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Effects of dairy manure biochar on the adsorption-
desorption of humiec acid onto purple soil

HUANG Huiqun CAl Wenchang ZANG Jianyu LI Can ZENG Heping ™"
(College of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming, 650500, China)

Abstract: In order to reducerthe loss of humic acid onto purple soil and improve the utilization rate
of humic acid, it provided a theoretical basis for improving the fertility of purple soil in Longchuan
River Basin by studying, the effect of dairy manner biochar on adsorption and desorption of humic
acid onto.purple soil. Using soil cultivation experiment, the different ratios of dairy manure biochars
(BC, CK, 1%, 3%, 5% ) were used to study the effects of humic acid adsorption and desorption by
Langmuir and Freundlich model, Lagergren pseudo-first-order and Lagergren pseudo-second- order
kinetic equation. The surface structure and specific surface area of dairy manure biochar were
analyzed by scanning electron microscope (SEM) and BET to explore the mechanism that the effects
of dairy manure biochar on the adsorption-desorption of HA onto purple soil. The results indicated
that the dairy manner biochar on the purple soil isothermal adsorption of HA was in accordance with
Langmuir model, and the kinetics model was in accordance with Lagergren pseudo-second-order
kinetic equation.There were obvious influences in the process of isothermal adsorption and desorption

HA of purple soil under various processing conditions. Under the CK, the adsorption capacity and
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the adsorption rate of HA was the lowest, but the desorption rate of HA was the highest. Under the
5% , the adsorption capacity, the adsorption rate and the desorption capacity of HA was the highest.
At the same time, there were obvious influences in the process of adsorption and desorption kinetics
HA of purple soil under various processing conditions, the adsorption ratio gradually increased before
12 h, and then tend to balance. It is mainly owing to chemical adsorption during the whole
processing. Compared with each treatment method, 5% was favorable for adsorbing HA and
preventing the loss of HA.

Keywords : dairy manure biochar, purple soil, humic acid, adsorption, desorption.
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1 #ES 7 (Materials and methods)

1.1 SEEeATRE
.11 At I

B AR A+ R H o= B R M R VT R B A 5 (0—15 em) |, HbAb
25°32'N 101°51'E, LAFE F oK AL L XT3 100 H i 8 A . 3 A B M 5 0L 3% 1.
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Table 1 Physicochemical characteristics of tested soil

AR AL

IHR AR Available Rapid available AR i BR
pH Humic acid/ Organic matter/ b Availablenitrogen/ TP/ TN/
. . phosphorus/ phosphorus/ . . o
(g-kg™) (g-kg™) (mg-ke™) (mg-kg™) (mg-kg™") (g-kg™) (g-kg™)
5.58 2.15 19.30 40.50 86 1026 0.78 1.71
1L1.2 A=W

AL VA3 A A= W s R 4 JEORE, (I3 B =R 2 e e N VT A e B 0 R, ol
B AR B E 2—4 om  BEARR G, AT g AR AR 200 (SRIX-4-13 , JE 5T 7O
B EES AN B A FR A 7)) R I8E A R SR BY RO T, LA 8 °Cemin™' AR THE , HUH IR S 600 °C | 18 3 #4
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fift 2.5 h. Y A ARV AN R E RS BOGE  WFRBIEE ok 100 H O, A7 4= 264 Wy i i) B A BRAR M T L3R 2.
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Table 2 Physicochemical characteristics of tested dairy manure biochar

A LB

Ei] 25 TN/ 21 TP/ 4B TK/ ) CEC/ EC/
pH . B i Organic carbon/ . o
Type (g-kg™) (g-kg™) (g-kg™) o (emol-kg™) (mS+em™")
(gkg™)
42 9.46 7.48 18.76 21.53 826 20.74 2.35

1.2 SEm ik
1.2.1 s

BrE Y pcat 100 HIf, 5 300 g AU @+ (3 2 mm §f) 8504040 B — 145 ( CK) AR 4 ¢
(BC) A B+ 1 1% 3% S%AbHE, AT G AL B 3 W, PR &K i & 70% H R K 6, 15 5% 30 4, 1EN
PERRE S .

1.2.2 SRR BRD A I e

HUBEIARES 1.0 g, 5 25 mL R E AR EE (0,20,40 ,60,80,100,120,160 240 mg-L™") [ HA I
([ =1:25) , L4 0.01 mol- L™ NaCl V£ A5 5 fLf# 5, FH HCL F1 NaOH I8 1575 pH 7, & T2 00
IEFRE (W), 7E 25 CTEIRAE T LL 200 remin ' $E7% 24 h, T 8000 r-min' 481 F &0 10 min Ff3d U,
D7 D HA MBI & i iR B 3 SOV TATHE.

B o4 (0,20,40 .60 .80 ,100,120 160 240 mg- L") [ iR ARl B &4 40 B FF 01 35 T 0
ERRE(W2) B ER BT HA S8 (W2-W1) SRR 0.01 mol- L™ 4 NaCl ¥ 25 mL, i
BT 25 CHRGANRY 24 h, T 8000 r-min™' F&44 T 50510 min MUE]_FIEWIES U8, IF00E R HA
B AR W BT S v B8R BA WRUARRTH A HA YRR i R A I 3 A RN A TRE.

1.2.3 WA B ) i

M —Z%1 50 mL 12 0E P BlmA 1.0 o BEECRE &, B WS MER RS I 25 mL, WRJE K
240 mg- L") HA I, 5 5 AR TN 0.01 mol- 17" 19 NaCl, I HCI Al NaOH 87575 pH 7 , 3% 37 W
(200 remin™,25 °C) . ZF BIFEIR %W M 55.0.5 1.2 .3.5.7 .12 .24 48 h I FEA7HORE , I U HA &
AU E 3 AR TR

FE 240 mg- L' (%) HA ¥ 48 Wt V-1 J= , F T A FE i B8 50 mm, FLA2 2R 0.22 pm 7K R R
TS b 5 0 B A B i PR I A B0 A A 25 mL 49 0.01 mol - L™ ) NaCl ff WA, i Il e
TR 4 5 W IR [ ARt IR, RO — s B ) S BBORE. BBURE I e e B 06 A 25 R 0o ik i, ) 1
T HA WREE , R HA B 45 4 B S B ) 435318 0.25.0.5.1.3.6,12.24 48 72 h. &4 %
B3 AN A TRE A HA BRI 2 R AN YOG RETT 7 UV, RO
1.3 Wk

He W) % 2% T S5 ERAE SR FH A KT 223948 85 (S-3700N , H 7S Hitachi ) WL AR 4 /5 28 R S04 E ; 29
o bR AR5 AL/ LR AR 4 F g st b AR S i L/ AL AT I ( ASAP2020, R HE AR ) X 4E
Pyt L R AR FLIE FLARSF AT I AL s HA VA0 B R B 58 AM T WL A3 BT (UV-752, i 4E) iF
AT .

1.4 Al srHr
14,1 2R3 Wi A R 68 5 1 1) W T 2t % T o 3R
2 W) e - B0 A T R o R R o R ST AN

_(Co _Ce)V 1

Q.= 1000 X m (D
(c, -¢)

M=t X 100% (2)

Ko, Q, MARFEEY R A X HA IR (mg g™ ) 5 V o HA SRR (mL) 5 m R (H38F ) i i
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(8)5C, T €. FHIHVicsts HA MMMV ERE AV IE (mg- L1 ) 5 m S0 2 32 0 5 LT HA (I
H(%).
142 ARSAEW) o 330 R BRIV 14 ARG ek g i %
2 ZE Wy e BT B B IR 1) R ek B S AR AR
FF AT (mg-g™" ) = PR R VA P8 <A R TR AR R R I o (3)
PRI (% ) = it Wizt WL B4 x 100% (4)
1.4.3 B B 45 I e
53 I Langmuir F1 Freundlich B0 fHA S0 8 #E1 740G UG A (5) Fi=(6).

Langmuir /7% ;
QmKL Ce
= 5
0. 1 +K,C. (5)
Freundlich J7#£ .
1
0. =K.C, (6)
n

A, 0, BT KW HE (mg-g™') ;K, A Langmuir Z58 5 FEH Z(L-mg™") ; K Al n #°4 Freundlich
SR TR ( L-mg'1 ).

AL IR T R (WRRF-H 20 7T LI W B e 1A SO BG4y, X T .

1
k=17 xc (7)

oft R, M TR B0, 0<R, <1 5 FITEHE; K> b AR R, = 1 WEHEEI R, =0 %
AN FT 3
1.4.4 W3l )2 AR

35 PR — G — 20 5y 2 R 2l g s A T4 A G D7 B = (8) FI(9).

WE—2 5 )y R

Q =Qu(1 —e ~ k) (8)
E gl A iR
0k
Ql_l +Qek2t (9)

K, 0, o 2SR W (mg - g™ ) 5 ¢ WRBRFITIE] (h) 5K, i — 2 B8 2 (h™) 5K, -
T 90 o R R £ (ge (mgeh) 7).
1.5 RS gt

SLE R R A Origing.0 fUL5-1E &], SPSS19.0 #4748 70, JF M Duncan 2288 O ALHAT 22 7 3%
PSR 0.05.

2 R 51718 (Results and discussion)

2.1 A FEEY IR SR FRAE

M1 WEERT LUE A WA IR T & 8 1 2L i SR G540 A ] S 09 43 R B4, [RIINE T LA
F B2 A Y R SR 43 AT 25 RN — | HESASFILIU) g FLAR 285 480 FLAE IR 25 4 ik 3 2t vl 126 W) o 7 il
FE R A R A B L A DB o3 | Bt A HILISE () 40 i AE 2540 1 B8 N AR 240, A5 A W i e A i
224U, TR S 20 A W e LR HE S AS LI ) AR 1M 5 28 2 2 fL 45 0 LA IR S F /b | 25 0 il
by I BT 3 2E.
2.2 Yk R TR LA AL

R T BENE SN AE UE B A= 9 ¢ 1) 32 T T SRR AE AR Ak | AR S 56 38 380 2o 0 £ A= 49 o 1) B 4 1 R A4S b
K8 AR R AR ALY/ LA A 52 i 2B ) o W P 1k e ) DG B R 3=, 2B W 1) LU 3R TR 5 26 ) Joit i
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LRI £ B ARG WF T R IIR SR i LR T ARAE 0.1—410 m™ g Z 0], A ) L e 1w AR AL
7 ALARIEEANEE 3 Fr7R 78 600 C R Z&F T AE MR A LR BURI L i ARG i 2.2, A 4 T
BT BE , 3% 5 SR PHERF ST A5 SR — 30 I 2 R S R R BRI AR A 3, T LA 2 0 R
HA g 200 AR TR O IR s,

42 M 7% Dairy manure biochar #:2% Dairy manure

B 1 4FEY R S520 SEM 54 HE1E (1000 %)

Fig.1 The SEM structure scan of dairy manure biochar and dairy manure
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Table 3 Pore structure, specific surface area parameters of the dairy manure biochar

L

K t-Plot fifL p
; BET L3RR ek t-Plot fALIATR p
Pfifp U e . i . L FIfi A . LR
. BET specific Single point . t-Plot microporous
Pyrolysis . t-Plot microporous Average pore
! surface area/ adsorption total N X volume/ .
temperature/ C s specific surface 3 size/nm
(m*g™") pore volume/ y (em*g™")
3 area/(m~g ')
(em™g™")
600 22.168 2.28%107> 4.369 1.82x1073 6.628

2.3 AREEA Y RO R0 R R A R B R

HRAPEHFE (5) il (6) H Langmuir FI Freundlich #i %l & 25 R AnE 2 f13E 4 Fios L& E R
(Langmuir) >R*( Freundlich) >0.729 , Langmuir [t Freundlich J5 72 55 4 (1 4 i 4 2% Ak Wy e %o 48 €0+ W BfF
HA [ORRE, 31X 5 M S50 TE 27 APl A4 26 A W i b XHE €0 v HA MR B L BA3 1 J2 AN 2 50 8 A
AN F, FN-UAATEE 240 1 R S W E AR 4R 75 72 (7) 115 4R 28 A4 Wy e W B 25 €8+ b HA 19 P15 2
R BN 1, UL AR ZEAE MR W28 5+ HA W A R W BT T ELBA S HA 746 W B 4 3 i~ i
SN, DL HA W06 A R T2 28 A 1 e - HEXT HA AR, X 5 S g4 25 o)

TEARNFIAN 2R T, A3 W e e 55 0 - v A (74 W2 o AR A 3R S5 AR [) 9 R 1. G 8] 3a TR
Bl HA VAR T A AL EXT HA B W B -t Bl 2 335, 7 o vl B8 3 7 25 380 A AR B 2. I oo
FHREE (20 100 240 mg- L") A, 7€ HA W WA 20 mg - L', CK (0.453 mg-g') <1%
(0.466 mg-g™' )<BC(0.469 mg-g™') <3% (0.492 mg-g ') <5% (0.499 mg-g ') ; 1 HA &K H
100 mg-L™",CK(0.828 mg-g™') <1% (1.308 mg-g ') <BC(1.806 mg-g™') <3% (2.216 mg-g™') <5%
(2.347 mg-g™" ) ; 7E HA MR E 7240 mg-L™', CK (0.867 mg-g') <1% (1.387 mg-g') <3%
(2.584 mg-g™' )<BC(3.049 mg-g™')<5%(3.808 mg-g'). 5 CK M Lb, U264 Wy e iy 28 46 - W ot T
2K HA B REE HA BRI THE  BR T BC AbHEXT HA (W BF R MG A 42 5 2 Ah , HoA A8 Ab HL T HA
AR B 3 S I B 1 A A (181 3b iR ) DAIR P R v B (20,100,240 mg - L71) . AEAIR AR B
20 mg-L™",BC (82.86%) <CK (90.53%) < 1% (93.16%) <3% (98.42%) <5% (99.47%) ; 1£ H # & Ky
100 mg-L™",CK(33.11%) <1% (52.32%) <3% ( 88.63%) <BC (90.32%) <5% (93.89% ) ; TE i= 1 FE Ny
240 mg-L™" ,CK(14.45%) <1%(23.11% ) <3% (43.07% ) <5% ( 63.46% ) <BC ( 88.12% ) .3X J& [N N {EAK e
FE RV B B, A= 3 A W e - 96 25 R o (R W B, A, R Y HA 5 W o o 2 2 A W e 33T, Jor LA
W2 2% e e 5 Bt 0 3 OB s, Pl R LR B B HA o 8 2 2% 4 W e = 398 1 R S W RO o5, S 3807 s
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WS TP HA PR B3 BB HT T B (a3 3X 5 Kameyama 55" AFF 5 HRE 1 25 99 50 e ek A I 5 418
IS IR AR MR SEARSALL 1T BC X HA (14 152 R 25 WA 1 e e R O AR BLAR 7 S, 4 B R A 4 2
AW pe ) HA QAT R RE T, (B4 i HA AR,

sBC oCK 4 1% v3% «5%

4_0—_ Langmuir 40[ Freundlich
35 35
30F 30[
fop 251 on) 25 |
20k 5 20[
£ £
3 15F 315
1.0} . 1.0
0.5 0.5
oF 0
1 1 1 1 1 1 1 1 1 4 1 1 1 1 1 I 1 1 1 )
0 50 100 150 200 0 50 100 150 200
Co(mg-L™") CJ(mg-L™

2 AR S MR S X HA R R4 IR 4R

Fig.2 Isotherms for humic acid adsorption in purple soil amended with dairy manure biochars

—a—BC —CK 1% v 3% 5%

_ b
a0l @ 100 - @

35k C A \ NEEE—
. 30 — 80__ .\A \ \
Tg 2(5) : 60 - \.\\\ v\‘
15+ \\ ‘\

n/%

e 40 .
ror .\o A\
05 201 \-\‘
r L ]
0 C 1 1 1 1 1 1 1 1 1 1 1 [ 1 | 1 1 1 1 1 1 1 1
0 50 100 150 200 250 0 50 100 150 200 250
Co/(mg-L™ Co/(mg-L ™)

B3 AFEYR RO HA BT (a) FIRER (D)

Fig.3 Adsorption capacity and adsorption rate of humic acid in purple soil by dairy manure biochars

#£ Langmuir A QS AL HA BORFTR I & (mg-g™') K fEAE—E B LRI T AR L
5 HA M0zt QM K, IR BInT IR S R ZZ th 455 (MBC=Q K, ) , Z5 & IO BT AN [R) b BRI
FEHA 50 A 5 458 K, BC . CK 1% 3% F1 5% Xt HA 1) 5 K i 25 &8 50 51 o 1.502,0.443
0.582,1.270 i1 1.493 ;W [} 5 BE e KRNI/ NI 4351124 BC ORI CK 33X 5 4 A0 BEXT HA 1) S5 R W o 58 J A 2
AK—FUAE Walelign™ BFFE oA F AR A P15 43 B1L 0.5% 1.0% i1 2.0% 5% - A -3 | 1
CK W Z 1 NO,-N, 7E 2.0% 715X} T3 NO,-N 118 W B i 5 g, 3X 5 AR S 3G F 9% 19 245 SR 201
FTRARE R (600°C ) il 25 il A= W, HEAL B RE A FLAA AR08 o 4t 3, 1 A LB 43 7 e i ok /D | 3% 1T
FF o W B 1) F2 2 2 2R e S 3R T A R Y U BE AT (AR M R B RTR I A ) , W 5 A HLE
PR E WAL 22 5 T A A w T T S92k 00 A ML B F IR R m-m WP T 3 a3k o g o
Ty AW EHEA Dok 12 HA ME A LY, 2R 38 E W R e R 1 R BT 5 L B 7, - H TR
TRy 2 [l At e rpopLBR R RURRR 5 10 k2 AT DAB IR HA B KRB 25 2 L A5 R B
YR X HA A R AR FECR A SR, A= 284 W e xd 55 60+ W i HA R 2 — & T84
W LA FE R GEH PR Y AR A ARCT) (A0 HA A5 — 2 AW B [RI st A ml fig 4 2%
e W) I3 Aol - 39 P SR A A AL B R e 18 T, B 1 R € X HA Y W B BE 0 O e A P M B (20,100,
240 mg- L") H £ ALBEXF HA A9 I B e 2 B v 19, LA VR I 240 mg - L™ A3, BC .CK 1% 3% F1 5%
XF HA B 43591k 3.049 .0.867 . 1.387 .2.584 3.808 mg-g ', X J& i TAEARWEE T, 2R 2B Wk 1w
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R W AT 5, 25 A BRI HA 437, BN TR R, (75 4 252 W e I EE HA Iz i i b g/ Bl
HA PV BERG I AR 3 T A0 HA F3F H I 1) 2R 28 A2 ) e W R 7 05 3 8%, DT 2 2842 5 e X HA
A W e 8 ) B KB AR 7, BC ORI 5% % HA ) Wi BF 2 0 K2 o6 50 8 EL e 4230, 4 3 A6 W e it in 1 4%
o 6 HA BB o Lb 25 68 IR HA AR BN S B2 55 1749.01% , 1 H HA B ¥R BB Ry , B2 s M B8 B =7 . P
FEA A HA AR ECE FLRAAIC, PR SR i FH v, 25 Rt i /& Wk B HA RN 5% i 4= 38 E W T8 6
+ ok 5 £ 1 B B

&4 Freundlich Fl Langmuir WESE

Table 4 Isotherm constants for HA adsorption by dairy manure biochars

b Freundlich Langmuir .
Treatment  Kp./(L-mg™") R n Q,/(mg-g™") R? K /(L-mg™") '
BC 0.317 0.969 1.242 8.301 0.983 0.181 0.121—0.625
CK 0.476 0.890 8.001 0.852 0.926 0.520 0.005—0.056
1% 0.550 0.867 5.024 1.453 0.995 0.401 0.003—0.033
3% 1.225 0.729 5.572 2.691 0.989 0472 0.002—0.018
5% 1.429 0.879 4.163 3.992 0.955 0.374 0.001—0.012

2.4 A O R (0 A P FE IR SR R AR

FRAE TR (3) RN (4) 15345 Ab BEXT HA P figf I R0 figk W 226 D1, Pl it JAS [) 4 296 A= W e E 461 1 55 €2
X HA (9 f% W hE, BB HA W Ve B T o i T ek 3 0 I DA HA A B K i T it R 481, BC
(0.251 mg-g™" ) <CK(0.279 mg-¢™') <1%(0.357 mg-g™') <3%(0.534 mg-g™') <5%(0.541 mg-g™") ,{HE
# HA FEROREETr i, A A0 FIXT HA B 2 0T R A A 5 6 HA W B A Iz, 158 B it in 2F
FEE YR BEFRAR 22 (0 % HA AU R . BC R RAE 8.22%—30.11% , CK fift W R AE 32.17%—36.63%
19 f# W RAE 25.71%—34.18% , 3% it W RAE 20.67%——32:35% , 5% ft e R AE 14.209%—30.61% , 4-F6 /£
XA, rf HA I RE T3 K /N A BC<5% <3% <1.% <CK.3% 5 F B B2 27 R 5 - 398 6  14) W% A5 At %
SEILISADL, W B A AR A A RS N o R R S 0N T BC g PR A R o S
TR, A I RN TR W3 BT de /N AR 2 AR W e B B0k I B K M, HA SRR MR ALY, 4384
AP AT LA HA $EAEET K7 0 (A5 B kAt 5 |V A BE AR 1Y HA )3l 2o Y fliAe ) AR B 4= 38 B W ok
AN, AT HA B2 284 W e B 1) A A2 [ HA A A+ R 1) D

—2-BC e CK 4 1% —v3% 5%
0.6 40

I v + —¢ 35
05k v/' ‘/ _ ‘\‘\‘\‘\'_F‘.\.
1 1 1 1

(=
~
T
N
\A
(o5}
(=)
T

]
w
T

O(mg-g™")
e o B
(38 W
— T
?\\.\A
(AN
LN
R
e
Desorption rate/%
s o 8
T T T

=4
T T
w
T

I " I n 1 L L L 1 . I L L L L 1
0 50 100 150 200 250 0 50 100 150 200 250
Co/(mg-L7h Co/(mg-L7™)

B4 AFEYHRA S LT HA I A A

Fig.4 Desorption capacity and desorption rate of humic acid in purple soil by dairy manure biochars

FEH 5 AU HI= (gD, —¢S,) /gD, W ,qD F ¢S, 53 510 25 Ab BT HA Ff Wi B £ i fige o o, FLrp iy J5 &R
BEGER T, DUJ R S R0 i R e R A A 25 R AC. Fh 6 5 TR0, 78 5 Ak Bl R v 8 A AN TR R B I S R %, L
il It R HA ) b 8 (0 1S 0 g 14 O i s R (CHT) S A bl W B A s A6 b, 24 HI<0.7 1) ik
HRE/INT W BT RE S TR IS AR 2 HI> 1.0 I S S JR AR T 24 0.7 <HL< 1.0 B DU fige i 5ok J32 5 e o
SR EEARAL, JC R VE . AE 5 A Ak B # b A BC 9 HI{E KT 0.7, M JCus 5 EH, CK (%) HI {E/NF
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0.7, MIEREISVEM, TAE 1% 3% 5% 1 HA vk BE A2 7 1E i s VR .
R5 AFEACFRAY HA RS R

Table 5 Desorption hysteresis coefficient of HA in purple soil under different treatments

Qb HR WILHEHEE Initial concentration/ (mg-L™")

Treatment 20 40 60 80 100 120 160 240
BC 0.876 0.841 0.840 0.867 0.897 0.909 0.914 0.918
CK 0.634 0.641 0.653 0.665 0.673 0.672 0.675 0.678
1% 0.659 0.675 0.782 0.730 0.732 0.741 0.743 0.743
3% 0.683 0.701 0.729 0.749 0.765 0.788 0.792 0.793
5% 0.693 0.723 0.751 0.780 0.801 0.825 0.845 0.858

M Braida 28 WFGE 0 R0GHE , B0 00 25 LA R R R & AR T RO IS LR T SO A S Y
BRI, Az Wy e PO A L ask B 7 oA R B 35 5 0 R T G ) o, A W R 50 B A O g e R e R AL i o
BRI FETC I B SR (RPIR A | (45350 43 B W R 35 40 S R e ) S A A S A s R i, 38 i 1
AR TR S 13— B2 PR R B ) A T 75, A 5 B i R e ORI i i, BT A6 R T HA B B A 352
Vit Bk HA B2k A R T4 E AR i 4 .

2.5 A mot o A R BE R W B 2 ERRAE

HRPE(8) AN (9) FHHE— BN T2 R — 23 ) 2 R A G550 LS B 7R | A= 384 P e vt 45 68, 1
T HLA [ PR 6 A2 6 S [a) P gl s 80 O ST A6, VR ST A 22 i 2 e/ IN PR D 8 o o — 8l g 2 N E )
HERRIAGS (N3 5) |, A28 E W i w55 (0 rh HA BB 450 U 905l J 2 A5 M ¢ RBU7E 0.983—
0.992 2 [] , KR4I Mt — 2 8l 7 2 AR Hh SV W B k-5 52 36 S5 IO Ay W BfF 2 AH T (0.874—3.808 mg-g™').
XU A F AL o SR R HA R B R T2 i >

sBC eCK 4 1% Vv3% <45%
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Fig.5 Kinetics for humic acid adsorption in purple soil amended by dairy manure biochars
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Table 6 Adsorption kinetic parameters for humic acid by dairy manure biochars

HE—2 gl Sy 2 A W28y )y 2 A
Ak Pseudo-first-order kinetic model Pseudo-second-order kinetic model
Treatment . 0 0 0
Q./(mg-g™) R K, /h Q./(mg-g™) R K/ (g (mg-h)™)

BC 3.045 0.989 1.729 3.082 0.983 1.017
CK 0.869 0.987 0.491 0.958 0.992 0.694
1% 1.393 0.995 0.493 1.531 0.987 0.445
3% 2.495 0.885 0.916 2.679 0.985 0.537
5% 3.641 0.854 0.948 3.912 0.983 0.379

2.6 A BT (0 A R B IR I B 1 2 ERRAE

PR AL E S A HA W5 W sh 124 i 26, w4 28 A W e 52 6 W B A HA 79 R RE &R )
R At A i SR o [RS8 AR O ot Bt 30, AR 5 20 ek /)N i 3] i T A A BCLEK L 1% 3% FlI
5%%tF LA HA f#W i WK 6a, HA fit W K/NH 5% >3%>BC>1%>CK. AE.0.25—12 h i HA %
TEZWTHG N TE 12 h W) HA f# 0 528 08 3P4 76 12—72 h i, HA fiff W o B A 38 31 -4y 45 A 3L 06)
HA V& ) W% DL ob Bl 257 fiff W BsF [B] 4 38 0, ik W 238, I =2 385 0, SR 32 7 0 /)N 326 381 e R SF- Ay D
BC . CK 1% 3%H1 5%%f LK 404 HA 3R  HA f#NCR KN CK>1%>3%>5%>BC.1E 12h Z i, HA
Fff I RGN 72 12 h Z )5, HA fR R % 875 20 °F-fir HA ff# I #E BC ol 0.251—0.429 mg-¢™',CK
9 0.263—0.279 mg- g™, 1%~ 0.336—0.356 mg-g ', 3% K 0.517-0.534 mg-g ", 5% N 0.524—
0.541 mg-g ' HA #1816 BC 7E 8.20%—14.05% ,CK J9 32.18%—33.33% , 1%} 24.22%—25.67% ,3%
4 20.01%—20.67% ,5% M 13.76%—14.21%.3X 2 F T Fifi 25 fifk W Psf (1] F) 388, e IR B9 2 2 A= W e 56
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Fig.6 Desorption kinetics of HA in purple soil by dairy manure biochars

3 %5 ( Conclusion)

(1) Langmuir Ji 2 Freundlich J7F2 36 & 2R 38 AR W) e X500 - WG B HA B9 25 1R o At 7 TMEZZR
1 E e — 2R 8 ) A B AR FE AR W B B b HA YW 3 g i .

(2) AS[FIAS I BT A 2 A W 5 %ok 55 €8, - W OO - e HHA. 25k A% R e WA ol 2 52 i A [w). B o 2R 26 2 )
¢ L5 8 18 o B A7 T 88 00 0 9 8 1 R R . KX HA %) 5 o A R o 3R B MG i T 3R e 1 3 5%
X HA PG Bk TR o 25 0 A R e

(3) ANRIASIN LG ) A 26 A 1 e Xof 55 (8 L W B i W HA Bl J 27 s i A [a) , RLAR =7 BE o 3278 12 h
I, W BB ET R AN  B) T 12 h 225 W A6 W R R B AR A DRI CK < 19% <3% <BC.<
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5% , fi W 1 RN i CK<1% <BC<3%<5% , f# W R 1 K/ NI 1 BC<5%<3% < 1% <CK.
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