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The Effects of Initial Temperature and Lime Application Rates in Lime

Treatment Fertilizer Process of Food Wastes

Sang-In Hwang

U-Eco City, The Graduate School,
Pukyong National University

Abstract

The purpose of this study is to optimize lime stabilization system for lime
treated fertilizer of food waste. Response surface methodology (RSM) is
used to get a set of designed experiments to obtain optimal multi factor
operating conditions for the lime stabilization process. Response Surface
Methodology explores the relationships between several explanatory variables
and one or more response variables. It is a collection of mathematical and
statistical techniques for empirical model building. The main objective is to
optimize a response(operating temperature, pH and Salinity of lime fertilizer)
which is influenced by independent variables(lime application rates and
initial temperature of food waste). Lime application rates were 8 ~ 18 %
and initial temperature of food waste were 10 ~ 28 TC, respectively. To
obtain the operating temperature above 100 C and pH of lime fertilizer
above 115 and Salinity bellow 1 9, the operation conditions of lime
application rates was 11.0 % and initial temperature of food waste was 22.0

C, respectively.

Key word: Food Waste, Lime, Temperature, pH, Salinity
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Table 2.1 Treatment status of food waste

Index 2006 2007 2008 2009 2010
Generation
4,184 5,020 5,120 5,001 4,901
(1000 Ton/year)
Landfill
0.39 1.20 0.69 0.49 0.81
(%)
Incineration
Treatment 1.57 2.65 2.23 2.19 2.14
(%)
Recycle
95.87 96.15 97.08 97.32 97.05
(%)




212 SMER H7I29 XS MY g

Table 2.20] &21d 4 d%o] 20108 7|Fo 2 SAEHF HIEY A3
AL Ao o 2607 AlAdo] dom, Al &2 17,505 Ton/daye]t.
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Table 2.2 Operation of recycling facilities of food waste
Index 2006 2007 2008 2009 2010

261V 255 259 262 259
(15,435)? | (15,569) | (16,049) | (17,238) | (17,502)

Total

89 95 97 102 98

Public companies
(4,362) (5,340) (5,930) (6,497) (6,554)

172 160 162 162 161
(10,803) | (10,229) | (10,119) | (10,741) | (10,948)

1) Numbers of recycling facilities of food wastes
2) Food waste production (Ton/day)

Private companies
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Table 2.3 Recycling methods and properties of food waste

Index Types and characteristics Advantage and disadvantage

) o Bulk treatment
. Aerobic compositing
Compositing ) ) Slow speed and secondary
Anaerobic fermentation o
contamination occurs

Using by-products processing

Feedstuff Wet, Dry, Fermentation Requirements of initial
installation cost and quality
Anaerobic Use of alternative energy
) ) Wet, Dry process ) )
digestion production and Reduction of O.M
Anaerobic ) ) Increase the efficiency of
) ) Used in the digester at ) ] ]
digestion w/ digestion and methane production
sewage treatment plant o
sewage sludge Secondary contamination occurs
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Table 2.4 Types of lime fertilizer
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F2A-& Table 2.49) JERATH

Index

Mainly containing a minimum amount (%)

Remarks

Hydrated lime

Alkalinity: 60

Lime stone

Alkalinity: 45

Lime magnesium

Alkalinity: 53
Availability magnesium : 15

Lime waste

Alkalinity: 60

Lime sludge

Alkalinity: 45

Shell

Alkalinity: 40

Lime

Alkalinity: 80
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Table 2.5 Standard of lime treatment fertilizer

Mainly containing a The maximum .
. Other specifications
Index minimum amount amount of harmful (%)
(%) components (mg/kg) >
Dry matter
As 45 Dry matter
Organic
10
matter Cd 5
Hg 2
Lime
o below
treated Pb 130 Salinity 20
fertilizer -
Cr 250
Alkalinity 15 Cu 400
) ) below
Ni 45 Moisture
50
7n 1,000
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Table 3.1 The initial characteristics of food waste

Salinity Alkalinity Moisture Organic
Index pH
(%) (%) (%) matter (%)
Food
4.7 3.0 4.4 72.4 15.5
Waste

Table 3.2 Standards of lime treated fertilizer

Mainly containing a g
Index o Other specifications (%) | Remarks
minimum amount (%)

Lime i .
Organic matter : 10 Salinity : below 2.0
treated . .
o Alkalinity: 15 Moisture : below 50
fertilizer
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Fig. 3.1 Reactor and schematic diagram of stirring device for food waste.
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Fig. 3.2 Schematic of central composite design.



Table 3.3 The list of each experimental case

Case Input CaO (%) Initial Temperature (C)
1 12 19
2 12 28
3 12 19
4 16 13
5 16 25
6 12 19
7 12 10
8 6 19
9 18 19
10 12 19
11 12 19
12 8 25
13 8 13
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Table 3.4 Analysis methods and devices of lime treated fertilizer

] Analysis methods and
Item Unit .
device
pH - pH meter (Orion 290A)
.. Salinity meter
Salinity % .
(MarineCost RHS 10ATC)
o Hydrochloric acid
Alkalinity %
methods
Moisture contents % Heating methods
) Ashing Inciberation
Organic matter contents %
methods
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Fig. 4.1 Variation of peak temperature value each case in operating time.

Table 4.1 Results of peak temperature far each experimental condition
Case Conditions Peak temperature
Input CaO (%) Initial temmperature (C) (C)
1 12 19 1054
2 12 28 112.2
3 12 19 1059
4 16 13 117.3
5 16 25 109.6
6 12 19 1139
7 12 10 96.7
8 6 19 86.8
9 18 19 116.0
10 12 19 107.4
11 12 19 109.8
12 8 25 76.1
13 8 13 75.1
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Fig. 4.2 Variation of temperature value in according with input
Cao (%) and peak temperature (C).
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Fig. 4.3 Three-dimensional response surface plot of temperature by
input Cao (%) and peak temperature (C).
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Table 4.2 Results of pH, salinity, alkalinity without drying for each
experimental condition

Conditions Results
Case | Input CaO Tnitial Salinity | Alkalinity

%) |terperawe (0] 0 (%) %)
1 12 19 119 1.1 11.0
2 12 28 12.0 05 12.4
3 12 19 117 1.2 19.0
4 16 13 12.0 0.7 14.4
5 16 25 118 05 13.2
6 12 19 12.0 1.1 176
7 12 10 119 0.9 9.3
8 6 19 10.2 1.8 6.3
9 18 19 119 0.8 176
10 12 19 12.0 1.1 18.2
11 12 19 12.0 1.2 16.2
12 8 25 9.2 1.8 9.5
13 8 13 10.7 1.7 6.6




Input CaO (%)

Fig.

pH

18

pH
< 100
B 100 — 115
16 | > 115

14

12

10

6

T I T I I T 1
10 12 14 16 18- 20 22 -24° 26 28
Initial Temperature (C)

4.4 Variation of pH value without drying in accordance
with input Cao (%) and initial temperature (C).

12
1"

10

10
Input CaO (%)

25 5

Initial Temperature ("C)

Fig. 4.5 Three—-dimensional response surface plot of pH without drying

by input Cao (%) and initial temperature (C).



18
Salinity
(%)
< 0.5
185 M o5 — 1.0
B 10 - 15
W15 - 20
g; 14 ; = > 2.0
R
Q) 124
e
g
= 10

6
10 12 14 16 18 20 22 24 26 28
Initial Temperature (C)

Fig. 4.6 Variation of salinity value without drying in accordance
with input Cao (%) and initial temperature (C).

Salinity (%)

10

Input CaO (%)

25

Initial Temperature (°C)

Fig. 47 Three-dimensional response surface plot of salinity without drying
by input Cao (%6) and initial temperature (C).



18

Alkalinity
(%)
< 5
16 Bl 5 - 10
Il 10 — 15
J > 15
14

12

Input Ca0 (%)

10

10 12 14 16 18 20 22 24 26 28
Initial Temperature (C)

Fig. 4.8 Variation of alkalinity value without drying in accordance
with input Cao (%) and initial temperature (C).

Alkalinity (%) 5

Input CaO (%)

Initial Temperature (°C)

Fig. 49 Three-dimensional response surface plot of alkalinity without drying
by input Cao (%) and initial temperature (C).



Table 4.3 Estimated regression coefficients for without drying pH of lime
treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 11.8072 0.1732 68.158 0
Input CaO 0.7647 0.1668 4.583 0.002

Initial temperature -0.1741 0.1668 -1.044 0.327
Input CaO *
-0.4906 0.1662 -2.952 0.018
Input CaO
Input CaO =
o 0.3492 0.2432 1.436 0.189
Initial temperature

R-Sq = 80.43 %

Table 4.4 Estimated regression coefficients for without drying salinity of
lime treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 1.00272 0.07998 12.537 0
Input CaO -0.43714 0.07703 -5.675 0

Initial temperature -0.08231 0.07703 -1.068 0.316
Input CaO *
0.14376 0.07673 1.874 0.098
Input CaO
Input CaO =
o -0.08214 0.11229 -0.731 0.485
Initial temperature

R-Sq = 82.38 %



Table 4.5 Estimated regression coefficients for without drying alkalinity of
lime treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 14.2813 1.285 11.117 0
Input CaO 3.3363 1.237 2.696 0.027

Initial temperature 0.7525 1.237 0.608 0.56
Input CaO *
-1.6939 1.232 -1.374 0.207
Input CaO
Input CaO =
-0.9975 1.804 -0.553 0.595

Initial temperature

R-Sq = 66.49 %
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Table 4.6 Results of moisture and organic matter contents without
drying for each experimental condition

Conditions Results
Case | Input CaO Initial Moisture Organic matter
(%) termperature (C) | contents (%) contents (%)
1 12 19 60.0 14.7
2 12 28 59.8 144
3 12 19 62.2 17.6
4 16 13 64.7 14.3
5 16 25 54.0 119
6 12 19 58.1 185
7 12 10 58.9 12.5
3 6 19 68.8 19.5
9 18 19 98.7 14.4
10 12 19 58.7 17.7
11 12 19 99.1 17.8
12 8 25 68.0 19.3
13 3 13 69.4 20.5
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Table 4.7 Estimated regression coefficients for without drying moisture

contents of lime treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 60.063 0.9297 64.609 0
Input CaO ~3.984 0.8955 4449 0.002

Initial temperature -1.249 0.8955 -1.395 0.201
I
nput Ca0 2.305 0.8919 2585 0.032
Input CaO
Input Ca0 -9.337 1.3053 179 0.111

Initial temperature

R-Sq = 79.81 %

Table 4.8 Estimated regression coefficients for without drying organic

matter contents of lime treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 16.1578 0.7982 20.243 0
Input CaO -2.5253 0.7688 -3.285 0.011

Initial temperature -0.0993 0.7688 -0.129 0.9
Input CaO *
0.3496 0.7658 0.457 0.66
Input CaO
Input CaO =
-0.3026 1.1207 -0.27 0.794

Initial temperature

R-Sq = 62.31 %
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Table 4.9 Results of salinity, alkalinity, organic matter after drying for
each experimental condition

Conditions Results
Case |Input CaO | Initial Salinity | Alkalinity Oiic
(%) termperature (C) (%) (%) contents(%)
1 12 19 1.3 189 22.0
2 12 28 0.6 19.2 214
3 12 19 1.3 15.3 28.0
4 16 13 0.8 20.1 24.3
5 16 25 1.1 21.2 155
6 12 19 I 16.9 26.4
7 12 10 1.2 13.8 18.3
8 6 19 2.0 13.% 37.5
9 18 o 0.9 22.3 20.8
10 12 19 1.1 174 25.7
11 12 19 1.3 179 26.2
12 8 25 2.0 16.2 36.3
13 8 13 2.0 154 40.2
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Table 4.10 Estimated regression coefficients for with drying salinity of lime
treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 1.17642 0.09201 12.662 0
Input CaO 043837 0.08948 ~4.899 0.001

Initial temperature | —0.06564 0.08948 -0.734 0.434
I
nput Ca0 0.16476 0.08913 1.848 0.102
Input CaO
I
nput a0 0.0548 0.13044 0.42 0.685

Initial temperature

R-Sq = 77.86 %

Table 4.11 Estimated regression coefficients for with drying alkalinity of
lime treated fertilizer

Term Coefficient | SE coefficient T-value P-value
Constant 17.2305 0.7248 23774 0
Input CaO ~2.0433 0.6981 —0.927 0.019

Tnitial temperature |  0.2402 0.6981 0.344 0.74
Tnput CaO

FRHEEEE -0.1121 0.6953 -0.161 0.876
Input CaO

Input Ca0 = 05717 1.0176 0562 0.5

Initial temperature

R-Sq = 53.02 %



Table 4.12 Estimated regression coefficients for with drying

contents of lime treated fertilizer

organic matter

Term Coefficient | SE coefficient T-value P-value
Constant 245482 155 15.783 0
Input CaO 72539 1.493 4842 0.001

Initial temperature -0.9367 1.498 -0.625 0.549
I
nput Ca0 27566 1.492 1.848 0.102
Input CaO
I
nput a0 12161 2184 0557 0.593

Initial temperature

R-Sq = 77.50 %
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