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Abstract: To elucidate the mineral effects of biochars on their sorption for aromatic pollutants,

sorption of a polar aromatic compound ( 1-naphthol) and a nonpolar one ( naphthalene) by wheat
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straw-derived biochars obtained at different charring temperatures (i.e., 300, 400 and 500 °C) and
the corresponding deashed biochars was investigated. The results showed that organic carbon-
normalized distribution coefficients (K, ) and isotherm nonlinearity of naphthalene and 1-naphthol
by biochars generally increased after deashing, except the K, value of 1-naphthol on W300,
attributed to alteration of biochar structures and surface properties caused by mineral removal. The
increased bulk polarity and decreased surface polarity after deashing treatment indicated that
minerals in biochars influenced the spatial distribution of polar functional groups within biochars and
would benefit the external exposure of polar groups on the surface of biochars. The aromatic carbon
components in the original and deashed biochars served as more effective domains for naphthalene
and 1-naphthol sorption over the alkyl carbon ones; the hydrophobic interactions between these two
aromatics and the aromatic components in biochars dominated their sorption by the tested biochars.
Deashing increased aromatic carbon content of biochars and their aromaticity; such @ process also
reduced exposure of polar groups on biochar surfaces, which increased accessibility of aromatics to
their hydrophobic carbon domains, thereby enhancing the hydrophobic interactions between biochars
and aromatic compounds. Hence, sorption affinity ( K,,) of naphthalene and:1-naphthol was
enhanced. The polar —OH substitution in 1-naphthol structure was able to interact with mineral O-
containing surface or polar groups via hydrogen bonds, which greatly contributed to its sorption on
the low-temperature (300 °C) biochar. Deashing treatment weakened the H-bonding interactions,
which could account for higher K, value of 1-naphthol by, the original biochar obtained at 300 °C
than that by its corresponding deashed one. This illustrated-that the inorganic minerals in biochars
could bind aromatic pollutants through specific interactionsvand their contribution to total sorption
varied with properties of both compounds and-<hiochars<and the dominant interaction mechanism
between them, but suppressed sorption of aromatics on biochars by covering the effective sorption
sites of organic moieties and blocking the pores in biochars. Therefore, effects of acid-deashing
treatment on sorption of aromatic pollutants by biochars were controlled by the balance of the two
aspects.

Keywords : biochar, aromatic pollutants, sorption, deashing.
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L1 AR A e 5 A3 b 3

PL/INZERERT N JEAT R A P ¢ B /N AR FE T DDA 10 em /DB T oAb d, L 8.5 Comin™
FETHE, BE 26 %8543 SIAE 300,400 500 °C F &AL 5 h.JH 0.1 mol - L™" HCI AL ZIK ¥k 2 ih 5 T 105 C
T4 WHEE L 60 H 15 2 5 4k A M e, Frid  W300 , W400 F W500.

TEIF LA AW R R S A2 5 4% B AR B HCL/HF (1.0 mol - L7'/3.0 mol - L™ ) IR A 1AW, I T
TEACEIR G #% 1 LA 120 remin™ BFEHIRY 12 h, MR-G5 B0, BBk HIFR 2R BRES 5 K, 4R
Je FHABAE K T Ve 2 BRAE B 1) HCL A HF 2=k 5%+ RS, 3 0.25 mm 15 8 ZeRo A= Mok, brid
7 DW300 ., DW400 F1 DW500.
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i BTN E PR, A RR B AR T 2 & i AR W e HE O E T IR 900 C R iR Y
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FHYEE Kratos 22 ] (9 AXIS-UltraDLD B Z DI RERAZ X HTEOG A FRERS (XPS) {SUA5 5 46 A1 % K 5 A=)
BRI ICE A (C N 0. Si) FIE iR E REA 04 . [E A C- B i LR ONMR ) 3% &3 5 £ [ Bruker 23 7]
Advance TI%! 400 MHz A% SLHR 3540 5B 4521, DL R BREFSIRE B B4 Tl 48 W 2E 1l A= W 9 R ) 26
T AR LB 1 25 [F Micromeritics 23] ASAP 2020 #V4s F 2kl 4 18 LU FL B4 B AR T N, W5 3= )
5 AR S 0 2 1 FRE 1 A X T P/ P E 0.05==0. 3 P 4 W BE A0, 197 22 250 Brunaer-Emmeti-
Teller( BET) 75 545 8 5 WiAe S 6L (< 2 nm) RBUR A P/Py< 0.05 3 Bl A A B 554 B Dubinin-
Radushkevich ( DR) 1845 2], AL (250 nm) FI KL (> 50 nm) AR B o % W £ P8 v Barrett-
Joyner-Halenda( BJH) Jy & 11845 2.
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SRR R 10 /NVREEBRES , VREE VST H AR AL A W0 K 15 BE 1Y 5% —90% , V5 W WY e 1 & i 428 Tl A
0.1%(V/V) VAT, LAk G Feia R 200, 3 S W& 0.01 mol - L' CaCl, DL AR F5 58 R 1) 25 1 5% 2
200 mg-L™" NalN, il (84240 176 3l LAHEBR S0 A B 088 A 1) 06 R TSI 36 0 1) [T L 1) TOUSE PRI — 2
i e R S 551 7 R WU L M R i 8 S /NI P o A S [ e ) R B SR AL, R B L A R R
1ASEATRES, B T B SO B T ACE IR A8 L, FIRACE T LA 120 remin™ SBEOGHRG . 78 TS 500 22 1YWL
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T TE IS P v AR TR €5, T A -2 AMG I 25 ( Agilent 1260) W52 [ 5 W rh Z8 R0 1-Z8 00 I I A0 VR | (0 4T
J 2 FES ZORBAX Eclipse Plus C18 ¥ (5 wm,4.6 mm x250 mm) , AE18 M (26 1) °C W EhHHN 24
47k =80:20( V/V) A~ 1 mL-min™" , BEFER N 10 WL, KK N 275 nm. f 48 3 % IR 40 5286 45 5 ]
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I ZER 1-ZE 0 I R 0 WA T IZ A S R R IR B C, 5T C 22 TR A
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Horr Q. (mg-kg™") AW B S- A7 EE W BRF 5 ( Z8RT 1-28 193 ) 76 R AH BB 00 PRI B 3, € (mg - L71) SR W BT
HTIFZE AN 1-ZE B e AN P B9 T K WM 28 (mgekg™") - (mg-L7") ™ ], B8 n IR LA
PEFRFR.

K, =0./C,

K, =K/},

G LG € =0.04S, A1 0.4S, B, 2501 1-Z8 8 B i A 25 K o0 A= 0 oL i B - Tic 2R 0. v
K,(L-kg™) MBS BC RS K, (L-kg™ ) AAPLIRERL 73 BE R B £, A WU £, S, (mg - L71) K
R 250 31.02 mg- L™, 1-Z51% 866 mg-L .

K H Pearson HFH 5 M AIE 58 W BRFZ 50055 0% i 75 B A P 5 =2 18] AR 2 AR S 1 | Pearson AHE R B P A1 r
i1 SPSS 16.0 #fF4593).

2 5 518 (Results and discussion)

2.1 JRAR AN KA A o g AL T

W 1 R, B s AR 0 T, 2230 e (A ML 5 B 1N, SR &7 S i 106 B e AL R B 1 m
TR K B RS SRAE A R B SRR M HE A0 (0+N) /C FUAE AN T/ C TR LB AR, T A A 4 i
ARG 7K P R A it o e Tk 1 s T 38 . 55 B AR O 2R 2 W W AR (R A [, 814 C-NMR %585
TRAE ) 1 T SR P B e e AR B ) TP T R T A e R D ke B e B T, SR B A R
FRRERE BT, A= W a FR R A | TR T AR S 25 Bk 1) ' S 7 o S 7 Ak (R B B S B e 5 A8
XPS B n] H1, Az Wy e 9 2 TR 1% et v AR AR B O o, SR ISR KON TR Y U B A W R R AR R SR
T2 20 S AR 3 — 1 B 2 e A T B8 R T8, A 0 A R T Al et 185 M 717 9 T 40 7% il 20> | 3R T A A 4
(O+N)/C ECAEIE/ )N , 2 AR k7t sl D> | it B A 0 e 2 T ) A A D 553, T 2 T 7K 1 34
5. L AN , Az 1) B T ARURNFLUB B B 5 oAb AR JEE 1% T v 17 S 388 K, 518 2 0 98 38 e TR A R T AR
W5 B FLIE B S g e e ) LA 348 A L 3 v AR AR 235 SR — ) DL 3 SR 3 W 5 A 3R B kA 9 5 4 R 4
PR R A 2 A R

AW R R 43 e B e PR R I PR I I (35 1), 31X 5 Z Wi A0 SCRRAR T 45 SR — 30 R vk B
J& AW R 0K 5y 20870 58.3%—60.79% F I W TCE Si T it (1) i 25 BRI R A SR W] HCL/HF fRYEAT
B SR ICHLE Y, R HE nT LR e S AL AR RREL - ) Fe K Ab B AR W . O & i BT,
fHERTE O & i T B AHNEHE , BRI A= ) e (R B AR PE S £ (O+N) /C LU AE & AT T 57, 5 3R IR A P 48 25
BRI (2 1) %285 Sun SRR ST 45 SR 2601 TS5 Yang S0 5% 25 6 40 %o IG5 41 R BB A 1 okt A0 52 i 485
A O S R R At B — L, AR C-NMR B 26 W1 250K 43 I, A2 0 1 A P ok 75 1
WA T, B R SR I 22 5 1T XPS s R KA I, AR 0k P 3 TRTAR P k5 e AR, TR B e R
FERE AR I 0 T B AR 1R I 4y i 5 LR TE AR (4345 (O+N) /C HUAB R P 15 £ ) AR DGk
B AR 5 B AR P 9 A S (T 1) S id BH A 0 A0 0 2 53 s Wi A 40 e P i M B BB AL B9 23 [R) 0 A
A Bl TR B R A 1y o 3R 1T 1) 1) S0 5 58 5 1T 25 K A BERARfE A4 0 i 1) 2R T AW A AR AT, DI JHG 2 ot S B A
PEB BB 10 PR AT, (5 S5k Bk 7 5 9 i K A AL o0 R ok 25 KA A 3R AR ) e () 5 Bl 1 3
T, H/CJEF FRRAR, a BF A8 9 o 0 55 e M3 in (38 1) BRIK G A9 o i e T AL BlfL A FL R FLER B
B (2 1), LABEALEE Z2 i W B3 5.
2.2 KRG XU B 1K, BRI

ZERN |- 2R AR IR UG AN 25 0K o A= W e b B W B A IR 2R an 1] 2 Bif/R, 90T L Freundlich A5 78 E 47 4R G
FIPLE (R*> 0.971) UG LRGN T2 2. Wi R 250 1-Z5 B0 W B (1K, ) BB e AR I 1 1 v i A
WA, SR AR RV LIAT —BURR P K A B | AR R 25 1- 28 A W RS (1K, ) 38K,
BRT 1-ZEME W300 IR 1K, (ERFAG. 250K o0 A BRI A ) e 1 2 TR ARURFLAARER, 7= A o 2] I 25 N
1-ZE I 70 A FLIBR S5 R AR B A 87 A, DT it 2 IR S 5 B 1K (L. DT IR 28R 1- 2R A By LK IR 93 A
Yo 10 BRI (1K, ) 55 0T AR bt i (R e T AR AN FLBR 2 35 IE A C O R (18] 3).
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Fig.1 Relationships between the ash content of all biochars and their bulk or surface
polarity including (O+N)/C index and polar carbon content
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Fig.2 Sorption isotherms of naphthalene ‘and 1-naphthol by original and de-ashed biochars
|2 FM-ZRBTEIRUG TN 25 K 20 P L B4R R Y Freundlich REAUELEG 280 % 3 iC 2 5L
Table 2 Freundlich model parameters and concentration-dependent distribution coefficients for
sorption of naphthalene and 1-naphthol by original and de-ashed biochars
N Freundlich B S5 1K 1K
L 4e57 ") Freundlich model parameters o £
Chemicals Sorbents
ek, 0 R C.= 0.045,  C,=04S,  C,=0.045, €.=0.48,
W300 3.64 £1.48 0.63 £0.01 0.996 3.61 3.24 3.87 3.50
W400 3.79 £1.73 0.58 £0.02 0.997 3.75 3.33 3.99 3.57
2% Naphthalene W500 3.87 £1.30 0.56 10.01 0.992 3.83 3.39 4.03 3.59
DW300 3.92 £1.81 0.60 £0.02 0.971 3.88 3.48 4.11 3.71
DW400 4.09 £1.73 0.51 £0.01 0.988 4.04 3.55 4.24 3.75
DW500 4.16 £1.69 0.49 £0.01 0.989 4.11 3.60 4.28 3.77
W300 3.34 £1.97 0.59 +0.03 0.995 2.71 2.30 2.97 2.56
W400 3.59 £1.55 0.51 £0.01 0.995 2.84 2.35 3.08 2.59
1-Z58} 1-naphthol W500 3.69 £1.04 0.49 £0.01 0.979 291 2.40 3.11 2.60
DW300 3.56 £1.57 0.51 £0.01 0.981 2.81 2.32 2.96 2.54
DW400 3.75 £1.38 0.48 £0.01 0.974 2.94 2.42 3.14 2.61
DW500 3.85 £1.82 0.46 £0.03 0.985 3.02 2.48 3.18 2.65

ZEFN 1-ZRI AL AR RN 25 K o3 HE e TR R LK, (B 55 A2 0 0 1) 5 A0l 5 o b 38 LEAE DG (181 4) L
A, KR IR 055 A s 0 fe TS 07 A AL A ) 2 R AR K A T A -, DA T 3 55
X RN 1-Z5 B A W R 56 2 2R 1 -2 5 mT LAy mi A 5 10 v 1 52 A ) A W 2 55 A 241 0 e ied -
A AR - ZE I 254 v S A H T AR S A — O L F 0 ) 35 75 A5 , BRI T L35 7 30 1 1) 7 25 B 1
TE AT m-nflE R EM 1R e R YA LW SRS T AR 2008 TR — A R R A T, O P
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AL S0 1gK, (ERIZEAE 1-2805 > ZR05C R SRR S5 FRATIE I A SC I 45 R S8 A B (36 2) A
FEHZEHN 1-Z5 B (e [F] — A= 4 ¢ IR B4 1K, (BRI SE R 5 PRE & W A BE—7K 73 B R R0 1K, fELAY)
RANFKZ—F IR (3.29) > 1-258 (2.7) X R WIS Tr-nl , HOKVEH GETEE D)) XI5 b & %R
1 -ZR W AE R W) A it b IR R AES 35 S0 B 22 ) 1 L 2R W 3 P RE RS 15 05 A R A 45 0 7= A /K A T Y
A F AR R T 07 bk AT HE AR T B 4 23 A WIS b, 2R 1-ZR B 72 JRURA R0 25 K 53 R ) o 1 AR Rz
SR J3E 1gK., 54 it B AR HUTCR sk 2 S 3 DAR DG (16T 4) | AR I i 21 50 ANt 3 A FH R W BRI, T
RS A HA AL M2 53 (6.69%—20.6% ) Jit i , 18355 HAS 55 A AL & Wy ik k. DR ke, S5 AR Ol
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Fig.3 Correlations between 1gK  values of naphthalene and 1-naphthol by original and

deashed biochars and their surface areaand porosity
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Fig.4 Correlations between 1gK , values of naphthalene and 1-naphthol and the bulk specific

parameters of all biochar samples including aromatic carbon and alkyl carbon content
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Fig.5 Relationships between 1gK  values of naphthalene and 1-naphthol by original and deashed biochars
and their bulk or surface polarity including (O+N)/C index and polar carbon content
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all biochars and their properties including micropore volume and aromatic carbon content
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