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Abstract: [Objective] The release of solid aluminum (Al) in soil, induced by exogenous acid, is the primary factor limiting
crop growth in acidic soils. Biochar has been demonstrated to reduce the concentration of active Al in soil under equivalent
acid input. However, the dynamic mechanisms by which it mitigates Al release remain unclear. [Method] A stirred-flow
dynamic acidification experiment was conducted to comparatively analyze the kinetic processes of solid-phase Al release in
soils amended with biochar and Ca(OH)2. [Results] The results showed that the release of Al from all treatments exhibited
a two-stage pattern during acidification: accelerated release followed by decelerated release. These stages can be accurately
fitted using piecewise functions combining first-order and pseudo-first-order kinetics (R=> 0.999). The fitting results suggested
that the two stages were controlled by proton diffusion and diffusion of potentially active Al, respectively. At the end of the
reaction, the cumulative release of Al from biochar-amended soil was 8.98%-17.23% lower than that from Ca(OH)2-amended
soil. In the initial stage, biochar competed for H* involved in Al release via protonation of surface organic functional groups,
and simultaneously reduced the H* diffusion rate constant. This resulted in biochar slowing down the rate of Al release from
soil in the initial stage. Peanut straw biochar mainly inhibited Al release at this stage, with a better effect than rice straw biochar.
In the later reaction stage, both biochars reduced the soil Al diffusion rate constant by 14.81%-51.06%. Meanwhile, rice straw
biochar decreased the content of soil potentially active Al pool by 17.84% and thus reduced the release rate of soil Al during
the later stage. Consequently, rice straw biochar was more effective than peanut straw biochar in mitigating soil Al release
throughout the acidification process. [Conclusion] Biochar can enhance the kinetic stability of soil solid-phase Al release
during acidification by improving soil pH buffering capacity, reducing the potentially active Al pool, and optimizing soil pore
structure. These findings provide a theoretical basis and technical support for the long-term prevention of Al toxicity in acidic
soils.

Key words: Soil acidification; Biochar; Ca(OH)2; Aluminum release; Kinetics

B OAD 2B RFEENEEITR, ZUMEEEEREY S () Snffan, K4
pH<5.5 i, [EAH AL, TERGENE Al 57 . FEPRISHTENE Al SCAEUR, 5 umol LR EERT AR
R AT A AR SRl T 52, K 2 SRR R AR AR VAR SR B % 5 min BP SR I H #0281, T R
U, FEEEAONRRNE IR R) BRI R M, RSk, MTEREEEEA . BRI (ERGRTTE
SNAVER, FRE AR H IR R, EdkiE, 1980—2010 (A, FE AR HIE pH “Fi
FBE 0.5 ANHALBL, BRI K, & 2050 IR E KA I 13%MHH TG Al 3K, R &
PARAEHE NN 20% LA 01, PR, SRf@dn s TRt IR e R T 2 O E

WA KRR (WA KA AR AR A MAYR R A R 1
Al FF, IR 7RI, RS EIRMARNPATS, AR R AL B 35 pH B 8 & T 300 AL B,
BERRCT LIRS Al SR, RUHEREAMBEEMACRET, 25N 4.0 mmol-Lt HNO; 3
iy, AR R R RS LTI pH BB IR AT R 0.3 AN pH BAAT, 1ETE Al S EAR 54%, FOKAHRHK
EHIN 99%I[81, Shi 1OV i) Tk 4 S B 1AM TE S B SR FIH AR R Ak, UESAE PR R IR S
ST 1 A2 HR T LR g2 b Ve e . ek 1338 pH R RS HLMI . FFEE R, EINERR
A, IR AlTER BRI ST R, HBHCER I T — @i [ B A I8 Al ) SRR
JiCE, HET AT BERZ A RE )45 R T RSB Ak, B S A T R R A AR TR S I A
REIMLEIA R . SRTT,  H A AR LA AR IE

B AL IR Eh I8 Al IEAL BT HY S 38R AL S, THFE HH RN BGE I AR, Bk
PR RDAFELLI N (D HY SR SBEART; (2) HRHZESEEMERT: (3D R
HY 5 &R AR AR 22 OB, FTREV S I R 5 T B DL B /K &55: Giv) SRR o e
WA, CARFARI, W pH. AVLECAR. AL, T EREAR Al RS SR AT R0 44 K
TR AL BRI SIS AR . RIS T, S AR R pH T R A S, BH RS TR
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T AR A8 DR 2330 o e e 6 v A S R /K P T A A AR DA L SO MNE R pH ] S
KO, PUmER Al AR B\ BT Y AR GE R i, BRI ey P E
AR AL R R A B AR o o N ORI A 52 S S8 H O SRR IR b DRI R 425 20
R0z 81, IR AR EAR ALEEZRE, HYAL MR E 2. L5 Al REIUE BRI 8] 2 IR
SIS IR IR BOMERe o, DSOS BOR R T 22 et AL RITEE B AL FREIIG T 1as B Be U 22 0 BT 5
2 R R ) R R IR SR W A D8, RITIIT FU A SRR, AT SR AR, B URAS
e 7 TR ph A&, W IR E A AT AR, AW 55 FH A IR AL 2 - 338 2 [) X 21
J5 22 S G e S AT R SR 5 14 - 3 ALRETiE! ) 221 R DL AR A HLAR AR AR B

AHEFCEIAC ARG RT HAFE TR, AR R [ 247 AACERAE s T, ) 6 A W B A 3 IR el
R, JRZEAMGELLRRE G, B EE B AR b e, B IR SR A, 1
MR pH AT AL AT T AR S AVBEED T AR R S R 2, DUYTiE 2B s AR i R KK
Zefi Al BEE AL, IR YVE 3 Al 35 1 RO B (BB AR A BOR S 4

1 PR ik

1.1 X IR SEYRIR

=M AR E (0~15 cm) RIS K BVLVAEE (28°12'N, 116°56'E). | 7R M (23°10'N,
113°30'E) A1) Z-ffE (20°19'N, 110°13'E). =FH 0 AlE THENLAR LR EAE. KA RKE K
ML A K GG, FERE AR S 2 mm F10.25 mm §fi, TR0 & g
BHERAG I T E o 21438, FRZLIBAIRG L1381 pH ik 4.78. 4.56 Fll 5.42, FHESTAcHs (CEC) A
12.40. 8.12 f1 12.60cmol kg ', AHLFR S EN 14.9. 11.9 Al 24.3g-kg X T 3RR A2 2> A AR FR 1 2>
bl S O Gk BE 43 A (LS13320, Beckman Coulter Inc., Fullerton, CA, 2E[ED) %, Hrparigd
Bk (<2pum). WKL (2~20 pm) ARMERL (>20 pm) &8N 45.5%. 19.7%F1 34.8%; RT3 (IZHHL
KRS R 550 314 58.4%- 13.6%F1 23.9%; fk£I A RNRL . Ky ki AIRDRL & & 737 73.8%. 6.6%
F116.3% 1, = Fh -8 H A e KRFKE R 2 HD 437104 35.0%. 55.0%F1 62.9%.

Fr A 53 0% 4 99 B A AEAS AT ARG B AE B 3 i DL 20 °Comin FHE 2 400 °CJa JRAFA#E 3 h il
. WH GRS 0.25 mm i, HF IR RseIs . e AR SHREER pH 43 512 10.28 i1 10.01,
R Fl 75 &y 321.3 cmol kg ¥ 179.2 cmol kg% KT & A B e &N 194.4 cmol kg 31 144.4
cmol kg% CEC A 146.8 cmol kg % 143.2 cmol kg4,
1.2 TIEEFFSOLE

I e ) IR IR IS S A R A K (Ca(OH)) Bt R 3R, Bitid R R 4051
FREX 300 g 41338, FRZ0IE. W LL4 T3RAA T, Wn 30 kg ML R AR (PC) T =Fp 145, i
W KEE IR KRR 60%, 7F 25 CHITERE MR 19 30d, & 3 RANGE LB T/KIRFFS
KEMEE. HFEEHRE, TAEERXT I 0.25 mm §f, #1755 AEY R R )5 HIERES . Nt
WA R WM ZES, SR RS, WA 30 gkgFEEIR (RC), HEATHH [FIEE 77 5250 1
AR R IR BRI — 2 B Ca(OH), #H4T ik REFRsa, #i &5 AV Ab 2+ 35 pH
FHIE AT KBS K 3R VR X IR . £03E . RAIERIRE LT3 Ca(OH), HIAINE 45 1.875.
1.775. 2.150g'kg™t. [FAINY, S5HL—Mr LIt dh, FEAIN 1.433 g-kgCa(OH)2, 1 NFEHRR B R £LIE )
YRR . A E =R E T . 3 pH fE KRR 1:2.5 244 N Orion 720 pH i (Thermo
Scientific Orion Star A211, ZEE) FE & pH HALNE .

FIEE A Al TR ESIR R 2 18, FREX 2.00 g 4, KA 1 mol LIKCI. 0.5 mol L1
CuCL (pH3.0). 1mol L2 &% (pH4.0) K 0.2mol L1 EiES4: (pH3.0) BT #HAs. Al
SEEAVREEGGELIoEM Al i RS S S AR R OB (ICP-AES,  VISTA-MPX,
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Varian, 3 ED € R AVIKEE . BAHE RO AIlG e SHRELS S8 Al SER
InAT. - Ab3E A3 pH A AH ALTES AR 1 Fos.
& 1 £YBURMAA R R IR pH REHE Al FZESEK
Table 1 The soil pH and contents of different solid-phase Al species in the soils amended by biochar and Ca(OH),

BHHEEA A BEGEEE A

S M B oy o) VN =il
N 25k Al Organically Sorbed LR Al ToER Al
+ 3 Ab Exchangeable Potentially Amorphous
- bound hydroxyl . - "
. pH aluminum . ) active aluminum aluminum
Soil Treatment aluminum aluminum
/ (mmol kg1)
e
,Ifi%_ TEE*%*T?)_E 6.33 0.16+0.04bc 6.62+0.00b 11.60£030a 18.3810.26a 46.20+0.54b
Red soil Peanut straw biochar
Ca(OH), 6.32 0.13+0.01bc 6.89+0.11b 11.37£0.80a 18.3940.68a 46.29+0.98b
R L
i %{Red . ﬁﬁﬁm. 5.89 0.23+0.04ab 6.03£0.00c 8.20£0.25¢c 14.46+0.20d 45.70+0.94b
soil Rice straw biochar
Ca(OH), 5.93 0.31+0.03a 7.21+0.03a 10.08+0.01b 17.60+0.07ab 47.39+2.13b
igAR: TEAEFREFT IR
: g + + + + +
Latosol_lc Peanut straw biochar 6.18 0.08+0.00c 4.22+0.11f 11.45+0.27a 15.75+0.38c 40.26+0.20c
red soil Ca(OH), 6.21 0.0940.02¢ 448+004efg  12.06+010a  16.63+0.09bc  39.78+11lc
iz aRE] TEAEFREFT IR
+ + + + +
Latosol Peanut straw biochar 6.38 0.12+0.01c 457+0.21e 7.27+0.31c 11.96+0.50e 55.66+1.59
Ca(OH), 6.43 0.14+0.02bc 4.88+0.03d 7.441+0.21c 12.46+0.27¢ 55.54+1.73a

H: FSIARRNG FRERORAR A 2 M SRS EZEREE (P<0.05). Note: The different letters in the same column mean the

significant differences among different treatments (P < 0.05).
1.3 HRRPER IR IN 5%

P g 7 R A 3 B A AR & (13.6 kmol {(hm2 a) 1) 191, “FHfF/K & (2 000 mm al)
PAK IS (1.3 g em™) 1H5, & BIEREFEE 24 7.5 mL fE/K &, 5.18 umol HNO3, #H4T 0.69
mmol-Lt HNOs (pH =3.20) . JFfedtIgac it AVBET, & stiMEI1A 1 mol L-3KCl.

i B IR AN BEIBEPEAS . OB A B Sh ISR ER AL AR, AR IR AL
AR 7 BIFREC 1.00 g ZEV) PR M KB R IR B T OB, BL 1 ml min B A
FABRVA L, AE 400 r min R/ HEHE T V. H 56— 0T 46 THR, i 100 min & 5 min #icfE—ik
IS (£95mL), J& 200 min 4F 10 min YR — O R (29 20 mLD, itk H R AR SR SRR 1
. FASEYEE 2 . A Orion 720 pH THAIE & pH HUAR N E R R pH; 81T 8-FRJLmEmk LE (o
T2 72 K VR A R EE RS,
14 WEGE

FRANRAL R AP 1 RBHARE RGN (D 153G
p(t)= 2{(Co-10PHi)x V»}’—:IO"’“I'-lo"’“O)xvc
X, p(2) AR A 285 5 T R FER, mmol-kgt; Co NERWVARWIL HRE (0.69 mmol-L-
D5 pHAAHS | UCKAEIS IR B pHs pHo AT pH; Vi Ve | ANBORE T A AR, mL;
Ve ARMNERB, mL; m oA RMNERNEERE, g

BN AR B A R AR R 420 (2) 5

q (tl): Z(Cixvi:l'c(ti)xvc (2)

T, qt) S E] Ay 246t 3 Al BRURTBCR, mmol kgt CoAHS | ANEURE FE TR AR TR B, mmol L
L C(t) N b I N SR A TA W BLAARIRE, mmol L1 Vi % | NBURE B B E AR, mL;
Ve NN ZE IERAAR, mLs m oS =ERnEERE, g.
1.5 Geitoth

K FH SPSS 20.0 AT BT 0T . A0 2 18] ) 2 Rl it BN KO Z 98T (ANOVA) 16

%1000 )
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i, HHR/DNEEZERE (LSD, P<0.05) #HiTHHEELE.

2 LRSI

2.1 EHRRL T I & pH L

W S IR R N B TR 3G 00, S I AR 053 R 0 3 K () ST AR R 21 580k R pH S5PUs R [%, R)E
& T RIS MR BIRT4E pH 7KT-; REZLIEWR R pH T SE 180 R P e PRl N 1%, B T B R s
WG pH K (B Do AHE T BE KA, EAE RS R FORE SR S50 2 T bk Vi pH 1R 1 B3
HAEAEREAT R TR R . (ESLRT 30 min, FEAREFT 5 RIRE B % AbFE 2T 38R H pH T BRI3E
A3 BT IR HENS 33.19%F1 6.99%. R pH N A2 Rk S B P I FIH R R . R AEY R
RIEGE LM pH R BRI RS AR R A B U — B AT AL RN, AR R K
PRI B 7 AE R R T R IR R b A & 1) 1 SRR, AR R R IR E NFEE, K
I, HARF T IERRZ P A B I RCRI TR R o AEAFEFT R A FRAL 203 W pH 72 S2HT 50 min
A KAEFEAHIT, (HAE N 50~100 min B8 AL B 13.66% . X Ui WAL 2135 H S A7 — N
RS T LEDD R R TR IR A MG FE o 1220 R T B8 2 Fh i 21 39 b 2 & Bk S D 3R THT P2 58
THAEH SN . AR, BREREIR I T 0T R T 1E H AT 2 7T A8 L faf T i
FER T E RN, HH pKa (5.0~8.0) MW & TAEW BUR RN FRKEE (3.5~5.0) 22238, X gk
FAL R IR L BT R RE s T A BUR R R EE . BRI, AEVIFUR XS &S A% 41 3%
FRAL WA pH N RS2 E AR, 76 RS R A R0 H B B pH i EH .

7.0 7.0
3 —— PC -£1.4 PC-Red soil b) —— RC -£1# RC-Red soil
6.5 —Oo— LM-4.4% LM-Red soil 651 g —O— M-I LM-Red soil
60r | 6.0
55+ i 55¢
5.0 5.0
45} 45t
=
S 40} 40t
2
§ 35F 35k
= 3
ﬁ 30 1 1 1 1 1 1 1 30 1 1 1 1 1 1 1
o 0 50 100 150 200 250 300 0 50 100 150 200 250 300
é‘ 7.0 7.0
e c) ——PC-/3413 PC-Latosolic red soil = 5 PC -fiz£14% PC-Latosol
£ 65f ; —O0— LM-/R414% LM-Latosolic red soil 6.5 f —O— LM-i% 1.4 LM-Latosol
6.0 6.0 -
55¢ ! 55¢
5.0 5.0
45+ 4.5
40+ 4.0
35t 35t
30 1 1 1 ¢ 1 = ‘ ] 30 1 1 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
[ 8] Time/min

#: PC. RC. LM S RIDNAEAEREFFIR . FERUR A A I Ab 3 L 3FE 5, TR Note: PC, RC, and LM are soil samples amended with peanut
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straw biochar, rice straw biochar, and Ca(OH),, respectively. The same below.
P 1 ASEAUAR A ek A bk H VR pH i S 2 R T 324
Fig. 1 The change trend of leachate pH during the simulated acidification process over reaction time

22 IRERRTFEHREBSHNFRENS

3 BB T IH AR B N F] A ARA S5 R R, 5 AR 30 MNIEUST T RV RS S LT ST DR
G g E g InrEs (B 2). fERMNESHRIN, TEARAT R, RN 235 AR5 H
FEREL A AL FE S 5 23.01%. 18.62%F1 15.56%; 11l A5 Fi sk Ab AT 48 BRI T-IH FE BB A
IRALPERE 5.18%. X5 B 117 SEI6 b P A AR TSR AR T AN 7] - 388 (R BR 2 4k E R ROR — B0 271,
35T RN FEE B N R A 4 B 2 DT AR A BOR IR B 5RO : U — KB 15 TR (R?
=0.997). ¥ #UTFE (R?=0.965). Elovich 77/ (R2=0.659) (% 2). LInfilid £ 4 i F2 T #E
HNIR HY, AR IR AL i A . A LRI E REBT 7L BRI AR RE IR S
o Dk, DRSS & HIEH AN T3 S B RA A BORAHE T Bl T R
LG RCR R2 8 0.997, (HAERNEH], SCREHE SMETTIA e, B T ELIE. X
0150 U e 7 iy 399 2 B I R o A P AR R 1, SN U AT RE A DI R AR SR T U
— R/ )1 IT RN S a AR IR BT A SR, b AR AR AT ik Ab 3 A 2
MESE a BOAIRAL B 45.25%~52.48%, (HIEAH 4 b [#1K 7 30.88%~59.57% (3£ 2). X itH]
FEAEREAT ¢ 32 B I 18 N A 3R i 5t A AL R s T RT A AR . HORE R PR BE 5 AR
V)5 18 T - 38 LR A 1 11T B o3 9 HIG R A 12T R 3 2 o 4 S8 VR 490 o 53 A M /)

160 160 -
140l ® O PC -2 PC-Red soil ol b O RC-£[3% RC-Red soil
O LM-£1# LM-Red soil O LM-Z15E LM-Red soil
120 -
= 100}
g 80t i
g
= 60} i
=
S 40f :
=
2 20t L
g
; i
§ 0 50 100 150 200 250 300
o
Z 160 160
= ) o0 PC -7x413 PC-Latosolic red soil 4 © PC -k #1.5% PC-Latosol
E 107 O LM-/#£04 LM-Latosolic red soil i O LM-F44H LM-Latosol =
o e
120} 120 PP k=t
Ez B .ac;fj‘@e'@
= 100t 100 | B 0O L e
E:F 80 + 80 F e R
T 60} 60 |
40 - 40
20F 20+
0t L 4 L L L L 1 J 0t l ] 1 1 1 1 L )
0 50 100 150 200 250 300 O' 50 100 150 200 250 300
fif 1] Time/min

T SR R SR AR L —Hsh 10 RE . O RER Elovich 2T RIILA . Note: The solid line, dashed line, and
dotted line were fitted using the pseudo-first-order Kinetic equation, diffusion equation, and Elovich equation, respectively.
P 2 -3 EBUH FEJT R B SN (8] AR A

Fig. 2 The change of cumulative proton consumption by soil over reaction time
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xR 2 DRERERTHSNFUEER

Table 2 The dynamic fitting results of proton consumption by soil

P — G5 7% TR Elovich 75 #2
+ 3% s Pseudo-first-order kinetic equation Diffusion equation Elovich equation
Soil Treatment Q=a {1-e(™) Q=a t¥2+b Q=a int+b
a b R? a b R? a b R?
41 3% TR
A% ZE%?‘WH?_}Q 136.47 0.004 7 0.999 6.46 -14.11 0.965 13.93 -25.71 0.659
Red soil Peanut straw biochar
Ca(OH), 89.50 0.007 5 0.999 5.64 -11.00 0.998 14.00 -24.16 0.979
AR R
L% . *uib?_ 74.45 0.0100 0.999 5.59 -10.79 0.995 14.14 -25.64 0.847
Red soil Rice straw biochar
Ca(OH), 71.68 0.009 7 0.999 4.84 -7.67 0.990 9.59 -12.64  0.903
FRAT I HERERFY
AL 1t +‘*E'ﬂ?].% 81.76 0.009 4 0.999 5.52 -9.63 0.994 10.75 -15.19 0.961
Latosolic red Peanut straw biochar
soil Ca(OH), 56.15 0.0136 0.997 4.75 -7.79 0.987 9.80 -15.13 0.905
FAR: L
AL XE@&'H?’.&‘ 214.89 0.003 7 0.999 9.40 -22.40 0.995 29.89 -56.42 0.956
Latosol Peanut straw biochar
Ca(OH), 147.95 0.0057 0.999 8.54 -20.21 0.995 27.12 -52.89 0.945

T a Ml b NEE R ke A% t AIFIE] (mind; QUNTE t(min)i d-3% 2R FE R T & (mmol kgD, R, Note: aand b are constants;
R? is the determination coefficient; Q is the cumulative amount of protons consumed by soils at t (min). The same below.

2.3 WRIBR LRI E R ALRET L

B MR ER N I3 0, B AR ER Sk v AL IR FER R e LT E PR (- 3. MRT
PR IRALER , A=) ¢ PR SRR R 1 SO AR HE R AL IR BE (T s PR T OB R R AL I R AR,
H AR 7 VR BT ) o NI A6 AR RS FE ¢ 10 = Fh 33k VR AL R R U R A K Ak BRI
12.99%~22.32%, IS A AR HER 15~40 min. %55 A2 I AL B 20 38k . Al VR FE 2 Sl 7 I
N2 60 min Al 55 min iAF] 59.41 A1 75.95 pmol- L™t {IE(E . S )5, AR M KA HE +
bk AR FE ST R R IR

TESONEBTH, RV Al IR T RS I AL IR R . X AT RE L I SR 9% pH T RS
#¥. Rozalen 5N 7RI, TERYE pH YEFEIN, pH FEARIIEE T ZEBCAH Al IV HEEE, 2
S8 AT Tk R A BT R B0 281, A 3 AH AL RV I R 1 S A, HHR FEE ()36 in s FL A By
B ] BT ARFR Y S AE AL SO S A SR NS 3G 0, 2RIy 1358 Al RSO 38 . #H
BT RR AR, RELIIEA A 2 B A WL, R EA SR Y AERE ) (B 2), 3%
G514 AVE RPN H 8. Rk, TERMATH, AL 203 AL IR EE 138 Inid 18 T HAth
PR3, AEYITUR AN R T IR ER R pP AR, DR T R R T BEAT pH PR (A
1), #EIMseE T 3k R Al IREERIE .

FEMR IR Al IREEISIE S, W pH BT TR, (R Al R EEEWT IS, Ui B 1%
Al BEIGE R T a0, BRIETR pH LASh, 358 AL 3 BF 0 A2 oA PR 3 i . 398 53 2% 11 [
FH AN TEA LB N AT 3 ALV R ) — B R R, L3 Al ESEREHA. 72
BAEE ANGEE. TTEM Al LRSS SSRAY SRR 7). XA A LR Al
G AR AE B3 22 5, HoP AT =B )N R I AR TR VE Al 1% 2 B 055 2% A AR A TR TGk N L 38 I VR
HUCRTEER Al Li SRS 5T T A HLER AT 38 AL Y 52, R I3 Al 2 I0ET PO R,
Jei B MRE) o BRARAIE , o, ATABGE R Al £k B RS I e B AL i S
B Al 1Bk | AR AL ER 55 45 S A 04 47 . Dahlgren A1 Walkert271 U id 16 B2 $ 10 il 22
HIEANEES A ITER Al G, EIHIE Al RBGE R B K. 7T, ERBIERIL TR
W, BRI AL RIS pH JEFRIRES] T IR AL A R . TERBETH, IS R
TR Al FRAE, (HIER pH Bim, HOIRERRS] L3 AT ik, BEEWR pH T, T3 Al
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Fig. 3 The variation of aluminum concentration in leachate with reaction time
24 HIREBARBHESHHFEREUE
g RA ALRETBCE B S5 NI TR) 3 iz Bt ELSE IS s S O R L, SRR ALK
FEAAL S —30 (K 3 FIE 4). A IRAEFEA R L3 Al REVREICRE H s BAR OO RE 2088 40
B IR MBCT A KRACEE, AEPIFUR B R D> TR R 3 AL R BRI . FE R N A
WS, R AL 35 AR AL BRI ETEYE Al SR 56.91%~109.06%, ] T IREEEME Al 2
AHIE TR AL AR 35 AR 2 R YR . AT A AR, FEAEREAT IR AL PRALHE . SR LD
2135 SR AL BEJSCR 7 B> 11.93%. 8.98%F1 14.73%. 5Bk b HE 21 18 B AR U B A I Ak
PG 17.23%. FERT 138 AlINERE B, AEVIFUR AP 0 IRAL ] 2 7] 358 Al REVBETICE 22
PRGN AR, AEAREAT AR AL 5 AR L) A AR AL BE L33 Al RAURE I 2B AT, H
T RAC PRATHE Al R AR R AR T A BE R A IR AL PR 38 . FE B IRAL I RE o, AEAEREAT
R RIVRE B ¢ b B AT SR AL A AR AR 3 43 73] /0 R i 1.56 mmol-kgt F 2.40 mmol-kg™ LIE[E A Al i,
PEAREAF R AL B /D> 35 Al TR RE 32 B AR AR SOBI AT, 1A SR B IR 038 AL BRI AE S
AN 3K DOk 70 73035 67.92%741 42.08%. FJ WL, FEAEREAT 5 L EL@ I 3R T} IR g2 o Pk RE T /E
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FRACHT e 33 ALRBETSG Rt R ]l 48 T S IR 22 i RE AN B AR T3 I AE 0 1 Al & BAEIR L
R SUVRT i W88 e HE i 33 AL BT A

HI T 3 AL RE R Rk, 38 AL AR TSR I [ ) A2 A i R Xk LI 3 2207
FEIEE E H B A 45 R, Li SERST A HLER SR BN 1 -3 Al RSO REEAT 30 2207 el &
L, fEJMIEIET 30 min, Elovich SRR RAFIIMLEE (R?>0.95), BLJE#E AN B Al
AN AR L R AT IS . SULRT S R, AHIE T A4 A B 58 ARG FEE 2
SN J P (1) 73 BORS L AL IR GORUL 2 sh 0 5 R ) o BURR RO DL £ 5 AR B T AL R
BUREGERE, H R2 258 0.999 (3R 3). T2 i 7= 7 ) Ji A E 2R SR AT T 70 A0 R A2 St A iR 1
THE, AW I ) IR i OV B TR AR R R K 3 (pH>5.8), HIBCT T, AHEIT
T ARG R AT AR AR R AR IR (SR B R TR RD, SE4rIRBh % ALIEALY
H*, TUERT T FEs AR SC S N R . B 22 TR S 4 R UL, AEETTIX R A, 38 AURTRED
SR SN A RN, IR I R S R IR Al SESHRN R R, IR S HE A
T AVTEAL SN R YRGS RE o B SR TN, 5 AL RO AT, TR TR A R A 1)
JRFAERZET T (E 2), 25 HYAFEACKI R FIREERN, SECEEEAN AUIERER. 2453
i ] R R A R R R RSN Al BEBGE RS, S RTEE ST As R E A
VISR AP 35T AL RN EE, SEUL AUBEC IR B AERF I () 5 84 A AR AL R 16~28 min

(%3).

FERRSLJEH], A LI B A AR, BRI Al CDANEEE . BRESED)
P HOTRE SO ZIBe Al BRI IRIE D BR . s /170 fE o (EAURIEAEIETE Al fL R B8,
bo (R R BRIGLLIESN, S AE LI o (55 HIREAETETE Al S ERA 8 GR 1K 3).
BT A IAL B, REEOR AL LORIEAEVETE Al S B R ANG TS ao (H0 I FEAK 17.84%H1 7.77%. 1€
AEREAT NS IR Al SRR, EERRREE S TG a . AR EA L
e Al B UE AT by A KA FRIL 14.81%~51.06% . X AT A5 AR W0 e LI R B rL A P 4 o
A RO R IRl W, FERE B, TEAERS AT R BARFEAR 1 IR Al 9 HGE R AL
1B ATEACAL 8220, DRI DA RAARR A SR [ A AR T < TR 5 2 U [R] I B LR 2R 5 P AL 25 B AT
R R, B B R AR ARG
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Fig. 4 The change of cumulative Al release from soil over reaction time.
#+ 3 TIE A BRI NFUEER
Table 3 Fitting results of soil Al release kinetics
—RE ST =5 71570778
it pasz First-order kinetic equation Pseudo-first-order kinetic equation
T1 R?
Soil Treatment g=ay €Y q=ap {1-et%Y)
a1 b1 az b2
4T 4 AT
2L TECH;.H?_}"E‘ 0.143 -0.045 54.02 17.69 0.005 4 0.999 3
. Peanut straw biochar
Red soil
Ca(OH), 0.101 -0.092 27.79 16.63 0.006 5 0.9999
LA AR 0.048 -0.101 35.91 14.95 0.005 8 0.999 7
Red soil Rice straw biochar
Ca(OH), 0.079 -0.147 19.38 16.21 0.007 1 0.999 7
IR p ﬁidﬁuﬂbﬁé h 0.072 -0.058 62.42 12.52 0.004 6 0.999 9
Latosolic red soil eanut straw biochar
Ca(OH), 0.033 -0.103 41.32 11.98 0.005 4 0.999 9
5 e FE T
AL p ﬁi*uﬂbﬁé h 0.052 -0.037 93.99 32.87 0.002 3 0.999 9
Latosol eanut straw biochar
Ca(OH), 0.167 -0.031 66.08 24.77 0.004 7 0.999 5

VE: al. a2. bl F1b2 AEHL qoNTE t (min)if LIEEAM Al 2EUBTSCE (mmol kgt); o Jymiki AL S LRI 7 s . Note: al, a2, bland
b2 are constants; g is the cumulative release of solid Al in the soil at t (min); T, represents the critical point of the adaptability of the two
models.
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