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Effect of silicon additives on the adsorption thermodynamics of cadmium in paddy soil with different pH levels
ZHAO Yu-ting', WANG Yao—jing'%, YING Bo?, YANG Dan', HE Na', LIU Ming—da'

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.College of Science, Shenyang Agricultural
University, Shenyang 110866, China; 3.Liaoning Environmental Monitoring and Experiment Center, Shenyang 110161, China )

Abstract: In previous studies, most silicon additives for soil were alkaline compounds that increased soil pH and introduced potential inter—
fering ions. In this study, the effect of silicon on the adsorption thermodynamics of Cd in paddy soil with different pH levels was investigated
through adsorption isotherm experiments. HNO; was used to neutralize the alkalinity of Na,SiOs, while different concentrations of NO3 and
Na* between treatments were balanced with NaNOs. The results showed that Freundlich adsorption models could fit well to simulate the Cd
adsorption characteristics at three different temperatures (25 °C, 35 °C, 45 °C) in two types of soils. Cd adsorption was restricted in alkaline
soil but enhanced in acidic soil at different temperatures after the addition of silicon. Thermodynamic parameters showed that the adsorption
processes were endothermic and spontaneous, and entropy increased. At increased levels of silicon, AG increased and AH and AS decreased
in alkaline soil, whereas AG decreased, and AH and AS increased in acidic soil.This phenomenon indicates that the spontaneity of Cd ad—
sorption decreased in alkaline soil, but increased in acidic soil, with the addition of silicon.

Keywords: silicon; cadmium; pH; paddy soil; adsorption thermodynamics
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YINFIREZAE K 3. RAEIRBE R 0~20 em, £
a2 B ARIRT 5 R BRA I ERAR ik, b i S . -
SR AR NS 1 FR .

1.2 #AHERE T %

PRI 458 1.25 g(BETF) A T & T 50 mL
WAL E.OE P, A 0,10,20,40,60.,80,100
mg- L7 (L Cd**31 ) CACL, %A1 0,120 mg L™ ( DA
SiOz ﬂ“ ) E/‘J NaZSi03 {%1‘ /&_ 5H5 25 mL s Fﬁ HNO3 CF‘ ﬂ:ﬂ
Na,SiOs BB , DL 0.01 mol - L™ NaNO; 2y 37 4 i fff J5t
HANSFRAC B B F-22 5. DL B3R 14 AR [RRERR
HE, BAALF 3 IE R A5 AL FRAETE 25 CC(298K)
£ FHEY 2 h(200 r-min™), 5555 24 h J5 5.0 (4000
remin™)5 min, {8 4 RN L P AR vR B, AR RN+
TR . FR R S AT
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Ao X, o X W i, me kg™ Co MR AIY)
TRV B mg - L5 Cy Ay 5 1) W B P A MR B, mg - L5V,
SR W I S R VAR AR, mLs m A AR, g0

T4 5T 35 CCH1 45 C(308 K F1 318 K) T kA7
BRI, IR .

1.3 MEFHZE

3 pH (ECR R BE TIP3 HILTR
FHEE 4% TR B — AP I FA 7 00 5 B2 i 1 - 498 P 2 7 3 f6
TR G- JECEE I, Bk IR B 58
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Table 1 Physical and chemical properties of test soils

135 pH(1:2.5)  AHLFi/g-kg" CEC/cmol kg™ H R (SI0,) /mg kg™ Siimg kg WR/%  BPRL% FHbL/ %
A 8.15 59.47 31.99 300.68 0.219 8 10.50 64.85 24.65
B 5.44 26.65 5.47 156.89 0.337 1 54.36 32.09 13.55

VA CHRBEEE B =R g, T,
Note: A : Kangping County soil; B: Xinbin County soil. The same below.
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Figure 1 Isotherms of Cd adsorption at different temperature of the two soils

%2 REERE T HEMEN SRR ESH

Table 2 The Cd isothermal adsorption equation parameter of two soils at different Si levels

T3 RE/K REEE/mg- L

Langmuir Rt CIX=1/KX,+CIX,,

Freundlich 5% 1gX=lgk+nlgC Temkin J7#¢ X=K +K,+InC

A 298 0 ¥=0.000 4x+0.000 3,r=0.987**
120 ¥=0.000 4x+0.000 4,r=0.991**

308 0 ¥=0.000 5x+3E-05,r=0.979**

120 ¥=0.000 5x+5E-05,r=0.978%**

318 0 ¥=0.000 5x+1E-05,r=0.963**

120 ¥=0.000 5x+2E-05,r=0.988%**

B 298 0 ¥=0.000 6x+0.004 1,r=0.974%*
120 ¥=0.000 5x+0.001 7,r=0.943%%*

308 0 ¥=0.000 5x+0.001 6,r=0.947*

120 ¥=0.000 4x+0.000 9,r=0.944%%*

318 0 ¥=0.000 5x+0.000 7,r=0.949%*

120 ¥=0.000 4x+0.000 2,r=0.947%%*

¥=0.535 6x+3.106 9,r=0.964**
¥=0.579 9x+3.039 6,r=0.987**
y=0.442 7x+3.324 6,r=0.993**
y=0.452 7x+3.261 2,r=0.991%*
y=0.266 7x+3.386,r=0.982%**
¥=0.271 0x+3.312 3,r=0.988**
¥=0.526 9x+2.429 4,r=0.995%*
y=0.413 1x+2.721 2,r=0.970%*
y=0.591 8x+2.625 5,r=0.995%*
y=0.513 8x+2.835 1,r=0.983%%*
¥=0.582 4x+2.836 2,r=0.972%*
¥=0.512 5x+3.154 2,r=0.974%*

y=422.83x+1 404.5,r=0.981**
y=446.77x+1274,r=0.984**
¥=502.97x+2 099.2,r=0.997**
y=441.24x+1 900.4,r=0.983**
¥=329.68x+2151,r=0.916*
y=345.98x+1 984.5,r=0.979**
y=322.87x+270.12,r=0.958**
y=272.1x+713.33,r=0.889*
¥=292.36x+712.93,r=0.890*
y=363.37x+907.21,r=0.922%**
y=294.06x+1 082.8,r=0.872*
y=346.62x+1 357.3,r=0.917**

T %% FORTE 0.01 ARV 2857 1355 % FORTE 0.05 /K225 B3

Note : ** indicate significant difference at 0.01, * indicate significant difference at 0.05.
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Table 3 Constant of Freundlich and values of thermodynamic parameters

R TREE/K il /mg - L AG/k]-mol™ AH/k] -mol™ AS/T-mol™ k™ k n
A 298 0 -17.72 25.172 144.4 1279.087 0.535 6
308 -19.60 2 111.543 0.442 7
318 -20.63 2 432.204 0.226 7
298 120 -17.34 24.577 141.2 1 095.469 0.579 9
308 -19.23 1 824.736 0.452 7
318 -20.16 2 052.580 02710
B 298 0 -13.86 36.927 170.3 268.782 0.526 9
308 -15.48 422.182 0.591 8
318 -17.27 685.804 0.582 0
298 120 -15.52 39.491 183.9 526.260 0.413 1
308 -16.72 684.069 0513 8
318 -19.20 1 426.264 05125
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