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W OE A e LK B 05 B AR A Y R A, 38 T DNF-O,-BAC T 2 XA LR K AT IR AL B, R %
AN L B IR AT AR S A X IR K T 2 R R . COD. UV, LA KoY 7 I i 43 A AT TR B
F8 T AN AR 5 K2 C/N LG X DNF BT i Ak MERE R 52 e, JF#5E T DNF-O,-BAC T 20 U B Ab 3 47 £k 12 /K 1 L3
GERFRW . MOKIMFR A 2h, SRR BRI, 7E C/N R4 51T, NO-N EERFKH 96.7%, HIL
T ENO, N R O, B HEAER &K 20 mg L' AF, UL COD M EBRFR N 45% A4, BICKREAR 02 L I,
UV, ZBRFIKE] 14%; £ O, BN 20 mg L™ & F T, I L8 fl B8 (8] 25 40 min, AT COD 2 B % ik 5
42%, B/CHAETE 028, UV, W EBRFINE] 34% 47 ; MWK, 45 F Hih <1 kDa (A WL LI 69% L
F+3 86%. 45 HICH L4 T 1) DNF-O,-BAC T.Z 117K H1 COD 2 25 mg-L™, UV, f2EFE 0.11, TN A 2mgL™
DNF-O,-BAC T Z 5L T AL IE KA VLY A TN B REAR, X8 T Hrbrife

KR RELR; o, &Mk AfEK; AAET L KA

R Tk A, Bk Z 0 Atk TArk A= d =4 T ke afeEk, Kh&aa
WA RACRWAT Y S 2 MR ALY, Byt . RARmEY SN, J&8 Tl
PR KM, AR K EHE AR, oK B AR 6 A AR B K R B HL B AT R AR, S TE AR K R
WM RKEAR, ATy AERY, BEE RN, 2 Z 9 E B0 A g K
) COD Fl1 TN ¥ B XfE DA 2 R (s K A 21 7K 05 Je W HE i b #fE ) (DB 12599-2015) H1 (1)
A by HEPL S T ff K BT IA bR R RE AR A AR R K B fE S, X A A R K S AT IR AL

AR, WA THZHMBA T2, Rk ik (SND)W ., JRE Z A b (CANON)P! | Ji
PR Ak 2 A Ak (SHARON)! il S5 i 4k & b (DNF) %8 1.2, Horh DNF T4 EA S H /N . B &R
By X SSH —EMBEEN . FRGEFK I AT K I E R A (HRT) 82 . KoK BT R 42
L O IRFETRESEILE, MO AV T Tl i KA 5 T A gET . PREE AR S5 A b B
s % TV 2K B F DNF i &L, HiK TN SE39(E R 4.43 mg- L' #1725 FI| H DNF 1E 2% K (1)
WEABTZE, RIUEHKREE 10mg L LR, BT, & WABAEY) RO &8 (MBR)!', HjE- &
Kis BHA: 2018-11-10; RAHHA: 2019-05-26
EEWE: EHZOKEG Y86 56 B RHE oK LI (20152X07203-011)
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ALY R EE-DUPE -1 BB, Fenton AL T 21, Seflas ik SF TR AN BH R HA AR By | M
DA BROK o B I g P HL . ml BE i A TS P AR i T o RS- WIS PR B (O,-BAC) T2 RN

O, Aft . O KEHTE . WhPER Y B~ R . A=W AL AR 4 BhboR
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T O, AL T2 EA TR R A O, FALMIIE SN, BRI T e 2ol M. Fsrast
FIH Oy-BAC XF &R IEVL K 47K 58, 7K COD {U R 0.77~1.25 mg' L',

HAT, CA MBS KKZ Rl 1B K s AR 06 K, 6 X R A 16 A 1 282 7K iy Ak 3338 2R 1) F
U o AT LA AL A AR5 K A B )T A2 A T K R JEOK BEATIFSE K K R B AR AT
£ 48 M % J7 11 X DNF-O,-BAC 4l & T 2 #E 47404k, If HL 3 i XF btk K K B RR P98 T DNF-O,-
BAC A4 T 2474 B K B HLEE , LA DNF-O,-BAC 204 T. A BR A AL R K SR ih 5%
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Table 1 Influent water quality and
reference standards mg-L™!
o EBRHEAKOKET
K JF AR R NS DB 12599-2015 GB 31571-2015
A

TR 32.6~46.2 30 60
A 1.01~2.04 1.5(3.0) 8.0
BA 19.2~38.6 10 40
WAEERE: ND — —
THRRER 15.9~35.6 — —
A 6~8 — —

E: NDJy R s —JalehniE.
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Fig. 1 Schematic diagram of experimental devices
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#ro M, Oy R4S (3S-A10 B!, bt R &SRR A R THEA R, DUASERRIE, O, /" ik
KA 10 gL, FFAFEN 1 Lmin'; Oy ¥ B A (3S-J5000 7, b 5t [5) bk s BB A BR 98 4E A
Al); WA O, WKLY (FIX550-DO3-W A, TR G IHEEH T Z A RA R AR EY WA
MLBE RS, Hh DNFAH: R 2B, 0% 8 3m Ml 2.2 m, 2B DNF 3R & S ep Bk JiS o &l 18
10 cm JEIBRA N RICIE, IERNZRE 3.8 m, 55 1 Brm 22 m, B2 BiE 1.6 m. O, FEfAEA %= ¥
F2.5m, HEHEH 200 mm, O, 27 Al A B A & O, AL, O, 32 il i R i 22 2% O, i 3R
#v o BAC FEH DR A i Ak T RS2 i Mok GLALH LIS PE R A BR A R, Kiff 2~4 mm, TPk
JEARBGE R 2.5 m, NAEK 200 mm. SLIHTH], DNF T2 DIF R AR, DL MiRIE, L
UL IE RIS U RS e, HEAT IR, RN 45 B EEEDA 2 he
1.2 Ak

K A O ¥ BE RGN 52 O, & A8 =R &% O R (I HE ¥ & 0.001~800 mg L™, K
J& 0.001 mg-L™); 2R WA O He BE A I & O, K K H Ay O, e (I ¥k ¥ 0.5~20 mg-L™",
JE0.01 mg' L"), 2 Fp{SCES 78 UK Ay S0 ok i ik U AT A HE . Y PR ML AR X o T R
A : R H Models 8050 i J&#F (32 [E Millipore 23 F)) M & o >R FH B M: 2oF 87 19 B0 7 £ 25 A1 o3 D6 O B vk
(HJ 636-2012) & TN; >R FH By — 6 12 45 S 3 6O BE VL (HI/T 346-2007) il 22 NO3-N; - 2R H N-(1-Z55%)-
2 Y66 E B (GB/T 7493-1987) Ml 5 NO;-N. COD. UV,,, VLKA WL 43T o 2 43 A7 B I 52 2%
FH K AR SE N B I E T
2 #HR5iTE
2.1 ANERIREXT R A EE R R0

T A =g ik iy TN AN ikbr, Bk, R DNF T Z2#ATA, 20 A [k i & C/N Xf
TR A AR RS2, SO B fe A R EL A LR i

FETCAMMERIE AT, A RBRAIE, EZAA I FER, CODA 15 mg L™ [ iF.
HIFHETRE R, KB ME RN Smeg L M TH N, FE N #RATd, 7 REfF1E - E M YiHAE T
WA . WS, 7EE 1 H DNF —ZAE e &7 BURE TGP, A% DO IKF 0.3 mg L™, Ui
ANRERAS o WD 2 B, B BE R T IO Ak = A 0 | B g s T W e 221, HAEY)
A AR o FERE SRy, W] HERBR HL AL G AR COD R, IR, R R BLRE R A HLTS Yo (LU
COD 1) Bfi () JE D v BE A W FRAE L, 20 A 40 W A 1) 3 i 46K B A R U 0 2 40 W0 o 20 25

ARHFFE UL RN . FA S . KA R AL iR AR

Ay MR . DR 8 K 1 0 S0 T e D |
i, 20K B NHN, TR B OK TN 200 s LR B o
B, AELUAEIOKRRE, SOEBOKRILE 2 |-
W WS MBRIR . RIS G2 B, A S - A
P S BR IR A 0 AR R (81 2), UFRRE £ 1o I
& CIN 5 5 SM IR IR ) N i ©

WL Z BRSO, 72 HRT 9 2 h it 433 " 2"
VL CN N2, 35, 40 SREIR K], B 0 I
C/N (311, NON Bt #7 U & (K375 . HL NOJN NOSN NHLN

HERIEGE A

' C/N/NT 4 1, b2/l S 8] AR JE I NOS-N 1
ECNIT AR, HIT A REEHNOLNE B2 VBRI L R T koK R

Ao W2 P //ji . M CONK 4 I A B 5T Fig. 2  Effluent water quality under different carbon sources
B, AT IR, JLF A NO,-N Y with optimal carbon-nitrogen ratio
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R, KIEWe R B AOK T ESR . DI A kIR, 7E HRT i 2 h B, 4351 & C/N 4 fi6, 5L
5 RS C RN, ERARERIE B = AT, T BRI E, X5 GEPT A
A ] LA PRI A S 45 R — . LD PR A Ak e B R NOL-NAS T ot A R BR A0 B . T DA o R
HRT 52 38 sk 5 350 25k Jd D NOS-N i SR, Rk, Y4 2 M IR T i O/N R iR fE 4%
PEo mE 2R, LA AN BRYE, 7E C/NH 6, JLPSCEl T 5g & R mifh, #5165 hn 380 2 HE ik
Bt

A EE DA RN AE R B IR A1 O, 25 Bk 2[RI AR 0 Ab BRAGCR , A e B p B i, ke
PR A AR R . HLI R RS, 4 A A A EL 2 TR BN T 25 5 9K 22 B R Bk TG S A B
BT, i H A AR Re AL A AR, BT LR A S 5 A A B A i LB v, TR AT R Ak g
1Y F ARG, 8 2 B B 57 NOS-N 75 46 A Al A v ™0 DA A WA i I, HH K TR ) COD B I iy
T CERAAE IR IR B 45 R, X TE4E O,-BAC T 2N T fifer. Bbol, MET LERENERIE, 5
LT B W R NOS-N B, T IR AT BB SR A A R AR A e R AR B TS RORT R A AR K
BLASZCZYKP WFGE B, 76 C/N N 4 (55T, TR A s 5 b 28 25 5 3028 7= 0T 181 A K R E AN
[ [AIEF, MARTIENSSENSER R 5Y R B, 624 o= 46 FF 1 A K NOS-N 18 58 NOS-N (6B 1, 1M
ANBEKENO,-N HE— 238 J5, DT T SO [R B2 B2 19 W A PR S A R 4
22 O, =3 COD. UV, KL B/IC. 3 FRED L HIAIF T

R ISE A R AL, H A DNF T 2T Al & iyl . Al 7Kk COD ik#r, % O-BAC T.
25 DNF T.2ZWH, LB i IE AR iR g A oL . LA KPE R IROK, BF5E O, B i
FSE B BRI XT O, AL RE 1 1 5%

O, BMHEL X COD. UV, #1 B/C MIFZ M AN 3(a) i . BEE O, NI, COD M 2Bk %
K B/C A 1075 Ak, 24 52 BEAT 0 b e T 5 i 3, B/CEWAE EAE 0.20 LA o UV, W27k R AR
TEAE B B LSS R A T A ML DL K & C—C RV FIl C—0 XU 75 F AL & W ro e, HLRENE A 5%
R Fe K o [ A HLI Y FE O, e i 25 mg L' LAJS , COD 22 B 3 Ml B/C 2 52 31K [ i 4
o, R ATRER , BN O, BN AR IS AT A5G A BB A Ak 5 K AR BT K rb S A AN R R T X
WEf ALY, R m R KT A bt s W O, Ak & el A8 A ALY 4 7 B9 SR K MR RG K M, 2 '
O, ' FECHNY 4> FHERS IR, TS5 T COD EBRFR T, 45418 3(b) 4047, BWE O, #in
BRI, TR E>1 kDa B B E K i HE B AR, 4> T <1 kDa 5 FEARWE ETF, W,
A LLUE B O, AALBRUEIE Ko F A WL 20 i L/ oy F A ALY o AR R K /N o3 v B SR AR AN AR
X T Oy A A BB M B T4 I 1Ak 22 S 45 R P, A& o F i R/, BT AE R F A
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Fig. 3 Effect of ozone dosage on organic matter removal
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LB 3 i /Ny B ALY R R, 7K b 9 — 38 3 43+ BT f <1 kDa BY/Nor A I 23 4% O, Ak
. MO, MBI T 2 20 mg L7 B, ks A W A AR D H E ARG, PR BEA T B
Ebk; =Ko, #nE, AASCRMEFIREIR S, nainiEtr A, maR Y. it
AL, 0, Bomi R 20 mg L' BF, BERTARIE O, 2 Ze kb B M 20 REFRIEIZ 1T I 5 P, ok
F#20mg L' H O, Fli N .

O, #% fil 15} [A] Xf COD. UV, A1 B/C [ 5% M 25 R an &l 4(a) s o 24 O £2 filt i 8] 42 K % 40 min
Jo, ASAERR R RR A AL, BURT, UV, MIRBRR A 34% 247, B/CHBRETE 0.28 /£
o AHEE T HMLESE 2 10 min B, Wl AEfRPEA Frde Tt ot ud B, Sl B A R, b AR
xR 2, AR TFAHITG YL &SR O, et fa], A8t — B 5 A sl B i 5 K A BT
PR W B MRS L, R TR K A AT A At o Bl R s TR A SE 4, COD 11 25 B R 52t B S 3
ThEr R, SEE Al A] K 2] 40 min 5 SOF BT BRI S, (Had B H il o] 8 S 5 BUE K TR R4
FOLYS Oy BRI N, AN HAPERE 0, M2 H 2o R, [R) e 4% o e i R F L3 o 3
WA . 454K 40) 2 M, SRR S 10 min B, 437 B EE>1 kDa B9 A ALY © WA %000 i 5 5%
A6 4% fil 5] [A] 35 3] 40 min B, AHES T K, YA ID ELERR G5 H 9%, 51%. 75%. 90%.
62%. T2%. Li L RTiR, Ml A A KA A TR O, AR, NI SE B K 43 1A HLY I 41
f NN A WL B B it o AL R — 2 G K R st a] R K 2> R A I AR AR AL, R
S A Ab BB

32

50 405

—— UV, KBR#%-A-COD L% ' et
—o0-UV,,, —-a—-COD —e—B/C - | ‘ -
31t {140 & {04 S > g3>100 kDa
~ /\‘\A @' ; f
T — — . & : I @ 30~100 kDa
- 30 130 #4403 > g
%0 — . . >§ H:‘z‘i B £310~30 kDa
= 4 M-
8 9t _— <o 1202402 3 <« Y 5~10 kDa
O hd 8 = 0
& 1~5 kDa
I 10 ° o1
] mm<1 kDa
“ 10 ]
27 L L L L L L 0 J0 0
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SRR kAt [E])/min B A (] /min
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El 4 O, ZmEtE X BN ERE I

Fig. 4 Effect of contact time on organic matter removal

2.3 DNF-O-BACHKETZRELEBALEK

Jg TR K GAARI H B, K E RIS 1T, DNF ol M-S T2 05 1 s, @t s
i UR HEAT TN [ 2588 5 O,-BAC BT 3 %2 FH - J5 /K v X B i A7 HIL 40 Al DNF PR T v 3k d ffk Y8 ) 88 Fi
BAT KA R A A Is 1T BT AR A5 . BATHT R 14d, B SSHA A T 2B 7R, #ELkisty
10d )5, HKSBIRIEATE . HE S@) A, HF7 DNF F A T KELRE, 55 DNF HK
COD #j} 50 mg-L™'. it O, %Afb)G, RAMRITHIK COD 2k 40 mg L™, XE—H Ui T O, %A fk
RENS ELEZRE R0 o0 /N oy F A ALY, AEATME LGS 2 H K AR . 38 i BAC BRI Y 2E W RV S 19
27K COD RUETE 30 mg L' LA, AT R B An b if . AHELS T 57K, DNF 7K UV, tH
XK S, 58] 035 240 . X HES HA ROAE AL D) Re i Ak W 0 HETH 4 LA B A g RS 1 I 9 A
iMiid it O, B ALIG UV, BEE 025 24, X5 Z AT B s 45 11—, O, Ak vl W & R b ke s |
AR S M 2 X iR A WL . — 7 ifn, MERE R A LY A 0, R T 5 22/ BAC HLoTiHE—
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B COD; i —J7 1l , BAC BTG HY A I 1 o EL AT W BRI ARG D A vl i i 1) R A G 3 T
BT, AR I A RO N B AR A ML, UV, A RETE 011, H1 & 5(c) 1T
A, HETAMK INTEZdIJGREARTE, TN N 2mg L', EBRFEAA 93.3%, Wi KRk,
FE SR AT TR AFSY . H T 22 O,-GAC-DNBF, #F58 &3, FIJH O, &b 32 & 4 Wy vy
FIH M, #E1  DNBF $2 4t 8 Z ] B Y R H A HLY, HK TN<2 mg L, KB L. HiZ T 40
FEXT S Ut 04 45 in s LSRR FL A, A S R EUR RS AR 78 2 sl HK COD it m iyt |
O, NI & 2> T3 DNBF WA, AMUGEm R fbtEpe, mH SRR, SurtEi2E. Bhm ke
A0 SR T. 7, i 2 DNBF-O,-GAC, LAT5/KACH ) g K A IFUK, #E7K UV, 78 0.10 2247, MEFE
fE L8>, 7E DNF B HRT M 4 h 55T, K TN 25k 448 mg- L', HFrF HRT &K, H

80 0.40 [ -= Jfi/K --DNF 40 ¢ .
~JiK —-DNF i1 —BAC - J5i/k —~BAC
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o 030 | ~ 307
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Fig. 5 Removal of various pollutants by combined process
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1) 3l 52 2 Bk IR 45 7F F NO;-N. NO3-N [ K BR3R A1 COD i F| FR &L, iE B 2 R 0 A Fe 4
WU . 76 C/N N 4 1F, NO;-N £ ik5 96.7%, JENO;-N FLE, JLASIH T 58 e ik .
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20 mg-L™', BAZRFE M E] R 40 min, FEUL SR, COD Fil UV, 25 B 340 51 1T ik 3] 42% Fl 34%,
B/C nli5 % 0.28,

3) i M 5E DNF-O,-BAC A& T. 2SIt ik, 7045 2] O, A AL B AT # 7 B i A AL A
BAC % F COD il UV, 1 BRI STHE 5K, DNF-O,-BAC 4 & T. 2 AR A 20 K B A Ak E /K iy
YY), meZ K COD RUE 7 25 mg' L™, UV, A 0.11, TN F2mg- L™, KEREEH (W5 K
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Efficacy and mechanism of advanced treatment of petrochemical wastewater
by DNF-O;-BAC combined process

SHAN Minghao, ZHANG Chao, GU Mingzhe, SUN Jingmei, HUANG Jianjun"
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Abstract In order to solve the problem that petrochemical wastewater is difficult to meet the new local
standards, the DNF-O,-BAC combined process was used to perform advanced treatment of it. Various nitrogen
forms, COD, UV,,, and molecular weight distribution in effluent were tested by ultraviolet spectroscopy,
K,Cr,0; oxidation method, etc., respectively. The effects of different carbon sources and C/N on denitrification
performance of DNF unit were studied, and the advanced treatment mechanism of petrochemical wastewater by
DNF-0,-BAC process was also explored. The results showed that the removal rate of NO;-N could reach 96.7%
and almost no NO,-N accumulated at C/N of 4, HRT of 2h and the most suitable carbon source of sodium
acetate. At the best O, dosage of 20 mg-L™", the removal rate of COD was about 45%, the B/C ratio was stable
above 0.2, and the removal rate of UV, reached 14%. At O, dosage of 20 mg-L™", the optimal contact time was
40 min, and COD removal rate reached 42%, the B/C ratio was stable at 0.28, and UV,,, removal rate reached
about 34%. Compared with influent water, the proportion of organic matter with molecular weight <1 kDa
increased from 69% to 86%. Under the optimal conditions of each unit, the COD in effluent of DNF-O;-BAC
process reached 25 mg-L™', UV,,, was stable at 0.11, and TN reached 2 mg-L™". DNF-O,-BAC combined
process could realize the degradation of organics and TN in petrochemical wastewater, and the effluent water
quality met the local standards.

Keywords advanced treatment; ozone oxidation; petrochemical wastewater; combination process;

denitrification
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