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18.3%, AtEIEIN 5.9%~7.9%.

PR )R 5y T S5k & T R4k, N #| L
el LI A —E R, AT L IRR
o U AWk B A& LR I pH B, i in B 438
Hon] DAREAR LR B . AR W8 W] DU R AE )
W L e v A R B I AR, R LIERIE ),
e RIER R E, REEY AR, XK
SU R R, 5L, &2 ER IR
AP o vl LT H A HL I K 12.36%, 1%
pH {38 12.88%, ik 3yt S i ) 1
PEIRTT 1) K o

FERR AN P LS e PE 3 0 pH M, o m] $244t
VEW T LM E, RN R EE v 0 L3 b 4w
B AR . X EANEDT (R R, i
FHRE R A0 ] K AW Py Zn B — & RUR,
fEAK Py Zn HE 7 AIFFEAK T 20%~83%. 6%~
13%. X1 g ik S UV (R F 5 WA 452 1) e Ak o 1 138 R ]
PE RS AN 0] I8 R S Y A ) BEAR 11.18% AW
18.54%.

XK AERET RFEE, HEER AR
B, SHEEMAKRFERSMETR, A —
FEMBE, HAEZENHTRE. B8R, BIK.
EARENIR, fE BB ETTHE R WA . AR

R N EARRRL, A0 — € B I A AT
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1.1 EENEESRHF

SHA-B XX Ih & 7K ¥ 15 3 3F ¥ #% ; pHS-3C
pH il AA-7001 Wi o G EE T UV-5500
AT W R 85-2 THIRME I HiPERS: Db
Wy IR

ilg, HEE, hER, KB, Fi, &
R4, MREE, Sfbih, 4, HERYY, MRS
B, BRER RS, TN = AR e, PUA
MR, #&KES, KL, FrAHI o,
KA, TSRS FT . SEUR K N ZEIEK .
12 BRICEIREARIER

LA R ALV 2, BT IE,
pH{E N 4.7, BHUREEN 5.09 mg/kg, FHEFAL
75 /N 12.91 cmol/kg. H 3= B 4L ANk 2
HEAE 1. 2.

=1 ML IRNLE R

Table I Mechanical composition of the tested soil

TiH bz A g A bR
7 /mm -0.005 -0.014+0.005 -0.05+0.01 -0.075+0.01 -0.25+0.075 -0.5+0.25 -1.0+0.5
B/ Y% 43.10 11.10 28.80 5.60 9.40 0.90 1.10

2 W TIREEAMFAR %
Table 2 Main chemical composition of the tested soil
Fe,0, Si0, ALO, K,0 MnO N2,0 CaO0 MgO

271 5037 1423 16.15 0.017 0.19 0.14 047

1.3 XKWHE
1.3.1 Ca-Si-C K& ik

KA AT, HTEKSEE, BT, 8. DL
T KA R B AR R RE, 4 T B BV n ity SR A AR ek
FRAN, PiFks), wWE MR DL, K
BT L. AREVTED 200 B, %
HIRAET TR
1.3.2  Ca-Si-C A MEREM 772

IR ER BRI L% pH HIE BB ES
FE N, AR R E, O R LN R

A& Z R ). ERUESENT N, (EY U i L
pH BIME A 3.5, ACEHL pH fH 0 3.5 if, B4+
AT R IR EE N TIRRER =

pH MR 7% AREL 10 g HIEFEM NN Ca-
Si-C JG#%%1, 025 mL Z&MK, o LOREERE. i
BHEOR)G, FIRTERE A EE 30 min, HL
T, WE e B pH fE . FHTE A I —
E R G S e, SR 10 min f1— KR,
W FHE) pH 1H .

BEB T 5EE T A E % R
10 g BIEFESINAN 0.2 g 1 Ca-Si-C, 25, A
25 mL &K, HEMKNGE, WA—EENR, =
IR 0.5h, Bl KM KA I v vl
EM L. . . B, BRTE S/ EEN
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Fig.1 Effect of preparation temperature on improvement of
Ca-Si-C
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Si-C J5 L3 9] 46 pH {H LA IR T 45 & 35 W B
Ko XA YU pHERN 4.7, REREN
7.5 mmol/kg. AH LT X5 H& 41, Jifi N 400, 500
600. 700 C #i % 1 Ca-Si-C J5, T3E¥I4H pHE
S HIINEE 5.5, 5.6 5.7, 5.3, BREXRE R
BNz 15, 164 18. 15 mmol/kg. pH {f & KN T
1.0 pH A7, MEAEHAMKT 1465, B
RIS 600 'C, TIEYIGE pH DL R HE A &
RO T %, AIRE I AL &, o Bk A T SEAT B
A AR, S TR B A M RE . A
I, il 4% Ca-Si-C HIAUEIREE N 600 C.
2.1.2 il #&HF X Ca-Si-C 2 R AR 2

I 13,1 frid sei ik, 78 600 °C ke 1.
1.5, 2. 2.5. 3 hi#l4 Ca-Si-C, G LR 5%
Mz WA 2.

2.5 L L
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B2 #IZEEXT Ca-Si-C 2 R REISNT
Fig.2 Effect of preparation time on the improvement
of Ca-Si-C

LT, Bibn 1. 1.5, 2. 2.5. 3h#l%&
(1) Ca-Si-C 5 & M BHE -3 ] 46 pH 1 4 51 34
1.0. 1.0, 1.1, 0.9, 0.9 MHLfL, FRTEZR &) 73
InZ 18, 22, 19, 17. 15 mmolkg. ZE&H#ElxF
YU pH H AR A E RS0, & H Ca-Si-
C EAMERI AT (3] 1.5 he
2.1.3 IR E X Ca-Si-C 2 B R%CR 1 5

T € fE A0 B 2 YRLE R 70%, 23 5
it I AT I REER B, = Bk B L4 SN
7:2:1 (WCS721) . 7:1:2 (WCS712) . 7:1.5:
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Fig.3 Effect of material mass ratio on the improvement
of Ca-Si-C

BT IR, i in WCS721 il WCS712.
WCS722 B &Ml 138 ER 2% i ih 28 A% 45 58 -1
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%%, TRV pH KR EREHHEH K. =
B YI4G pH M 2> A48 K 1.0, 1.4, L1 A4,
fREZR B HIINE 17, 25, 19 mmol/kg. #if K
Al SEA RE R AN BT B LA 7:1:2 B, Ca-Si-
C HABMIIS R AR

RGN K/ LR o a5
U8, W 5 % FE (0~5 mmolkg). %% (5~20
mmol/kg). H 5 % 5% (20~ 50 mmol/kg). A5 %%
# (>50 mmol/kg). ¥l Ca-Si-C EA5MEE, +
HE R E AR 7.5 mmol/kg B 25 mmol/kg, M
5% BN G % E, LG RE RN,
KRN Ca fE i ¥ G2 b i B e EE A,
MHEEAK AT N Ca-Si-C 24t T &1 Ca®, fefgdim
IR G RE o [E I AR R AR R A R A R
AL s v 3 1) pH 18, B RERS SR AL
KT B K R Si, fii -3 pi e )yt — b 1ok .

Zx b, Ca-Si-C E A MBI H: I 4 51
TEKA B RV R L 7120 BRI
£ 600 °C. #Emt [  1.5 he
22 Ca-Si-C #RIBIRIE
221 X WE&-ATH (XRD) 404
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Fig.4 XRD patterns of wollastonite (a) and Ca-Si-C (b)

PDF#33-1495 #1—3. FIREmiR IR T, FEFT
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XHEK AT Ca-Si-C &AM EHEAT L0 /M6 5
Fr W B 5, 7E 3 236~3 446 cm™ A1 1 617 em™ 4L )
W Wz U 2 —OH (1) 4 45 A1 25 T FR 35 1 384 em™ &b
N CO, Wi, XFELIEAK A, Ca-Si-C EAMEHE
2 000~2 100 cm™ 4b W W I 2 C=C I 47 PR 3 5
1 770 cm™ Jy-COOH FIWL S s 1096 em™ Ab 5 1M
R R W N Si-0 5 C-O FIP4EHES): 780 cm”
Ab TR WU A Si-H A 4 R B TR WU s 694 em AR
WU Ry Si-C gaiRsh i, mf i, Ca-Si-C &
R DLRE IR A 3 R 9F H & 5 —OH. C=C.
—COOH. C-O Z &Rt
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Fig.5 IR spectra of wollastonite (a) and Ca-Si-C (b)
223 HAfET RS (SEM)

Tk K A 0 Al 1] 46 1 Ca-Si-C & & #kF 2. 3.
5um F 2. 5. 10 pm MRS WK 6. BEKA
AR BYORGEN, RIMECOWOLHE, WELREE
B/b o 1 Ca-Si-C BE MK E AT LAE B E /01 1
Wikl ( 6(d) « 6(e)s 6() » F& LW IR AERE
KA BRI, MR R R EN, L%
REWMZ . AVIRERNAEFE PRI, KR
FHEABGREY) T, REMEA R A LR, S
T ERME %A pH A
23 CaSi-C MEEBEBFSRBEFBHNEN

7 /T, XTHEZL A, Na'fE H &R E IR
RN 2IE1e TR, M 6.41 pg/g N2
9.70 pg/g. Jiti il Ca-Si-C J§ Na'[ ¥ H & B &
B, WH BRI 3.79 B 5.44 5, X FER
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6 #fE&RA (a2pmb:3 pme: Spm) F Ca-Si-C EE#MF} (d:2 ume: 5pm f: 10 um) B SEM
Fig.6 SEM of wollastonite (a: 2 um b: 3 um c¢: 5 um) and Ca-Si-C composite (d: 2 pm e: 5 um f: 10 um)

i T Ca-Si-C RN 4 T /K, T T Na'iEh
RN, Na'f KIEHEH 46.71 pg/g, Rk Ca-
Si-C il & FRERR NN ETHE, Na'ffiE &g
TONFERR AN E Y 1.17%, W0, Nath 2218
TR o

R
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Fig.7 Change of sodium dissolution before and after
Ca-Si-C application

L8 T AT, IR ZH A KA H R A R 1
NEH B, BHELE 1 pug/g L. B0 Ca-
Si-C Ji K BB 2 JH &, I 200 pmol iR
i N 25.86 pglg, NXTIR) 6.6 5. GKAE
SRV RIS T AR e ok L1 5 R B A 338 b B A 5
SEWR SIS R B I AR ok e 8 15 0 L s A L
B B BE. RS E. BUMSERSAT S, M
Ca-Si-C 7] $ i L3 b KTHPRICE, AEME KR
# K AE.
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Fig.8 Change of potassium dissolution before and after
Ca-Si-C application

BP9 AT, X HERE N2 L3 b Ca™ IV
o B ) BE B R I ON R B T B, AT RE SR R N
SO, 5 Ca® B MV M /) CaSO,. fHAZE, X [E+ 3%
o Ca? ¥ & A 2033 pg/g N FEZE 12.11 pglg:
Jiti i Ca-Si-C J& 3 Ca> 1% Hi & M 8.62 ng/g
TR & 4.82 ug/g. AL T 6 HE 4, HE N Ca-Si-
CCa™ [ th & W 2 P2 MK, Ca-Si-C REWE Jk 2% + 1%
Ca™ I 2k

H P 10 BT 0, X RER e fn2E 38 Mg > 3%
H 34y I AR IR 0 N R 0 R B 0 AR e R T T AR
{HE N Ca-Si-C J& 13 Mg® 1 ¥ H & 2K T X 18
“H, Ca-Si-C Aef% A A PH 1L I Mg 1ok .

HE 1L aIE, 5 Mg B A — 2, xR
At 2H - e AL IR B A B AR R N = 1
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Fig.9 Changes of calcium dissolution before and after Ca-Si-
C application
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Fig.10 Changes of magnesium dissolution before and after
Ca-Si-C application
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Change of aluminum dissolution before and after
Ca-Si-C application
Je B AR 5 TP AR o ok R A 2 R A
T /NT 110 pmol, 534 H & 1 3.35 pg/g M A
23.54 ng/g; NN Ca-Si-C J&, #HiFHEH 1.33 pg/g

Fig.11

BN 13.84 pg/g. MINEREN % 150 pmol B, i
TR T BRZH AR (I AR, Ul B R e
Ca-Si-C, HYHIERME —CfEERN, hIHSR
KRB . BREVEFE LR, Hik, M™
Mo L RIR AL, DRI R .

BN FEELD R, bR JIsR ) I Ik
T R (1 BB M HE B I P — A Ca®'>Mg> >K'™>
Na'=Al", 2% i & 77 59 19 — A HF 210 i 5 oA
AP™>Ca’>K"™>Mg*>Na", Ca-Si-C ' & F K=
Ca’’. K'v Na', BIMARIER DR, X85
gevad, PRI Ca-Si-C A3 AP VA B
FxEH. "I, Hihn Ca-Si-C BERSAT R R I
R, B R LIRS R
24 TEPERBEES pH EAXEK

MEMYBEITLR, MEMKEKEmRE
K, REHED PRI, RS iR
T 2R () 22 s BT DA R — A i 1 5 2 1 N R K
EHLAAL, fiT & LI R UK P FE bR . R it £k
FIVER R U 28 1 28 AN BRI A, IR AN R
i, TEEX BRI

FRYE I 12 AT %n, X HE AR v il 2k S TR 0%
o 4 52 s pH E K 2 8 3.5, T it Ca-Si-C
Jo o, WA 2R 0 A s pHAE T i o 41, B
0.6 > pH #.47. AT UL, Jin Ca-Si-C J5, +HIEMH
PR R FE BRI, B R 35 ()i R B

3% #

(1) Ca-Si-C &E &M BB B AEH & 2511 7 -
FEAA ST RN R Ly 7012, el
FEH 600 °C AN 1.5 he

(2) XRD. IR. SEM 43#7%& 8, Ca-Si-C &
GBI DLRE IR AR H AR, RIAEA AR, R
MER, LB RENZ, HEAFENRE,
BRI, BRIREREE .

(3) XTHEZH 80146 pHE N 4.7, TRERE
9 7.5 umol/g. i fin 2% [ Ca-Si-C. J&, TIEMH
Ik pH (H i 2 100 1.4 RAAL, BRFH A B iKY
IRy 17.5 umol/g.

(4) Jtifn Ca-Si-C 5, i IR & A b i
fn, Na's KB, 5B T x4,
Ca” [IE B FFR, WK TXRA,; AP Mg
RN, A& XT R £5V il 2 5 R g v i
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Improvement of Acidic Yellow Soil by Wollastonite- sodium Silicate-
biochar Composites

ZHANG Chuanfeng', ZHU Xiaping', ZHONG Jiaqi', ZHU Ziling', ZHAO Ping’>, REN Wei’
(1.College of Materials and Chemistry and Chemical Engineering, Chengdu University of Technology,
Chengdu 610059, Sichuan, China; 2.105 Geological Brigade, Guizhou Bureau of Geology & Mineral
Exploration & Development, Guiyang 550018, Guizhou, China)

Abstract: Wollastonite-sodium silicate-biochar composite material (Ca-Si-C) was prepared by calcination
with wollastonite as the matrix material and adding a certain amount of rape straw and sodium silicate. And
then the Ca-Si-C was applied to the improvement of acidic yellow soil. The optimum preparation conditions
of the composite materials is as follows: the mass ratio of wollastonite, rape rod, sodium silicate is 7:1:2,
the mixture calcines in 600 ‘Cand muffle furnace for 1.5 h. The results of XRD, IR and SEM show that Ca-
Si-C composite loaded with biochar has more surface pores and contains functional groups such as -OH,
C=C, -COOH and C-O. When 2% Ca-Si-C is applied to yellow soil with pH value 4.7, the initial pH value of
the soil increases by 1.4 units compared with the control, and the acid damage capacity increases by 11.5
mmol/kg, the dissolution of sodium and potassium in soil increases, the dissolution of calcium, magnesium
and aluminum decreases, the intersection point of soil acid buffer curve and aluminum ion dissolution curve
increases from pH value 3.5 to 4.1. The Ca-Si-C has a good application prospect in acid soil improvement.

Keywords: Wollastonite; Acid soil; Acid damage capacity; Base cations; Soil improvement
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