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W OE NTRXAAEYERMAIYERGEER, Bt e s . MWRSE . -OH ¥ JC55 5255 % A Py ik 19 i
A ALY K Z £ B(rthodamine-B, RhB) M B #EAT T2 45 RAMITTR T, o FI0RE IR . SO HLEK 3 A A% 2
Wy e kL . ¥ ME A 3 (environmental persistent free radicals, EPFRs) & ¥ f# 1 4 #L it (dissolved organic matter,
DOM) #4717 RAEW E 5 WFFE T AR SIS AF R, AR R TR EE ] 4% 14 7K Rt A FF 26 9 e X RhB. 118 W R 1 % i 28
Ao GARRWT: AE 200 °C 1500 °C O T A AR W H R I B B Y EPFRs {5, (AR 5 RhB 19 5
ANPEEL; 200 °C il £ 19 2E ¥ 5¢ v DOM & it i 38 /& T IC A B2 4514 Tl & AWy o s AL St , %4510
fig W] W AR i 200 °C 2B #yie X RhB [ 5 SRS B 32 30 3k — A0 0E W 52 41 G TT 175 5t DOM 5 A= 99 7 JUR: Hh EPFRs A
HAERTE R &G E A (R8N 05, dEmE#F T X RhB (19 .

XEIR AW BAYIB; Al WHEANLRE; Juif

AN REARBRE . RVRSZ, AR —Fh RGP, ARG LTS e K B D7 R B R4 Y
MRS, C@sE Tz Mo, g asin & 0 25 ¥ e BIVAT XA 24 i W% B 1 BE B2 = 40~
2500 521, R, 32238 B A W T B BEEAT T IR ADFSGE . SR, AR BB, A
Wy Jic ARl ) B Ot AR b 2B U AR E | 75 A B Y PR BE R AP B B &R (environmental persistent free
radicals, EPFRs), TFIBE S5 A MG e ATE RN, T 200 HLT5 G P 04 B i

8 3 A6 e B A (200~700 C) A W) e K A7 7E R it EPFRs. A WF5E3R W], EPFRs £ 54 HLi5
PR EAE R RS, R TE MK 7O sE A", AN A, Bk sy e
W S5A NI G kAR LR N, JEIKE LR AR . Ah, AESAMEIRTT , WA T RS A K
EPFRs B & 77 A SR, B AR YEEUN 2 (ROS), 2405 5858 [ il 4k (-OH) Flid & Bl & 1
H H 5L (05) 5817, X4 ROS SR WA B /o F A 5L, BoA A o SO G PEoR iy kR U, il
RELE A LTS G P ) A 121

E 7K FEAE FF 6 25 19 25 90 e X7 RhB A W BF S 56 v, R RE O 258 281 1) Sl 1y o i I 2 10 {ELARR IR o 45
(1 PR A5 5 B 59 ) A2 0 o o e 2 B8 S 3 T v R ) & (18 PR RS 50 Bk, X 5 Z AT iR SR
s BHA: 2018-11-30; RAHHA: 2019-06-28

HEWE: ERAKBEES W LRI H 41473116); ER HRFI# 34 E SR H (U1602231); E K A RE 223 4 1 X7
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HAHLTG Y % i A2 B 5 42 ) ik EPFRs {5550 B S E HL i 25 JROVR — 30, Rk, A= 9 ok % ik ] BE 20
FIET 2R ER  ARIR T & 0 A Y i AE i & B TR A HLBTRA RN SR 48, B AR A5G h 20 1 A
Z W R YEA HLT (dissolved organic matter, DOM), DOM A%, 43 4= B2 A $5 5 i Mk ok BR SR W) i, X se 4y
G IRAE T S b R v . BTt wFsE ) 48 . DOM X 43 ML 15 Yl 4 % it () o ik .
BRI, 7EAE9 5 -RhB A R, RhB [ RE S A HEGESREANE LM, Aliedai#—2% k&
DOM K 5 EPFRs B AH FAE FHXEA HLT5 G4 W) B A 1) 520

AW R AS [F) I BE 4 1 1 i 48 A= 4 o= Wk (H: EPFRs 38 B Al DOM 5 & 4 A [A]) %} RhB W A
A EAT 1T o b, DADCy AR b W BiE 5 e g, D38 b ' IR 55 % 0 IX 43 EPFRs #il DOM 7E 4=
Yy %A RhB i sk, oE—2 T A W - LIS YL 22 181 A EVE AL, DU R 2 e Ak B
A LTGS2 B RS
1 MR5RF%
1.1 ME5NEE

2N (CH,N, 99.9%), H i (CH,0H, 99.9%). & 4l &< (N,, 99.999%) . & 4l % <. (0,, 99.999%).
OB (3% {X (1100HPLC, 36 [ Z2HE(E A /) R A Hr JW-BKI132F, WOl e il); Al
W3 BT (TOC Select, 18 [E 7T 2 43 M1 & 52 2\ 7 Vario); A HLIT Z 40 (Variomicrocube, 7% [F 7T % 43
Mr &2 88 wl);  H I g 48 U 3% 4% (A300-6/1EPR, 7 [6 47 & 52 FF B 7 52); 8 HL it 40 A0 )l 42
(Tensor 27, [ 454 v FEE i es); 4446 kT UV MID LIGHT(Labino AB MPXL PS135 UV).
1.2 E¥REE &

PoKREREF B T Db, el AR 30 min(AR T E A EETE 50 cm®min™), HEgras <, IFEAR
[ B (bRi2 4 R-0. R-200, R-500. R-1000) #ffid B i 2 R FF R M A . [HIRI# 4h, AR
AHEZRIE, BUlAEYR,
1.3 E£YIRBFRME

SR b 2R T AR B ASC0 A (] et B ) 4 1) 2 o L R T AR 5 SR B BILAK 23 B ASCI 2 AN [m] iR
FEA Y g W R TOC & it RAA VTR abrille ARREAY % C. N, O, H, STTEMWT
it ok EPR DU E A [R] BE A= 4 0k (4 P B AE 5 5 B2 5 R FT-IR A2 26 W) o J0RE B RE A1 2tS
K H HPLC 5 S5 56 a5 F2 rf 75 W RhB ¥R EE .
14 SBWHE

A= W) o 6 R S RB SE5 . 43 BIFREL 40 mg 3B R [R]IE BE F A9 A= 4 i, e BEURET 9 EL 12500 Fid &
VW, BRALSCIRTEE 2 TR B —4IREA B TR RN P 144 h, S —URES SE B TR RV H 72 h,
PRE TN T RS N 72 hy R RORAE B35 A0 3 W h RhB (R, A A 1% & RhB %
WS AT RE, HEBR 24NN RhB B = A= 0 T4 .

FEMZS G, BB LW, 1AWk EARBOR oA 20 mL Z1E, KR A ERH 21
W2 W, @I, AR A TRDIR BE A AR ) e kT RhB Y R i

AN TR B2 il #8 A= ) sk DOM B fif RhB 5255 . BRI 10 g AN [A] 3 B2 1 45 09 A= W e i A BRI b, 43
SN 500 mL @ 4fiK, AFEARIED 12 hQ25 °C. 60 rmin") JFHG, #E 24h, BCEE WG 0.45 pm
VR, FHFIENLUEA TS, W NEWR L e RRAE YR il A R AR iE O S-0. S-200. S-500. S-1000; 43
SIMA S-0. S-200. S-500, S-1000, fiff RhB ¥ ¥ B a2 i1t 4 200 mg-L™', HACLHE 2 41°F47, I 24
FES 20 B T . SR H 72 he

FeI At (COH) WK S5 . PRI 3 2 40 mg LR iREEAE Yok, I ABE R IR BE 4o 0. 3.7,
11.1 mol'L™" Ay AL T B¥ (tert-butanol, TBA), ¥ K AH (Y -OH. 4R J5 4% B8 F 3R 18 WL EE 43 0 m A
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40 mg-L™' 49 RhBIE W, WAFRIE R 72h(25 °C . 60 rmin) 5, .00 FWE W, ] HPLC Il
T, FIARFEIAH BRI 2 ¥k, RIS RhB BRI TBA 173 FIRTIE, HESR TBA Xt RhB FER#HGTH
HE A E T A3 (0)) X 2K . FREC2 41 40 mg R-0. R-200. R-500. R-1000, 43 %40 A
80 mg-L ' RhBIFW, TEMALEY BHAT N Z /i, 4B E LAY RhB W — 4 A N,, 75 —ZH# A
O,, M2 30 min; FE I 2, 4. 6. 12, 24, 36, 72 h HtAE, W& b V& W H RhB (¥
FE, BB CNEAER 2K [RIEF 5% RhB S A 0
2 #ERE5iTE
2.1 HEYIRIVIBMR
M 1Rl DU, AW i b 3 1w AR A IR R 0 T S RS R T, K 19.5 mPg BTt #
136.8 m> g™, XUl IR R WM A Y kLRI CHHE R, CIUENASTRAR LT, N
39.1% F+ 15 2| 52.3%, H/C B+ A% Lb Fifi 2 5 B A 38 S imiom 2, N 1.62 R &2 0.520 Y #Rfif i B2 I
200 °C &) 1 000°C, AWmmizitls, LSRR (total organic carbon, TOC) % &M 370.0mg- L™
FEACE] 14.6 mg- L™, X U6 AR B s, KO- sy RS L, SECA VLR %6 5
HE A A3 L W TOC 5 2 bR T b 2 /D Bl % . Hob, R-200 5 TOC 5 & & F R-0, X 7] fiE
S T AV ARG, B e HAE AR T B 25 2 BEC . i il il 45 2B 9 i TOC & bl il
W, KA LB PG R P g i o, DR, IS W TOC & R

R OKBREFEYROEREBUMR

Table 1 Physicochemical properties of biochar prepared from rice straw pyrolyzation

- w%@F/ Eﬁm%/ TCR k% T IE
(m™g™) (mg-L™) N C H S o H/C (O+N)/C
R-0 19.50 240.32 0.61 39.12 527 043 39.56 1.62 0.77
R-200 28.81 369.98 0.76 44.45 516 034 3539 1.39 0.61
R-500 97.07 29.17 0.85 52.41 232 050 13.88 0.53 021
R-1000 136.77 14.63 0.87 5235 229 049 13.92 0.52 021
YRR S A EE N ERER, HZEAN] f(;g’ o
1 C=0
DL o A B 21 20 % i (FT-IR) Sk 47 I 42 [ r0e —cn, \\
FEl 1SR AR T B 7 42 0 5 I 2T 5 i wooy| WA 20/
ph P T LR, R T, A e W N
HRTERER R L T 0 . (IR R 3 A3 450 B‘:’%M\H Ve "
em ' AbF W, 3 DA LA Y N —OH B
N N N R-0
REl], IR EE ST 200 °C B, I Ab B I i 04 ) AN A A -
Wk Es U, FEPEEL 2 920 em ™ Ak, I A 2 500 1000 1500 2000 2500 3000 3500 4000
HEHB%%‘H‘X?E‘XXE’J CHzgléfﬂﬁﬁéﬁﬂﬁi)ﬁfﬁi o

Fig. 1 Fourier transform infrared spectra of rice straw biochar
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2.2 £ 45Xt RhB B UK M &% 2

WA B, Gl miR 2 a i AR Y e FLBRIG I, R m A RN 1), BN S
VR, BN T 25 R BUE Y ok RB I FERE 38R, (HAEE Yk 5 RhB B R Bl ) 2 ik
AWML X FER LS (K] 2)o ASHIFFE M A 500RE - 2K B RhB, X 3 0 B 5 5 A 10 B ik (18] 3). F A 2
AL, FERE SN 72 h )5, JEEEE IR, X RhB B EBRILFERA ., WK 3 Bon, LANEER
W36 3 KT RhB BB, o HOE R-200 7EGBR DUJS , RhB Y REARFE RS 5 42 0 o IS, L8
ZEXT R-0. R-500 F1 R-1000 & F 1 B i B S 52 AN K. (AR TR AU, FEARUS AR Y i i 52 56 40
Hi, RhB ¥ 7 keGSO IR TP R A B R AN B 25 . Bk, SR E] Y RhB R 5 A9 ok 1 5
NI
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Fig. 2 RhB degradation kinetics on biochar prepared at different temperatures
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Fig. 3 Adsorption and degradation on biochar prepared at different temperatures
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EPFRs {92 38 4 DL g I FE R IX ) . 24 25410% R-500
g F{H KT 2.004 0 if, EPFRs J& L& N 0 L5x10° -
H 3, g FME/NT 2.003 0 FF, EPFRs /&L _
B ol E s TS g 8T 2003 0~ g [ Relo00 A RO
2.004 0 fiF, EPFRs Ay A48 A vt AR g ot B gsao) \ Y R200
MG B HEEIARZR . AR 28 U BE 7Y A= 4 o |
%) L T IR 2L % (EPR) 13 (&1 4) K, 200 C
LI g NP2 2.004 08, 2
BRI LIS R ot A H 2, 500 °CAEYI R g N1 e
HRZN 2,003 23, Kk, AbAEEREER 4 FREENENEYESREES
PLECH O ML o i A R EfFAE M R & Fig. 4 Free radical signal of biochar prepared at
F 3k 2080 JE A A W R ) EPR S 2 A 6 15 different temperatures

559, FEE IR DR, EPRE S AITE 500 °C Bk Bk, Bkl B i ak st b, S Eca HLR
Hormy REHJ, EPRAGS SURIEES, Ik, 761000 C Hehil iR, A Y sA il 2] EPR {55
JLF R 0, AWFFEH EPR {5 %5 1972 16 5 RhB (1Y R A 2 B WA 0 B4 1 G B o B2 4R R-500 119
EPR {55 b R-200 &5 i 2 A8 2, SR 1M R-500 4= 9 5ic X RhB [ [ A i 2K T R-200, PRIk, BRT
EPFRs 52 M 4h, RhB (1) 5 v] G820 7% [0 2 (052 [ 2
2.3 £ 417% DOM %t RhB B[ fi#

DOM = W e i R FE A R i nT s e ML 4y o A XU 6B, DOM IR T &S
PR LR R RS EAR Y R . R, FRATAEIN, RhB 7E A=W o W B 2R AP G R AT R AL 2 i
e — AR mBEATAC AR PR A, AWk LAY EPFRs 5 RhB $%fil s, & AR T 78 [ AH JUkE L
PIRERRD s 51— A~ BT RE 5 DOM MY R B vE A G, e, ARG, DOM 2k, 5
A=) 1 JURE EPFRs 55 7K 43 F 50 ¥ i %0 A= ROS(-OH F10;)™ 2, R A=k i, i fif RhB 7£
W AH B B A% o T R-500 AT R-1000 B T2k AL F%2 B2 455 , DOM WY B i i 470, 5 3 RhB 7E R-500 Fl

R-1000 & 4t P (9 (IR %A%, 1ii R-0 f* EPFRs 5% 250

WA, ORI S E ROS, A A méae A 5 a

(EAH U 0 . 99155 DOM 7E RhB F % 1 1) @ ° ¢

YER, ASWEF08 A [ BE A= 4 7% v () DOM 5 éﬁ 150 o0

A SRS B K 2B SN B T = e

DOM X} RhB () [ fift 52 5, 25 3 an 1 5 o £ 0 $-500

5385 J5 DOM 7E 't I8 7% 14 F % RhB %A B 8 i o A 5-1000

W AL . . . . .

2.4 -OH FO;%} RhB HIFE A7 0 20 M‘[‘gr o 60 80
‘OH J& ROS iy — P H 2L,y YU 5 TR BRIAT DOM 3f RhB f b2

£ RhB [ A 5Tk, ABT5EEAT T -OH K Fig. 5 RhB degradation by DOM without biochar particles
A9 T ST S 3 X6 A [ 3k B ) % 1 A ) e AN
JNT R TR 2 (AU T BE (tert-butanol, TBA), 5 ARUN TBA #E47 %5 e, H X RhB 11 B fift = 4n %1 6 Jir
o B TBA VI E M 3.7 mol'L ™' 84 /13 11.1 mol-L™', RhB 1% [ fif B A& B 53 Mo 4 70 . 4 5
-OH J& RhB [ 9 F 2K &, TBA 5] AL SR 25 530 RhB R i R U] W PR . 080 25 1 (Bl 6) &
W, FEAY-RhB KR, -OH W] GEASJ& RhB R A9 2 A .

O; /& ROS W (1) — A E 24 BB 43 FEAY ik -RhB AR R il A O,, TTUMEHO; IR, H
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iE— 2 B UF Oy #E RhB FEfF T I PE R, 76 0 or

P 2 b 4y WISE AN, B O, W T FT R L A °

2R, A=W Xt RhB () I A FH A B W o

B2, [HUE RhB R AR FE R il AR £l A o R0

R BER2EM . 7ER200 (KR T, O, & fF Xt . g 0RO

T, RhB FEARRCREE R T 50%, {HJE7E R-500 & A R-500

I R-1000 1A Z i, RhB [ i R JEE 52 M 4 t

S AN & . PG, 7E R-0 R R-200 /K & 0, v ” = 2

O; %} RhB [ ff /E F AT e B8 i ik 2, X — 45 21 TBA/(mol - L)

5 DOM ¥ FE i It A AR A i AH DGk B 6 7[E TBA K8 T4 5% &2 RnB B 15
RYE LRSI BT, ik EXNTA Fig. 6 RhB degradation inhibition on biochar by

different amount of TBA
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Fig. 7 Adsorption and degradation of RhB on biochar (influenced by oxygen)
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Photocatalysis degradation of rhodamine B by dissolved organic matter of
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Abstract In order to identify the factors affecting the degradation of organic pollutants on biochar, the process
of photocatalytic degradation of biochar-rhodamine B (RhB) system was investigated through controlling
illumination conditions, gas atmosphere, and -OH quenching. The biochar composition, environmental persistent
free radicals (EPFRs) and dissolved organic matter (DOM) of biochar were characterized by the elemental
analysis (EA), electron paramagnetic resonance (EPR), and total organic carbon analyzer (TOC), respectively.
The RhB adsorption and degradation effect on the rice straw biochar prepared at different pyrolysis temperatures
were studied under different experimental conditions. The results showed that significant EPFRs signals could
be detected in biochars prepared at 200 °C and 500 °C, but their intensities didn’t match the degradation degree
of RhB. The DOM content in biochar prepared at 200 °C was significantly higher than other types of biochar. In
the photodegradation experiment, UV light could significantly promote the RhB degradation by biochar
prepared at 200 °C. The gas atmosphere experiments further confirmed that UV light could induce the
interaction between DOM and EPFRs in biochar particles and the formation a large amount of active oxygen
components (mainly were O; ), which promoted the RhB degradation.
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