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Effect of Release of Endogenous DOM in Biochar on RhB Adsorption
CHEN Weipeng, LI Yaru” , ZHANG Xiaodong
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract The dissolved organic matter (DOM) released by biochar may interact with pollutants, but the composition of DOM and its
influence mechanism in biochar adsorption process are still unclear. In this study, the components and physicochemical properties of
DOM released from biochar prepared at different pyrolysis temperatures were characterized and analyzed. The influence mechanism of
DOM on the adsorption of RhB by biochar was investigated by adsorption kinetics and adsorption isotherm experiments. The results
showed that both pyrolysis temperature and biomass raw materials affected the composition of DOM. Low-temperature biochar (300 °C )
could release more DOM than high-temperature biochar (500 °C and 700 °C ). The DOM release of corn straw biochar was higher than
that of pine sawdust biochar. The main components of DOM released by low-temperature biochar were fulvic acid-like substances and
humic acid-like substances, and its polarity index was opposite to that of biochar. Adsorption experiments showed that the addition of
DOM prolonged the adsorption equilibrium time of acid modified biochar to RhB (90 min—210 min), and also greatly reduced the
adsorption capacity of acid modified biochar to RhB ( ACS300: 7. 86 mg/g—2.26 mg/g; APS300; 6.41 mg/g— 1.61 mg/g), DOM
could form a complex with RhB (adsorption rate: 14.29% ~30. 77% ) , thereby inhibiting its adsorption on biochar. In addition, it was
found that the content of fulvic acid and humic acid in DOMs was negatively correlated with the adsorption capacity of biochar.

Therefore, the more DOM released, the lower the adsorption efficiency of biochar on RhB.
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AW 75% ( biochar, BCs ) J& A= ¥ 5t FR S8 4 7= A
BB B B R VR R A i i A
A BN Ry — R g O I R R Y B B
DV R B, K REREFE BCs X BHES YLk I Y 3
WEANBH B ¥ YRk H 7% v 00 W B 3 2203 05 1o 25 58
AR IR m-m AREAEF . ZE0FA5 W9 R 0, %k
TR FZ R FE BCs BIREA 250 Bk M4 b A HIL
B H S fLE As HEEBMY P B
(RhB) ], iXS6fff5E F 8L P T A HLYLEHE BCs
AW ERHLEE . SFs b 24 BCs FH T4l 3R 8575 YLy
I, 23 Bt YRR 55 A AL ( dissolved organic
matter, DOM) , H 0 i £ 5% Wi V5 Y 1) 4 W B
I, A EE JE DOM FEME Ff il R 52

DOM & —Ff BA7 & 6 1 B RE T 19 57, HedH
il g A IR )Y S TS
SAFFARE . Yang S BESE R I, B4R T
pH & (KT BCs REREICE £ 19 DOM, Huo 5517 i
i ZHEVOCHEOR KB T B EIE S DOM (1) 41 1 AN
o A R AR BN A R AR A, S LAR BLOG
T DOM (B 5% F 24 vp T H X & 4 8 (W Cu'™ |
PbY Cd A Gt PUAE R (PUFRER R
kAR ) SRR, HATBCs 1 DOM
XA HLG AR B2 ma B 8 A R, 5 AN 15 2 DOM
Ifar s A ALY R BT, PRI AR SO 5 AR BCs
FIR 2 ) 5% (acid modified biochar, ABCs) X} 15
YL i W B 22 S, TS AR W B St R v B R AR DOM
X BCs W B 15 S i 5 )

T JUAE A ALY R 2 0 T 5470, 4
BREHESTHFER L7 ¢ Yok, I+ HLEB - HE AR K
T ER B A A R R A LY
PEAS By ELA i B FIME 2B ) 58 A S5 PR BT, 23 X A
e g Hod RhB ARy —Fpgl vz i B
HARBEWHE AR e—fi 5 % T
IR EELL ORI, HA o BRI FME A W et S 1 o
FEREE B A At N R R IR R A
T, I ARG R, ITAE SR RhB BT AR Y
B RS E T )z R,

ARWFFE A FKFEFF (corn straw , CS) FIFSAHRE A
(pinewood sawdust, PS) 1E A J5UKL, 76 300, 500, 700
C 3 AR T il % BCs KR4I DOM, JF45 5 T0 % 4

pyrolysis temperature adsorption RhB

B .DOC 52 | LA ] UL G | 26 66 % 5 R AF £
ARo HEBBTE: (1) BI85 AT 5 B2 XF
BCs kLA & DOM BRAL: BT 1520 5 (2) BF5E DOM
IR BCs A1 ABCs Wt A ML Y L ( RhB) 19 52
i 5 (3) 4578 DOM XF BCs W RhB B9S2 IR ML
1 #RtEFR*®
1.1 K w

CS 1 PS 43l FH At A T Ff & .
PRI —E /) CS (5K PS) , BT Imik =
300,500,700 C , F-EEH K 10 °C/min, f£7E 2 h,
A J5 BUH BCs, JF 43 il iy 44 S €S300, €S500
CS700( & PS300 . PS500 . PS700) .
1.2 DOM HJ3REX

4 BCs BT 100 H iS5 K8 F KRG H
PEBRARFLEL R =1:100, LA KIS BT HEAS 1 h,
SRIGTE(25+1) CHI 180 r/min FIR% 72 h, f )58
i 0.45 pm ZF 2 B, JEWOIE T 4 C kAR AR
12, 3543 W4 4 4 CDOM300 . CDOMS500 , CDOM700
(3% PDOM300 , PDOM500 , PDOM700) , ¥4 3 & Ji5 11
BCs JHCAMEAR T4
1.3 BCs BE¥ %

$rad € T 419 BCs 5 HCL I HF B & &
[¢(HCD) :e(HF)= 1 mol/L:1 mol/L] LAJF A FH L.
h1:20 IRA FFAEREIR ELL 180 /min 1277 1 d,
B F/KUEE BCs HZEEWT pH A2, Jf7E 80 C
T BCs, 25l 4y 44 "4 ACS300, ACS500 F1 ACS700
(8% APS300,APS500 il APS700) , % £ ROGAKAF .
1.4 MRRIE

i E IR AT UK FAE BCs Al DOM AT R 4
B A WA (SEM) Wi%¢ BCs R IE
A, i BET R4 XA 1 BCs H 3R T A AL
IRAR A0S A LR S BT AL AT it A T A A DL
(DOC) ¥R, HEAMT WA e BE T E DOM 11y
2 . M HZOE S R TR & DOM A 5 1
PR KT (EEM) SGi . BUR B (E,) R 5T
P CE )43 531K 200 ~ 500 nm 1 250 ~ 600 nm , 6] fF
3 5 nm F 2 nm, 4594 B R 2 8 12 000
nm/min , 80 & FR Sk 4% 56 FE [ 2 8 10 nm.,
1.5 WRHHALE

BCs M BHia5: . > 1 ff s W B P-4 0. 1
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g BCs(#{ ABCs) 5 100 mL(10 mg/L) i) RhB {4,
BTG AT 75 (25+1) °C FLA 180 v/min &%, IT
A3 57E 10 .30 .60 .90 120 min AL F 150 1 0. 45
pm RS 203G EETHAE 554 nm U 5E RhB
WHE, AT HIE BCs BELAY DOM A5, 4% 0. 1 ¢
BCs( 3 ABCs) 5 100 mL & RhB (20.50.70.100
120,150 mg/L) &5, 8% 2 h, HAl 2504 [A] |-,
DOM R hnm ik 56 . o8 1 #R 58 B B i 9 DOM
X} BCs Wzt RhB HY520A 4% 0. 1 g ABCs 5 50 mL 1Y
RhB(20 mg/L) 1 50 mL DOM (20 mg C/L) R4, 7
P2 HEES (6 DOM) , fE(25+1) C F LA 180
r/min #&3% , I 43 HI7E 10,30,60,90,120,150 180,
210,240 min A B L35GB L 0. 45 wm i P84, R
FHERAM O] WL A Y66 BE T 2 RhB ¥R EE . R TR
DOM ¥ XF BCs W B 9520, 4% 0. 1 ¢ ABCs 5 50
mL 9 RhB (20 mg/L) F1 50 mL DOM (0.5.10.15 .,
20.30 mg C/L) R4, Y& 1% 210 min, B F 3% W &
RhB ¥ . 4 T #% DOM 5 RhB Z [A] i) 56 &, B¢
50 mL(5 mg C/L) Z# DOMs 5 50 mL(1 mg/L)
RhB IR &R, 700 9I7E 10.30.60 .90, 120 min i}

BB, I 5 RhB R BE R R S N i I 19 — 428
A
2 ZREE
2.1 BCs# &
2.1.1 JCESHr

W 1 frzR, B PS300 A1 APS300 7, Hifth BCs
il ABCs "It ZE S 8N C>0>H>N, H bl #ui i
JERTFE T BCs F1 ABCs 52 B M AH 5] (9 25 1k
F o C SRR F B, H L0 JCE & i
b X EVRAAE S —80, X R T AE YR
AL AR R iR, K=k,
# H/C.0/C (N+0)/C {5 H T RAEFE T A bk AL 72
JE G5 RS &1 H/CL0/C
FI(N+0)/C {ABEE R B T 4 2R e 3=
B BCs F1 ABCs Y05 75 P38 08, 28 7K PR VRGP 08 55
BOEH T R AL 4E R S U R T I A
7, KR AU AR R e # Y H/C
HARHAR( =10%) , 7] BCs F1 ABCs BRALFLEE i,
BASES ARG, 45538 W] BCs Fil ABCs HY#A
fif R SRS, Y A P R A R

#1 BCs Ml ABCs FIICE A K

Tab.1 Elemental Composition of BCs and ABCs
TER AL (B4
FE b 0/C H/C (N+0)/C W5y
C H N [0) S

CS300 53.01% 5. 08% 0.85% 40. 87% 0.13% 77% 10% 79% 0. 06%
CS500 60. 82% 3.04% 0.90% 35.01% 0.11% 58% 5% 59% 0.12%
CS700 63. 19% 1.61% 0.97% 33.99% 0.12% 54% 3% 55% 0.12%
ACS300 54.39% 5.10% 0.99% 39.43% 0. 08% 72% 9% 74% 0.01%
ACS500 64.25% 3.16% 1.07% 31.38% 0. 10% 49% 5% 51% 0. 04%
ACS700 65.97% 1.71% 1.15% 30.97% 0.15% 47% 2% 49% 0.05%
PS300 43. 66% 4.35% 0.48% 51.23% 0.17% 117% 10% 118% 0.11%
PS500 51.12% 2. 40% 0.49% 45. 62% 0.17% 89% 5% 90% 0.20%
PS700 52.22% 1.32% 0.87% 45.20% 0.17% 87% 3% 88% 0.22%
APS300 46.71% 4.43% 0.49% 48.20% 0.13% 103% 9% 104% 0.05%
APS500 57. 82% 2.68% 0. 66% 38.57% 0.15% 67% 5% 68% 0. 12%
APS700 59. 68% 1.35% 1.01% 37.60% 0.21% 63% 2% 65% 0.15%

2.1.2 SEM T HERWEEM . 5 BCs ML, ABCs FKIfi =/

W 1 FT7R  BCs 2RI 3 A7 6 AN KLU 4, T2
BESFWEII, Ak, BCs 21 bl & P LR 1Y
T B — L8R/ INAS— B [ LR, 3% i rE R 2
WREZ I K, X2 T BCs BAAR T R I 14 A i 1
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A 5

(d) AS300

() APS300

(k) APS500

~(c) CS700

(1) APS700

1 BCs Ml ABCs 1) SEM & (1 000 £%)
Fig. 1 SEM Images of BCs and ABCs (1 000 Times)

2.1.3 BET

e 2 s BEE AR i TH , BCs 1Y HE 3
AL LR A Y FL AR bl = 36 K, ABCs 19
PIfLiEREZ TR, HiAh 5 BCs ZBfba#—3, Xl
g5 i o B rh 2 0 5 R BCs AR 4RGSR 45
P 5 FE VR IR R (500 °C i 700 C ),
ABCs 11 H R BURLEFLAAR RS i &5 T BCs, A3
LA 3 15T BCs, R BHRRUEXT BCs 3R 11 14 T 52
R,

%2 BCs fil ABCs 1Y BET %ii
Tab.2 BET Data of BCs and ABCs

- HERmRY BALBBY P
(m?-g™") (em’-g™") nm

€S300 4.10 0. 006 6.20
8500 4.23 0. 007 6.39
€S8700 4.40 0. 008 7.18
ACS300 3.67 0.013 14. 40
ACS500 33.08 0. 029 3.48
ACS700 37.90 0.031 3.32
PS300 0.56 0. 003 20. 62
PS500 0.84 0. 008 29.87
PS700 0.95 0. 009 38.93
APS300 0.73 0. 004 33.42
APS500 1.11 0. 009 19.78
APS700 40.22 0.031 3.06

2.2 DOM Bk
Nk 3 s, ANFESRTERS DOM H DOC & &= 22

S i (CDOM: 37.60 ~ 93.75 mg C/L, PDOM;
30.60~61.25 mg C/L) , X J& fH T JFUREZH Al A B4 fi
SR, BEE R R TS, CDOM 1 DOC ¥ B
W I PDOM W EESE FREfS Lo, X2 T
L2 2N L7 4 2R B I AR R R R
T . DOM B () 38 fin vl B2t TG ™ 4 =
TRATWIRN Y, CDOM Al PDOM 2 [H] ) e i
22 R FE B TR RN, X R T CS(9%)
PS(28%) R BT R 7E = il N TR E & A 245
9,845 T DOM MBI ™ X5 Liu %70 45—
B A S & 47 2 R 47 4 2K (38.9% ~48.2%)
PIAEAE ST R B B R TTER (45. 2% ) IR i 40
K BCs & B, 250 nm 1 365 nm &b AW OEREE L
(E2/E3) 7] LI F FAE DOM () 41 Xt 4 1 it i,
E2/E3 54 PR LR, CDOMs Al PDOMs
1 E2/E3 4394 2.00 ~3.95 1 2.00 ~4.00, Han
GEPVRINA R AR AARE BCs B E2/E3
43.32~10.71, X FH DOMs A9 XF 4 i 2 7]
AESIX 3 AR R A WA A O, BEE R E T
5, CDOM F1 PDOM 1 E2/E3 {EH# 1, SUVA ,, {H I
/N, W] CDOM il PDOM f4 4 X 43 it ik 20>, 55
FrPEFE B AL HE BN B X 7T A2 R Tk L A 1
KT B o it Ny Y, 4563k 1 sk
3, %3 DOMs 1y H/C.0/C FI(N+0)/C K78k #4
PS5 HAMN BCs M1, X5 Yang 252 BF 58 45 R —
2, B R A TR, BCs 5 HAMH Y DOM () H/C |
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0/C MI(N+0)/C BB A S, 45 R KW

DOM (1 B J57 52 1 4R g 2 A ORI Y Y 2
&3 DOM iy HEALIE i
Tab.3 Physicochemical Properties of DOM

) DOM FYIGE 4L (M50 (N+0)/ DOC/ SUVA,s,/
HE 0/C H/C 4, :
C H N 0 S C (mg C-L7) em”
CDOM300  24.26%  4.42%  0.35%  40.97% 0 169%  18% 170% 93.75 2.00 3.96
CDOM500 8.97%  3.00%  0.00%  42.41% 0 473%  33% 473% 43.95 2.25 0.41
CDOM700 6.67%  2.71%  0.05%  48.15% 0 22% 4% 723% 37.60 3.95 0. 09
PDOM300  25.96%  3.98%  0.36%  33.30% 0 128%  15% 130% 61.25 2.00 3.41
PDOM500 10.61%  2.04%  0.02%  45.26% 0 427%  19% 427% 30. 60 2.67 0.37
PDOM700 8.97%  4.04%  0.11%  51.10% 0 570%  45% 571% 36.35 4.00 0. 09

WKl 2 7%, CDOM F1 PDOM ) EEM i & 3
HAHRIAYZH A%, CDOM300 F1 PDOM300 7E X 4§ 1

(E,=200~250 nm;FE_=280~330 nm) Il (E =200~
250 nm; £, =330~380 nm) Il (£, =200 ~250 nm;

500 10 000 500 10 000
450 8750 450 -8750
7500 7500
400 400
5 6250 ; 6250
£ 350 5000 £ 350 5000
= w
- 3750 - 3750
2500 2500
250 1250 250 1250
200 0.000 200 0.000
250 300 350 400 450 500 550 600 250 300 350 400 450 500 550 600
L /nm £ /nm
(a) CDOM300 (d) PDOM300
500 10 000 10 000
450 8750 8750
7500 7500
400
g 6250 - 6250
= 350 5000 £ 5000
53]
300 3750 3750
2500 2500
250 1250 1250
200 0.000 200 0.000
250 300 350 400 450 500 550 600 250 300 350 400 450 500 S50 600
E /nm E /nm
(b) CDOM500 () PDOM500
500 10 000 500 10 000
450 8750 450 8750
7500 7500
400
- 6250 g 0 6250
= 350 5000 £ 350 5000
23]
300 S 300 3750
2500 2500
250 1250 250 1250
0.000 0.000

200
250 300 350 400 450 500 550 600
E /mm
(c) CDOM700

200
250 300 350 400 450 500 550 600
E /nm
(f) PDOM700

2 DOM A EEM Ji% (5 mg C/L)
Fig.2 EEM Spectra of DOM (5 mg C/L)
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E, =380~550 nm) .IV(E, =250~400 nm;E, =280~
380 nm) 1V (E,=250~400 nm;E, =380~550 nm)
Ab BT I B A S, a3 IR R D B R 2R )
Br( LAID) (& B e (1) | Al M A il
FEYICIV) RS R R (V) R AV b
HI9E IR I . PDOMS00 76 1 | [T AV 4b A i85
(8606 | e A7 AR 55 7 P 3 1 0 28 9 Jo A o 3 1
feEYIE =4, 1 CDOMS500 ,CDOM700 FI PDOM700
IUAE T A ANBH B i 2 e, R 05 iR T
FRZE BT, 3 2 2 R SR WG U P i ) 45 1) CDOM
H1 PDOM 1) 32 B2 21 43 & HL R 2 ) o T Jg Aol 1R 2%
P, Cao 2512 K3 BCs TR (9 DOM Hh - 527¢
N A & IR AR AR B R
4y, Horh s LR 2 MU i MR 25 e s K28k, B
AR O T =, B HL R IS o R g R 2 ) o ek
D AR AE D 1 5 PR B 2R W T, X 5 I
DOM MBI A5 —3, Gui %57 KB, 7E58 = 1
PARIRIE (>500 °C) F, AR W) AN FL R 2
W0 1 1 et B o AR T ) T D, SRR
DOMs 9562 435 FA il B 2 DA G
2.3 DOM %t BCs Mt RhB 8N4 5
2.3.1 Wftsh i

e 3 iR, BCs Fil ABCs W FfFF- At a4 A
[/, H " RhB 7E ABCs 1Y W B F 7 B (] 32 22

10 - = "
- . - -
~ ==X - .
W i .
& o —t— 4 U 2
g 6 //m v
i i
=2 4 i = CS300
Y 1 G
’ v PS300
+ PS500
OF = < PS700
0 20 40 60 80 100 120
B[R] /min
(a) BCsHE—%%
10+ = + * - a
/—':I) 8 ”z pu— * - *
& | . B v
NI
wW o4l )
E "/ = ACS300
i * ACSS
= of I A
v APS300
* APS500
OF = < APS700
0 20 40 60 80 100 120
B} 6] /min
(c) ABCsHfE—%%

90 min[ & 3(c) MK 3 (d) ], HAE BCs 10 FFF- 1
AFIA]SEIR 2] 120 min[ & 3 (a) A 3(b) 1. Wk sh
J1A 1 28 B, BCs W B RhB 1Y W {3 1) 2%
AR A DL R (R > 0.996 0) fif B, i
ABCs WZ [ RhB (W 20 ) 22 i B s A5 & i — 3
F12FAE R (R*>0. 998 5)
2.3.2 R LR

WA 4 fif7s, BCs Xt RhB (557 0 ff 2 Bl 2 1
Y RhB R (3G N in , 3 2 i RhB iR 1)
N30 BCs 5 RhB A BLAE R 48 5, ik 1
W RFHRE FT ., ARG R BRI BCs XF RhB A4 W B 5 4%
4 Freundlich A (R*>0.900 0) , 45& Wkt sh 112
B 20T, I BCs X RhB W Jff 5 2 g 5 i 3
T B AL A B, 254 BCs BT R /04T, & L RhB 1)
W 5 BCs B9 (N+0)/C 2 AHK, X5 Yang
AL gy gk R— 2, B g K AH BRI A BCs AL
2053 1] RELE MR T R rh i e e VR T, 6 BCs 1
W RREAIL ) 3 B i - AR B SR SR

ABCs X} RhB (1) V- fiif W ff 5t 22 B &l =5 T BCs
(FE 4), B2 22 BE RhB ¥ A4 38 0 i 48 A
ABCs 1 Fb R AR LS LA KT BCs, (HF- 3411
FE/NF BCs (F£2), 4546 BET o8 Fg fft 3
SRR AR AT, HEDI ABCs £ 5 B W B B ) i T
HZ 558 , ABCs %t RhB A9 W BFAIL 1 3 55 i 1

10| < «
e a ) = B .
W e T,
gl [t —
i L
E 4 I’If = CS300
L3 St
x L0 =
| v PS300
of 4 T
0 20 40 60 8 100 120
It 8] /min
(b) BCsHE— %%
10 e R -
L‘;J 81 \ al . -— —
8 | e
g 6r (I —+
-4 I/ A
e I ‘\‘/,"v
= 4 \“c“ = ACS300
B o0 2 A&
v APS300
of # < Apsmo
0 20 40 60 8 100 120
I 8] /min
(d) ABCsHE— %%

B3 BCs fil ABCs Wkt RhB 2l )%
Fig. 3  Kinetics of RhB Adsorption by BCs and ABCs
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A
L]
#l
.
N

C©S300
€S500
cs700
PS300
PS500
PS700

-

0 20 40 60 80 100 120 140 160
A R B R BE/(mg L)

(a) BCs Langmuirf&i iy

B /(mg-g )
=
-

Aedaron

40

300/ . .
251 .
20
15F
10

> B
R
A
A

A
BA

n
P

% B B /(mg- gt

o
<t

<

=
-
A
v
-

« APS700

40 60 80 100 120 140 160
S B R B/ (mg L)
(c) ABCs Langmuirt&i#l

W
T
SH ’4?"‘

[}
SE

25+ a s A
- A
20t :
& 23 e
&0 “ - <o - -
E IS [ - e
W oo A )
! 253 v v v v
= ‘1{1 - CS300
|5 *  CS500
g Sr¢ A CS700
r v PS300
* PS500
Of =» <« PS700

6 2I0 46 6I0 86 160 12,0 llll() 160
A R B R BE /(mg L)
(b) BCs Freundlich#& %

% B B /(mg -2 )

-
a
v
-

0 20 40 60 80 100 120 140 160
A R BB /(mg L)
(d) ABCs Freundlich 7

4 BCs il ABCs W [ff RhB “Fi 2L
Fig.4 RhB Adsorption Isotherms of BCs and ABCs

YRR TSI, UL, #EM BCs A1 ABCs £ Wt 3
F12E AR 1 1) 22 5T RS2 th T DOM B RE A
DOM Y5 RhB Z B AHE AR, JEF ik se g5 5L ik
— 4R 9T DOMs %} BCs A ABCs W B3 72 () 5% i)
B,
2.4 DOM 3t BCs M it izt 72 o1 B9 S Hia 47l s

H4E TOC M ZE 3, BIMIGIE BCs (300 °C) L&
1 BCs(500 CH1700 °C ) fEREHL H 2 #Y DOM, 1%
$£ CS300 F1 PS300 1E A W Ff JEURE A9 48 2, SR 4T
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