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Abstract
This study used advanced oxidation processes to deeply degrade the coal chemical industry
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wastewater with ultra-high COD concentration. And the manganese based metal oxide was
screened out from catalytic ozonation catalysts. The effects of catalyst dosage, salt content, H,0;
content etc. on COD removal efficacy were examined to optimize the conditions of catalytic ozona-
tion reaction. The results showed that for wastewater containing TDS~40,000 mg/L and COD~3000
mg/L, the COD removal rate was about 50% under the reaction conditions of 2 h reaction time and
30 mg/L ozone concentration. Meanwhile, the increased catalyst amount and decreased inorganic
salt ions were beneficial to catalytic degradation. The research findings will provide some refer-
ences for the on-site process.
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1. 518

AL TANFEKE R, FAEMEKEBRE R, RKES R, BREEATDS)& &R, COD &
= —MRAE 2000~4000 mg/L Z [E][1] [2], IXFhmikEE . MEREME S 3 K IR OA IR FE AR B, 2 TV IR R K
JRRBARIMHA3] [4]. AL T & TR Kh A PRI A B R BB PR 79 A, Rbeikss .
W, AR IR IR K B A B — R LAZR R, R PR VETER R MR S TR . T
VERIB XA A BRSO B, (AR AEER, WHEHELEAE, F80217 7B 5] [6]. EH
K, EPENEAR, WAL G R SRR KR A AR D R K R BE AL B AR 3
R[] Hr, RAEMAENR BRI @B EEAR, BAAHEERR, ERFEmAT )G
PEAL 8], ML, SFEAAHLL, BT KEFRNEA, T2EWE. (A —Fmda b T2k
RS2 AT G

AL AR g 5 A A UL PR K A 3 AR R F ) B R 2 LM R U 35 A LI 5 R R -
] Py AR TE Y S AL SR BRI R AR R o i S R A, o B R A B T RN
IR A RIS 25 BRF AR = A B AT AL BRI G MRS 2 . MERE R e S, BRI TR
LRI FERSL 9]0 $R A [LO1E b X AT ) 4 25 1 B T2 26 AF AL, # MnO, T3 T AlLO; ik I,
T AR SR T K, e COD 22 BRABUR L Bl B4R 4 i i 30%: Ma S5 [11] FH b e 1l 4%t b
fL#% Mn-Co-Fe-O Z &R AT, X AYFEM B 1 h JFIAF] 100%. {H STk IE 10 750 b 35 1) R
IKZ S = P ) P B — 2 43 PR /K B AP COD YR £ Tl g /K, T COD 7E 1000 mg/L LA F. HA%
A b I TR AOKFERF S AR oAb, EFx8 Sh PR K 5 i) SO;~ & &4t COD B (15 434t
LI

AT IR =k [ COD & 3R IR /K v H A, J88 1ok 07 3 11 A7) oo 28 2 B 7 B Ak T Aol R /K
H1 COD. 1ZIE /KK F U2 A0 3 J5 1E N 45 i B e I 46 BRI, 3L COD & &l s, 7= &8 200 t/h, Joik
B E SR, Tl A T 2% COD. H% T MALFITEAR R T4 A: N A a2 5.
WALECR, e RN 24, N MEALFITE % 5L U AL S A T B T2 SR IR S 50
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2. SCIGERSY
2.1 FERAFSH

AL ), AL A AT B RERIR, ML) C EAHMIBRDR, RF 3~5 mm (B42), AL
FIAMRNE 1 s (N 224 BRG] Ay By C)o S2I8 /K T B 3L T A Y B /K b B T 25 (1 45
R, BAR T2 A 2 fion: JRKG AT G 3N RS0 YE, IRAETIR R 45 5 5 77 A4 1 B
BTSN AR EE COD. Z55: R AR 0.1 mol/L E & ALE. 0.1 mol/L £5HR .

Figure 1. Dimension of catalysts
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Figure 2. Process flow chart of coal chemical industry wastewater
2. BT EKAIBT ZRIZEE

WIS P et B RN RS REKRAERALFILIFEKERRAR): REREMAL T ILZEKSE
HIRAT); COD g MR (WEA); TOC ML ES (53); pH iH(E ).
2.2. EFIAERETTEM

TR R KRR, T 30 min. B4 E TN A8 4, N 250 mL R K KRR, FRIR B — B
1A fE , N A (RARRE Y 0.5 Limin, A KSR 30 mg/L), i3 H O 54 e B ik B AR B 4G |
T AR AR S N B )R T R AN R . SN A RS 30 min JEHEL 5 mL ZKAE,  FHE A A K Ak
& COD.
3. &R5ve
3.1, IKEEIKR S *r

Xif SIZB6: BT A R KK REIEAT 7 COD. TDS. TOC. pH %535 H (704, /i SR, Rk CcoD
4 3005 mg/L, TOC Jy 1069 mg/L, TDS 4 40,000 mg/L, pH 9 7. MEHEBEAL T /K FHEBObR A A 5] FH 7K bk
e, KU EAFF S HR kA, COD Ml TDS #ifm. #/KH COD LA il It B ML 3

3.2. {EWITFIE SRAE
LA MEAL AL S S EAL TR O R SRAEAR R E 5o BN S SRR o AR AL R FR 3 25 20
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BARFNEAE, P ERMEACSCR AN . 9 1 e S AL S A A SRR P AKOE AR (1 A A AR A 71
FEMEAL RN & 1/2 Y78 = P (HE AL 77 A B 140 g, 457 B i & 130 g, #4657 C i & 102.5 g, /K
FE 250 mL), pH N 7.0, RAEIAKEN 30 mg/L, MBS EY 120 min BT, BRI EKH
COD MER . fERENN AT, FSEWH 30 min. 60 min &2 HIEEENE COD, 75, 30min 1 1h
(MR B 2 42230, B 30 min J5 = ARG FRIA B B ERRAS,  EL =Rl A0 AR A LA B B 2 B 2R 2K
T 8%, WRHBURAEHE, SHEAEEBRERE WA . W 3 FrR, FPAEE R 2 h X RK AL
M L BREN 12.70%, T IIAA F AT AL AL IS FE 0T COD LB A 25, kA AL B. C
)2 bR 255 9 53.07%. 38.27%. 40.93%, HIAMEALFE KK T COD W EBRFHIRAET, Ho b7
A GZIKEE B 2 BR AR B, DS T AL A 58 U 28 1 &AL SE 56
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Figure 3. Effluence of different catalysts on COD removal efficacy

B 3. ZFhtEfLFIxt ok s COD ERRE AN

4 S FH =M AL X S ST 7 b B, B BT 0, A7) A I T AT (20 = 44.90~49.14,
65.13~70.59) ¥ B L b itk I 5 JCPDS#13-0373 — 35, K IALFLE 1 AlLOz. HTHIIE(20 = 40.86, 56.92) 111 &
FFErbrAEEI 2 JCPDS#44-0141, FRIALETE MnO, di A ; FTHT14(20 = 24.14, 33.14, 35.66, 43.35, 49.45, 54.06)
HIL B Fe,O5 IBRUEIE RO B —8L[11] [12]. Rk, Z@7H EE 5N Fe,03. MnO, Al AlLO;, H
W ALO WETIAE K, (HILEZ, N ALOs AFMA, Fe,05 Fl MnO, X4 &AM N A G4 5. I
Ab, XHE 4 rhfE4ER) B A C 1) XRD 1% &5 JCPDS #n itk il IR LG J5 , 456 0 SAS SHED 3= 2R 23 3 70 o8 «
AL B gk AN AL, M8 CuOs LT C MIE IR A ARE, TP iR . Fe,03.
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Figure 4. XRD spectrum of catalyst
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3.3 REHENEUMEBRLTEKSISE

3.3.1. AT MESBHEMREIRN

WE AL RIS A L R BR R 520 . 7EE/K COD 4 3005 mg/L, S fA#ii#E A 0.3 L/min, 5
SAMFEH 30 mg/L, pH =7, JRBVETIEY 120 min BT, AN ES 78 14, 3/8. 1/2 Fi
3/4 A7 R AL TR K COD 1 TOC [k, S5 IIE 5. ATLE H, AT EAR, HEA
AL SEAL R A —HE, BN 1/4. 3/8. 1/2 i, COD ML B3R MK KN 29.45% . 33.94%F11 53.08%,
BEE AL BN (3G, Z2BRRIER T 20%, kLRI N 2 3/4 i, COD [ 2: bR R EEAAFL I,
N 53.10%. TOC &5 iR, $ONE N 1/2. 3/4 I (1) TOC £FRZFLL 1/4. 3/8 B (B 3 & K IKCA 45.34%
H149.09%, HFAN RGN EA IR, VAT E R GARME, £—EHENER F4g3e s
AN R, ERRZBCESREA .. I%5E[13] [14]7E MnO,/RGO/AILO5 f 2k A Ak 7518 b 5L AU 4 if Ak
TR K B SRS AT 78 b 22 WA AL 2N 30 g/l H9nE 80 g/L, FLFEMERIE N 15%, (H4kEHE minE,
FRRFILARAA, @[S AL 1 E S PR AERR S H T S AU AL S K Pl i RO R RAOR,, 25 R B M
A7 F B M 500 mg/L #2513 1000 mo/L B, OB FRVEZHEHEE T 1.77 £, (H4RSE S A &
HREHRIGIN 4.2%. W, BEAE AR BRI N, EMEALSHIIN, WRT A ISR, #AR=
AR NE S, T 5] R FHEAL Op 2R = AR I ¥R S 1 R IR B B3, dEmde s T A WA %
e, (RfEALTIE ARSI N, FaEF R = A R EARTE R -OH (A% 5 KA B K R B, B#AIR T -OH
IR, & SE COD LMRAFEM12]. Kk, WNEFFRANMESE, FERREUANRE
&, AR RHEFEMEA I A& 1/2 785 5 (140 g).
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Figure 5. Effect of catalyst dosage on removal rate of COD and TOC (COD: 3005 mg/L, TOC: 1068 mg/L)
[ 5. #L5EMmEST COD #1 TOC RBRFEAFMI(FE7K COD: 3005 mg/L, TOC: 1068 mg/L)

3.3.2. AEFREXBHIERIOF M

B AT M R ARAT AL DA B vk P TE ML B8 7 A WA TR /K 1) 25 B A v R R K I 32 B R 9 Ca®t s
Mg®. Na*. CI'. SO ZTHLE T, TDS Jii Rk E 50~80 g/L. £ T, FLeLHEE Falfis
IR N AT, AR BE S MR REF = 2 1-OH, iRt SR B 15— 5T, — LAl
EhBHES PR BE SRR — 40 -OH, HEIM PR K COD 2 BRaE . Kk, WFF LA B 7 X s A
RCR IR, B AESE R R K AR B AR i B e AT SR . O I FUHRIE[16] [17], 7E M E it e
W, EHLER S T (CO AR A T4 -OH AR, BRSSP A2 1O N b R AL RE FT IR
(At 3, AT A A S R T K R 5 — B S R R A TE ML S T SO R4l (it 7o b,
NTEFTSO, BT Eraxt COD RErF MM, LLkK COD 4 1520 mg/L (JR/KHRE L 6%, mILdan
ANF TS /KBRER SN, 4l H COD ¥ {R-FF/E 1520 mg/L, Hi 54> 14 20,420 ps/cm. 53,200 us/cm. 74,000 ps/cm),

DOI: 10.12677/aep.2021.113051 469 SR AT T


https://doi.org/10.12677/aep.2021.113051

e %

AATE 0.3 Limin, SAEMKEEZ) 30 mo/L 2444 FIEATHEAL AL RS, SR 6. TRUEH, [FFEM
CODWKEF, KAKHEREAR, H COD £ MA—H. fEHL Ty 20,420 ps/cm. 53,200 ps/cm. 74,000
us/cm, COD 35051~ 58.22%. 55.59%. 47.37%; HihNSO; BTk, COD kMR N,
it 53,200 psiem f5, SO; BT &EXT COD LR MMGIE M. REMMMEMTEREREA h
Be— 0 SRR B 7 ROV AE BRI AE F B3, 5 PRK A PS4 T A0, iR T COD 2k
#[18], EZ NI E R G BRI T . M FEFREER TOC ERrF W7 TN, 451 B/Rx5 COD

FERFER RS — 2

60 60
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Figure 6. Effect of salt content on removal rate of COD and TOC (COD: 1520 mg/L, TOC: 577.6 mg/L)
6. (SO BF&8)xt COD #1 TOC EMZRAIFM(R7K COD: 1520 mg/L, TOC: 577.6 mg/L)

3.3.3. RESWEKBEXBHMERRAIRE
PAr g etk 258 AL S B AT IR I HoO, X COD LERRCR T, BT
IRINRUEEK I pHL HEAG TR RS2 .
7 NG AL By C SXURUKRE & A TR A K T COD MIRBRBCR . N T H%E H0,
ANINATJE ) COD £FRACRZES, AU IS HH Os TARRIWE TR 2 0.3 Limin, JRMNAFMESE LR,
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Figure 7. Effect of different catalysts on COD removal of catalysts-H,0,
7. TEMEWFI-H0, #BE& X COD EBRMIRF M
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MEIHFTTLLE H, O XA NN LBR%~13%, IAMEAFIG, KAKFH COD LBRERAHE, HEE
~30% (@1 O3l H,0, LA XT COD M £Br3), TEUbIEAE FINABEAIK, AL A R ZR X COD 2k
M 29.9%FE 2] T 40.9%; AT B RMIEFEF, BEEKIIIIAXT COD 1)L FRi&A R EIFFMEH; 1
AL C FEMEAL AR o T 55 7 (038 tH AL Rk A, X COD 1l e r=AE 52, AT AR B HE
COD MR . Bk, o7 UUE e g Ak, k7] A 5 0EUK IR A ] LU T COD ()
FRRCR, WAk B AL C A RBLH B T AL E AL R

YSFMAR By CTERSA - XE/KMEHA A R YRR 2, pH MU LR EAL T A #1472
HHEE T pH 1E 4. 8. 10 AR MG HELE L COD LUk . K18 N pH 43518 4. 8. 10 %&1FF
AL A 5 XU KRS & A A B i A ALtk /K o COD kR, NIRRT U Y, 76 pH o 4 %6440
AA i AR COD LBRIR, vk 50%/4 4. pH A 8 244 N COD LBRZUR N 43.8%, pH A 10 £
f) COD LBRACR N 36.1%, WBHBES pH KIFHE, COD MRt FREMES, BRIERRAEF T
A TE A -H,0, LA R S COD B3, S A S 51 RS IES —8. %5
IGULHA, TE A E L LRI R, IS RIS KRA F T COD HIZBRI, {H2& Bk
FUHEAT O, RIS ASE AR AL TR, AT pH H 828, IR AL 1E T I tE pH, DU
1 COD M ZBRACR, MR RG24 B RV 2 1R T AT LA - XK A fiE Ak 2B COD.
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Figure 8. Effect of different pH on COD removal of catalyst A-H,0,
B 8. T[] pH xHEHL T A-H,0, 384 COD ERBHR

4. R BB

1) PASEBRIEAL TR K 45 5 B (TDS~40,000 mg/L, COD~3000 mg/L) Ak, %8 7 RAMALE T
JRAK A WL 25 38R TR B fb i T804 2 h O3 B K 24 30 mg/L 2514, COD 25 Bk %1% F1|~50%.

2) HRTHAFAE. FEHE. HO, I, N T 2Rt —ES% . &R ERELHHE
FAERARAE NG, & a1 SO Xt COD bR AT MR, H,0, & &+ nn] LIS COD
ZRRACR .

3) MEE LA, Ziki COD ZBpRURH A my, (H TS brKRE Rl T4k TR K 4 B
SRR, COD FEREMIEMEFEMA N HIR &, R REIA R ~5000 /) 22 bR, UL B M4 1)
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FrEE L COD FiE, BAREITBOKh . COD EHEMSB I E, ML b AbTEXE LI .
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A BIR SSL bR T2 is AT %M.

BERHRAL TR AR R R AR 5, 5 RS S — SR KRR AT LA, AR A3 A DSt vy 2k A 2
Grtke WEARKESR, AUEAR WP BNEAR UL BEEAR B GAMAL, WRAEAFRBRKIS, &
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