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Kinetics and mechanism in treatment of hair dyestuffs production wastewater by
heterogeneous irradiation
YU Bo-ming, ZHAO Zhen, LI Wang-rui, XU Tian-yang, QI Bu-ri"
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Wuhan 430000, China)

Abstract: PU/CN catalyst synthesized via hot polymerization-impregnation method is used to catalyze the
degradation of hair dyestuffs production wastewater by electron beam irradiation.The catalyst is characterized by means of
XRD,BET and SEM.The degradation mechanism of the catalyst for phenol and other three target substances is studied.
Results show that at an absorbent dose of 9 kG y,COD declines by 54. 2% ,and biodegradability rises by 62. 1%.As for

four pollutants at a concentration of 200 mg-L™" | the removal rates after irradiation range from 82. 3% to 92.4%.-OH,

<0, and h" are identified as the dominant reactive species involved.

Key words: electron beam irradiation; catalyst; degradation; industrial wastewater

PeRFNA T T K o S A% B e REE R AT
Al 2E T BRY RFIAN, BEK A ] AL A
R AR LA R4y T2 TR HLER LA KA
T4 FE 52 4 B TR R, I 2R Y 5 — 51 3L 4B H i
(AP) 5S-FFH-4-5-2-HHIEW; (4-CAP) il 5-
F-6-5-2- W HAEW (6-CAP) %5 X L) [ /3 T
ghifgfase™ A R v B R TR) PR R R A T
Ae LA A MBURIER (W55 &G |, 18 U5 B YL
KRN 7= K AT R E

FL - SR R RS VTR B A Re o b2
R T ok T A O B TS e
SERRE i, T R 30 A K A i e AR 1 R T PR
T (4n-OH (e, Al-H &), SEBRK B HARTS 340 1)
AREREY

Alkhuraiji 45" B B BE A T L SR R
AR S G (590406 e B8 22 IEAH G, 6 8 Rl I 591

SIS | 28 1 %) [ A 2ok B A 6 1 — 3l 7
2, HAE pH MR A R TR B () B % . Chen
2 100 s B AE W AR 4 15 kGy B, AT 25 34 F)
100% R figt , 38 3 1S 15 H TEHLES 1 Sk R 28 1
AR/

R T A HLTE G AR I RRAZ 1T AR
A L U BRROR 5 A v SR B AR I G 1
o AR EALRR (g—C,N,, CN) 1E S —Ffn] J4 3
JCHURRE R TC A A AR B R AR AR e
PESR LA B AL 2B R e e R AP A (AR R
MR AR TF B R R (PU) 43 g
B AL TR R R ) T 2K IS SR 1Y 43 B T
W, B AL A R T SR R A, L TR A
PU M43 1N ¢—C N, Bt 6l & th Z L5328t
FCN, HHELT ¢—C, N, $ilA M4 43 2 FLBR A FCN 41
BHA H, A B0R 5 15 Y PR B 808 A o 22 42

%5 B #A3:2024-05-20; & B H #7:2025-01-01
BEEWH . EHE A RREIL 4T H (11875138)

EZEN . TP (1998-) , B Wi+, FEMFFE I M5 KB, 270528@ whut.edu.cn; JiAi H (1988-) , 2o, Wi+, B %, BF 55 77 161 15 44

EREAEAR  WIREL R A, qbrl0@ whut.edu.cn,



2025 F 5 B

Tto Zhang %SV L PU A B4R, DLUA AL A B
(GO) .g=C;N, RFEHELLT , 3 2 i p 11 2208 o 4
PU-GO/g-C;N, =Tt E MK, 5 WIGH LG,
PU-GO/g-C,N, Z &M B E FHE B 14 2 B A7)
A 92.06% , F I K47 fe e k5 nT B2 R Y

NG K N PR IR K AT AT A P AR
A PU/CN AR I3 Hpe AT R AE 04T, 2k
A A1 EAD FEXGF I 7K K ST ) A, R A AR 1 1
FAMLE 325 A PSS LA SR G ERE B, X
ftr= AT AT

1 RAF SR

1.1 X7

PRE AN BRIR Eh R R S-SR
Wy S-EI-4-F-2-FHEOR W S- K -6-H-2-
FHEDR I 6P 2RI (BQ) BUT BE(TBA) JRIRFR =
LB (TEA) BRIROR BRIRER | IR B A AR
B BRIREE G RERER T BE (gl | rbral, [ 24
A2 R A BR A ) A 77 G R R A 72 K T
2021 4% 9 Al s i e R R~ T,
JEIK AR L AL B
1.2 {38

X B £ ST BET R ARIIRAY ; 37 %
SFF 1 7 PR S L S BT 5 R ARROR i S A L
AR LT AR ETEA s T g 5 18 IR s XU S8 4 5 o AT
KV AN As ; 40 -0] WAt

2 LA E

2.1 EKKR

S HLBR &R TOC 4374 (TOC-L CPN,
Shimadzu ) HATIE . 2 A& (NH,-N) R JH 4 ]
A3 EE (HI/T 535—2008) A& (TN) SR F i
I BRFREH 55 40 43 6O E T (HI/T 636—2012)
A 1T LA YT (UV-1800PC, i3I 2
1) HEATINE . Ab2E T U (COD) I >R F 4%
FRERVE (H)/T 828—2017) ,5 H AEfL 7% & (BOD;)
W R T B 5 4R (HI/T 505—2009)

HHLIS YAy AP 4—CAP H1 6-CAP Rk ¥
1 R RE 6 1% 4% ( HPLC , Shimadzu LC—16) #E1 71
FE K2 Sk 28 A MR ORI 2% ( Shimadzu SPD-16)
i3 B2 1) 3543 ( Agilent TC-C18,250 mmx4. 6 mmX
5 wm) AT B, b S A BE-K (62 :38)
T s, FEIR I E 35°C, E M 0. 4 mL/min, K9
KR 275 nm, HEEEE N 20 pL,

T8  FBMBERLIBLR LT £~ RN NEF SHIEHAR - 145 -

Y RN IE K 8 3 EE o3 FIA LTS Sy iy v ]
Y% H UPLC - MS J5i i 1% ( Thermo Vangiush — QE
Plus) #1755 i ] Acquity UPLC™BEH C18 i
(2.1 mmXx100 mmx1.7 pm, Waters, USA ) , I i
0.3 mL/min, AR R S WL, SR 0. 1% LR
FIFF I B6 FEPEM B A B R FH Masslynx 4. 1 %K
(' Thermo Scientific ) , i 1 43 AT R F & 411 & 4 4
3200 V IEBC I AR BT 55 L B (HESD) R, 251k
S 67 L/h, B IRE N 300°C, MS RAE R
AR (50~1 500 Da)

2.2 EHFINHE

KRR -2 BUE G L PU/CN MEH, B 5%
DAPRZE M SR, 3 5 40 R 1145 g—C, N, , T s
TER PU B4R I 2 mmx2 mmXx2 mm 377
A, 6 FE6 FH A AR v 88 75 T DB 30 min, BRI
HH 11 g-CN, ;RS PU M4, A BRA W iz
Fyber | R /3L 30 min J5HE TS PU/ZCN 1K
2.3 ERXW

JIT A s B SIE B0 1) R FH A PRk TR 2 1o FH FL R
FEFTHY 0.4 MeV HLF i 3 2% 52 1%, & iR 2
400 kV, B F S B I E N 2.5 mA (MR &=
1 kGy/pass) , 1& 267 3 J& ¥ € N 10 m/min, fif H]
FWT-60-00 7 15 &8 £ 77 52 F s W AR it IR
SIS N E AT, B BRI ISR R BRIk
RGN i SR R TR, AR T 8 emx
12 cm KA AE T BRANAE 348 O 5 mL, PU/CN
AR W S N S o/ L, BRI E 34
SEATRE  FRIRIE T 0. 22 wm AL 8 I 5t 0 I e 2
P IAT)E SR, @it LC-MS 5 HPLC 5%, 4%
B i R K 4 Fh 22275 Y )ik B R ORI (14, 56+
0.12) mmol/L AP (22.88+1.34) mmol/L.4-CAP
(6.16+0.35) mmol/L VA M 6-CAP (4.61+0.05)
mmol/ L, {45 I 2H i b A7 e 2 5256
2.3.1 #—FHmBRER

A3 B B R B R 200 me/ L AOZE Y AP 4-
CAP .6-CAP i, 75 4 B S 56 FF 1A i S8 X5 Y )
BEATUR R, W2 BFFIRFE) R 12 T, HEAT IR 1 ~
9 kGy Y HLF AR IR S5
2.3.2 PU/CN A&+ #H4E A AL

A3 S B )RR BE Sl 200 mg/ L AUZE B AP 4—
CAP .6-CAP ¥ , % & EB .PU .CN LI & PU/CN &
GARE 4 AN XTI ZE, PU 41, CN 20 [ ik B R
2.5 ¢/L,PU/CN B & M BHA B W L &N 5 ¢/L,
PEATIRSCRIE A 1~9 kGy FlHL 7o B S



. 146 - LA 4L L

2.3.3 A wAMREE

RERGEANR) A R ST e W B R A AR B
PR FNAE 72 R K T 2% R SO BE A il C ) 4 Fh ik
BV, X 4 B EARTS Y AT R SR AR AR
S, Ay A 0. 5 mol/L AT B AR IR R
Bl = 2B AR E AN, 30 min A5 2R B TS
P A 3, WIGRE R 1~9 kGy,
2.3.4 PERER

SR VPAR A AR ) B VR S 0l T ) B R B R
200 mg/L A AP 4-CAP 6-CAP VA, 5L &
RV 7= oK HEAT FE 3, AT WAl 2R 9 kGy I
TR SCE FR RS PU/CN & A ADRH ] B 5
30 min J5 38 3 WK, 2647 5 IRTEHS,

3 RS

3.1 WRBIRIE

XPRAREAEAT N, S5 R BE 0 Bk, an &l 1 i
o MRS SN IV AL SRR 48 A H3 AU ] 26, FLAR
KEATE 20 ~ 40 nm Z [8], 5142 F B 26 T FL

4 20. 05 nm 1 17. 57 m*/g'"")
60

Bt/ (cm® - g7)
5 88 38 3

(=)

02 04 06 08 10
AR EII(p/p,)
(a) N, W B/ i BFH 25 R 28

0.0

— 2.0x107f
E 1.6x10}

%0
T 1.2x103

0 20 40 60 80 100
fL42/nm
(b) Barrett—Joyner—Halenda LR

F 1 PU/CN &AM N, %05 %M/ B

K2 B/RT PU/CN BEME LS, W
K 2(a) iR, g—C, N, B A S 2R Z5 M, 18 4% (0 2 1
AT DA A R o % P 6 A, AT B TR RO 1 i
U8 2(b) s PU 4R 5 30 e RDEHT A ST A
FREEH ; 118 2 (c) \2(d) TTA BIF A PU W45
KA —Z LR g-CN, MARMWE , Z VAR 5
e e

oo
=]
X
—_
=]
IS

N
(=]
X
-
(=]
L

dV/dW/[(cm®

e
=

45 BIET 1

(b) PU 545

(¢)PU/CN B45 %
(JBK 50 %)

K2 PU/CN & & # ki SEM K

& 3 S PU/CN MBI 21 4163 E A XRD &,
PU/CN & & EHE 3 000~3 500 em™ ' Ab H LAY FE 7
Xf W N—H AR IR 504 ;2 850 ~2 990 cm ™' Y il 4
WAL E [ 2 PU AHRHT FE L S 3 1 i 45 i 3
U s 7E 2 150 em™ AbMER B (W AFAEIEXT I C =N £
SRS ;1 200~ 1 650 em ™ ZEWLELE] (R4 AT LA Ky
C—N ZeIR AR IR 50 ;806 om ™ AL AR AE I X I g~
C,N, MR =R ot A M 45 R 3h' . XRD & A
27. VAT 5 W o 7 B AH LAt (002) 1) A7 S5 0

(d)PU/CN Z &8
(JHK 100 45)

BRI %

4000 3500 3000 2500 2000 1500 1000 500
/em™

1—CN;2—PU;3—PU/CN
(a)FT-IR

1

MLA“ 21

ISR B /a.u.

1020 30 40 50 60 70
20/(°)
1—CN;2—PU/CN

(b)XRD &

B3 PU/CN & &Mk &AL



2025 F 5 B

10° ~ 20° 4 55 5 1Y T T 06 Sy 5 2 i s B AN J ) &t
X f 5K Hcide 0
3.2 FEHEEREXEKKRBKE

WE 4 FioR R IALHS  COD {5 F R 2,
b 2 OS] 14 AT T AR 8 48 o, >4 i i)
9 kGy B ,COD MR ZALEE ) 35 800 mg/L. FEAIK
Z 16 400 mg/L,COD {HIH/ 54. 2% B/ C (M5 A
f19°0.391 EFH% 0.634, AT Ak MR T 62. 1%, &
K TOC LB IR AT 1) 5 1 R T 328 S0 /), € BH 2 7K v

40000 1.0
= 1
2 350000 o 10.8
E \A‘;\c
= 24000F 10.6
g 2} <
& 160001 / 10.4 &2
= o
g soo0} o2
o

s - 0.0

7 10

2 4 6
WAl k Gy
1—COD;2—BOD; ;3—B/C
(a)CODy, .BOD; B/C

12000
~ 10000
=
0 A\
Ewoor™a—sa
8
£ 6000
4000 2 4 6 10
WGl B/ k Gy
(b)TOC
800
?600 e
£ T3
& 400 )
Y ~
z L —_—
g 2001 Ay
=
ol

3 ] 6 10
WA B k Gy
1—TN;2—NH; -N

(¢)TN .NH}-N

200 250 300 350

P /nm
1—J %K ;2—1 kGy;3—5 kGy;4—9 kGy
(d) WBRE

B4 EAGZEMEXFETECE

T8  FBMBERLIBLR LT £~ RN NEF SHIEHAR - 147 -

AT MG Y W 7 A E 2 R 4 BE Ak B rp & A B A A
FH . Bt IR MG 1 38, K TN A 2 s/
#ONH; -N {HE2 B3 nTREMY R R Z B AP,
4-CAP 6-CAP (KBS , A= i) h a] P= 4 ffi A5 NH -N
R, AR T IR K i RS IR /K W B 2404 B
R B WG R A R, WO /N, T RE R
Ji PR R A D AR IR AT 30 T T ARG 3] ) 40 o 7 e T ot
P A A B, AR IO RN
3.3 BWRSHUNIEREMINE

WE s s, FERIGRI R 9 kGy 4@ BRI, 4 F
15 YW BB AT 3R B K B 86. 8% AP 82.3% 4-
CAP 92. 4% F1 6-CAP 90. 9% , 45 53¢ W A 24 4 45 1R
VISLNORERINGEAL/E SR S ai] S e 1T gl
N P = PN i QR S ) 4 R Y
IEAHDG, it 4-CAP Rl R m bl AP [ %

el

o Xl a Al;c v 4-CAP_ < 6-CAP

1.0g 25
~ 2.0
0.8} S1s a
o T 10f &
0.6} 0.5
9 & o034 ¢ 8§ 10
Q 0.4l % N ] R R/ Gy
02} ¥ R4 g g
005 2 4 6 8 10
Rl K Gy
ES5 RERE N 200 mg/L B A5 44
M f 1 T

FIHHE— B 1240 FEXT 4 Fh HBRTS Y911 1
ffpad BT ) 1R E [ (D) ], H i A&
TGUHIN Dy 5 D,y S T3 17

-In(C/Cy) = kD (1)
Horb ok R R (KGy ™) 5D WISR R (KGy ) .
F1 DAZRESH

e 7] E/kGy™ R? Dy s/kGy Dy o/kGy
Ay 0.21 0.98 3.3 11.0
AP 0.15 0.89 4.6 15. 4
4-CAP 0.24 0.91 2.8 9.6
6-CAP 0.24 0.97 2.8 9.6

Dy s Dy o7& 2575 Y W) LB K F] 50% . 90%

i B [ 2(2) K (3) 1.

Dys = In(2)/k
Dys = In(10)/k

(2)
(3)

FRECT A 3 Fh AR5 3Ly, AP L5 BT 5 i



- 148 - A, A L

R, B BT AT IO i AR K B A WO
AN, BARES Y5 B A R b AR By R
XV PR 0 %) 5 4 B 7 i, PRI 22 B R A 50% 42
FHZ 909 A3zt 2 H T BT R B IR 1
3.4 FEHEERAEX T LY EBRVLEI T

Kl 6, PU MR A — & W 4, PU/CN
A MR BE AR RO g, GRIiR 9 kGy B, B
fi# 3y 88.3%, % AP #4143y, PU/CN & &R
TEWSGRI IR 9 kGy B, B30 82. 7%, PU 134
Xt 4 - CAP 7 42 Ay WA G (1% i BRE B0 42, Wi i) o=
1 kGy B}, W P 4 - CAP B8 77 & ¥k & L
70. 8 mg/L, A HT PU/CN & & MR IS 77 A 1)

(d)6-CAP

K6 PU/CN Z & M EHE F 3 544

55 45 HI1BF 1

MR T2 TG e IR A . 6-CAP LFRE S
W AR S TE R 56 AN [) ok B 2 22 ] ) B it 4 5
AP HIfl, PU 45 g-C,N, XF 4 Fpi5 ety iya —
FE BT, PU/CN &G AR B 34 8™ A (9 i R]
SR E TR T HA N g-C N, 585 P2 A 4
HLF-25 OHG Ye M i e i
3.5 PU/CN E&#HHEIRLIE

43 S e B 200 mg/LL 14 4 Ff H AR TS 28
VTR, TEWGRI R 9 kGy (25 T A TR 3R SE 56
SR EE RN 7 FioR, 4 Bl HARTS YRR R R AE S
WA RGBT R 3. 6% ~ 5. 2% , 36 K728 4k
TRER/IN, B PU/CN MOBHEE 5 IRTEIRSE 58 )5 , 1
Xt H bR R A e B0 R A AR TS 1Y L R
T KAWL A 5 o/ L RIS A 9 kGy HY4R
PER AT 5 IRIEER LI, 4 Fhis e b 2 B 2 Bl 16 34
DB AREL /N, 28 PU/CN &AM RHE BIUR
KA AT R R G mT R R

1of
N ——a——a——4-3
%"9 'i"?\—ii——%ﬁ‘
o8l ——3 1
i 2
07
06 2nd 34 4h 5k
PEFR B
(a) B—IRW
1.0
0.8 ‘s
H
£ 06| 8F—t——b—yz 5
%o.s 7 et
20.4- Oy s —o——a— 4
o2
0.0

Tst  2nd  3rd  4h 5th
TR UBL
(b) Tk K

1—4 W ;2—AP ;3—4—-CAP ;4—6-CAP
K7 PU/CN & & #BHE 3 L5

3.6 FEEHEMIRA
X4 B H RIS G iiAT B B IR, A H
F 3 il 4 R 5 R IS R A R X R OGRS
ac:%:zz [25—26]O
®2 BHEHEANEXZR

FE SN RGBSR R R
TBA -OH TEA h*
BQ -OH, -0; N, 0,
KBrO, e




2025 FE S5 B

WE 8 frzs , Xt TR B AL 1 5, BQ 4 A 2L
W 22, MU o 9 kGy B, 2K By B i R
23.1% , FEJFF A BQ J& - OH 5 - O fi# /1 ; Hk
J& TBA 415 TEA 41, K& f#% 0 33. 7% \37. 8% , 3= M
-OH JGAEZS 7T b 5 - O, fE R ff A bkt 2R,
M AP 4143, BQ 4 [ fiff %0 fi 25, B A SR ALy
27.9%;TBA IR Z N, 45 TEA UMK T8 14
Rt A A T REAIG, KB BR - OH 5 - O 7F H b is Y
Y1 AP Bt BRi R T EEAESN, 0, Htkss
FCh AR T —EMEH . X 4-CAP T, BQ 2H %
AR i 22, WA R N 31. 1%, TEA #H P& it R Ny
50. 4% , TBA &R Ny 45.3% YW AL T2 (A4

1.0

. @e Q@@‘os (6}’ (@V’ N

(a) %W

@’O N0 @‘05 (6}’ &Q,Y* Q,Q,

(b) AP

ﬁé/@ %w@‘os &Q}* &%F &K

(¢)4—CAP

?’;,Q N9 @‘0'5 (6}’ @} QQ,
(d)6-CAP

K8 BmERHRKLR

FE0A% . B ERCIBR AT £ RKNE NS SHIRAR - 149 -

) 77. 9% , FE AR AR - OH - 05 56 A 258 /U HE R
fpd b R T R SEH . 1 KBrO, 45 N, AR
W90 61. 8% 5 71. 5% , = WITE 4—-CAP [
fipd e, (0, WEE T EEAMEH]; 6-CAP H o
(4 A RSB SL IR A RS AP AL,
3.7 MEBEEYMISH

HRAE LC—-MS P I L 1y B4 A v T (A &5 6 5
B A k2 X e R = T HPLC 434, 4551
WNIEL 9 FT7R A T ik o i 2 VA7) o ) 388 KT/

A 15} 2.0 “:
I 12r \ L6 g
E of —s— gl 12 £
= —8——ao =
= 6 0.8
§ 3F M?H 0.4§
#® Vi B
or ? ) ) . 0.0 &
2 4 6 10
WG/ kGy
1—2K W ;2— 2 ;3—BQ
(a) 7&Ky
~ 25¢ 10 :
::20- 18 g
EIS— \4 16 é
= 10f — - § 1% &
’é st /v__<}———-—§/ 12 f
= 5 i P
of = . 0 5
2 4 6 10
BRI B/ kGy
1—AP;2—2K Ml ;3— 242 ;4—BQ
(b) AP
:,:10- 13.0 j
';'c gl 12.5 —g'
£ |
E 6} % 5 20 £
= o 115 g
® 11.0
S 2f / i§\§\%>g {05 §
3ol §—§—52'—— oo§
6 2 6 10
'Eillﬁt?ﬂlilkcy
1—4-CAP;2— KB ;3—AP;4— 48 ;5—BQ
(c)4-CAP

S ¢

6-CAPY¢ i/ (mmol * L)

© = N W A W

(=33 m/m
-

S O M

o o o

%
1]
4]
alilly
1
l%?ﬂ?‘smfﬁl'(mm;l L")

—
(=]

R B /Gy
1—6-CAP ;2—# ) ;3—AP ;4— 2.1 ; 5—BQ
(d)6-CAP

B9 W amk R A



- 150 - FAX AL L

WSl 1 kGy B B A BH S /) T S Tk B %
P8/ IN DB I i R AR 199 £ ok 5 I 2 T A
TN, KBRS SRRk B H) 3G a3 R B i
JEMBREIGE IR, BRI S AR SR Al X
SRR FIE SO H NG9, ik 2L id 7= ] 5 0,
5B TE U A3 4 A H 3, DT & A I3 ) A
RN P, AP TERE L R oA /D i A
VR A B, v TR A T 1) e R i R WA 79) ) 28 A T A
frifi g, FWIXE - OH - O, #EATH IR 15 AP VR B AE
IR IR 2 S5 e AT IR B 35 /0N, 0T 1) e 2 it R A
KGRI K, 4-CAP 5 6—CAP FEM " Wyik
JEAL AR, HAERE ot B rh A AP 194 g,
AT ERIE T 7 IAT o A s 42 v W A 1 AP G 9
Ry TR S5 AR Ao v 1) A e TR 357 o A AR i P 3 K
(IR PNE

4 e

(1) NESZEARF LI T 4 Fp E 25 YL W) (K
[} AP 4—CAP Fll 6-CAP) , 7544 2% bk % 55 W i 57
A A OG, R AR e — B Bl 12, A
TORIR] H bR e 5 B R vh i R 3h 0 2%, #E RO
N 9 kGy I, BA—35 e W) (€, = 200 mg/L) H
HAnTs Ye Wiy 2= %N 82.3% ~92. 4% , Hirf 4-
CAP HIRE R fe i, AP IR R

(2) TEFG IR SE 8 R PU/CN EA MBI 258 5 ]
PEER T H BRSSP 0 B i AR R, T LU 06
Tl K A S G AT R A, B S U BRI S A
BIEREH ARSI, W HIE R, B A MR R
R AR SR RS T B G (A A TR T, TT DAE E AR
R RV IREE L7/ TE5] 5

(3) HHFEFE KL R LY, -OH, -0, 5 h”
FE 4 Fh BARTS G R g R b R 2 2O 2
TEF . WEoh e, W5 T 4-CAP 1 6-CAP 4 18
458

S 3k

[1] Towns A. A review of developments in industrial hair colorant
actives for oxidative dyes [ J ]. Coloration Technology, 2021, 137
(4):301-335.

[2] Biesterbos J] W H,Dudzina T, Delmaar C J E, et al.Usage patterns
of personal care products ; Important factors for exposure assessment
[J].Food and Chemical Toxicology,2013,55.:8-17.

[3] Liu X, Wang J.Decolorization and degradation of various dyes and
dye-containing wastewater treatment by electron beam radiation

technology : An overview [ J ]. Chemosphere, 2024, 351, 141255 -

55 45 BIBT 1

141273.

[4] Zhang C, Chen H, Xue G,et al. A critical review of the aniline
transformation fate in azo dye wastewater treatment[ J ].Journal of
Cleaner Production,2021,321.128971-128987.

[5] Lellis B, Favaro-Polonio C Z,Pamphile J A, et al.Effects of textile
dyes on health and the environment and bioremediation potential of
living organisms[ J].Biotechnology Research and Innovation,2019,
3(2):275-290.

[6] Thihara R F,Marchioni E, Lordel-Madeleine S, et al.Degradation of
profenofos in aqueous solution and in vegetable sample by electron
beam radiation[ J ]. Radiation Physics and Chemistry, 2020, 166
108441-108447.

[7] Deogaonkar S C, Wakode P,Rawat K P.Electron beam irradiation
post treatment for degradation of non biodegradable contaminants in
textile wastewater| J |.Radiation Physics and Chemistry,2019,165:;
108377-108382.

[8] Li W,Ye Q,Xia T,et al.Degradation of organic dyes using the ioni-
zing irradiation process in the presence of the CN/CD;/Feg com-
posite ; Mechanistic studies[ J].ACS Omega,2022,7(25) ;21418-
21432.

[9] Alkhuraiji T S,Boukari S O B, Alfadhl F S.Gamma irradiation-in-
duced complete degradation and mineralization of phenol in
aqueous solution ; Effects of reagent[ J].Journal of Hazardous Mate-
rials,2017,328:29-36.

[10] Chen L,Shao H,Mao C,et al.Degradation of hexavalent chromium
and naphthalene by electron beam irradiation ; Degradation efficien-
cy, mechanisms,and degradation pathway[ J].Chemosphere 2023,
336:138992-139003.

[11] Sayago-Carro R,Piqueras-Pérez P,Du R, et al.Pt-Ni contact engi-
neering in carbon nitride based photocatalysts for hydrogen produc-
tion[ J].Journal of Environmental Chemical Engineering,2023,11
(5):110921-110931.

[12] He J,Ye Q,Zhu Y, et al.Enhanced degradation performance and
mineralization of ciprofloxacin by ionizing radiation combined with
¢-C;N,/CDs[ J]. Radiation Physics and Chemistry, 2023, 208
110958-110967.

[13] Zhang C,Pan D,Zhang Y ,et al.Reasonably design of hollow spher-
ical g-C3N,/Mny ,5Cd, 75S heterojunction for efficient photocatalyt-
ic hydrogen production and tetracycline degradation[ J].Journal of
Environmental Chemical Engineering, 2024, 12 (2). 128971 -
128987.

[14] Li Y,Ruan Z,He Y et al.In situfabrication of hierarchically porous
g-C3;N, and understanding on its enhanced photocatalytic activity
based on energy absorption[ J].Applied Catalysis B:Environmental
2018,236.:64-75.

[15] Zhang X Y,Sun H J,Peng T J, et al.Impact of graphene oxide on
visible light photocatalytic performance of graphene oxide/graphitic
carbon nitride three-dimensional structure composites| J ] . Environ-
mental Technology,2022,44(26) :3997-4007.

[16] Li Y, Chen L, Tian X, et al. Functional role of mixed-culture
microbe in photocatalysis coupled with biodegradation ; Total organic
carbon removal of ciprofloxacin[ J].Science of The Total Environ-

ment,2021,784.147049-147057.
(F#% 156 )



- 156 -

(7]

(8]

(9]

[10]

[11]

[12

[

[13

[

[14]

[15]

[17]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of engine lubricant oil[ J].Journal of Molecular Liquids,2018,268
925-930.

Jazaa Y ,Sundararajan S.Influence of surfactants on the tribological
behavior of nanoparticle ddditives under boundary lubrication con-
ditions[ J]. Arabian Journal for Science and Engineering,2021,46
(8):1-9.

Hou X J,Guan W W, Jiang H et al.Improving physicochemical and
tribological characteristics of bio-lubricants using carbon-based hy-
brid nanomaterials modified by tertiary-butyl-hydroquinone[ J].Tri-
bology International ,2024,194:109442.

AR RS, E AR AR RS U 94K Tio, MURL Y FE 52 1k
REAIFE : 55 75 Jit vl [l 2 e Ak B O R 2 R 25 307 18 S 4R
[CT. L T PRALE A RIFFE BT, 2007.

EIBRE , KD | 58 L I RELE IR B i A 0K Fe, 0, LT
Ay T B T S 50 £ P 8 2 PR RE T 5 [ 0] T T 15 6 4, 2007,
32(3).:113-117.

DRI, KA W SO A T A BRI M 4 K ZeO 1 3 I
PG BE A RE AT [ ] i 5 %% 5, 2007,32(5) < 112~
115.

SR BEHT, B/ BRBHT- S5 SN OB 1 S T e 4 Jn 5 4 F
FURERELT]. AL T, 2014 ,34(8) :53-56.

Kumari S, Sharma O P, Gusain R, et al. Alkyl-chain-grafted hexa-
gonal boron nitride nanoplatelets as oil-dispersible additives for fric-
tion and wear reduction[ J].ACS Applied Materials and Interfaces,
2015,7(6) :3708-3716.

Guo J X, Barber G C, Schall D J, et al. Tribological properties of
7Zn0 and WS, nanofluids using different surfactants [ J]. Wear,
2017,382.8-14.

BOEE T B S AR VR D BRI ] 4 1A M
FrRGAK Cu by KBRS 2 ERE [T ] #BE TR, 2019, 47 (6)
114-120.

Diez-Pascual A M, Diez-Vicente A L. PEGylated boron nitride
nanotube-reinforced poly ( propylene fumarate) nanocomposite bio-

materials[ J].RSC Advances,2016,6(83) :79507-79519.

Liang W D, Wang L N,Zhu Z Q,et al.In situ preparation of poly-

(L#% 150 ®)

Dante R C. Water photolysis by carbon nitride [ ] ]. International
Journal of Hydrogen Energy,2019,44(38) :21030-21036.

Praus P.Photocatalytic nitrogen fixation using graphitic carbon ni-
tride: A review[ J].ChemistrySelect,2023,8( 1) :429-438.

Wudil Y S, Ahmad U F,Gondal M A et al.Tuning of graphitic car-
bon nitride (g-C;N,) for photocatalysis: A critical review[ J].Ara-
bian Journal of Chemistry,2023,16(3) :104542-104573.

Rono N, Kibet J K, Martincigh B S, et al. A review of the current
status of graphitic carbon nitride[ J].Critical Reviews in Solid State
and Materials Sciences,2020,46(3) :189-217.

Changotra R, Guin J P,Khader S A, et al.Radiolytic degradation of
ornidazole in aqueous solutions by electron beam irradiation ; Impli-
cations to parameters, kinetics, toxicity and cost evaluation [ J].
Journal of Environmental Chemical Engineering, 2020, 8 (5):
104423-104433.

Liu R, Wang R, Lu J, et al. Degradation of AFBI in aqueous
medium by electron beam irradiation ; Kinetics , pathway and toxicol-
ogy[ J].Food Control,2016,66:151-157.

Nguyen T K A,Pham T T, Nguyen-Phu H, et al.The effect of gra-
nitride the photocatalytic ~ dye

phitic carbon precursors  on

LA AL T

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27

[

[24]

[25]

[26]

[27]

[28]

316.1

55 45 BIBT 1

ethylene glycol/silver nanoparticles composite phase change
materials with enhanced thermal conductivity[ J].ChemistrySelect,
2017,2(12) :3428~-3436.

Arrigo R, Antonioli D, Lazzari M, et al.Relaxation dynamics in poly-
ethylene glycol/modified hydrotalcite nanocomposites [ J ].
Polymers,2018,10( 11) :1182.

Harikrishnan S, Kalaiselvam S.Preparation and thermal characteris-
tics of CuO-oleic acid nanofluids as a phase change material[ J].
Thermochimica Acta,2012,533.46-55.

Moreno M, Armentano I, Fortunati E, et al.Cellulose nano-biocom-
posites from high oleic sunflower oil-derived thermosets [ J ].
European Polymer Journal ,2016,79:109-120.

Li W, Cheng Z L, Liu Z. Synthesis and tribological behaviour of
oleic acid-capped lanthanum borate/ graphene oxide nanocomposites
[ J].Lubrication Science,2017,29(1) :59-70.

Chen L J,Zhu D G.Preparation and tribological properties of un-
modified and oleic acid-modified CuS nanorods as lubricating oil
additives[ J ] .Ceramics International ,2017,43(5) :4246-4251.

Gu C C.Modifying the lubricating and tribological properties via in-
troducing the oleic acid in CuS nanomaterials for vehicle[ J].Optics
and Laser Technology,2018,108;1-6.

Gupta R, Pancholi K,Sa R, et al.Effect of oleic acid coating of iron
oxide nanoparticles on properties of magnetic polyamide-6 nano-
composite[ J ].Jom the Journal of the Minerals Metals & Materials
Society,2019,71:3119-3228.

Sun C M, Li J,Lin J H,et al.Effect of the structure and properties
for carbon graphite materials with oleic acid modified multi-walled
carbon nanotubes[ J].Applied Physics A,2022,128(10) :1-13.
Jiang H, Hou X J, Qian Y C, et al. A tribological behavior
assessment of steel contacting interface lubricated by engine oil in-
troducing layered structural nanomaterials functionalized by oleic
acid[ J].Wear,2023,524.204675.

XU RERR, LT, 22, 58 400K Ti0, 2 IR 3R & i )
Hor BBk 5 ()] TTHLA 7, 2005, 20 (2) : 310-

degradation of water-dispersible graphitic carbon nitride photocata-
lysts[ J].Applied Surface Science,2021,537:101315-101328.
Idrees 1,Razzaq A ,Zafar M et al.Silver ( Ag) doped graphitic car-
bon nitride ( g-C;N, ) photocatalyst for enhanced degradation of
Ciprofloxacin ( CIP) under visible light irradiation [ J ]. Arabian
Journal of Chemistry,2024,17(3) :105615-105628.

Ma X, Zhou Y,Gu S, et al.Degradation of hexavalent chromium and
methyl orange by the synergistic system of graphitic carbon nitride
and electron beam irradiation [ J ]. Chemosphere, 2022, 287.
132228-132237.

Al-Asfar A, Zaheer Z, Aazam E S.Eco-friendly green synthesis of
Ag@ Fe bimetallic nanoparticles: Antioxidant, antimicrobial and
photocatalytic degradation of bromothymol blue[ J].Journal of Pho-
tochemistry and Photobiology B :Biology,2018,185:143-152.
Actis A, Fornasiero P, Chiesa M, et al.Photo-induced radicals in
carbon nitride and their magnetic signature[ J ].ChemPhotoChem,
2024,8(4) :203-215.

Zou L, Wang Y, Huang C, et al. Meta-cresol degradation by
persulfate through UV/0; synergistic activation ; Contribution of free
radicals and degradation pathway[ J].Science of The Total Environ-

ment, 2021 ,754: 142219-142227. 1



