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Experimental Study on Electrochemical Characteristics of Acid Soil Amended
by Biochar
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Abstract:  Objective Climate change and the continuous impact of high-intensity human activities are intensifying soil
acidification and has caused serious harm to the ecological environment and agricultural production. In recent years, studies on
acid soils have focused on the effects and related mechanisms of soil conditioners on physicochemical properties and crop
production, but the combined application of electrochemistry theory and other interdisciplinary principles have been given less
attention. Electrochemical impedance spectroscopy (EIS) is an electrochemical measurement method using small-amplitude
sinusoidal potential (or current) as a disturbance signal. Its application in the soil field has attracted much attention. In this study,

EIS was combined with soil physical and chemical properties to analyze the electrochemical mechanism of biochar in improving
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acid soils. Method A field study was conducted to amend acid soil by applying biochars produced from five biomass materials
(rice straw, maize straw, wheat straw, rice husk, and bamboo). The EIS was used to study the influence of different biochars on
the electrochemical characteristics of acid soil.  Result Results showed that the equivalent circuit topology structure was the
same in different biochar-amended treatments, but the circuit component parameters were different. The equivalent circuit model
was the charge transfer resistor R; and diffusion resistor R,, at the electrode-solution interface in series, and in parallel with CPE.
This part was connected in series with the soil porous layer resistor R, and then in parallel with the soil porous layer capacitor C;.
Finally, it was connected in series with pore solution resistor R;. The addition of biochar had regular effects on Nyquist and Bode
diagrams. The Nyquist diagram was in the form of arcs in the high-frequency region and oblique lines in the low-frequency region.
The intercepts of each curve and x-coordinate corresponded to the resistance R, of the soil porous layer in an equivalent circuit,
and a radius of each to a charge transfer resistance R;. In the Bode diagram, the impedance modulus of the modified soil amended
with different biochars tended to decrease as the frequency increased. By fitting the equivalent circuit with Z-view software, it
was found that the influence of different biochars on the parameter values of each element was related to changes in soil
physicochemical properties. The addition of biochar increased soil contents of total soluble salts and CEC, and the concentration
of free-moving ions increased, thus the electrochemical characteristics showed that the pore solution resistance R; decreased.
Since biochar was almost non-conductive, the conductive capacity of improved soil decreased, and the electrochemical
characteristics showed that resistance R, of the soil porous layer increased while capacitor C; decreased. The cations of acid soil
neutralized by biochar slowed down the process of charge transfer, increased the reaction resistance, and weaken the ability to
store charge. Thus, this reduced the reaction speed and made the system more stable. The electrochemical characteristics were
shown as the increase of transfer resistance R; and diffusion impedance coefficient W, as well as the decrease of CPE_t value.
[ Conclusion] The decrease of R, indicated the increase of soil water-soluble salt content and CEC. The increase of R, and the
decrease of C, indicated that the conductivity of the soil medium system decreased. The changes of R;, W and CPE 1 indicated the
charge transfer ability and overall stability of the soil system. The fitting parameters revealed the influence of modified
acidification on soil pH and soluble base ions content to a certain extent, which enriched the scope of electrochemical impedance
spectroscopy (EIS).

Key words: Biochar; Acidification; Nyquist diagram; Bode diagram; Equivalent circuit; Electrochemical impedance

spectroscopy (EIS)

P A S A ) A8 Ak R e i B N IS B A Hp
S, TR e 3k S A YRR v - B T R IR A
IR, XA ASIRBE RO A 7 s R T e
T R AL AR AR [ PR - rh A2 R ) A H
WAL, SEERIEE TR, Fik, i
fEpH . AhFEER LR R LI b R R
ERA AT B i . BT A R 2 AT s pHAR SR
e R, ORI N T R A ek R A B
G, OB K 24 T AR Tk o R+ 3
pH . FhILE T B Ao o G AT e, (Xt
THAERIHLE AL 2 R R =

H, 1k 2% B Pt 3% ( electrochemical impedance
spectroscopy, EIS ) Z—Ff LL/INIR IR IE 5% 3 faL A7 (5§
UL ) AR5 S i Rk 2=l i vk . ZEM K
L AR R Gt TN — RS [R] N W ) 32 3L

i, MRS ITE TR RO © B
o SRR R T AR L, A R L R R
ToaeF SR BRI i X SE T A R B AL
SrFTHALSE RGN AH . R RS Ty L )R
I €I P2 i R 1 i v e g s 1) e R
WO, RS AL E IS B SR, HAE TR
IO FH 32 B DG A iR AU O o R A
ALY L AL AR E RO A, RSN
WK, U AL TR BT, T A
BahEFiZ, SR, % ol Ik
U RE R e £ 3 L BELRI T B B Y B R 1 7
Y- Hed K BB TKREUE SR B
IR, R BEL H A £ ik HL REL S
USRI R, N7 1 Wit LU aT s g i fbee 2
R e R

http://pedologica.issas.ac.cn



34 Wi

S AR R R R IR AR AR Y 817

- 98 b 25 I 5 AR R 4 T S0 DA B SOV ) ) 48
N T IR AT, BT R R
R PELT s R Y R AR i i
K S = SR AR B FIAE J1 K, o v 3 b
2 S CEERN A B E . AR BR BT AR 4 1
R A3 AT R - S ) A B R AL T — R e
B, AT IS S BUE BT T e
WKLY (KL, BT, By, BT ) ZIERYAHE
Vi B A A e PR A3 1 o o A A 4 i e
e R R E + A AT AR 2 M AL, A5 F)
Nyquist ¥l . Bode ¥l & 553 L% S5, I 5 13 pH.,
TR HE e (CEC) M F o
LRSS A T RVLEE, 5 T i

FIWFFEIE R, TR Sk A W o e ol B R M 3 () BT B
MR ERAE T

1Bk

1.1 ik 5NE RS *E

BKFEREFE (RSB). FKFEFF (MSB). /hE2
FEFF (WSB). F45% (RHB) FIfF 7 (BCB) fifh
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5] ARHE (4TI bRl ) 43R TR EE
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Table 1 Physicochemical properties of biochars and biochar-amended soils

Y% Biochars 1 5% Soil
BSEE KRR ) LSRR
b3 AL KiEtEE ER fLRUE
Electrical Total soluble CEC/ Electrical
Treatments  pH pH  Organic matter Total soluble salts  Porosity
conductivity ~ salts content (cemol-kg™) conductivity/
/ (gkg!) content / (gkg™") 1%
/ (pS-em™) / (gkg™) (uS-em™)

CK — — — 4.73 17.43 8.98 46.70 2.92 55.9
RSB 10.52 380 23.0 5.30 27.57 9.35 54.85 3.82 56.6
MSB 10.65 375 11.8 5.25 30.66 9.19 64.05 6.15 56.6
WSB 10.54 338 15.3 5.07 33.35 9.32 54.05 5.47 57.0
RHB 7.75 1601 60.5 5.35 31.04 10.95 73.25 6.90 59.6
BCB 9.48 1915 12.5 5.10 24.72 9.72 58.00 8.23 58.1

¥: CEC, MHEF2&iest; CK, XTI, RESINA:Hy 55

RSB, /KR EYER; MSB, EXEH AWK, WSB, /hE

FEAF Y K s REB, fEscdE¥ iR ; BCB, f17%. FIH. Note: CEC, cation exchange capacity; CK, control, without biochar; RSB,

rice straw biochar; MSB: maize straw biochar; WSB, wheat straw biochar; RHB, rice husk biochar; BCB, bamboo charcoal. The same

below.

http://pedologica.issas.ac.cn



818 + %

¥

60 %

Nyquist K1 Bode &1, sr#rBHPTEE, 12/ Z-view
BTG H ARt P Y
1.4 BYFETER

EIS EWofb2s WML A 2 T 5, FH LA
it HL b2 R R rh 2P H B TR 2 01 3 e 0 R, %
5 AL S A [R) 48 ) Nyquist €] F1 Bode & . Nyquist
I BEBT S Z FIBHAT R R 272410, FRM Randles
A, (HAESCRBRI G P75 8 A Randles BRI 2s i
B, RIILAR M E Randles #7 , Bode 02 L) 1gf
(f B ) SWREARAR, 1g|Z| o P\ A A i 2 R i it £
P, FH LAY B b 3 A BEL B 3 A5 )
1.5 TESHERERZ

Rl IOk | ALK RN ARG Y — A
AR, HSHEAEA 0 3 B W RARBUR L
T WALBRIAE AL T U AR T Y A T A
&5 (RARERA S S ), SR 1 Rt 20,
X =G iR, T R A S L RE TR,
JIT LA - SERSORE 1) A% R AR T DL 200 5 T LB
TR B s A B A TR S T T X
I T 2 LI IOR R T A A WAk SO, BT A
T FL BRI W A% 5 TR [ 5 T A% R 3 P AR AR O T AN
SEAHEAMAS . FER AN R BERTTS , T
WKL 5 FLBR YA W B HL AL AN [R] 38 B R AR ) #S
), WA R TR [ - T LA o AN [ AR o e
Xof PR A HE PN BB B B IS Bl A s, AT B
b2 BHAT 1 i 2 ) B2 45 35 i Th 4 S 8UR AR Ak

@ -+ Soil particle —» 1 TR 5

. Conduction along soil particles
® [ Biochar il it
- ?Llﬁfé"?’&'\ Sk Conduction along pore solution
Pore solution, gas ?ﬁ[ﬁl“@iﬁﬁ%é

Conduction along solid-liquid interface

K1 TSR
Fig. 1 Conductive path of soil

1.6 TEEBEEERE
HALIRZTS , LR i AL 2R R A A

T, — i & AR AR, A AR - v A T
XU 2SI s AR 2 ( Gy ), B ARR PR
Py TR N PEATRE,  HL TR H AR S A A b
MRIL T, RIEPEE AR (Z:), %R
faiffiBid 2 (Ry) MY HBOEE (W) 4. 1ok,

TR R PR FLBIA W S R (R ), RS+
HELZILZ B2 C) LB R,PT ., S5af e s FHL AR
AP 2, RV (Qem®); Ry N HIEZ
FLZRHM (Qem®); O HEEZLZHEA (F);
Cy AW HLJZHZE (F )y Ze MIRHisE BT, h g %
BHBH Ry (Q-em®) FIP BLRE W (S'sec”-cm?)
ZH .

R R,

K2 AR T 1 S50 A Y

Fig. 2 Equivalent circuit model of soil under ideal condition
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Table 2 The fitting parameter values of each component of the equivalent circuit

b3 CPE
R/ (kQ-cm?) ol Ry (kQ-cm?*) Ry/ (kQ-cm?) W/ (S-sec”-em?®)
Treatments CPE.r n

CK 17.35 1.78 x 107" 432 1.55x 107 0.43 34.63 5.09% 10"
RSB 17.83 3.93x 10" 22.85 510x10° 0.42 108.82 3.24 x 107
MSB 16.34 436x 10" 15.80 9.27x10°° 0.37 72.65 2.94x10%
WSB 17.32 8.22x 107" 8.42 1.19x 107 0.39 58.93 1.00 x 10%°
RHB 16.43 5.40% 107" 12.32 5.13%10° 0.42 170.00 4,55 x10%
BCB 16.75 431x10™" 16.87 5.69%10° 0.42 87.90 1.00 x 10%°
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