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g-C;Ny/TiO, B G- 6 AL P A A SRk th K 2
5 ke

FRAE RWS, sk, ik, e R, F
R B PR 5 TR L 201306

W OE AR AY A TR R K P A £ 35 2 (polycyclic aromatic hydrocarbons, PAHSs) 75 Y 4 i A4 ¥ 7% 3 v
[a] A, A 48 A1 6 HE IR g-C N/ TiO, &2 & W Se AL R, 3B A N 58 3 Rl B3 19 R HKOK BEE AT I i b 3L, At
2 5 PAHSs 15 Ye W 3EA7 55100 T B9 AS TR IR B0 PAHSs 22 AE S 10 S0 10 S 1 ek i R B B e sl 24 0 SR
F W f4 5% (scanning electron microscope, SEM) 3 fiF 't f## A6 75 3 GO IE 50, R FH I3 AH £ 46 B & 42 RN 2K UK #f op
1 PAHs, &S H 635 -5 1% B F % (gas chromatography-mass spectrometry, GC-MS) 4 43 #f PAHs & & . 4 UV/g-
C,N/TiO, At A S R AL B8, R 7K Fp AN IS ) B0 AS Z8 00 4 T M A 280 e A 5B, 48 60 min J5 X 28 19 6 25 B o6
LIk 61.13%. KT 4 AAE M =35 PAHs, AR OR S C AR, DA =5 35 14 19 PAHS V5 44 W) 4% 8 9% % Ak R AR T
ALY SN EE . B FE. 2%, HhER SR KEEE . 450 a R B K0S HEL BT 2 8
PAHs SGHEAL IR T2 BA — @ 45k, X P RERAK) A T 2B R REa s EmE.
KHEIR AMCRHK BT ORI A (3 - I

TH H R 7K (oilfield produced wastewater, OPW) g 1 T FF 5% H 19 5 7K I T £ W 7K o3 85 4 R Ab 3L 5
32N H v Gk Bl IR E R Z280m AT 5SS KT R O B, 45T A AR e 7 TS W
TNRIFR I, S8 R K = B BE 2880, [ 2010 4558, 0 E A4 29 75 b BE A I B R oK
SLE L 10x10° m®, H R Z ARG NGRS, dnER R oKk B 5 80, 0 A ok 3 = B R oK 1Y 4F
ANHE T SR IR 3 000x10* ¢, 5 il A= 77 Bk K Ab B Y 90% DL M. il R K RS A LT R
ESSIUE7/ NN oy i B Ui IR (X TR 7/ TN ke o271 | IR0 S N 1 K% N TR v 7 = W b2 T S
Bl EE RS FRFBBEEY, WA, W, %, ZHE, Bk, GIlRELEeY . 2H 5K
(polycyclic aromatic hydrocarbons, PAHs) %P, PAHs 5 H A 2 > K UL L R IR 4504 () 35 A PE A HLTE G
¥ (persistent organic pollutants, POPs), X4 ¥4k HAG Eily . BUw . BURA W =2y, Hhrzs,
JE. %, 55 16 B PAHs J& T 35 [E PR 8 - 3" 2 (environmental protection agency, EPA) 1A 5& i X A 3
TR A= 28 fet B EL A VS AE R ) 9 0 e 45 i PAHSs 75 G 110 SRy i Ak B K AR AR il A R oK
H L A R Z2 800 B SR S 7K Y S0 HE Ak BT 20385 3 R A% 48 i) ) R0 B IR G AR AL b BRYE . A BFSEER
WY, AW hb BT 2 Re s A S L bR 2 R ZHCA WIS e, AN BE 25 B H SR 7K rb B 5 R 0T A vy vk
ks BHEA: 2023-02-02; FEABH: 2023-04-24
EE&WMB: W B Z B8 8B 47 3h 1T &) ¥ B B H (17DZ1202906)

E—EE: 2L (1995—) , B, WEBIFE, liqinghual9951001@163.com; BRIBISIERE: KWH (1974—), %, WL, @M%
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FER PAHs, H M T PAHs XA M7= A B #E FAEHT, M0l 7 A i A K AR, JF BA BRI
HICHCEE , FECS KA A A T2 A BRALRE R KRR, AMHEK BB s K, AMHEAK Sl A ik bR %
LR 50% Fe A7 1

MR, AR AR P G PR R HE RO ) H g m, 38 PR SR X AT R TG KB T T
P IERLLA Fe TF e IO7 FH 8 B8R TR B K A B A o % 3 FE R HE K TP ) PAHs 2875 e 0 I AP 25 B L
TR A R G ) 2 — A OCHIE A A B AT I USSR

BEXT K PAHSs AL PR 5 i R B FE AR 8 . W BRI . fhse Al e A b R i A
S AL A AR X T AR A PAHS B R HAT BB A5 R, bR = L RGBTk
IR HAE T A HAR U B 5 Je i AR 5, M HLR G520, SR A A ST Y T VE KR 24 i A 4t
PR KR ZE L JE . 254 REF PAHS ¥ 5T b (9 B 2H 43 BSOS S B O REAL S BR , SEEROKEE
S N T A BRI IE K, B E X 52 B H R H K o 2 2415y PAHS V5 39 3677 2508 7 e
A TE e AT o SR i BRI A 5 2

AWFFEHE S RAE T Fr R Y g-CN/TiO, & & Wi BOGHE LA A Wy s b -2 M B s J5 R 52416 4R
M8 g-CN/TIiO, & A i B4R R, X EC SR I 3R 3 0 R HHOK oK BEEA T B ff . BF9% 2 415 PAHs 15
YW S AF 45 T A TR IR 40 PAHs & 2F 6 A0 B0 S By i LA S L R A sh 12, DU 4 I A Dl
R 7K o PAHS A58 3 0 SRR OB T2 07 ik IR B e S 8 50 i ot mk , M4 2l 3% B 4 Tl o
SR KA FRAT AL R H S B AR T2
1 MB5ERE
1.1 K

SR FH AR s S T Y AKRE Ry RIS R Bl R M K . BKRE Y TR (C\ HyO,Th) . &
Bt N B (CH0,). 1F A EE (C,H0). 1EC&E (CH,,). H B (CH,OH/CH,0), iR (H,C,0,). & H %
(CH,CL), 5 N (C,HO), % FRIH B(C,iH,,CIN,0,), 2 P4 Z g —4M (C,,H, ,N,Na,0g). X 7 [t
(CH,0,). FEAb#1 (NaCl), PAHSs #5#E# (SS TCL Polynuclear Aromatic Hydrocarbons Mix 2 000 pg-mL™",
26 [ SUPELCO A #)),

SEEH0 T 7K AR SRy IR N R S =0 R K 5 K . XL EETOK AR S, BARSHON &
MR N 193 mg L, BIREYRERE N 112mg L, BEWHRERE N 296.5mg L, COD {4
F193mg L, EETHEREN 7148 mg- L7, BEEERH2152mg L, EFYRAZF(EN 5.6 um,
pH 4 9.89.

12 XBRNUBRRE

SIS SR AL RS - S 0% - I FH A (Agilent 7890B/5977B, 3 [E A RHE AT PR A )5 [
AH 92 B4 (3518 SUPELCO A 7l); A WAL (TTL-DCI, dt 5t [F R & RARAR); Ddky (LE
14/11, 1EE0FMA RN A, BT i bk a% (DF-101S, LI I RV BH A R A F);
ELA TR HLER (DHG-9143A, B HARRA ) TR B2 5 (XZ-1, BT B2 AU A R
ST SO WL SR EE T (U4100, B AR Sk B SLwIVE T 4 B T B 0BT (84800, H ANk
a4t H AL HIAERT) MRS R IETE S, X S AT 511X (D8 ADVANCE, 1 [ 4 4 i A PR 23 &),
PLS-SXE300/300UV AT (At 50 FESR B AT FR A F]), CHI660D HY i Ak~ T AEul (1 R AR 2~
Fl)o JEAEALRE AT HR oK SC g e o [, AR BRI E PR .

1.3 FELFIE &

VKRR IE DY Tl . CBENER . IE YRS He — o L BlIR A 350 )5 R G W W i b i L 8+

K, ERERAFETHE S, FHmEPIABEDECHR 0.5% 1) g-C;N,, 1740+ 8% FUE P i 43 B
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MR X % AR R Py g-CN, #E 4T 10 min
ST R, RIS R MR IR R . R
T 42 7 75 X TATL 8K 56 44 43 0 AT 1 IRA
2R, WS R LA TR T
R BE, 400 C TG4 2 h, 15 %3] g-CN/
TiO, & & ¥ B fiE £k 7 A4 8, 18 g-CNy/
TiO,-(1) Fl g-C;N,/TiO,-(2).
14 H#RRXESRE

JKFERAE . i FH 1 000 mL A5 {0 3% B SR AE
LS 3T FH 2Rt R SRR (BRI A N 52 3 3l R
I K A B G K ) SEATUREE , KBTIk
SR, R E2HEE s R )R

B’ o R w175
’/ 28WHSMT
io - N
CN/TIOAn) WPe e
N UES VS

1 PR RS KA B R 2R UV/g-
C,N/TiO, X EREE
Fig. 1 Schematic illustration of photocatalytic reactor for

degrading OPW by g-C;N,/Ti0, photocatalyst film under the
irradiation of UV Light

fragdt, IR R T 4 C T HDOGiE
FARAE, IHE T d N 5E R S
1.5 ENERIE

FEFE L TN B S B6 4 B, R 900 mL 3HY SR H KSR T R A B R Ry g R EA T S . g-
C,N/TiO, St A £k B5E A3 8% B 7 1 Bl 281.6 em? 28R SBUR S 28 W 1) UVC 4T, 45 414 JE o & o
5.7 pW-em2, %3 550 rmin', 43 914E 0. 20 30 45 L4 & 60 min i BUEE 100 mL, HKIKARICH 0.
20, 30, 45. 60 min, f5ZEAbIRIE) T IRIKAEFUE B R AL PR AT AR . GC-MS XA B LI,
1.6 FRIERTHTE

K 7 6085 (scanning electron microscope, SEM) Fll X B} £ A7 #11Y (X-ray diffraction, XRD)
Xof T i) & 118 Y6 AR A 00 B i 198 2 T FOUR TR 800 K 9 AR A S A T 3R AIE o SR T R A2 = i AR 3 o o P ' 4
A 300 4 516 FR e 7 3 PR EAT SR AE . B 50 mmx50 mm K /N g-CoN/TiO, 4 T BROG A Ak 7] 25 20
JE R TAER AR, ATH R A2 i, 40 R AR O X R, 3.5% 19 Ak 4NV W R <2 45 FL
B, LAHL - (] R (2-0) 1R 2 2 Ah ol i HR A b TR [) IR 7% B[R] 1) g-CoN/TiO, & A G AiE 1k
U, SRR HOE H g [0 35 P SR H 3 R RS T X AR SO A A B S R A R E R SR A S
HEAT 430, DATITAE T3 — 20 2 B e PAHS () A% #6542 o LA S mg- L™ B9 % PHI] B I WA A A 3 e
Y, 0.3 mmol B Z el £ R 44 (EDTA-2Na), 5 PN BE sl 0 R B AE S AN R B b S5 A KR, 2 %)
R Y5 Ye W HEA T AR A0 Y60 min J5 BURE IR G AR 780 ¥ e ) 1) e fit R

R FH [ AH 64 4 B — SR €6 3%/ 5% 156 FH 2% (gas chromatography-mass spectrometry, GC-MS) X 7K
FErf 16 FOLSE 1 i 09 PAHS SEAT RN 4347 o JEr WEARBCAE IO W IR o 1) hiE il s ke
BEHENC 0.45 pm YEAEAF 100 mL Kb B 5 K AEEAT 1L 38, JEREEAAE. 2) 6fk: SmL Z“&H ki, 10mL
FHEELL K 10 mL /KRR it C18 AR BURE o 3) i #F . Joih ELAS 22 L 1~15 mL-min ™" %) 37 32 4 B
AEFRE YRR E N AR A IORE , IR KRS B . 4) Bl T 5 4 T X ] AR A6 HOH: 48 S a5 T H
30 min, Je AT 20 min, S)PEMi: A 10 mLARFR L 1 1 f91E O % A G0 W B 1R & 1A iR 1R
SRy Ve 6 70 X8 [ AH 2 BORE Hh Y PAHs FEAT BRI, VEBEE AN 1~5 mL-min ', A € T3 O 0 4R DR I i
Mo 6) AWK : gl & VRS AR E IR, KR VEBIE T A 02~0.4 mL, 7) E4¥: i dEFE R XTAR
R R SR IR T e R, AL O e X ARSI AT 3 WIE TR, B IE TR — R RS E GC R, E A
Z 1mL. 8) MNAR: [H5E 2505 B9 SR B A A 20 pL 10 mg L' AOARTENR o b R /K AE [ AR 192 B
T AT B A IR AR AE IR AN TS A 0 TR 5K BB AR L 5T 5 2 mmx 1 mm /N SR ITCE T
50 mL B BB, R 10 mL AR 121 (9 1E O b A S et A VA W, 8 30 10 % 35 7 XoF
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B T NE BT AR . AR OIS B 2R OGR4 A B S 898 (PTFE, 0.45 pum) i 385 B8 A5 4
TSI o A2 TR [R] K A 361 AF 3 46 B 72 6~8,

3% 4 18 4 . HP-5MS column(30 mx0.25 mmx0.25 pm) {4, 3% K, #3 Jy m s 5 (dli
>99.99%), WA 1 mL-min'. FEFE TR 280 C, Aot uEre, WHRE N3 mL-min™, &
TR 5 K WIERIRE 80 °C, 1#+% 2 min, LA 20 °C-min' (35 B FHE 2 180 °C, 14%F 5min,
PA 10 °C-min~' A9 3 BE T+ 2 300 °C, fRFF 8 min, ik &k k. B 7% & & 7 F (electron impact ion
source) L Jra, HEIR 70 eV, RAE FHM T, B HIEE 280 ¢, LR 280 C, U
WATIRE 150 °C, %R W8] 4 min, SR FH 220 50 Wi = (MRM).,

2 #ER5iTR
2.1 FERFIEIHIF R

4 38 R 7 S MU T T SR £ 114 @-C N/ THO, T R4 Ak 30 1 Je M 30 64T R4, 45 SR & 2
Fii7R o FIOL, il 45 B2 g-CNy/TiO,-(1) v R E Aloi fa A R s B o5, O b kb, SRy
L0 [E) PR AR ALK . A ALBR A 3 52 N =0 A TR R (BT 2(a)); A 2 4% 2 )2 ¢-CN/TiO,-
(2) i 9 55 2 v A ) B B0, Al B AR . G R 2(b) FIHE P XU T R, g-C N, 5L 41 /N BOR B
AERSMG, 5 Tio, MR in 5 BEE R . XA BT g-CNYTIO, HL Ml z Bk 4k, it
HL AR TR S, TG A O R B e, TR T AR B R AR 2 U 4 B R
71, BEEDCHEA R RS Ty, [ 4R TR R PG 1 B IR IS L, BB B8 IR R g-C,N/TiO,

+ 10 pm

10 pm
4 .,‘_ L

(a) g-C,N/TiO,(1) (b) g-C,N/TiO,-(2)
2/ g-C,N,/TiO,-(1) #1 g-C,N,/TiO,~(2) B SEM B i
Fig:2 SEM images of g-C;N,/TiO,-(1) and g-C,N,/TiO,-(2)

V5 EL A i 1 DI A A R I R PO TR . .\ 10
Ja S B R AR 2 )2 g-CN/TiO,-(2) 1 7 . « CN,
JIEE ' A AT * % Y . g CN/TIO,

22 AR SR L wo

V-3 g R FH 1 g-CuNITHO, 4 4 1 I wklﬁjﬁizﬁlﬂi
AL A 15 4 -C,N, 1 IO, i Ak 301 9 X 528

(002)

4
fir 55 3 1 g X IR . 4l g-CoN, 7E 20 2 13.1° “wo ¢CN,
1 27.5°4k B o AF AT 5 06 X R F (100) A — .
10 20 30 40 50 60 70 80

(002) 7 J5 & 1 (JCPDS 066-0813); 4l TiO, 7 20/°)
20 4 25.1°, 37.9°, 47.9°, 54.7°F1 62.5°4b it 4% 3 g-C,N/TiO, & & RS S 4 (L 5 89 XRD 17§11 &
1IE A7 5 08 4 1 % B F (101). (004), (200)., Fig.3 XRD patterns of g-C;N,/TiO,
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o iR LARVE:

(105). (211) F1 (204) BLEKH#H TiO, A& 1 (JCPDS 021-1272). A< 3Tl 45 BY g-C,N,/TiO, & 4 Wi i
TR B 5 4 g-CyN, A1 TiO, AH [ A FRAEAT i e, SR HSH & BLEK A 41 Tio, Ml g-CN, B &

Qﬂ/\
23 REAFINALEMHESREY

4 A Ak F R A AR 4% Bt 18] A g-C N/ TiO,
() A AR T W DU A 25 SR, B SR AMT T
a5 EH, WS K g-CN/TiO, B G A i %%
IR A A R 8, FHIZ ¢-C,N/TIO,
526 R A R B R 0y O L B g
Jio X EGETMEREAKPE L 5. 8H
46 K1Y g-C,N,/TiO-(2) B & MG AL 1 /95
A I R WD v R B, s A A Ak T A
BEAE S 1R M 6 AR I % B T 8 0.80x107°
pA-em?, Fifi G AR A% B ) 04 2E K I A O
JEE WA BRI, H AR 8~46 d FLOG AR L U % I B
Wika g, 290 0.47x1072 pA-em 2, 7B HLE 52
R H R K 0 o B A R AT A L R
E BTG
24 AHRHKIEKF PAHs B 57 45 R

0.002

o 0F K
5 N———
<~: -0.002
2
& 0003 ; — IR
b E — Hi5K
i -0.005 R
& : —— 4546
+  -0.006 LS
R :

-0.008 | i !

0 1000 200 300 400 500 600 700
Ay fa)/s
& 4 g-C,N/TiO,-2) EER X EBREE
bif AR 12 AT B O ZE 1L

Fig. 4 Transient photocurrent response of g-C;N,/TiO,-
(2)versus serving time

5 R 16 F AL S5 0 1) PAHSs 4> F 2454950, 28 1 i H 2R 7K B 7K (0 min) H ) PAHSs 4% 4H 47

T, AJLLEH, AR KA BV PAHs (I] N F0RL 2 ZPAHS) Y %

% %
pa
TE Uil

e SR FIfE

L TR R R

Efi(1, 2, 3-cd)2E FIf[ghilek

B 5 XEFRRFE 16 MIALLIEFIE PAHs 7 FEHR
Fig. 5 List of 16 PAHs with controlled priority by the U.S. Environmental Protection Ag
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F= 1 SHERHKEKIKEE (0min) BHEFSH PAHs REiKE

Table 1 PAHSs concentration in 0 min

0 min/KEEGE I B)
PAHs RS LTp vy PAHs % # 5f1/(mg L ™)
/(mg-L™") /(mg-L™")
%% (Nap) 1.194 07 433738 5.53145
JE(Acy) 0.021 742 0.056 49 0.078 232
TEMi(Ace) 0.010 052 0.230 318 0.24037
Zi(F1) 0.021 92 0.267 536 0.289 456
3E(Phe) 0.046 805 0.669 296 0.716 101
T (Ant) 0.057 235 0.159 895 021713
Y (Flu) 0.029 166 0.251 054 0.280 22
EE(Pyr) 0.044 552 0.519 69 0.564 242
#Jf[a] & (BaA) 0.063 517 0.163323 0.226 84
Ji (Chr) 0.031 157 0.138 712 0.169 869
HIF(b)2< E (BLF) 0.072 649 0.155 904 0.228 553
A [K]FEE(BKF) 0.033 369 0.078 795 0.112 164
HIFEE(BaP) 0.024 312 0.082 777 0.107 089
EiA(1, 2, 3-cd)FE(InP) 0.082 25 0.175 794 0.258 044
ZAJf[a] B (DahP) 0.072 927 0.158 395 0.231 322
HIH[g,h,i]EE(BghiP) 0.008501 0.001 767 0.010 268
YPAHs 1.814.224 7.447 127 9.261 351
PAHs (it} ¥ it &5 TPAHs), H &1 b fy 2 Jf =F
[a] JEAH X H Al 15 o 7 2 0 S5 WY PAHS 2 a2 31577 230 Bt
Y, X R LA K R ) B A X R L R o
T 5T 2050 R B S LA 24 A 1 gy, ke
0B K 2o B ofa
/6 J 4 1 IV 45 SPAHS 19 45 it 77 4% dio B
WA, TTRLE . AW R MKk o o
St A AR, O B R S0%; T B % (i
I R [g h,il

N % o ] PAH 20% , ﬁ v
BB PAS Bt R F 20%, K i B 6 3SRk Bk kB BT A B PAHS

5«%421:3? [a] B G 24%, HEE-EYHE BERENH
P AR T s BELE DT i PAHS W) 51 1 R A1 A Fig. 6 Distributions of PAHs in original oilfield produced
TRSE o AT 0 A% Sk I 3% 1 R th K f waer sample

J Rb BKHRE , F X T AR 2 AT R ZE A E AR TS
PEUIIRETYE, RETE A B TR W1 U At A I ik T 20 X0 B S 9ty EH SR K o i 280 R o
2.5 AEFEKT PAHs X EXERNIN T ZRIEBRIIES

22 UV/g-C,N,/TiO, ek F Ak SN 5 75 B i 45 K FE L B8 B AL B, v 15 2 A i 25 5 RS 1Y
SPAHs 7 it 43 A B G A AL By B (Rl A2 4k, 25 SRl 7 B . WTRAR B, A iR K EOK ORI
Pt TPAHS(E (a)) 1 & B B B T i 25 SPAHs(E (b)), Bl & 61k Ak I 7 B 8] 4E K, AR ik
SPAHs ()& s 8 TREAL, M MA SPAHs W& EIEA T m . BT &&E S5 EZM 2028, L
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4 9
I B (g, h, ilEE
s [ ST
W (1,2, 3-cd)EE
3L 7 W
I I Rk
o o6 B I (b)a A
i ol § i
& @ 5 5l
S S =15
” “3n 4
1 ) 1 B 7
L 0 e
N B
0 1 " 1 " 1 " 1 " 1 " 0 1 " 1 " 1 " 1 " 1 "
0 20 30 45 60 0 20 30 45 60
[} [E] /min 15 [&] /min
OF 2 (b) A

7 Rz AS[E S HE AL B R B 18] 9 5 SR K R R BOR RS 5 S BUNIZS B9 PAHs 2 8
Fig. 7 Concentration levels of total PAHs including in dissolved and-insoluble PAHs in oilfield produced water samples versus
photocatalytic reaction time

S LIS i A A 2 AV 1) OB 2 1) B et S8 I A I A ke S T R ] B B I g B AR . 3X 5 2R DT AR P Y
R R G, H— %ﬁ%ﬁ@%ﬁﬁTu MORRRfRZE, B AE AT 2 415> PAHs LA 4544
T, ZERRE SR OL S AT SR B R, U LR KR N RS ZE T Bl R ) Bk . SR KRR &0k
%%ﬁ@ﬁﬁﬁ,ﬁ@8$%m%mﬂﬁﬁ@%% A5 2 25 7E 60 min i 25 5 R AT A
61.13%,

@8%ﬁ$ﬁ$ﬂﬁmmMﬁAﬁ%%@%ﬁmﬁﬁmﬁw%%,ﬁu%ﬁ,&%ﬁﬁm¢
MIZE 0 G LA AR, JEs . B FEMR AR TS FIEF, 436, 5 FRA6 I SPAHs %
%ﬁ%?%ﬁ%,@%ﬁi%ﬁ@mﬁﬁhmnﬁﬁ%£6 Yo 3 AT R R BEARCR oK B AE 9
B

1 & 9 TR XT g-C N/ TiO, JEA Ak B R A8 &% A Fl 56 0 D0 s 45 SR T UL, 7 5310 HE SR s 7K 555 el
%1, EDTA-2Na., 5N EEFIURERIX 37F0 [ H 55 78I 1 I A XT g-CiN/TiO, St A Ak 5 fir A5 A ¥ Gy
WP B AT —E g, 0,7 [ SRR GRS R BT 2 PR B e S o A o S
. NS I E A 60.min B2 PHI] B FEAE RN 6.34%, ik T 25X RRZE, BRtk, AT DL 7
R K B 9 PE S5 F T, @-C N/ TiO, X5 Y M b Ml B2 P A 2L A i 228 0,7, it—2
HR % NZILASEPTHT QIN 4827 (5, AT A0 20 HE SR 0 7K 7K i i 24 PAHSs A= 19 B i il 2 o

DA IFEE 0 B i s R o ], AR B At ok R P R B BT 4 TR IR, A AR R R R I v ]
Y Ko () PAHs Je AT A W ol 40,8 4 BREE . JaE . 3 BRTE . 2 BRZSLL MR AR 3L . M AR L DL K
AEXF R A BE 3E Ak PAHS fiT AP0, Gnl&l 10 firs, 76 26 PAHs FEfF 2 JER B, JE A M e
Wit — R R P REME . R, 76 i 26 PAHSs BRI IR R b, BHRFEMRATEIEE, S0 3E S ks
AR B . X T REE R 8 A E M S N IR . 36 PAHs MR TRUE S, JERUE G
(14 IR i R A T N TR, BE G AR R N I R R S — 2B R, JERT R B R N 25, I,
JE I AR AHE B 22 40 e 3R PAHSs Y R i Ak B R v B HR R PE T, DR B ISR A EE TG Y
TN DA WIS 3 A A6 SEBR i FE K A 35T 5 R G Ak 52 I T 20 5 e e ol B DA ki
A, BXFFHETF PAHs B9 L BRECR A Br s B

@nﬁﬁ%ﬁ%ﬂﬁm%%ﬁpﬂh S RO AR B N TR AR AL . wT LA B, BEE LA

N7 R[] 3800, MR AS PAHSs B & s AR R 380 . SBR[ 3 SR M0 0 i N . 1 E 4
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6 3.0 ¢
% T e
TOSF T25F —e—EkE
i~ . —a
2 4l 220} w3
= = —— 1A
= P A
2 3L /E\E 2 1.5}
e T3 W
- -
<1 Z ost
0 . . . . . , 0 - . g % '
0 10 20 30 40 50 60 0 10 20 30 40 50 60
[ f] /min ] /min
(a) 23XPAHSs (b) 35APAHs
12 0.30 I
~ —m— — —a— I ()P
10} — T, 025+ —o— [k )P
& —A— 2 [a] &0 —A— I
£ 08} —v— i g 020 —v— IF[a]
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Fig. 10 Degradation process of Phenanthrene and Possible intermediate by-products

[\
e
115%4.57%> 03 030, 32.72% 0 do
154% O Bl 43.64% Shole
’ %’6% O
1.65%  0.53% A

3.84%

1.79%
1.29%
435%
3.86%
63.14% 0.45%
4531% 36.93%
(a) 0 min (b) 20 min (¢) 30 min
/%
ol 49.29% N |
52.48% N 3%ke ‘ N —
Y917 L 1%
Y-48% Bk
2.14% B
1.04% =t
2.59% Ut
116% Y
=
75" ) (b)
0.64% = fﬂ?ﬁ
. 0 N
25.65% 31.01% I 7 (1.2.3-cd)i
) )
(d) 45 min (e) 60 min B 51 [g.h,i]E

11 RL [ 648 1 I R 160 0 3 B SR 7K o O SR RAS PAHLs & 88

Fig. 11  Concentration levels of soluble PAHs in oilfield produced water samples versus photocatalytic reaction time
M SEHIES, A BT ST AT AR R SR A T K b B 5 ) 7 b A IS T S

2) Xof it SR R K AL S 2 1 B 16 Bl PAHSs AT A I A 45 R WD, 3247 3R 1 7K v A A ¥ ORE
A TPAHSs 9 & 1L & T A4S SPAHs, HIH P 23 S92 . 3E . 27 SR RIR DT S8 & i o L 2 70%,
RIREGE I 3 AR B R A ) BE PE Y PAHSs ¥R | L 20%

3) MEZ Wk m  PAHs EAF Y 200 T, RV 0 UKL S Z8 O R M A S T AR e v, U HR KRR
g B Y K BR . 7E 60 min X ZEAY R K BR A AT A 61.13% . Bl G A AL S N I ] g 48 s B
(4 PAHs W] §llf i 2R OB . L 3B ZRAE, AT ORORIRACR K B9 A W ae bk . IR, w7 L5 A il
F R K BOLE RO 2SR Y PAHSs JERE .20, X ORBEIEA KT P B T 2B m AR . R stk
HAME

& % X M
(1] B3, VA, AR, 45, i 2R K B B b B AR 0], Tallk 55K, 2007(5): 20-23.

b3, 2000(7): 10-12. (4] T, 3eAh, TERTHT, 5. i R K T b 3R A SR S i ().
(2] Shom, R0, BRUK, 4. UV/H,O,/TiO M AL A Akt R th 7k rh 2 26 AT, 2019, 39(3): 21-25.

FFRR AR FRACRT]. REEAL2E, 2012, 31(12): 1874-1877. (5] Z=ueil, ERS, SR, 4. il BR K AT L AU AT (0], Atk

(3] SRR, SEFIE. IR R AT AR LR K& R R 0], Tl K T, 2002(6): 472-475.


http://dx.doi.org/10.3969/j.issn.1009-2455.2007.05.006
http://dx.doi.org/10.3969/j.issn.1009-2455.2007.05.006

5 6 ] BIRMELE . g-CN/TiO, R GG A1 iR K Th 2355k 1797

[6] IMAM A, SUMAN S K, KANAUIJIA P K, et al. Biological machinery contaminated soils: Technological constraints, emerging trends and

for polycyclic aromatic hydrocarbons degradation: A review[J]. future directions[J]. Chemosphere, 2017, 168: 944-968.

Bioresource Technology, 2022, 343: 126121. (18] FHEBH, XIEE, FIM. WMk L BREREE R L3RR st ). 4 T
(7] DA% FLRES &G BHE AR M. b5t E A A, HEJ#, 2017, 36(1): 355-363.

2006. [19]  ssE, XA, T o, 5. JeHEfure K BREE h 235 BF et
[8] PATEL A B, SHAIKH S, JAIN K R, et al. Polycyclic aromatic [3]. ZKE WA, 2018, 34(5): 63-68.

hydrocarbons: sources, toxicity, and remediation approaches[J]. [20] NGUYEN V-H, SMITH S M, WANTALA K, et al. Photocatalytic

Frontiers in Microbiology, 2020, 11: 562813. remediation of persistent organic pollutants (POPs): A review[J].
[9] MALLAH M A, CHANGXING L, MALLAH M A, et al. Polycyclic Arabian Journal of Chemistry, 2020, 13(11): 8309-8337.

aromatic hydrocarbon and its effects on human health: an updated [21] SUN B, LI Q, ZHENG M, et al. Recent advances in the removal of

review[J]. Chemosphere, 2022: 133948. persistent organic pollutants (POPs) using multifunctional materials: A
[10] ABDEL-SHAFY H I, MANSOUR M S. A review on polycyclic review[J]. Environmental Pollution, 2020, 265: 114908.

aromatic hydrocarbons: source, environmental impact, effect on human  [22] 2% B3, BRvK. - OHA G AL 5L 4 A ik 11 2R 7K P 22 IR D5 3 0 64

health and remediation[J]. Egyptian Journal of Petroleum, 2016, 25(1): WEFE[I]: IKALBEEEA, 2015, 41(1): 77-80.

107-123. (23] 2= yoHE, WRUK. T FER: /K e 8055 () 5 S AL Al - OH AR AL et
(111 W3, CY &5 7K B Ak b B3 B 75 7K b B AR £ 0F 52 [D]. B2 FRRAN PR R S A AR /T 0], FRBE T AR, 2015, 33(10): 31-34.

ELHHFE TR, 2015. [24] NI'S, FU Z, LI L, et al. Step-scheme heterojunction g-C;N,/TiO, for
[12] 2t 2580k, XIHGSE, 45, H IR HLISYed) 2 355 na i Wb it efficient photocatalytic degradation of tetracycline hydrochloride under

[3] tWARfE T, 2021, 50(13): 251-252. UV light[J]. Colloids and Surfaces A:Physicochemical and Engineering
[13] MOIJIRI A, ZHOU J L, OHASHI A, et al. Comprehensive review of Aspects, 2022, 649: 129475.

polycyclic aromatic hydrocarbons in water sources, their effects and [25] XU zZ, ZHUANG C, ZOU Z, et al. Enhanced photocatalytic activity by

treatments[J]. Science of the Total Environment, 2019, 696: 133971. the construction of a TiO,/carbon nitride nanosheets heterostructure with
[14] ADEOLA A O, FORBES P B. Advances in water treatment high surface area via direct interfacial assembly[J]. Nano Research,

technologies for removal of polycyclic aromatic hydrocarbons: Existing 2017, 10: 2193-2209.

concepts, emerging trends, and future prospects[J]. Water Environment [26] NZILA A, MUSA M M. Current status of and future perspectives in

Research, 2021, 93(3): 343-359. bacterial degradation of benzo[a] pyrene[J]. International Journal of
[15] PENG X, XU P, DU H, et al. Degradation of polycyclic aromatic Environmental Research and Public Health, 2021, 18(1): 262.

hydrocarbons: A review[J]. Applied Ecology and Environmental [27] QIN W, ZHU Y, FAN F, et al. Biodegradation of benzo (a) pyrene by

Research, 2018, 16: 6419-6440. Microbacterium sp. strain under denitrification: Degradation pathway
[16] GONG C, HUANG H, QIAN.Y, et al. Integrated electrocoagulation and and effects of limiting electron acceptors or carbon source[J].

membrane filtration for PAH removal from realistic industrial Biochemical Engineering Journal, 2017, 121: 131-138.

wastewater: Effectiveness and mechanisms[J]. RSC Advances, 2017, [28] WOO O, CHUNG W, WONG K, et al. Photocatalytic oxidation of

7(83): 52366-52374. polycyclic aromatic hydrocarbons: Intermediates identification and
[17] KUPPUSAMY'S, THAVAMANI P, VENKATESWARLU K, et al. toxicity testing[J]. Journal of Hazardous Materials, 2009, 168(2/3):

Remediation approaches for polycyclic aromatic hydrocarbons (PAHs)

(T4 Y 45 . W)

1192-1199.


http://dx.doi.org/10.1016/j.biortech.2021.126121
http://dx.doi.org/10.3389/fmicb.2020.562813
http://dx.doi.org/10.1016/j.ejpe.2015.03.011
http://dx.doi.org/10.1016/j.scitotenv.2019.133971
http://dx.doi.org/10.1002/wer.1420
http://dx.doi.org/10.1002/wer.1420
http://dx.doi.org/10.15666/aeer/1605_64196440
http://dx.doi.org/10.15666/aeer/1605_64196440
http://dx.doi.org/10.1039/C7RA09372A
http://dx.doi.org/10.1016/j.chemosphere.2016.10.115
http://dx.doi.org/10.1016/j.arabjc.2020.04.028
http://dx.doi.org/10.1016/j.envpol.2020.114908
http://dx.doi.org/10.1016/j.colsurfa.2022.129475
http://dx.doi.org/10.1016/j.colsurfa.2022.129475
http://dx.doi.org/10.1007/s12274-017-1453-2
http://dx.doi.org/10.1016/j.bej.2017.02.001

1798 ok L B ¥ W 175

Degradation of polycyclic aromatic hydrocarbons in oilfield produced
wastewater based on g-C;N,/TiO, composite thin film photocatalyst

LI Qinghua, ZHANG Li’, YANG Yi, YANG Jia, SHI Jiayu, YIN Fang

Shanghai Maritime University, College of Ocean Science and Engineering, Shanghai 201306, China
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Abstract Aiming at the urgent problem regarding the biological toxicity of polycyclic aromatic
hydrocarbons(polycyclic aromatic hydrocarbons, PAHs)pollutants in oilfield-produced wastewater, original
wastewater samples from an oil production site in Inner Mongolia were degraded by using UV irradiation g-
C,N,/TiO, composite film photocatalyst. The photocatalytic oxidation behavior and degradation kinetics of
PAHs with different benzene ring numbers were studied under the coexistence of multiple pollutants. The
surface morphology of the photocatalyst was characterized by scanning electron microscopy (scanning electron
microscope, SEM). PAHs in water samples were enriched and extracted by solid-phase microextraction. The
content of PAHs was quantitatively analyzed by gas chromatography/mass spectrometry (gas chromatography-
mass spectrometry, GC-MS). The results showed that after UV/g-C;N,/TiO, photocatalytic reaction treatment,
insoluble granular naphthalene was removed preferentially than dissolved naphthalene. The total removal rate of
naphthalene could reach 61.13% after 60 min photocatalytic reaction. Insoluble PAHs with more than 4 benzene
rings could be preferentially degraded by photocatalysis. Then the highly toxic PAHs were gradually converted
into acenaphthene (Ace), anthracene (Ant), phenanthrene (Phe), naphthalene (Nap) and so on, of which the
content of Ace increased significantly. The application of PAHs photocatalytic "detoxification" process in the
efflux treatment of oilfield-produced water has a certain feasibility. More extensive research is worth carrying
out in the future. It will be of great value to ensure the highly efficient and stable operation of the existing
biochemical process in petroleum production wastewater treatment plants.

Keywords produced wastewater; PAHs; photocatalytic degradation; solid-phase microextraction; GC-MS.
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