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Effects of Soft Rock Modified Sandy Soil on NH, -N Adsorption Characteristics
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Abstract; Due to the widely existence of soft rock and the exploitation of coal resource, serious ecological
and environmental problems occurred in the contiguous areas of Shanxi, Shaanxi and Inner Mongolia in
China. In order to restore regionally ecological environment, this study was conducted to improve sandy
soil using soft rock in the energy communities, and realize the transformation of soft rock into available
resources. Previous research found that soft rock could improve hydraulic properties of sandy soil. But
there are few researches about the nutrient availability of soft rock distributed into sandy soil. Soft rock
was mixed in sandy soil with seven ratios: 0,10% ,25% ,50% ,75% ,90% and 100% . Adsorption
kinetic were determined and fitted with Freundlich, Langmuir, Temkin and Dubinin-Radushkevich
models. Adsorption isotherms were measured and modeled with Pseudo-first-order, Pseudo-second-order,
Bi-constant and Intra-particle diffusion models. This study was conducted to understand the effects of
different additive proportions of soft rock amended sandy soils on the adsorption of NH, -N, and to select
the optimal adsorption model of improved soil. The results can be used to guide reasonable fertilization of

nitrogenous and improve the utilization efficiency of fertilize. The results showed that: with the extension
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of reaction times and the increase of equilibrium concentration, the NH, -N adsorption capacity was
increased in improved soil. Reaching to the adsorption equilibrium, sandy soil needs 4 hours and soft
rock needs 16 hours. Adsorption capacity of NH, -N was the largest in sandy soil and the least in soft
rock , the maximum adsorption of NH, -N in soft rock was 20 times of sand soil. With the increase of the
soft rock proportion in improved soil, NH,” -N optimal adsorption was increased linearly. Soft rock could
improve the NH, -N adsorption capacity of sandy soil. The pseudo-second-order kinetic model and the

Freundlich isotherm model could well describe NH, -N absorption in improved soil. NH, -N adsorption is

a spontaneous process and a favorable adsorption.
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Tab.1 Basic characteristics of soft rock and sandy soil

e % { A NH," -N
WL IRt 43 8% R R ‘ CEC/ bR TR
B w0 e 0
~ - cmol-kg m”.g
<0.002mm 0.002 ~0.05mm 0.05~2 mm (g'kgfl) (g'kgfl) (mg'kg_l)
[R e 30.225 18. 662 51.113 1.58 0.02 5.05 54.95 9.22 10. 00
RS 7.183 5.274 87.543 1.73 0.08 7.48 4.63 8.50 4.89
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Fig. 1 XRD patterns of soft rock and sandy soil

(a) Kb+

x2 WMBEMRDELOTMAER(RESH)

Tab.2 Mineral composition of soft rock and sandy soil

%
. RS
DN EBLA OBWG KA A6 bma WA
b E 57 30 10 3
Kb+ 82 4 10 2 2

*3 Wit
Tab.3 Experimental design

MR ERMLLG/ % 45 || MEARmLs/ % e
0 L 75 LS4
10 LSI 90 LS5
25 LS2 0 S
50 LS3

S NH,-N i &9 B2 25 70 mg/L (1) NH, Cl %
% 50 mL( L% BT 4 0. 01 mol/L ) CaCl, 75 ) o
P F B0 E T THZ — 92C R E i ¥R 9% 2e v, 76
(25 £1)°CF, Lk 200 r/min [ 38 B4 MR35 0.5.1 .
2.4.6.8.10,12 .16 .24 .36 .48 h 5 B, F TDL —
40B BIESOHLATES L 10 min (5453 8 3 500 r/min) , B
LIr B A EVE WO 0.45 wm ) WATERMAN L&
R0, 3% 223 3 Ak 2 43 971X (Auto Analyzer 3) il 3
NH,-N & i, & REAB 3 Wl il firp 2
AL 728 R, e Je 25 SR I 3 IR )39 (A .
1.3.2  NH, -N 2535 W i 56

AERR ARG 1 mm G i B3R 7 el R B £
HERER 2.500 ¢ B 45T 100 mL 3R 268504
A 50 mL NH,-N 7 & i i 2y 0,14 .35 .70,
105 .140 280,700 .1 400 .2 800 mg/L [ NH, Cl %
(HLf# 54 0. 01 mol/L i CaCL VAW ) , ¥ DL b B0
BHT THZ - 92C AMEE IR B &, £ (25 £1)<C
T, A 200 r/min [ 3 B PR % 24 h 5 HCHE, F TDL -
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Temkin £ . Dubinin — Radushkevich (D — R) 4 &l
RXFE R 3 NH,-N 0 i il R AT G . S
R J7 R M SRR S IOk [ 15 - 17 ]
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Fig.2 Kinetic process of NH, -N adsorbed in improved soil
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Tab.4 Statistic values fitted kinetic models for different treatments

m HE— R 3 I =R
R? RSS F{i P4 R? RSS F1{i Py
L 0.5489 7.569 5 12 <0.01 0.999 5 0. 000 098 19113 <0.01
LS1 0.6120 7.7527 16 <0.01 0. 999 4 0. 000 067 15 827 <0.01
LS2 0.7652 4.1573 33 <0.01 0.999 6 0. 000018 28 023 <0.01
L.S3 0.8197 3.8190 45 <0.01 0.999 8 0. 000 005 50 465 <0.01
LS4 0.8146 4.0695 44 <0.01 0.999 6 0. 000 007 22 803 <0.01
LS5 0.8528 3.6772 58 <0.01 0.999 8 0. 000 003 46 852 <0.01
S 0.9122 3.3879 104 <0.01 0.999 8 0. 000 003 43 826 <0.01
e pligie il E R
R? RSS F {8 P (i R? RSS F1i P {4
L 0. 625 6 0.0126 17 <0.01 0.518 6 175.773 1 11 <0.01
LSl 0.7650 0.0118 33 <0.01 0. 604 6 363. 891 8 15 <0.01
LS2 0.924 1 0.007 3 122 <0.01 0.786 4 785.742 4 37 <0.01
LS3 0.967 8 0.002 7 300 <0.01 0.8216 1131.2626 46 <0.01
LS4 0.897 4 0.0120 87 <0.01 0.7111 3692.8105 25 <0.01
LS5 0.902 8 0.0192 93 <0.01 0. 696 6 7692.865 8 23 <0.01
S 0. 890 6 0.0215 81 <0.01 0.6828 8958.034 1 22 <0.01
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Tab.5 Kinetic parameters of different models for NH, -N adsorption

p WE— G 3h Iy 2 R WG 3h Iy 2 XL HURE PR HUR Y
b 3 Q. B Q. ./ K,/ Q. ./ K,/ K,/
(mg-kg™ ) B | C
(mg-kg™") ho! (mg-kg™')  (kgmg~'-h7") (mg-kg™' +h~7)

L 115 16 * 0.084 1% 115" 0.0223* 4.62*  0.031" 2,13 101 **
LSl 152 26 0.096 9 ** 152" 0.0150°" 4.87*  0.042" 3.65* 130 **
LS2 221 51 0.1020* 222 0.008 4 ** 517" 0.064* 8.33* 174 **
LS3 313 72 0.1154* 313 * 0.006 4 ** 5.53*  0.061" 11.18* 250 **
LS4 387 99 ** 0.1171* 385 * 0.004 8 ** 5.72*  0.070* 14.76 ** 304
LS5 429 119 * 0.1279* 435+ 0.004 1* 5.77*  0.091* 20.58 318 ™

S 453 146 ** 0.164 4 * 455 * 0.004 0 ** 5.83*  0.090 ** 21.50 ** 338 **

T = RRSBHHRAE 0.01 KF T RF, « RARSHKMEKLE 0.05 KFTFRE. T,
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T, R £ X6 NH,-N 5 W2 ff 58 7 5 55 , Al B o
o BE & A RD A SO e B Y B, ol B 4 X
NH,"-N [ W B 22 38 I 35 . 0 4 Wk B2 48 K, XL
U0 A AL AR A TS s NH =N W B 5 i) 338 o s R
SRR o FEAE TS B GT AR , Y — E LL Y Al b
AU E) R A, w] DL R ] P S el B g X
NH, -N By b &, — & F2 5 Bk 2> NH, -N 9 # &
PO P AR AR %

9000
<8000 |
27000 F
é“éooo-
2= 5000 -

= 4000

= 3000 F
B o000}
2

1000 F

- —+—LS1 --LS2 —LS3 =+ LS4 —*LS5——S

0 500 1000 1500 2000 2500 3000
S S A S /(mg L)

P 3 R e o ) o A R L A T i
Fig.3 Adsorption isotherms of NH, -N in improved soil
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R T W] > B — - e NH, =N i
PL Langmuir 584 (8 40 & SCR B4 A K L5 9)
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M2, D - R BRI HIA 45 R 8RR ¥ Ak
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NH, -N W fif g F7, X 5181 3 945 2R — 2. @il
WLEE A B, Freundlich £ 81 g ) & 45 R b, B4
U/n F ke, 249 BE AL 00 25 5 0BG 9] 5 B0 L 0 A 9
b, A 30 20K DLRL D 5 B I e 9] (o) o B
i, 1/n Ak g 5 O RAZ B RE AT [0 20 A, A5 3 [

Wy ol 1/n B, a =0.6957,b =0.002° ,R® =
0.64(P <0.05); % y & k i, a =5278",b =
0.115" ,R* =0.983(P <0.01) , 755y | ik 7 &
fRA Freundlich Mt 7 LL45-5) 25°C 2 1F F i F
THLEb AP T2 B Y Freundlich 257 A,

®6 AELEELZEHEBUSHREITHFIEE

Tab.6 Statistic values fitted by using isothermal models for different treatments

Freundlich & %
Ak 2

Langmuir 1% %!

R? RSS F {8 Py R? RSS F1i P {4
L 0.968 1 0.058 112 212.446 25 <0.01 0.980 2 0.377 760 345.886 3 <0.01
LS1 0.972 4 0.076 864 246. 881 94 <0.01 0.920 2 0. 097 302 80. 695 41 <0.01
LS2 0.974 8 0. 075 569 271.256 59 <0.01 0.9079 0.042 132 68.963 61 <0.01
LS3 0.9790 0. 066 740 326.098 16 <0.01 0.9435 0. 009 893 116. 868 3 <0.01
LS4 0.984 2 0. 052 005 435.510 50 <0.01 0.9650 0.002 733 193.195 4 <0.01
LS5 0.9865 0. 045 544 511.606 16 <0.01 0.959 1 0. 002 320 164.2599 <0.01
S 0.9872 0. 044 363 541.748 92 <0.01 0.9519 0.001 882 138.563 5 <0.01
Temkin 7 D-R KR
Jup:l
R? RSS F {4 P R? RSS F {4 Py
I 0.9111 28 200. 415 71.729 33 <0.01 0.369 0 6. 094 637 4.093 794 0. 082 725
LS1 0.8709 452 588.923 47.21229 <0.01 0.3519 9.578 587 3.801 483 0.092 203
LS2 0.868 6 1282 750.907  46.28229 <0.01 0.3909 9.701 622 4.491 480 0.071 794
LS3 0.8767 2 637 792. 627 49.787 29 <0.01 0.4079 9.969 056 4.823 254 0. 064 090
LS4 0.8730 5134 252.600 48.138 86 <0.01 0.429 6 9.941 735 5.272 615 0. 055 298
LSS 0. 860 0 7243 603.665 43.016 56 <0.01 0.4423 9.977 409 5.551 044 0. 050 634
S 0.8589 9240611.289  42.613 81 <0.01 0.4339 10. 438 820 5.364 539 0.053 698
®7T TRAYUREXPEREERMEBRENUESSH
Tab.7 Isothermal parameters of different models for NH, -N adsorption in improved soil
e Freundlich % %1 Langmuir & 7l Temkin 45 %Y D - R iR
1/n k, Q,/(mg-kg™") ky MBC A B by Q,/(mg-kg™) E/(kJ-mol™")
L 0.61"" 5.36™ 631" 0.0019 ™ 1. -350" 247" 0.009 1 174 7 -7.4
LS1 0.75™" 5.787" 2513 0.0009 ™ 2.19 -12127 799 ™ 0.009 6 404 7 -7.2
LS2 0.78 " 8.30 ™ 4049 0.0009 ™ 3.66 -1982* 1325™ 0.009 5 659 ** -7.3
LS3 0.80 " 11.37™ 6250 0.0009 ™ 5.53 -2889" 1958 0.008 6 959 ** -7.6
LS4 0.81"" 14.93 " 8929 ™ 0.0009 ™ 7.62 -3884" 2666 0.007 8 1283 -8.0
LS5 0.82"" 15.50 10 309 ** 0.000 8 ™ 8.25 -4363" 2992 0.007 9 1405™ -8.0
S 0.83 ™" 16.05 ™ 12346 ™ 0.0007 ™ 8.91 -4897" 3362 0.007 5 1518 -8.2

Langmuir #5581 vk, 3% 7 W B % S5 R, (E
7R S Ay MK WAL A S5 X NH,-N g
MIEFI )R TR £ Q, &R AL 1 HEX] NH, -N 1
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12 346 mg/kg, & MW £ 20 f5 . Kb+ b5
BHEAD 5 TR0 B 90 14 386, Bl R A 6 N -N i R
1 QIR G 2R 58 3 ik —8., &M
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Fig.4 Comparison of forecast results of NH, -N adsorption in different modes
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