2t 8 SR FH A% 5 8 R B BR R A2 KT 100 pm
RURE, 98 5 R K Gt m R T B R AT N 3B A i N 11, B T 25 SR F 5 2 i ke 3t K 3R AT T
B, FiE B IEAT R E JE DA S S G AR T CWAO 2 N 88 H 7K O 4 k28 v i 3k /K Bk 47 TR R, AT 92
R H B, AHEFIMEEE IR, 23 CWAO & F 5, B KKK B/C O3 E £ 0.6 LL I, CWAO
7K COD 4 1 000~8 000 mg-1=', pH N 6~7, & &t — AW, Bk T ZRMEW B 1w, Hp
CWAO T2tk 2 s
1.3 IEZ8H
13.1iBKE

— i P A FARHE L 8, JEARR SN 1 mx 1m, 3522 5K 848 — Zad yE i H pp Fa 0 g 8, I
12 MRPERS; =gt P 0L yE4s, JEA LA R 100 pm.
1.3.2 ZAn = JEHL

Tkt B bR IR TF R, hE2kW, JE 5 10 MPa. FS)E43 B 4 6 FEHLE
WA, BasSENIIER ISKW, EHZENFAERL T 1m® min,
133 BB

HIAER oy 2 5oy, BB LR N R G H AR, B 2 W N ROK AR, YN EE s, H
H AR E SRR, WD E R . 3 G e AR e ST AN 13.8 m?: PR K He A ER 4 A ET A 32.8 m?
e AEEM TR TA10, B1H K77 7.7 MPa, 21HIRE 280 C.

COD/ (mg-L™") BODs / (mg-L7") pH

10 000~65 000 0 8~9
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Fig. 1  Process flow of auxiliary wastewater treatment
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Fig. 2 Process flow of CWAO
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CWAO 4% R 5F 9 800 mm x 8 780 mm. PN FMEAL A ZEHE A 1.4, HEALAIHELL 1.1em™. 5
AMEEALF R B T R b #20 B)3E 78 = EE DN 2 000 mm A 1 100 mm F 48 R VE NI RE . S B 2% B4R 2
Blamd, Wit/E 7.7 MPa, ¥itiRJE 280 C. CWAO SZPRIZAT I 35 IR JE N 255~270 °C, BETHE /)
6.5~6.7 MPa, PAFAZSEE 1 h™! e A5 AR R S As N T ARy b sl P O P8 A T g A 25 a3 A T 3 P A
JE S35
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1.3.5 1EALIR X BA K F 4R 3% 451
NREE i E R E 7 4iety, FEELZRIGREE DGR EWER 2 ix, HEFENRE
I DA Y Bl U e AR R, 2% H AE

F2 CWAO XERZESH
Table 2 Alarm parameters of CWAOQ apparatus

T2t SRR OES/MPa PFEREEOES/MPa RN/ C RMNSREREC R R
WETIR 5.5 — 10 — —
% F R 7.2 7.5 273 273 275

2 THEEITHR

21 CWAO T EEEITHR 100 000 i
e e N R Ve i
CWAO % B RIEFIE R, EHIEF ol \VVJ (VYA
320 b, Pk COD ZBREWE 3 Pk, BAM 2 oowp 1o o
\ wooo]  CODERz 10 %
K COD WRBR, A COD BBEMRfGE TS £ 90 OV “ ¥
! ] H
LA, § 000F L con 140 2
22 CWAO Tt BRERAEN A2 sooof I ©
20 000}
T8 I T 5 SN 2% IR IR 2 iR T AT A e f s wooof T TV o '[']0
B SR AL B AK G . ERZE R B R A R AR oS A0 L0 2 20 AN ol
e e p N : Fiffal/h
@ E’:J COD # 15 = i—ﬁf*ﬁ)&, ﬂﬂﬁﬂ%?_ IETJ # 4E Fig. 3 COD removal efficiency of CWAO unit

FHXT IR ZHBTE 10% AN, IX7E TR B2 Rvrm.
N %5 1 Aspen Plus FCEH A 1T IRFE

1) COD B, {3 F AR AR R B4t dk 7K COD. B2 A CH;OH # 4k B4 COD £, |
BfiR 1 g COD M1 24 T #54k 0.67 g CH;OH. &AW (1) Ml (2):

CH;0H + 1.50, — CO, + 2H,0 (D
Mpgg/1.5My < = Crgs/ Con < 2)

s M R BEARRT 73T &, 32.04: My ESAXS 7 TR &, 32.005 Cipgy AN BEA L, mg L'
Cyx N COD K, mgL™'s

2) KRB, RBP4 # R . 7E Aspen Plus FM H AL 2% 00 5 ROBERS, S8 R BETE 2 .
£ Aspen Plus V5 SR (AR BT . PROKIEK & SR BE . AR E R E . BiERE S E .
SN N TR e B3 3 I TH B W0 J7 VR 3% PENG-ROB, # #0388 1H S 7 VR B i 4 h 57 7,
JF B 4 R SRR AT I FR A . R ARYE DCS Hh IR 2 IR T 45 R EEAT IR AE (BEMLIE A 40 HEHD |
ZERWE 3 . RGNS I CWAO % B i COD 25 B SR T LUHESE CWAO Tk b %

BIRZR T
_ (-AH) C

pC;
Al AH JRBIH Jmol™s CAPBIE/RIKIE, molL's p AWHTRHE, kel o, AWRT
A, T (kgK) s
FREABLJF 75 0 S 7 28 4 1R 38 B I Q.

AT (3)
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#F=3 CWAO # T, #EHIEE DCS SLRMESTEE
Table 3 Comparison of relative error Ty between simulation and testing results of DCS in CWAO

= D(i:s‘ f:ﬂ DCS % :'E{D"Jl& PR TIN oD% DCS B DCS XM DCS M. Aspen Plus f—
B TR/ K&/ /K COD/ COD HEER G0 EJ/MPa EEYNN| R S )82 .
(m*-h™) (m*-h™)  (mg-L™H 8% W FEC REEIC HREE/C

1 248.00 248 14275 0.95 90 6.70 261.60 268.00 266.93 -0.40
2 206.00 2.80 14275 0.95 82 6.74 259.50 266.51 266.51 0

2 200.00 2.80 15 290 1.02 9% 6.80 26331 269.00 270.10 0.41
4 200.00 2.80 15290 1.02 93 6.80 262.30 269.10 269.51 0.15
5 201.00 2.80 14420 0.96 93 6.70 262.00 269.30 268.60 -0.26
6 214.00 2.96 14420 0.96 922 6.80 259.82 269.00 267.73 -0.47
7 206.00 2.84 13 190 0.88 922 6.87 261.32 269.10 268.35 -0.28
3 198.00 3.10 13115 0.87 95 6.83 260.40 267.10 268.37 0.48
9 199.00 2.94 12175 0.81 96 6.87 250.40 264.40 262.09 -0.87
10 246.00 3.00 10 290 0.69 98 6.80 248.50 260.10 258.39 -0.66
11 225.00 2.11 25435 1.70 81 6.73 265.20 270.90 270.85 -0.02
12 267.00 1.50 17 854 1.19 90 6.69 253.49 262.10 260.49 -0.61
13 253.00 2.00 17 500 1.17 92 6.69 260.00 265.40 266.03 0.24
14 233.00 2.40 17 500 1.17 89 6.71 264.30 270.00 269.49 -0.19
15 285.00 2.10 12535 0.84 77 6.60 262.19 266.90 265.20 -0.64
16 260.00 2.00 17 000 1.13 89 6.71 255.54 262.70 262.96 0.10
17 259.90 1.51 17 854 1.19 91 6.77 253.29 262.80 260.86 -0.74
18 248.00 2.10 30 000 2.00 82 6.73 265.05 270.60 271.13 0.20
19 150.00 1.09 37340 2.49 97 6.50 260.50 268.20 270.29 0.78
20 178.80 1.13 33310 222 97 6.50 260.20 268.10 267.75 -0.13
21 150.00 1.09 37340 2.49 0.97 6.50 260.50 268.20 270.29 0.78
2 178.80 1.13 33310 222 0.97 6.50 260.20 268.10 267.75 -0.13
23 151.20 1.10 42730 2.85 0.97 6.50 259.90 267.80 269.57 0.66
24 151.90 1.05 33470 2.23 0.92 6.50 259.50 267.50 267.56 0.02
25 146.10 1.15 22 190 1.48 0.96 6.50 250.40 261.00 261.64 0.25
26 100.20 1.15 26 240 175 0.97 6.70 249.80 262.20 266.62 1.69
27 105.10 1.12 14130 0.94 0.97 6.70 250.70 262.80 261.08 -0.65
28 112.90 1.12 20 020 1.33 0.97 6.70 247.20 259.60 261.90 0.89
29 86.10 1.15 24220 1.61 0.92 6.70 251.20 263.80 266.96 1.20
30 150.80 0.97 35490 237 0.86 6.70 258.90 266.80 266.89 0.03
31 143.70 0.99 36 330 242 0.83 6.50 258.80 266.70 266.90 0.07
3 190.00 1.01 50970 3.40 0.81 6.50 259.10 267.40 267.67 0.10
33 138.00 0.99 47 440 3.16 0.89 6.50 258.80 266.70 269.16 0.92
34 182.70 1.06 61230 4.08 0.82 6.50 259.90 268.60 270.75 0.80
35 168.30 0.87 45 560 3.04 0.88 6.70 260.70 269.10 269.20 0.04
36 158.00 0.95 45 920 3.06 0.85 6.70 260.80 268.80 269.80 0.37
37 159.50 0.85 44 580 2.97 0.85 6.70 253.80 263.80 266.11 0.88
38 88.10 1.13 18 000 1.20 0.96 6.70 249.40 262.60 263.56 0.37
39 83.80 1.07 11 600 0.77 0.96 6.70 24930 262.40 259.59 -1.07

40 115.00 1.10 12610 0.84 0.90 6.70 255.40 265.60 262.20 -1.28
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Fig. 4  Process flow simulation of CWAO

23 CWAO Tk #EERABERREITE

{8 Aspen Plus Xf 3£ 3 #¥a AT RS I RE B, W77 7K | PENG-ROB, # s iH B 7 150%
PRI, B (D HEERREK.

Rk 2 Fl A A2, BT MR R BT AT

At1=T]—t2 (4)
At =T, -t (5
Atm=M (6)
In (Atl
An

o 4 NEAERA IR RIE, °Cs o ARAEAYRE DR, C; T, AR RN
B, °Cs Ty NIRMES PR RS, C; An NS DB MR AR R 2, C; At N
B PR AR NI 2, Cy Aty NECFEEREZE, C.

R (7D HEARRE

0=K-A-At, @)
b A NG, m?; K NEABERARE, W (m2C) ',

XS A AT S AT, K>800 W (m2-°C) =1 [ SEBG EUHE IT o A9 A 90%,  FT LATE SI2 s 46 44
BB AR IR B K ATIEEL 800 W (m?-°C) ~'e #E CWAO SEfx A A vl i B S 805 45 B IR 2 IR
FH A S e AR B A5 AR, 2R R SRR CWAO AR R4 TR R Tkt
24 CWAO T EERERBITER

ZE CWAO 25 B @ WA 700 Ji TG, BT A ZEaREE . N THRAELT. 25, &
BRRRIE PR K IZAT AN 71.8 6, HAradEd 2 19.7 6. A T 9% 14.8 J6 KAL) 37.3 Jt.

D %, BT RAENANEEE ST SRR AR, U FEERER TR SR E
FEAMEN. HPEETTREEDFR 22kW, FENINE 1SkW. KKSLER G 36 t-d!.

gy = qp/24=36/24=15th™" (8)
A gu NAEFEPEOKE, th™s gp WEKAEEE, d's

Ciprt = U (Pg + Posppyy ) =0.8 x(22+15) =29.670-h™" )
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X Cyy NHFE, J0-h's Py NEETFERINE, kW; Popy ATENLIIE, kW U N TR
B, g6 (kWh) 1,
Ciyp = Cypnlgy = 29.6/1.5=19.776t" (10)

A Cyy WAEBPRIKHEFE, J0-s
2) AFIBE AL AR AR BRI 4T 330d, HEALTTIR ORIV 3 4F

Citer = UMy = 950000 x 1.4 =1 333 000 JG (11)
A Chqrz FEATR ST, TG U rrn FEAFIERA T - s M et FEAFRE, to
Cﬁ%ﬂ‘ﬂ—t = C{E%ﬁu/%ﬁﬁ{ =1 333 000/ (36 x 330 x 3) =373 fl}t_l (12)

A Cpepn, NIRRT, TC -t qrp AEFITRN R KL E,
3) NL#%. BF54 4T NLTH, 8 ANEHITHE 4000 IC.

Corrp=UpryMy=4000 x 4=16000 T (13)
Kb Copp WEARBALR, Ji; Uy AENTAGHITE, 5 A M, R8T AHE,
Corraa=Crralgn=16000/ (36 x 30) =14.8 Tt (14)

A Cppp MREBAKANTH, JE's qu A HLEEKE, 1
b BRI P K B AT 3

Cizgma = Cuyy + Crppps Cporma = 197+373+148=71.8 gt (15)

P Coagonn WA BIZAT A, T 1,
3 #ig

1) RH L CWAO N E A& CWAO-UASB-AOA-2 i 48 AL -TR Bt T UE T 25 AT LA SR Bl 771 I 7K 1) vy
R fR, Horh CWAO RGUTT LI H e 120 AR n] DAHE T 21 A w3y vk P 3 B i PR /K A 3 3 72

2) N.H Aspen Plus ] LLSZELXT CWAO G0 0R 2R (I HERAIEA0L,  Aspen Plus % PR J2 i FH A AR L
{ELFI DCS SEMME AR X R ZTE £2.0% LA o ARHE 5256 5 /Ml & ik CWAO 265 COD 2% mT LLsEHL
X CWAO Tk Ak 23 B PR 2 IR T+ HE B 5, 6 8 5 82 4 A48 e TH 48 b Bl =2 4%

3) £ CWAO Tl Bz dit v, SAAMRE (K IR 800 W- (m*-°C) 1o 4i& K Al
PR T AT DL SRl e AR, b e 5 CWAO W2 R4 T2 M Tkt ikt

4) CWAO AbBEAFME KIS AT Ay 71.8 6, HAPAFEHEE 197 o, AN Tk 14.8 Jo LA
37.3 TG
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Abstract Auxiliary wastewater is a kind of wastewater containing high-concentration and hard-degraded organic
pollutants. Catalytic wet air oxidation (CWAO) is the main process of CWAO-UASB-AOA-contact oxidation-
coagulation method, which can effectively treat hard-degraded organic pollutants in auxiliary wastewater. In this
CWAO industrialization apparatus, the temperature gradient between the reactor inlet and outlet (T') and heat
transfer coefficient (K) are two important parameters for heat exchanger design. To this end, we carried out the
steady-state simulation of CWAO process by Aspen Plus, and revealed that the relative error T, of between the
simulation and testing results of distributed control system (DCS) was less than 2.0%. Then, the K factor was
calculated to be 800 W-(m?-°C)™!. As a consequence, the heat exchanger area was readily estimated in term of

T, and K, and then provided an insightful engineering design guideline of CWAO industrialization system.

Key words auxiliary wastewater; catalytic wet air oxidation; engineering example; process simulation



