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Manufacturing Porous Permeable Block using
Wasted Residue come from Clipped-Grass
Liquid Fertilizer Manufacturing Process

Do Hyeong Kim, Byung Gon Jeong’
Department of Environmental Engineering, Kunsan National University, Kunsan 54150, Korea

Abstract

As a recycling method of waste residue from the liquid fertilizer manufacturing process using
turf grass clippings, porous permeable block was prepared by mixing the waste residue
from the liquid fertilizer manufacturing process with loess and clay. For the purpose of it,
compressive strength, apparent porosity, absorptivity, water permeability coefficient and
observation of inner and outer surface morphology using electron microscope were studied.
As a results of it, it can be concluded that optimal mixing ratio of waste residue for forming
pores in the block was 30%. Mixing with 70% loess was found to be the best mixing ratio
in terms of compressive strength, apparent porosity, absorptivity, and water permeability
coefficient. In addition, when clay was mixed in the 70% loess to improve durability, the
mixing ratio (%) of 50:20 (loess and clay) showed the most stable physical properties, pores,
and bonding structure. In addition, the porous permeable block prepared at the optimal
mixing ratio exhibited high permeability under a high mechanical strength at 900°C within
the calcination temperature range of 800-1,200°C. The most stable physical properties were
obtained during calcination at 900°C for one hour. The leaching experiment for heavy metals
showed that the content of harmful substances in the prepared porous permeable block was
below the standard value, demonstrating its safety.

Keywords: Clay, Clipped-grass liquid fertilizer residue, Loess, Water permeable
block
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Table 1. Mixed ratio of loess and clipped-grass liquid fertilizer residue.

Treatments Clipped-grass liquid fertilizer residue (%, V/V) Loess (%, V/V)
A-1 10 90
A-2 20 80
A-3 30 70
A4 40 60
A-5 50 50

Fig. 1. Making water permeable block. A, Metal mold; B, Water permeable block (5 cm X5 cm X5 cm).
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Fig. 2. Experimental equipments for measuring water permeability of porous permeable block.
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Table 2. Chemical composition of loess and clay used for making of porous permeable block.

Chemical composition (%)

Materials — o 5, Fes  Ca0 KO  MeO T, NaO MnO PO, IOF
Loess 452 23 16 25 12 16 10 07 03 0l 135
Clay 91 191 75 04 24 08 12 02 02 01 90
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Fig. 3. Comparison of compressive strength (A), apparent porosity (B), water absorption ratio (C), and water
permeability coefficient (D) depending on clipped-grass liquid fertilizer residue and loess mixing ratio.

Mixing condition: A-1, Clipped-grass liquid fertilizer residue 10%:Loess 90%; A-2, Clipped-grass liquid fertilizer
residue 20%:Loess 80%; A-3, Clipped-grass liquid fertilizer residue 30%:Loess 70%; A-4, Clipped-grass liquid
fertilizer residue 40%:Loess 60%; A-5, Clipped-grass liquid fertilizer residue 50%:Loess 50%.
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Fig. 4. Comparison of compressive strength (A), apparent porosity (B), water absorption ratio (C), and water
permeability coefficient (D) depending on loess and clay mixing ratio.

Mixing condition: A-3, Clipped-grass liquid fertilizer residue 30%:Loess 70%,; B-1, Clipped-grass liquid fertilizer
residue 30%:Loess 60%:Clay 10%,; B-2, Clipped-grass liquid fertilizer residue 30%:Loess 50%:Clay 20%; B-3,
Clipped-grass liquid fertilizer residue 30%:Loess 40%:Clay 30%; B-4, Clipped-grass liquid fertilizer residue
30%:Loess 30%:Clay 40%.

Table 3. Mixing ratio of loess, clay and clipped-grass liquid fertilizer residue for making porous permeable

block.

Treatments Clipped-grass liquid fertilizer residue (%,V/V) Loess (%,V/V) Clay (%,V/V)
B-1 30 60 10

B-2 30 50 20

B-3 30 40 30

B4 30 30 40
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Fig. 5. Evaluation of material properties depending on mixing ratio.

Mixing condition: A-3, Clipped-grass liquid fertilizer residue 30%:Loess 70%,; B-1, Clipped-grass liquid fertilizer
residue 30%:Loess 60%:Clay 10%; B-2, Clipped-grass liquid fertilizer residue 30%:Loess 50%:Clay 20%; B-3,
Clipped-grass liquid fertilizer residue 30%:Loess 40%:Clay 30%; B-4, Clipped-grass liquid fertilizer residue
30%:Loess 30%:Clay 40%.

Weed & Turfgrass Science Vol.8 No.2, 2019 173



Manufacturing Porous Permeable Block using Wasted Residue come from Clipped-Grass Liquid Fertilizer Manufacturing Process

e A4 daehd 23 5 2d2rE 3 ddsiAe Zle geld 4 el on, HE SRS 30%B-3) FEE 71
o

]

S
2502 rdar grph 01 §3- 2410k HY U RN BHS o) SYA 02 Wrhstol B An g =4
o

RE Y EL 22 EHE(%)2 30:50:200] 7 ARt Ao = ket

HAEE E
5ol L2olM= deE0] Aot o] o] tha/d FES FEE w0 e sl ESW 7S EL EES E
25| ZrAAA Er-gole FFE 7IAA| == 2HE ER1E 4 It Han etal. (2003)2] Aol = A3 27t Z7Fst
A =W AE = Sl 7|88, S48 W Al AT AL B E|Ql=T), o= A7 57 toHH 444
o] T L EZ Ca02 Na02] B2 dE 3t Si0, 2 ALO:C| HH33to] /3 8-gHo] AlHe] 7|22 H|9] 7159 3
719 B} 7h a5 At S 272 7] Wi 0 2 B 1% 11 9k Han etal., 2002; Shin etal,, 2002).
Jefy /] E4ES-21,100°09] 1120 & A5k HH AS A= 2116 kgem?, T58-2 12.8%5 UEFH O] =1
UHFKS) KS L42019] HEHF 74 715 25 W= 210 kglen?® O, S48 13% OISH(KATS, 2012a)°1] S 5=
& T £k Aohe AakE ZRIE 4= JISITt shA9 F4=& 5ol lojA] AA5] Zashe e YEhlo] & ths
d FEE0] Azl JlojA AR 1,100°CE Th ARlolA] hs AV 2 =i} 9] AukE o dAe o
ST AR 7|55, S48 Y F4E8S Hole A% 900°C7t T BES ARl oA 7P At A
21 2 o1 of et 900°C] A2 27stollA AR TAIREY Z7HAA 2T 3AIE 74A] S7HA1A 2 At &

F

o

=

J

AF

=] o
=52
x

L

Fig. 6. Comparison of FE-SEM photograph depending on mixing ratio.

Mixing condition: A-3, Clipped-grass liquid fertilizer residue 30%:Loess 70%; B-1, Clipped-grass liquid fertilizer
residue 30%:Loess 60%:Clay 10%; B-2, Clipped-grass liquid fertilizer residue 30%:Loess 50%:Clay 20%; B-3,
Clipped-grass liquid fertilizer residue 30%:Loess 40%:Clay 30%; B-4, Clipped-grass liquid fertilizer residue
30%:Loess 30%:Clay 40%.
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Fig. 7. Comparison of compressive strength (A), apparent porosity (B), water absorption ratio (C), and water
permeability coefficient (D) depending on sintering temperature (800-1,100°C).
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permeability coefficient (D) depending on sintering time (1-3 h).

Table 4. Leachate components of mixtures by Korea standard leaching test (KSLT).

(Unit: mg/L) Pb cd Cu
Standard 3 0.3 3
Residue ND ND ND
Loess 0.04 0.01 0.02
Clay 0.05 0.01 0.02
B-2 0.02 ND 0.01

B-2, Clipped-grass liquid fertilizer residue 30%:Loess 50%:Clay 20%.
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