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SUMMARY

By completing Korea's first ferronickel ironworks in the City of Gwangyang, South
Jeollanam-do Province in late 2008, we are operating to produce 150,000 tons of ferronickel
per year; as such, about 1 million tons of ferronickel slag — which is a rock-composition
byproduct produced during ferronickel manufacturing process - is produced annually.
Ferro—nickel is a ferroalloy composed of 20% pure nickel and 80% iron;, its major
components are SiO; (54%) and MgO (35%), and it is similar to serpentine, and its
usefulness is high for agriculture. Because its basicity is lower then existing slag and it is
chemically stable, it is a slag with a high recycle probability. In particular, through acid
digestion, by extracting basic and magnesium components both of which are plentiful in
ferronickel slag and by separating and purifying silica (SiO:) and magnesium (MgO), a
economically attractive alloy can be produced; this byproduct is useful in agriculture as a
soil conditioner fertilizer and phosphate fertilizer.

As such, this research was conducted to seek ways to generate economic profit

opportunities, by recycling ferronickel, which is an industrial waste, for agriculture.

[Ferronickel Slag Processing Technologyl

The chemical composition of ferronickel glass used in this experiment was granulated
slag (water—cooled slag) and air-cooled slag, the major components of both were mainly
Si02, MgO, FeO and Al:Os. There were no cooling method-dependent changes in the
chemical compositions of granulated slag (water—cooled slag) and air-cooled slag, and both
were found to be within the standard based on the dissolution test of the waste processing
test criteria. In addition, upon conducting an XRD pattern analysis, it was found to be of
MgSiOs (enstatite) and Mg-SiO, (forsterite), and was identified as being of an amorphous
crystal structure.

To compare the milling characteristics of ferronickel slag, impact crusher, ball mill,
vibration mill, roll crusher, and hammer crusher were used to conduct milling test, and the
vibration mill was shown in the results as being suitable.

With the rate of distribution of powder under 200mesh (74 gm) for balls being 44.2% and
34.6% for bars, ball showed a better grinding efficiency. And when granulated slag less
than 2 mm and balls were crushed together, the resulting powder particle sizeswere9.6 pym
at 10% (D10), 61.0 gm at 509 (D50), 131.7 mm at 90% (D90). The particle sizes of powder
crushed for 72 minutes were 4.9 pm at 10% (D10), 41.1 mm at 50% (D50), 97.0 mm at 90
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(D90)%. The results of SEM analysis of pulverized powder were crushed into acicula and
sheet structure and were and mostly eliminated, and they were observed as being circular
and granularly uniform.

In order to produce optimal powder through the magnetic separation process, after
grinding, magnetic separation was performed; the results showed for the powder of less
than 600 gmwith the grinding time of 5 minutes, the Fe removal efficiency was 56.9%6, Ni
removal efficiency of 73.7%, and for powder of less than 300 gm with the grinding time of

30 minutes, Fe removal efficiency was approx. 60.0%, and Ni removal efficient of 71.3%.

[Manufacturing Technology of SiO: and MgO from Ferronickel Slagl

In this study, we tried to, by utilization and development of technology of the high
value-added of ferronickel slag (FNS) for agriculture and through research on separation,
purification, and recovery of Si0O; and MgO through the wet extraction process, create
resource substitution effects. For effective acid digestion, and for the combination of slag
powder and lime component, the final powder was produced by using vibration mill under
suitable condition. The final powderized ferronickel showed 90% passing rate for 300 mesh,
and based on Blaine measurement it was about 4,000cm®/g level.

The optimum condition for dissolution of MgQO in ferronickel for producing magnesium
fertilizer is H2SO. as leaching solution with leaching temperature of 100 C and leaching
time of 60 minutes, and pulp densities of 150 g/L and 300 g/L, and H2SO., concentration
levels were AN and 10N, respectively. During this process, the components of the dried and
aged eluted material were MgO 95.2%, CaO 4.29, FeO 1.8%, and SiO: 0.9%, thereby,
producing an Mg alloy that is over 95% Mg.

The optimum condition for the separation of high purity silica and magnesium is 50% HCI
leach solution with concentration of 300-400 g/L, and it was determined that 6-8 hours of
leaching at 180 rpm or higher with leaching temperature of above 70 C, and it showed
elution rate of 99.1%6 under these conditions. To recover high purity SiOs from the residue
Si0; from filtering of this elution solution Mg, NaOH leaching process was applied. The
purity of SiOs recovered by blowing CO: gas was 99.9%, and also there were small
amounts of Fe, Na, Ca, Mg, Al, etc. The recovered SiO; was angular shaped and average

size was approx. 100um.
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[Manufacturing Technologies for Ferro Nickel Slag Soil Conditioner Fertilizer (FNS
SCF) and Ferro Nickel Slag Silicate Phosphate Fertilizer (FNS SPF)]

The main components of domestic Ferro Nickel slag(FNS) are SiO. 56.5%, MgO 31.9%,
FeO 4.1%, AlOs 1.8%, CaO 0.4%, and NiO 0.06%. Ferro Nickel Slag Soil Conditioner
Fertilizer (FNS SCF) is manufactured by the Ferro Nickel slag(FNS). FNS SCF was
prepared and their properties were analyzed. To elute the fertilizer ingredients of FNS,

FNS of the fertilizer ingredients of calcium hydroxide (Ca(OH)s), burned lime (CaO) and
limestone (CaCOs3) modifier powders were mixed and calcinated at high temperatures. The
condition for eluting fertilizer ingredients that are most similar to the conventional silicate
fertilizer was found to be using a modifier to mix hydrated lime (Ca(OH):) with the source
material 50%-50% and firing for 2 hours at 1,200 C. At the optimum condition, fertilizer
ingredients were soluble SiO; 26.3%, citrate soluble MgO 9.8%, soluble CaO 22.0%,
alkalinity 49.196, and these met the official standard for the conventional silicate fertilizer,
which were soluble SiO: 2596, citrate soluble MgO 2%, alkalinity 40 percent. (FNS SCF)
The chemical composition of ferronickel slag (FNS) was very similar to that of serpentine
MgsSi2Os(OH)s.  Therefore, conventional serpentine was substituted with mixture of
ferronickel slag and rock phosphate and FNS silicate phosphate fertilizer were prepared,
and their properties were analyzed.

The mixture ratio of crushed ferronickel slag and rock phosphate was adjusted to 1.56,
and this was heated at 1,400 Cin a high temperature furnace and cooled, and the slag and
rock phosphate were recrystallized. At the time of rapid cooling (water cooled), FNS
fertilizer ingredients were soluble phosphoric acid 17.6%96, soluble $Si02 29.29citrate soluble
14.9%; on the other hand, the slow cooled (air cooled) FNS fertilizer ingredients were
generally lower than the conventional fertilizer by showing phosphoric acid 10.8%, soluble
Si0s 6.7%, citrate soluble2.4%. The FNS fertilizer's crystal structure was close to heing
crystalline under slow cooling, and amorphous under rapid cooling. The optimum EFNS
fertilizer was 1.56 ratio between FNS and rock phosphate, and the chemical composition at
this ratio was soluble SiOs 28.3%, alkalinity 44.7%6, soluble phosphoric acid 13.196, citrate
soluble MgO 11.1%; by using ferronickel glass and rock phosphate, it was possible to
produce FNS SPF (ferronickel slag silicate phosphate fertilizer) that was better than

traditional fused phosphate and silicate fertilizer.
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[Crop Cultivation Effects]

I . Ferronickel slag fertilizer effects (from Goheung Field)

The results of the experiment on crop cultivation using ferronickel slag powder fertilizer

(FNS powder) and ferronickel slag sandy fertilizer (FNS sandy), which were both produced
to meet the standard of silicate fertilizer, and a commercially available silicate fertilizer,
based on the growth and vyield characteristics of rice, nutrient uptake characteristics,
physicochemical characteristics, and fertilizer injury are as follows:
The plant length, tiller number, and leaf color were all highest with FNS sandy treatments;
the paddy rice was, in a decreasing order, the highest with silicate, FNS sandy, FNS
powder, and compared to the control group their vields were increased by 18.6%, 11.5%
and 7.9%, respectively. The rice straw and yield were Silicate > FNS powder > FNS
sandy, in a decreasing order, and compared to the control group, their vyields were
increased by 18.196,12.2%, and 9.9%6, respectively. The number of panicles was the highest
with FNS sandy, and the lowest with treated Silicate treatment. Ripened grain was Silicate
> FNS sandy > FNS powder treatment, in a decreasing order, and the thousand grain
welght was the highest with the control group, and were similar for Silicate treatment and
FNS sandy treatment.

Plant body’s mineral content appeared in all treatment areas as normal range of inorganic
element content, therefore, deficiency symptom or excess injury was not observed, and no
toxic metals were not detected at all treatment areas.

Harvest soil chemical analysis results were that the silica content of top soil was 141
ppm at the silicate treatment area thereby showing the effect of silicic acid;, at the FNS
sandy and FNS powder treatment areas showed 77 mg’kg and 66 mg/kg, respectively, ie.,
there was no increase effect of silica. Heavy metal content of soil detected Cu, Pb, and Zn
in all treatment areas, and in the granular silicate treatment area and control treatment
area they showed a tendency to increase. Ni was detected in the granular silicate treatment

and control treatment areas.

II. Growth effects of development fertilizer on trice (from Suncheon Field)

In order to review the agricultural utilization possibility of ferronickel slag, we analyzed
the crop cultivation effects of the ferronickel slag soil conditioner fertilizer (FNS SCF),
ferronickel magnesium fertilizer (FNS MGF), ferronickel slag silicate phosphate fertilizer
(FNS SPF), and ferronickel slag water grass fertilizer (FNS WGFEF).

The initial stage changes according to treatment differentiation growth period, except for
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the FNS SPF treatment area, all showed over 90 cm of growth in all treatment areas. The
number of tiller during heading stage was high at silicate fertilizer treatment and FNS SPF
treatment area, the leaf color was the highest at the silicate fertilizer treatment are with
44.1 SPDA.

The bundling quantity, Silicate > FNS SPEF > ENS SCF > FNS WGF > Control, in a
decreasing order; the rice straw, Silicate > FNS SCF > FNS SPEF > FNS WGE > Control,
in a decreasing order.

The panicle number, FNS SPEF = Silicate > FNS SCF > FNS WGF = Control, in a
decreasing order; the spike length, Silicate > FNS WGEF > FNS SCF = Control > EFNS
SPF, in a decreasing order.

The SiO: content of plants was the highest at the conventional silicate fertilizer treatment
area; the average T-N content amount showed 0.7%, 2.4%6, and 1.1% in the culm, leaf, and
root, respectively, the TP, KO, CaO, MgO, and NasO contents did not show much
different in all treatment areas

The heavy metal content in each part of the plant body was showing higher in the root
than leaf or culm; the Si0s content during harvest time was showing high amounts in the
FNS WGFE and conventional silicate fertilizer treatment areas, and by areas in the body,

bran > culm + leaf > brown rice, in a decreasing order.

M. Growth effects the development fertilizer on lettuce and radish (from Seomyeon)

In order to review the agricultural utilization possibility of ferronickel slag, we analyzed
and compared the application effects on lettuce and radish of the ferronickel slag soil
conditioner fertilizer (FNS SCF), ferronickel magnesium fertilizer (FNS MGF), and
conventional silicate fertilizer.

The growth effects on lettuce leaf, according to the fertilizer types, of the conventional
silicate fertilizer and FNS SCF treatment areas showed increases of 2.7% and 3.8%,
respectively, and fresh weight was FNS SCF > Silicate > FNS MGFEF > Control, in a
decreasing order.

Looking at the radish bulb weight, bulb length, bulb diameter, bulb circumference, and leaf
number during the harvest period, Silicate > FNS SCF > FNS MGFEF > Control, in a
decreasing order, thereby, showing good growth.

Content of inorganic components in lettuce and radish did not show any significance
according to the fertilizer types; the post— harvest soil chemical property characteristics
showed increase of soil pH, exchangeable Ca and exchangeable Mg ion at the FNS SCF
and FNS MGF treatment areas. And heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn)
contents showed small increases of Ni at the FNS MGFEF and FNS SCF treatment areas.
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IV. Growth effects the development fertilizer on Chinese cabbage (from Seomyeon)

In order to review the agricultural utilization possibility of ferronickel slag, we analyzed
and compared the application effects on Chinese cabbage of the ferronickel slag soil
conditioner fertilizer (FNS SCF), ferronickel magnesium fertilizer (FNS MGF), and
conventional silicate fertilizer.

Looking at the Chinese cabbage fresh weight, length, leaf width, and leaf number during
the harvest period showed in general high growth at the FNS SCF and FNS MGF
treatment areas; compared to the control group, the FNS SCF and silicate fertilizer
treatment areas showed 26%6-29% heavier fresh weight.

Although there were no noticeable trend in the content of inorganic components, Si0; was
high at the silicate fertilizer treatment area, and the FNS SCF treatment area showed high
KsO content. During the harvest period, compared to the growing period, the content of
inorganic components in Chinese cabbage seemed to decrease, but Na:O was increasing in
the root. The T-IN showed pretty high in the outer leaf at the silicate fertilizer and FNS
MGF treatment areas; CaO showed high in the outer leaf at the silicate fertilizer treatment
area;, MgO showed high in the outer leaf at the FNS SCF and FNS MGFE treatment areas.

Heavy metal content of Chinese cabbage during the harvest period, compared to the
growth period, showed overall decrease. During the harvest, the Ni content in the outer
leaf showed highest at the FNS MGF, in the inner leaf highest at the control group

treatment area, and in the root highest at the FNS SCF treatment area.

V. Growth effects the development fertilizer on carrot (from Seomyeon)

This experiment analyzed the growth effects and fertilizer injury on crops by the use of
ferronickel slag soil conditioner fertilizer (FNS SCF), ferronickel conditioner fertilizer (FNS
SCF), and conventional silicate fertilizer, and the results are as follows:

The FNS SCF treatment area showed high root length, root weight, and high yield; the
silicate fertilizer treatment area showed high leaf number, root length, root weight, and
vield. The total vield was: FNS SCF > Silicate > FNS SPEF > Control, in a decreasing
order.

The content of inorganic components of carrots was higher at the inside of
carrot(sarcocarp) than at the outer skin(peridium); there were no signs of any deficiency
symptom of minerals or excessive injury.

All the treatment areas and the control group showed similar trend in the chemical
characteristic change and heavy metal content of the soil before and after the experiment;

in the case of Ni, the FNS SCF and FNS SPF showed a slightly higher compared to the

_33_



control treatment, but had no significant difference, Cu and Zn content was higher in leaf
than in root, Cu showed up high at the outer skin(peridium), Zn showed up high at the
inside(sarcocarp), but all the treatment areas and control group showed similar trend.

The FNS SCF, FNS SPF, and silicate used in this experiment did not show any fertilizer

damage to the crops.

VI. Continuous cropping characteristics of development fertilizers(Pot Cultivation)

In order to verify the long-term cultivation effects on crops of the ferronickel slag soil
conditioner fertilizer (FNS SCF) which is produced with ferronickel slag, ferronickel
magnesium fertilizer (FNS MGF), and conventional silicate fertilizer the growth, inorganic
components and heavy metal content characteristics of harvester, lettuce, and leaf mustard
were conducted during the 1st phase (2009 September 30 to October 28), 2nd phase (2010
Jan. 2 to Feb. 3) and 3rd phase (2010 March 2 to April 7).

In the 1% phase investigation treatment differentiation, the above-ground shoot fresh
welght showed, Silicate > Control > FNS SCF = FNS MGF, in a decreasing order; the
below—-ground root showed the highest at the granular silicate treatment as well.

The above-group shoot length showed highest at the FNS SCF treatment during the 3™
phase, and the leaf number showed the highest at the control treatment during the 2™
phase.

According to the fertilizer types, the shoot fresh weight of leaf mustard with respect to
the harvest timing showed, 1% phase > 2™ phase > 3™ phase, in a decreasing order, with
the 1% phase showing significantly higher values compared to the 2" and 3™ phases, and
showed, Control > FNS SCF = Silicate> FNS MGF, in a decreasing order. As far as the
above-ground length was concerned, there was no difference in terms of the fertilizer
types or the timing.

Depending on the type of fertilizer, the heavy metal content of lettuce did not show Cd or
Hg, and Ni was low overall Based on the treatment methods, the above-ground Zn
amount was higher in the control and silicate treatments than in the FNS SCF and FNS
MGF treatment areas.

Depending on the type of fertilizer, the heavy metal content of leaf lettuce showed no

signs of As, Cd or Hg, and Ni was low overall.
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VI. Over—fertilization damage characteristics of development fertilizer (Pot
Cultivation)

In order to investigate the exceedances and its effect on fertilizer injury on crops of the
ferronickel slag silicate phosphate fertilizer (FNS SPF) and ferronickel slag soil conditioner
fertilizer (FNS SCF) by cropping in Wagner pot. The results of the plant length, depending
on the treatment methods during growth period, did not show any special trends, but
during the heading stage and harvest stage, FNS SPF and FNS SCF treatments showed
higher than the control treatment. The tiller number showed, at all treatment areas, an
increase from the effective tillering stage to maximum tillering stage, after which it started
to decrease.

At the FNS SPF and FNS SCF treatments, the plant length, ear length, panicle number,
number of grain, yield, percent ripened grain, and fresh weight) were greater than the
control treatment, and the thousand grain weight showed lower.

The mineral content during the harvest time showed higher Na at the FNS SPEF and FINS
SCF treatments than at the control treatment, but there were no signs of deficiency
symptom or excess injury due to over fertilization.

The FNS SCF and FNS SPF used in this experiment were used 3 times as much as the

conventional silicate fertilizer, but there were no signs of fertilizer injury.
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Table 2-1. #A] 2] s}5+d x4

(9] & %)
FA F5F SiOq CaO MgO MnO FeoOs3 AlO3 TiO2
A3 A 36.0 37.9 5.2 0.4 0.3 15.7 2.0
T3 A 37.1 40.4 5.2 0.4 0.5 13.3 4.7

w AL A, e, A bR 19830 FEHIA] 16(3).

2] 11 5| 28 dAAEL FF o
aRsH ATl FA43] TV ASRE ANHARL MEYER AMREHE g O
ol wlshd Awel] XA FEvh weba] tiREe] sHaE FUMATE Al e R v
A AR 2855 vt 5] MEIRE AEYE aREHae] A 74 i
AME Az9 =2 =k 2 i RE &85 3 gtk
Table 2-2. ZA7&#1e] &%
e e A< A7|2&EH 2
T AP (E) H| & (%) AHE-(E) H| &(%) AHE-(E) H] & (%)
A E 5,909,733 69.3 83,189 1.7 4816 0.1
=2 g 2,043,389 24.0 1,958,144 40.0 589,558 17.4
HEE 20,710 0.2 1,505,700 30.8 2,215,732 65.3
N2 484,957 5.7 - - 106,016 3.1
A& - - - - 155,628 48
AHE - - 1,271,283 26.0 88,201 26
HE g - - - - 31,627 0.9
7| e 7,143 0.8 72,816 15 202,518 6.0
g A 8,525,932 100 4,891,132 100 3,394,096 100
« gk 2 719 3] (2005)
ol#] g w1 AFAELS A Hopuh &G Fxlo] #AFFEMRDBE D sHABH
A35x) o5t ALE §5F AN} ALE HEES Fola gl
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Table 2-3. 27 €19 A&LELE=

7). AMEB(ESA, STHAe] §EEA nELe ] )
U ZagEeEg 3314
o} AE MEdR
g HEg -  TAYELE T4

B 2 uh, e ZA
nh 528 A

o mera | b TOHEAE 24

jﬁ}ji j;‘]; of B AA S

48 0 g w24 ojamg #4)

w3 E 2k 294 A
7. W=z ZA(LRSY e )
e w24
g, 9 9@ g EA
3k 7l A&

Table 2-4. 27r&d 29 €2 AAE 2 AAAFAH

s = AT 2L AN TA
1. AHMELS Ak a KS L 5210 =+ KS 1 5201
2. FAYER E3A 2k T2 KS T 2563

3. 9H H5 Stk 4 KS L 9102

4, ZAZYEEL A St A4 KS T 2644

5 ZEE - ctaTE EA) Eigiﬁ%ﬁ;@gﬂ%a 340)

6. AolE A=A 2k T2 KS F 2579

7. MR g A Ak 4 KS F 2532

o= A AX=EY A £d el wg Ay Sl 48 AP goa & 5 3l
o Ey T ggoks alieh vRRVIAR ANIEAR e BE A, EgU A wofdl
AzHol vk 53 et 44 =z, g, A HdAdolA o AdstA Abg o] 1 A
ol olv deHReH, A4F o ut siFrAa tAol AN Hds] AEdE i
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Aga gl HEslel, Furl AssE 990] 5

Ak, 2 ARl thal e ENeefet Ak C-40073 EAteh) & vl =AY Mysd
d z}

Table 2-7. 429 s=zyAsdf o] & A%

1988 Year 1996 Year 1999 Year
Occurrence Occurrence Occurrence
~ quantity Ratio quantity Ratio quantity Ratio
(Thousand (%) (Thousand | (%) | (Thousand (%)
ton/year) ton/year) ton/year)
Road gravel 282 15 701 40 1,205 49
Steelmaking 434 22 625 36 694 28
Gravel - - - - 363 15
Sand for concrete - - 132 7 177 7
g Fertilizer 50 3 30 2 38 2
- Foundry sand - - - - 20 1
Sand blast - - 7 - 11 -
Landfill 1,044 54 194 11 - -
etc. - - - - 5 -
110 6 68 4 A 50 A2
Total 1,920 100 1,757 100 2,513 102

g, d2Yd gy vavld ol2s FEI] A dae Hol dF AHAT
(Chu et al.,, 2010, J.M. Soler et al., 2008, M.H. Oh et al, 2008, D.E. Giammar et al., 2005).
ol vtavlE FE5AXE 9% MeCl: ¥ MgSOs 59 vtavls 33ES Aty 9
Az A=Y SqsE ARSI 283l M4 (MgCOs CaCOz)s diaf 9t F3kekg&
F3 CaO 2 MgO&E 7] H38k A& Y39 th(M. Gautelier et al., 2007, P. G. Caceres
et al, 1997). o]& A7 5 Mg ©o|& % AgE Mg & 47 g 27|dA 9] Aot}
Eric H. Oelkers(2001)= Mg & Ao Si AMHA|7F A4 5o 9+ forsterite(Mg:SiOy) T-F+
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|4 Si-O Artt Mg-O 2] ¢ A Zsldva ﬂ?ﬂgﬁ], o] Mg-O A<
|24 Faole] o3l a7 FHXH7] wifolelal 3T 5 forsterite 2 2 5F-H
Mg ©]<, Si o] % SiO:&= Mg-09] #3& 7|22 &&¥Hrta 0} 1T} Oleg S. Pokrovsky
5 (2000) % forsteriteE Aol £33 A$ Mg o]3 Si o]0 FAld £&F5Hvar H 3L

e
e
N

aYa B o AgaAel Awd M3 A7 @ B3] U)ES 2AEEY, A dE = S
17, 31 270 ZAFE AtH(Table 2-8)(Table 2-9).

Keyword H2UA &£, 98
AMAS 87
fracEds 1

70O ZyH LRSI EFBLEY) CEEIER
HZUZES2OE 0|28 QIMEHI2 (19864)

AL AKX (@3 201),p107 7 111,1986/03(ISSN 0559331X) (BERKRZF
= w/BERXKFER

= 2| A 2L B H, EARES kit =2 NBIEX

W A A = 1986
A4 (%) 40%
FAH QA& Bho] Q4 Ro] TghE wEA
2ol 272 N AYE oo S AEst st Al Aol
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e ar ﬂXHQEHJ(Air—cooled Slag)&= 4 —pi =l
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ARl 2l HHA T dHe] e 2E AT ol Fdedazta o SS9
< FHedl2E aF IAdAel 29 Yo 4™l s AFGEMd = Wak=d, ol &
olg3te] U= B ¥HE dTAF(H)E Az

S s 2UA AxEEd SNNCOA BAsE Zdoe AL AAsdeld. £
2008 5of oF 10%HE, 2009 =& R00WHE, 2010 5% 7hs &0

10090 X% sro} Ll WA of B0NHE Faoldom, 011K A R}
Foom of 100%tEe] eyt id WA Ao dgdrt FAsda 2 dAgsgae] o

A& 71E AsE ALsta, vid FAEH T 70%, HAEA 17 30% FroE dAsia
AT,
Table 1-3. 2 A &a1o] LA dAF (HE/ D)
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OFE EE aste] B2 gdstE HAdA 4 AV, B eR B FaEsE £ S
oA JARE7E ZAHARNY AAEH 2= YL FEAA AT WhE 7] wjite] dA

—

F Amk RESA 2ov, ¢4 Folel Fulm WA meb SR RFol s, g

=< o - N H
EEYE xddto] 853 vk SdfiLe] gl dojA el AAE i B UbERE
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g4 £/ (XRD 9 SEM +4)
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B2 W3t gle Aom yeiwod, B 540 43S VA 78 8 F7 H
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Eol 718 bAe o3k ddFolebal F5H Qv

Table 1-9. Al =24 FAEH 1] AHE At

T Th. | chmes |t | o s

13 28,030 42.0 27,988 0.15 3.9

23] 27,250 763.0 26,487 2.8 2.4

3] 27,180 462.1 26,718 1.7 2.3

- 102 -



B AHAWE AFER1E AWE $A% AE/10GC0)N F2E A2 F A=Y
HRAHE0G) 0.2 thA] (23 A8 A8 A o], 2 @3E Table 1-10.0 by gleh, 24
AYARAHE 14 A9 ok R ek, o AYA/s BYE wAsk g

Ao AYW ASA BT 2w AR AR EAsE
A2 dwsle] A4 BES A As 2d @ el ol 1A AHOR FALY

o] ) A Fo 4Gy ve AR el & 5 YA 14 AHow Ao A

K

71€ 200Gauss 4,000 Gauss o.2 ZAstal, FAEHIE I d & 5 A9 80% ol A
Gawsle] PR, FRE HYe A9E WUEE FAEE Ao g

Table 1-10. F2YA FA<Sef2o 23 XA E A}

=] > 2131 -8 = 23] -8 % z or’HH]
T 2 12 A2 E(%) | 22F AR E(%) A2 & (%) Hl 3L
13] 0.15 2.17 0.003
. 12} 3,800G
23] 2.8 0.67 0.019 93} 800G
33] 1.7 0.52 0.009
Table 1-11. G AA o) 23 Fl=yA &1e] g d Fo] A=A W&
2} A 7] W1 TFH A A B E(%) H 2
s S| 78.3
2,000Gauss
2 5 98.9 80mesh ©] 3}
w4 A 80.1
4,000Gauss
2 = 98.9 80mesh ©]3}

AlzyAdsd el 50 = F2 2cEd A3 UAs ador AN As 24 E

3l Ao wEl E7ldte] =g A#HAME7](Drum magnet)E ©]&3to] AHAE gt A
g ArAale] o nEYSFE FEHTE Fesl Ag]viele] @A iest & o]Fojx] 9

o S Eee) So] £ASE FedRe delvish v
BT Hue Bege ngAoE AAW nE

tlo Mz

iz
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AS

SE I RS

AA(1,500G) 0= 12 &

s

[}

F &

7l

]

SES

Jell A

7

B

1 Az Z1(Magnetic Slag

]

o2 T

d A (R00G)
Table 1-12.9]

j

Gl

NEE

b, F

I Fe¢} Ni= =

[e]
1l

A%

]

Zro

Jerd nha)

1A=

w

Al Si0z9F MgO

(Wt%)

iz

0

al
<
!

™
;OD
23!

A

Table 1-12. ¥ =Y

@) N N <+
B 5| o
=R o B B B BN
N o (@)}
S| || m
@b S| 3
(9] <t
() Q e} :
o I =
= 8 B>
GO = R
qHl
RN
ab | A || A
Ol N | N
T x| x
Wl | %
B~ | N

Lo M Ao m

ol YA &

J

) ISV

Table 1-13.34 7t}

ENERE LS

Z AAF

}\O]—C)

ol

(Wt%)

Table 1-13.

~ (@)
S| =
o | &
2R -
a
@ | 2
o0
=
(9]
o
S| <
M —
(@)
?| R
O —
o X
-
| @
<3S
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FAlEe 1 bkg FAEH 1 bkg
w3 v} 7| (Bar): 9kg 3 vl ) (Bar): 9kg
‘ 3 A17F © Smin ‘ E 3 A17F :30min
600mo] 4+ 600/me] 3} 300mme] 300umo] 3}

(it

o
il
&

, B A7 5ROl A= 600mo] FS 63.0%, ZL o]F=E 37.0%F Bt oL F O
H 600mo] Y e =HAHMAE 7S F3Fe] A2 (Magnetic) ¥ H] ﬂ"—‘}(Non—magnetic)Qi

P Ad A3 1.39%, v AHE 9879%6 0.2 EbTE o]F Adlyg |z Bue A4de xA
gto] W o] Y AdEste] v s FE5AAEE S48 F5 43 (Fe, N
Ay F 3-149F 2 7] YA 80 Fe oF 7.8%. Ni oF 0.08% 5o gl AEo
T 7F7F oF 46.0%, oF 525%9) AA Z&S YERNACE 3 600me] stE £
718 B3l A wAFow s A AF 4.4%, WA 95.6% C.
Ebyltl o] & Ae wxE BEg QS xAdste] gkl ot A= ddete] wiAE &

AES BA3A Y FE5AAE(Fe, Ni) 49243} Fe oF 34%. Ni 9F 0.021%7} 75

WHEAHEP
AR 1=

&
o

A

2
=
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agar EAAZE 3020 A= 300mo] g 67.2%, 1 olstE 32.8%E Ewdtdth 1 % 300

molow FHE Fue ARAW Au A3 120, WA 988% 02 e, o] F du

} H AE Adstel mAF Seoie] FEYRS BAA Fe oF 45%.

F 747k of 42.4%, °F 60%9) AA EEE v}

Bigieh @9 300molsh FE PHe AAAEE A3 A4 48%, WA 952602 1

sk olF AwE nAF BEe av o A9 Adste] nxF Hene 354 BAZ
o]

vz} ok 60%, °F 71.3%9] AA E&S YERHSITH

Table 1-14. Aol ofsf Atd €2 e FHAE T

Fe Ni
T 3] T&(Wt%)
SHF(Wt%) A A& (%) S (Wt%) A A& (%)

A 49.6% 4.21 46.0 0.038 52.5
600m

B 32.5% 3.36 56.9 0.021 73.7

C 51.0% 4.49 42.4 0.032 60.0
3004m

D 27.0% 3.12 60.0 0.023 71.3

Fig. 1-36. A= 43E € 300umo]’d A2t e .(209] 2 eh)
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=

3

£RAAT) (A7 EA

st

<

ojy
=
bz
T}

0

i
o

= vk (Fig. 1-37).

z

H2ZUASTY TGN E Setoz 3

0

Br

a7 A3 Fe &% 75.5%, Ni &% 180%= veh} d21d (E57dS

Al 3]

1A Qo) e},

stei)

el A= (20M)

-
XN

Fig. 1-37. A2V AL 1o
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4. ArA3 sk

A A" eZ A~HAY A YEE HdHo|a AAH o2 SReE Ao MA xEH[dEl2 A
Adoj AAHE FHd=d w$ Feavk A AP A9 89l #H 242 (Ferro-Nicke)S A
e AVR FAMA HES AME g AR FAEe |

o AyHAE AA
el #HzZya &

A HE=d o] AR o] H=2yYA < L(Ferro-Nickel

S
08 s WAgoR wWEstel #1504 B 45E WA

G Pl A&
b QAR = SgaEe ARUA £41% ngel & BAs FAsA WAAw
zagee) sA&da} R AZUA SRae 9AE0) lEe] o dude
2 viol, oo hgaly] wiel ABE sbsAel ¥, SeA x4 AA AR §
Astel o1 ol g7kt B Aon wudh geba zUAsde] 2o 594 54 =
Adla, A4 A g At AEHoR $UA ARZA A JUD AE FsEhl

w3} slojol sh=d], WP H & AL Bold 5 Ay AXEAYHOE
ooy w37 FelA ARE AAE eHiEM, &S g F47] o] vawA st
A5 (Vibration mill)e] 34 A Ao Ager Aoz Bty o] Batch typed dEHe T

mjate] Aol gt

Ao AHgR FERUASH1Y SRS FAsd LY AWl BT

Si0z, MgO, FeO % ALO; ol = Wzl w& sgizie] 33 A& W3ty gl A
o= veygor, mdk Hr|E SNV 93 &

th 24 EA dFE vAE Fo FEY T 2 gEe 4
& AAS A3, MgSiOseh MgoSiOsdl Aoz vt skxvt A< 1= Enstatite®]
MgSiOs9t Forsterite?] Mg:SiO= T4 Ho A& v IdAQ<E&H 2 Clinoenstatite 2
MgSiOs, Proto-enstatite?] MgSiOs¢} Forsterite® Mg2SiO,%= A 5o ity 2k oy}
A& 2ol = FAEH 2 YEIYR &= Dicalcium magnesium disilicate, CasMgi(Si507)
FEAl AEHAY. w3 FAsg Y AAsHg e X-A A 24 Ay FAsH LA
slde) A2 EIE EarElstal WEkEo] vugstA veve As g9 5 Sl ol B

KeN
= R AR AR -
Ad AATxY AE A Aoz FAed1e] A Tx7

_1

o,

4 P29

et

o
&
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A L] FFel WE FHELEES FAsHY] st FAEWL 4200g0] WA Balls}
Barg 7t7} 8980g# &3talar, 24=3F &4lsk et 1 23 200mesh(74um)e]3ke] 2HE 32
&o] Balldd W 44.2%, Bar¥d W 34.6%%= ey, 40 A Balle] £ & &o] o 73 AL
2 el 223 2mm 9] o}?n 12 A e FAasgaet EAAR Bals Wil 3683 72
g etk WA 367 E Bl fiAav|E dAA JmREAA 10%(Dp)E W =2
717% 9.6mm, 50%(Dsp) @ Wl Z7]7F 61.0/m, 90% (Do) w2l =27)7F 131.7m= e Th 728
B3 Bo] dxar)s AA JdEEXA 10% due] =77} 4.9um 50% Yol =7])7}
A1.1ym, 90% LW el 277} 97.0m=E A gke] AojAdFE ARV At 18 a &

Aok ARSI Toum o], 75-45m A5mme) st Y= SEM w4 A}, HAel 3

=]
=
TEE Bl dHE HobE o U2, fde] HdEal dd o2 dEEA

-1—1_.1__ y H ©

ML

Ol
Rl

o] Axdve A7 E o] §ate, 33] WhEste] FAsvh oL Ay RS, Ad7) e 3
7 59 dFoz AFn o]l 247 0.15%, 2.8%, 1.7%= A3 HAZ e
A7) 98ke] A€ Skgdt Bar 9kgS E¢Ebal, B =
el BEAAE 52 PR B F ARAEY AHAHE HASY nzpF &1
45 -(Fe, Ni)& 43300 21 23, EHAIF 5ol A 600meld ellA Feol Al
& °F 46.0%, Ni®l AAREES 525%=2 YEFRLAL, 600mol3t 2ol ] Feo] AARES of
56.9%, Ni9] AlA & &2 73.7%= ERSE
Z1E] Al A AIE 30/l A= 300mo) Y R el Al &=
60.09%= vFEFRLIL, 300mmo] 3F oA & AdE AAL
Eput

e
o
i

AN EE&S Fe oF 424%, Ni °f
Fe °F 60.0%, Ni ¢ 71.3%=% 1}

o
flo

- 109 -



A 2 A HAZYRESIIE o]E3 Si0r E MgO Ax 7=

2EE s A2 R HEUAL 20wt%Ni~80wtFed] 4& 717 FHoE dyH4
o2 A3 s &9 Agste] driRelA FEEe] Azl AR2YAS AxdE 3

3
2 New Caledonia®l A =353l Yt wZddlmyol #FAke] #FEAL thiE e ol E

ccz{}o

(Laterite) ] 48} (Saprolite)o]th. 183 wZd T olo] Atslde YA FEVF 53, &¢
59 ghafo] vrola] Hae] FAolelar Hrp Wt} o] whEl Ry ole] SMSPARY] Abzlo]
el A T v AR F2 AEE Table 2-1.3} #E42 Table 2-2.9F &
. AFAe] FoAdRLS Si0r 38%, MgO 25% 7Fegoly, e A2 Ni 2.3%, Fe 11%
Al eolol b AR YAgA o] FE4HE Ouaco A%
A2 Saprolite FAolH A= FAS

Nakety 24| #2-& Saprolite 343} Limonite 340 A48 A= Aoz FA 3}

Table 2-1. AR 2 HE (Wt%)
T Ni Fe MgO Si0s S Cl Hg As
2bshg 2.3 11.2 25.4 38 <0.005 Tr Tr Tr

Table 2-2. ¥A4HAE YAZA F5A4 (Wt%)
HAEA] Major Minor

Si0y - T4 (Quartz)

0) Mg,Fe,Ni)3SizOs5(OH) - ARz (S ti _
uaco (Mg,Fe,Ni)3Si205(0OH) } (Serpentine) MgsS1010(0H)s — 24 (Tale)

SiOz - 74 (Quartz)

P Mg, Fe,Ni)3SisOs(OH) - AFHEX(S t1 _
ova | (MgFeNDSizOs(OH) ~ AhZ4 (Serpentine) MgSi010(0H)2 — E41(Talc)
K (Mg,Fe,Ni)3Si205(0OH) - A4 (Serpentine) SiOz - 74 (Quartz)
ouaoua i _
(Fe,NDO(OH) - #Hd 24 (Goethite) MgsSis010(0OH)s - &A1 (Talc)

SiOz - 74 (Quartz)

Naket (Mg,Fe,Ni)3Sis05(0OH) - AFHE=Ad(Serpentine) ) i
Y . e P Mg3Sis010(OH)2 — &A1 (Talc)

* A5 2 A hitp://www.smsp.nc

http://www.ghd.com/global/projects/lateritic—nickel-mining-in—new/
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HzyAde] FoFAoZE dE8AAE, Ax, dnsd, S5IJCAVZFTA), A4, Fx29
Z A7 Z2FANA FarE¢ £yt SAEe o Bk
e} s}, o] gEYAL LY FRAAEL Si0, 54%, MgO 35% 7} &

78] FeSol B4Rl BRRE AAsT Qd, AEHs fAREE 1 o7k

Table 2-3. A2 AE 12 3524 (wt %)
A& Ca0 SiOg Al;O3 MgO T.Fe T.Ni SR
sheF 0.01 54.0 2.0 35.0 275.0 0.002 0.65

x5 ZA] 0 (F)SNNC #H=2YAFa 14 A=A, 2006.

b 2 AFeAE HEYASY 1Y

ok
o,
o
2
ofo
_O|L
s
2
@
S
=
0Q
@)
lo
o
=
o,
Y
Joh
4 g
=
i
&
r2
-
il
2
r2
>
rjg
=
__)&l
tof
o
il
o3t
il
et

7h &A%

FU AzYASsH e ol &MHe e BEEG Y fEdA gyse, EaEd I
75 Adgsta At sk
woh #RyAsg e o§

i

N
=

=] b

A, B2 myb), olaBE A Fo #8357 9
N
T

12

ERgaA 2 Al A

UR=E - 2 &85 JrH(Table 2-4.).
Aol FHEA T A= vl ole 7] f1gke] v Ak
B k. o] AL whidlgr o] o] wiavlgaE Alx 45 MgCl, %2 MgS0: 59
Mg 33ES Axsr] Y3 7] 2= AREE] o)) Oleg S(2000)5 % forsteriteE
Abell gafsto] Mg o] 23 Si o] Al vrFSE o] 0] §EH AL

SELE LR
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Table 2-4. &9 FHz= AL o)) A

1988 Year 1996 Year 1999 Year
Occurrence quantity(10%/year) 1,920 1,757 2,463
Occurrence Occurrence Occurrence
B quantity Ratio quantity Ratio quantity Ratio
(Thousand (%) (Thousand (%) (Thousand (%)
ton/year) ton/year) ton/year)
Road gravel 282 15 701 40 1,205 49
Steelmaking 434 22 625 36 694 28
Gravel - - - - 363 15
Sand for concrete - - 132 7 177 7
U
S Fertilizer 50 3 30 2 38 2
E
Foundry sand - - - - 20 1
Sand blast - - 7 - 11 -
Landfill 1,044 54 194 11 - -
etc. - - - - 5 -
110 6 68 4 A 50 A 2
Total 1,920 100 1,757 100 2,513 102

Eric H. OelkerstT orsterite Z2A 727} vivg 2@ Ao o3& A7} APAAZE o4 5o

gorf, oled TrE AHEANA Si-0 AFuTt Mg-O Agel & o 44 wojvta 3
vk Mg-0¢ ZwAl AP Faoledl ds Bk 8w, o sl s

forsterite 24 TXZ5EH Mg o]} Si o] ¢ SOt #&dvtx Husdo”, oz A
Aoz vtad4S iels BEL 609F o4 =@ty ¢HA Y. yuH JE
2+ vy Alo] E(magnesite, MgCOs), -4 (dolomite, CaCO3z MgCO0s3), # &4 (olivine,
MgFe(SiOy)2), AREA (serpentine, MgSizOs(OH),, €4 (tale, Mgs(OH)2S1.010) 2 &4

(brucite, Mg(OH)z) & °] Atk Z2]al F& o]elo|% 4, Brine(&w=) §°| tidoltt &

3] AFE-A (serpentine)= MgO©] °F 32~36%, SiO-7} 5~40% A%E {50 Qi BeE=Es
AlOs, Ca0, Fex0O3 ¥ Cr0s 5o =A%t} Kosuge &< AHE4S 100Teo|A 6N gAito =
3 o !

1242 A=

gozA 995% wEES z2t= oEA uAA APy ETg Azsigod
Sakamoto =&

800~900C = ARtH & 3ta APste] A7 x2E #Hg 5 90T

>
0 U
2
op
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oz Mgo SIHES £&3t= dF7E Bustart?. o9 o] AR ozHE Wi HS
FE3E AFE 4HS o83l Mg oS FEE FH Mg IES Axsod, 2¢ES
AAB) flete] speREel 93 FabslE FAd We] M Adwbdom AMSE I gla, Fe
o] Af frjFEed 93 FF AAR B A7 o]F4A vk mela F %Oﬂfﬂ pH=
A= NaOH, NH.OH, CaO, Mg(OH); Z18]al MgO &S] o]&€%al gty Chu 5 #2444
s Lol LRI FE59¢ Mgs e oer F%37] 9ste 05M HClL &4 o2 3023t

&=sslon, &4 040”9— o3} 727 MgCly - NILCL - 61,0 3}3HES BAAAF 94
I, 600Col A Bk4 3 & 95%9 MgOE Alzx3abgltH?.
U G vl ek AR @i hges Asgasdan g g o

Aee BEtud Hor, 0 FFES AR FHE T L wENE

(ld
Y
BN
_0|L
rir
T
oz M

A8
B oA A Al4E 98E (F)SNNColA] @At dlzua FAsa1s A43tu) o
59 3t BAANE ofgf o] Si0, FTES 52.49%, MgO 3o 345% o7 3l ¥
o = ARgYdRe HRYASY 1 FAELE SiO, MgO ojH, o] % Fe, Al.O; S0] &

Table 2-5. A2 A=H 1 A HFE4 [ICP-OES]
[wt%] Si0; | MgO | AlOs | CaO FeO NiO TiO MnO
Az ds 52.4 34.5 245 0.65 45 0.05 0.05 0.26
2 drelMs 2l AR E AsA dezYAsais S5 211363}04 d7deke 7

%
UHN'
o
o
B
s
)
o
o

ATASHE 29 YAz vy

g
iz
o

>
>
ofo
off
ol

é

il

T

i

by
SR e)

o A3

oh Al A Ee sl HIbeal vE e Xﬂ}ﬁ}oﬂ, e &3
Wbge HFAAAT B S vEEy JEAdRe] dshe st A8 2 &2 &
Taste] vEEe Axsiv. £ EEsts 9A idd vhErles ol &Sk AlxEA
o dxd dHEUAsdaE 14 214 E‘r?ﬂi atalal, 24 F 23k mEaste] #A4d3st &
s Atk mEaed AMEE 7] AsD(WBTM-10, 30 71ADE& AHE38HlaL, #3

) A 2 Balls AF&3F3 ).
HEFHow vEdslyd AZUALYIE 300mesh 90% E38S VeI, Blaine &4
(KS L 5106) A3 2% oF 4000 cm’/g 7% o] 9uh.
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bt 7]k

<]

o %

HE
= 1

%

As
o

-
1.

75

o)

=

IEE R

R4

(9
Azvdsg Lo FoAE Si0¢ MgO9 7HE F=8A

(Non-Magnetic) <@ 1

i3

I S N RO s B
wuﬂﬁﬂm@ﬂ B oo o EE
. oo ]ﬂl . ]
= m ,Wz ﬂr%%ﬁaﬂﬁw
IR N B R o R
=L ™ T o w m T oo W N
]Eﬂ%ﬁ%ﬂ Holh%oiﬂuPO,
T oo oh < wm oW RS = S
o @ e Rt S
70 oom < an,_w./odﬂ dﬂdﬂ JAITOW&O 0 o
do TR g BT M g W om Ko 3OS
LS s Comg HF 3
L wg BN oy S % o83 =
@MMQW@MM ﬂmrbnwﬂg.mm < o
PEET ol T ow mEOR a R0
JAI7L|H.:;O] Ecﬂfélﬂw & Mi I o =)
=~ o X nT SF = do Ul W > % oO—» O—>
o N ] of = 1T 0 g %] oK
GOy g Fo o oL 5K oM <
~ pk o SR = o [ oF o o
T R Qo y nEay NG & v
EgLAEq%W@M@ G R A= a | Rl
oo WS %fr %%%_,&M%U% e Bl
@ﬂ%w,ﬁﬁgog = o ¥ g o M a @
o o oo 20 ol) 5 o}/ ‘Lll Wc {F Hr M of
= ONoﬁﬂH&o UEH(\DT],WO (@)
A = wmor &, % 2
g S ¥ g o e Moo X =
» T I I B S 3 |ar ol o~
2F g 2B oo I e ™ v__%__fvmo C] gt
Py g2 TT ST g w 5
Eﬂ.&ﬁ@%&?:ﬂaﬂﬂmwﬂﬂ o
_O‘O‘_ﬂwl ‘LIJﬁmO O EEJ%O =
o] iy ] - TP oy m WX ™HORE T
RO = ST = Ty R omo & 2 [\
J _ - B S
w%ﬂ%ﬂmﬁﬂr%ﬂ%mﬁﬂ_ogﬂﬂr
ERE = R B oo = o F B o
: A o= B o = o =
Y ﬂE woor Nk 5 = T X X Mm_l 5 do 1) %)
o — A xE o ylo o T I o rLAl —_— 9o ®°
o o X = T oo R A E ° o
wENAT SR s T g ww T T
do _wm g PP = o T
® N B ow O A 3 I R
o ode o T W OL N OB T % BT DT D%

Fig. 2-1. Manufacture process of Mg and Si from Fe-Ni slag.
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3. 23 &% aF

AlzuyAdsfre] E8 7oA Hlm AxE Aste] dzvded i vEAE 24s 2
aFith. 9bA Table 2-5.914 LR HEeF 7o) Si0. dHeF oF 529, MgO dhak 34% o) # &1
@%EHJ% ‘E‘%ﬂ‘ﬁ'oq H]E%Xé}\]%é‘ﬂgi 7]—%/\3 -T—H}l—’ :ll%"}‘é] T 1;1! ?—-_]‘7]'13]'?: %‘7@3}'51,

2 ANEE A7|RAA 120002 24 A7l 3 At vlwste] 1 A%E Table 2-6.9] e
Yok |4 2487 A #SRuALsd s e A 04%, 84 1E 0.9%, &7
16% = YERTE 2gal 24 FolE A A A A EE |y vhg o, o

2 Bo] 94% 2 ZFS AR MEARE o f3lolE FEARC HYol FEAT

_ NEd T % nEd e % 432 %
v = (DHe A ArE) (EDTAR & &) (EDTAR = &)
AN M 0.4 0.1 4.6
AN = 0.3 0.1 9.4

NEAE 4% 835 ¥ol7] 98 dzyAsdag 34 I ES T gEUR A
Fubs Ax3 5 E3dEe HaARS BAE9a, O ARE A7RA 1200CE 24 F
M EAES 439 Table 2-7.9 Jebidel. 2 A3 24 5 7F8A4 14 13.6%, 784

[e]
shel & 4 A9k ok AR A=y
#

sto] mlEke] vt F7hekel

Table 2-7. &4 nB e v|gAE 3tk

_ eE R % nEd e % 432 %
v = (DHe A ArE) (EDTAR = &) (EDTAR = &)
AN M 0.4 0.5 212
AN = 13.6 5.7 241
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12055 FaL 2% HaS0, 40% =

o}

ojy

ol

2 e

o] 40%

Br

e g

MgsS2i05(0OH), + 3H2SO4 — 3Mg” + 35S0, + 2Si0s + 5H20

95 r

a0 r
ABE'

a0 r

TSt
0

[ Ny Qg w R ]
[ m B R N ]
EW 10 oQel
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=]
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100
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Fig. 2-2. Leaching efficiency at the different temperature.
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100 ¢

a0
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) 70t
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= G0}
E 5|:| I
=
E 40 ¢
m 30t
=
= 20t
]
2 an b
i
|:| 1 1 1 1 1
o B0 120 180 240 300
Leaching time {min)
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Fig. 2-4. Leaching efficiency in the different solid/liquid ratio.
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Fig. 2-8. Effect on Mg leaching rate by pulp density (10N H2SOu).
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Table 2-9. HZYA&H 1 FofxA. (wt. %)

MgO S102 T-Fe AlOs CaO NiO TiO MnO

H

:F-

Fe-Ni slag 30.84 96.37 5.21 1.55 1.19 0.05 0.05 0.26

Table 2-10.5= 10N HoSO, &40 % 100ColA HZUASH1E HAE3e] dojd + 3+ &
Zoo] 3letxAd-S vE Aoltl #AF i 300g/Lolth. %Al Table 2-9.914 Xi=n}o}
ol BiE FolA Fe v/ Ald Euh wehd B Ado) A= Fed AAN 2HE 259
=3
Table 2-9.91 el BEEEY AAWHAE o8] 71A] Wie] o Fed AAE 7Hy#
ol ok FakslE M om A A= WHe] dE o] &Ha Jrh sheEael oF FAtstE
o] HAe= 49 pH

x= 5
pHE zxd3lolok Mge] &4 glo] =Ees AT & vk

i
~

Table 2-10.2 &=l EA3k= 74 daeo] 7o Zasdde W 49 FAstze &4
EE YEhd Aotk Table 2-10.914 iz niel o] 7hesfol] ojste] AR 24 4 4t
st gelms v gong S A4 AHE dS 7 Us Aew ddHATh

Table 2-10. 25CellA 2} btz o] ga =4

Hydroxides Solubility product
Mg(OH)- 1.1 x 107
Fe(OH): 80 x 107'°
Fe(OH); 6.0 x 107
Al(OH); 40 x 1077
Ca(OH), 55 x 107°
Cr(OH)3 70 x 107
Ni(OH)2 2.0 x 107"
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WA FeZ A787] $1gto] &4 pHE 452 Aol Fe(OH); IS AAAA A7 s
Fo} AAEo] oF 18% Awo] Bislvh 1 olfE FHEUALH 1Y H2S04 A&
Fe7b Fer22 EA87] wiit oz A7 A wabr) WA Fe& Fe®o2 AbsiAzl thd pHE
452 ZA3to] FeE AATAY. A AZ Ab4, KMnO,, 1813 HO, $0] AHEE 4= 9o
AP AE H:0.8 A3l o™ NaOH= pHE x4 33 th

Fig. 2-10.2 H:0:9 H7}kel] @& Fed] AA Z3#E vepdl Zdo|th H0:9 #H7bol F
7bstel whel Feol A|A&o] wohxlom Y2 1.0 A= HUletl s W A9 EE Feg A
A AT

120

A F

Removal of Fe (%)

0 nz 04 06 0a 1 1.2 1.4

Stoichometnc amount of H202

Fig. 2-10 &F 1A H.0, H7Fel 3k Fe AA&

283 H0B Fe?9 Az d713l3 NaOHES F8A|2 A} 83t £Z 99 pHE 452
Z23lo] FeE AAS 598 A%x35th FeE A3 £FNRE o & oS 100T
Z7)oA Ax & HAV)ZEelA 800C A3 AT &4 o AAES] sty A MgO9 3
o O °F 4.2%, FeO °F 1.8% =183 SiO; °F 0.9% = vebytt). waba # =2y
O
= O

)

)

SOE FEAo=Z Mg i 85 23 MgO o] 959% o]
o] Mg 33&S Axd + AdAHTable 2-11.)(Fig. 2-11

Table 2-11. Chemical Analysis of Product (wt2%)
T & MgO FeO CaO AlO; S102
Content 92.2 1.8 4.24 0.4 09
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Fig. 2-11. #<& 31 EMgO) Al¥+
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Fig. 2-12. = H250,9 HClel &3 Al=yasgzre] A= A A Y= MgS04.8 MgClz9)

o st &S yEN Aot} Fig. 2-12.04 HE=nEe} o] MgCle &3 %7 MgSO.
o] ¥yt =ZA yepdth MgS0.9 4-F, 80Tl Highe Holvhrl &57F ol wpe
Sl =w 2oy FAagh dhHg MgClgfﬂ S =E 257F oA u A&sAo = =7}
o polEth e BEE A 9 3R 28 94 HCE AFom Agsigt
00
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g
T 5o
2
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¥
2 =00t
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Fig. 2-12. Water solubility of MgS04, MgCl: with respect to temperature.

H:SO, Xi= HClO 93 d=zyAsg

o

HE wgHe tdest gol vehd & g
MgsSi0Oy4 = MgSiOg + H — Mg{ + H.S10, + H20

Fig. 2-13.2 A|7to] w2 dBmuv] MgdES b}EHH 1%014 35% HClIe &3 84319
Zyz7b 100%, 502, 20%% =2 3 | &
A8l Fhsl 400g/Le] #oE= =z

Al A ZEel e AR Mgo &%&S we} } ITh 20% HCl9] ¢ Alﬂol
50%t] W Rke] Mg-8§%&&S Hol=d W] 50%HCIE 100% HCI- A< 443
ola 9o 100% HCl 3417k 50% HCI2 4A17F A3k & 7] 100%0] 7 3 Mg%%%%
B asiiel=

nebx HEedoma HClY s== &3 LH&= 349 50% HCl &<4c] ddd Ao=
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Table 2-12.= #F R ol 2 &5 F4S YeERN A 50% HCl #ERo= 70T A wyk
&5 180rpme] YA A FAFEE ZH7F 1000g/L, 500g/L, 300g/L, 100g/L= Y 643

AEWE 5 ofdste] dmdiv] MgéEss Wud A3 Fiss 300~400g/L7F A=

5 = 1000g/L 500g/L 300g/L 100g/L

Mg &% &[%] 71.0%% 96.3% 99.1%% 98.7%%

ABAA Y $54Y AoE T T W AFAoR 50% HCL Fesw vl 300~400g/L,
B0rpmel 4 0.2 6~847F A& Aol HAB 2o B

H = 7 =
GE o ) ojuf 99.1%9] Mg #&&& UEMATL

(2) e E A 2
SiO 7} FAEQ HEFAIZREH AT Si0E 58798 Adgoz AYngs H4d
AN £ g T&AA TASL FL3td &5 99.9%0] 49 SiOE WL 343t 3k}
ottt HAsly FHow HAEWE T ofutsle] o AALE B35 Aol
Table 2-13. ZrAFe] A 8- [ICP-OES]
Si09 MgO Al:O3 CaO Fe Ni Cr
ZEAL [9%] 42.7 0.3 0.1 0.01 15 0.02 0.01
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Table 2-14. 9] ZAp+443 i H] MgO, CaO, Fe, Cr ¥yt ol ALOIAE 43
AAND Aoz vebgel wed AAAGE ALO9 37 MgO, FeE F71d o2 A7 7%
& Aoz odF ATt o] FAL 1FF SI0E ] 98 AR e M ks A
ARl FRORZ o] TR FUIL Fr|E4ke] wE BaE A S webskaith

Ao 2YdFAA] BAE IAE 50gR v Tk ALY FBAEEE 100g/LE X438
of F§jaton M He] = conc.® AFE3Fe] 100Tol A 6A1FE St §HE & o afo] 7}

H
zve] A e ®BAEv. o A3 Table 2-14.9F 2tk

Table 2-14. F7]4ke] Ftol W& Si0:9] AFA %% [ICP-OES]
[96] S102 MgO AlO3 CaO Fe Ni Cr
HCl1 41.9 0.26 0.1 0.008 1.2 0.02 0.005
HNOs3 43.1 0.4 0.1 0.01 1.1 0.02 0.006
AR 42.0 0.1 0.1 0.01 1.1 0.02 0.01
HCI+H202 45.6 0.21 0.1 0.01 1.0 0.02 0.004

9 F424%E = o AAE S == A= Al EAEH 99.9%01%9] &S

)
o
ox,
flo
2
~
i
.
=S|
el
ne
e
-
iy
>
)
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:C?L_',
o
ox,
o
)
At
_1
e
%
o
=
o
=
o
2
>
_0|L
B

3ol HE SiO.E 3 FstE Aot AFE A 50gE 1
1 ojatRe] 3} A HAAEZ NH,OHE F& pHE 2.0~3.
S AA Si(OH), - NH:0 HAES 3]48Fe] 1107C ol A

= o)
= T
S Q8 WALl SigH olE A wy o we Fe IS

3

H

ol#A 35+ Si(OH), - NH:0Z 1000CT, th7] 5 utazeA staxe atgod, stx F 3

F¥ Si0.9) A= 266g o2 BAAQ 213gHtt Be Folglen ICPE F& AFEAS

AA s o ARE E 2600 YERAL.

Table 2-15. HFE 354 o2 3|59 Si029] ¢EE4 [ICP-OES]
Si0g Mg Al Ca Fe Ni Na

HF 34 -Si0; [%] 80 0.7 0.1 4.2 0.03 0.01 7.4
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Aw7l Ast Mg, Al® 1959 99.99%E 7|Zoz B
FEsfo] o] Mdeaom Sivt o = AVt
s Aow 3Ev Be 0% gy 2] Bestty B,

A NaOHRE = 4= 48 3kdvh o] 42 Si07F NaOHE 4ol Hejzo= =5 =
[e)

2 NaOH& ez HE § of3ste] ofstefo] CO7F4E blowing g

HEEAS o q
oz AH SiORHeR 343 F FHE ESES T AoR FUHow AATGoZH
IES SIOE FlE FA Y
ZEAF 50goll 25% NaOH-E&9 200mls F943 & 70~80TolA 6A17F A3 & o3t} o]
o el& Aol 180rpme HE = WA A CO7FAE 5L/mine] £% =2 3087k blowing
st oF 108 Ay 8E A SO Ho]l AAs wAaE ] AF } ok olE A F4d
SiOsx= A3E 1:1 34 HCleZ 80TCoA mykddaA 12 AAE Azl & 100CoA Ax3
Gk A% 4 $F 349 SiOv SRS AAEE oy 1 A= Table 2-16.01 YERA
t},
Table 2-16. NaOHHZEZ A 02 343 Si0,9 =i A [TCP-OES]
[ppm] 12} 2HA| 22} AbA H| 31
Cu 20 1
Pb 0 0 < S0, 24wy >
Fe 600 1 1 .Si0» powder
Ni 0 0 Sampling 0.2g
2. HF + HNO; =
Cr 10 2 oml + 6 ml &S
Mn 20 0 3. 20 ml V.F make up
Al 300 14 4. Reagent Blank®
ot SUst gy
Sn 200 3 J—
Mg 200 0
Ca 400 70 < Acid >
- HF 48~51% ( J.T. Bk
Na 600 50 ( of
, Cas No: 7664-39-3 )
— 0 ~Ultra pure HNO3 60~62%
P — 0 ( KNATO,
Si 6.0 167 Cat.No: 28163-18 )
S 99.76% 99.98%
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SiOf 9] SighaFe o] 22 46.7%° A9 THI 46.0%<) AWE Ao, Fo BEER
= Fe, Na, Ca, Mg, Als°] =¥ppm7I# 2 Si0.9] %= 99.7% % UERT o] A4S 98
2 3 BEfE5e A B33 E Axv vt @ Aoz daddu. agla ke g S
g8l 37 sl Frtdem BEES A4 & davt vk FUb A E flEiA Exe] At
Al (152 HCL + 2.5% HF + H:0) 0.2 22 A& a3ttt o 7|4 & HFE 47N T &
Si0.9] £48 HAAFA Y BeE AAEES U3 A7 A &l

22k AMAEA AA B FE SiOw HE €& 99%9 ZHE A4S F ddern, 14 kAo
vl A Cu, Fe, Al, Sn, Mg'so] & Fo & A7 Ho] F7} ihAlel o8k dww A77F 7t st

= AS & F AT 28y Na, Casol thE EeE vleA & o HAdo AlE
A &F(EFFIY reagentd] 93 ¢ doz FAHo] HH IF T &9 EFU reagentd S+

of WE Na Cadl ©AB4e F/H40R stotsl2 Bart 9& Ao wawrh

3 B Si0.9 fxet dde US| Ash FAAAA Y (SEM, JEOL JSM-T330A)
2 Y E=SA7](Mastersizer 2000, Malvern)& o] §3lo] F4stdvt 1 A3 19 233 249
2 Si0:9 A=t AL AFe FUPHAE #Heste 8% WaR 2 AP Alxd
AE] 4 99 F2 4Y, HdAds oF 100m7FEFo] ot

- 130 -



Fig. 2-15. 315 Si029] ¥ +24 (SEM)

- 131 -



<< Analysis Result of Size Distribution >>

1/4 Scale Distribution SUPERUSER
User : SUPERUSER Grouping @ 080123
Date 1 2009/01/23 Data Name : Si
T'I_me : 16:26:20 Comment : pje
Ls Int, Distribution(ls) Wt conv. Distribution{wt)
- : B

207 ! 30 T o0

5 § 225 75
2 H
pres | el " o
g *é‘ |5 0@
= = 3
s =
E 3 § 75 2
toi) £ |I
Ea -
i S | | | | [ R 1T 11| [| - M.
30 272 17207 130312 98690 30 2272 1720.7 13031,2 G8690
Diameter (nm) Diameter (nm)
No conv. Distribution(no) LN(G1(tau)) vs tau
60 | 100 o] X I 008
A
S 45| 775 Tno3
2
=
2 2 t -
g 30| - E 05 ,(” I _§
E':: I ] ) "y, -
19 | I | 25 T
[=}
= |
0! . l"'“ = ] 1 003
30 2272 17207 13031.2 GRA50 0 10240 20480
Diameter (nm) Delay (usec)
/{ Analysis Result of Cumulant // /I Measurement Condition //
Temperature 1 18.3 (deq.)
Diameter (d) : 32429 (nm) Solvent Name Lt Water
Polydispersity(p.d.) : 1.029e+000 Refractive Index : 1.3318
Diffusion Const. (D) © 1.2585e-009  (cm2/sec) Viscosity 1 1.0461 (ep)
Residual : 6.390e-003 ( Good ) | Scattering Intensity 1 B712 (eps)
//Histogram Result{ Masuu;dt Wi
Ls Int.(Is) Wt canv. (wt) No conv.(no)
Peak Ava.(nm) +-Std, Peak Avg.(nm) +-5td. Peak Ava.(nm) +-Std.
1 1558.9 += 734.9 1 980.0 +— 3451 1 812.2 += 1721
2 11782 +- 28B9.5 2 9230.0 +- 1803.2 2 B370.5 += 1391.1
3 23198,  +- 33183 3 19938. +- 2358.2 a 19056.. +— 2380.9
4 40166, +— 5756.7 4 34749, +- 38947 4 33302.. +- 4033.8
3 768429, +— 15092.4 5 67285, +- 13410.4 5 611569, +- 10304.8
Average 7778.6 +— 20006.5 Average 48042, +— 27330.4 Mverage 825.1 += 480.5

Fig. 2-16. 2% Si0e9 =44 %
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9 Fig 2-17.2 & & 3%l Mge k=7t pH 7.0704 = 27|19k A9 fAEsHAl A3 57t pH
700178l A spdEhe e B o4 sloldh mEkA pHEATeR Mg &4 A
28381 Fe, Al, Nis9 F8 ETES AAT 4 A& Aoz A4}

ZhEEE]l §oojstste] ol A, F EEE Y Mg

o
Ay iF-2e BEeES A7 ¢ 5 At (Table 2-17.).

Table 2-17. MgB H &4 EoTE AAEY [ICP-OES]
[mg/L] Fe Ni Cr Mn Al Mg
pH =4 A 8590 100 730 300 910 467g
pH =4 % 3 0 0.2 32 1.7 4.52g

] AAE MggdozRe Mg(OH)-E 34E 34HCE Fig. 2-17. A= &

5-o] pH 9.00]%o A Mg(OH)x= HA S =E wlr).
Ao A= Na, Cas ¢ZE]laHe 295 Hxgsbr] 93 pHFSAZ NH.OHE At
gP o Fedy GAdoaE MgdlFeo] 50%nvte R dAdstA A3 FrE oA ek

Aedel| A AL NaOHE AMHE3FAF Mg A 91100%3 71 7153 9t

2 Na9l 9o A & 9lorz 348 Mg(OH):HAE o3as AAdA o A4
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<< Analysis Result of S
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1/4 Scale Distribution ) SUPERUSER
User ¢ SUPERUSER Grouping 080123
Date : 2009/01/23 Data Mame Mg
Time 16:13:57 Commaeant pie
Ls Int. Distribution(is) Wt conv. Distribution{wt)
35T " 40 — 110
I 1
2571 I
8 | | § | BT
S 5 =
E 0 :g
§ | B 20 '| 0
= | =
- 1o ! = [
— | § 107 25
* 7 | |I||||: g
| i Il Il i : T - t Ls
%o 1329 883,01 SH67.8 38990 o 1329 8831 5867 8 3RO
Diameter (nm) Diameter (nm)
No conv. Distribution{no) LN(G1(tau)) vs tau
50 | T : = 1] 100 0 | Tnos
:"‘\.‘
\\
S 375 75 B 0013
o= S,
_‘é — \‘\
= = | e
w5 50 0m 8 - 0
= g e 5 e
S & ™
= 5 l N\"\_
S 1257 25 . | -0.03
Pty
o
= l b g VP
4 { . - : —i — 1
1] -2 .05
20 132.9 8831 58678 38990 0 10240 20480
Diameter (nm) Delay (usec)
Y Analysis Result of Cumulant m | 7/ Measurement Condition 1
| Temperature 18.1 (deg.)
Diameter (d) 1713.6 (nm) Solvent Name V1 Water
Polydispersity(p.d.}) : 5.755e-001 | Refractive Index :1.3319
Diffusion Const. (D) + 2.363Be-009 (cm2/sec) | Viscosity 1.0531 (ep)
Residual i 2.185e-002 ( Retry ) Scattering Intensity 11500 (cps)
//Histogram ResuH{_Malquadt MW -
Ls Int.(Is) Wt conv.(wt) No canv.{no)
Peak Avg.(nm) +=5td. Peak Avg.(nm) +-Std. Peak Avg.(nm) +-Std.
1 993.4 +- 283.0 I B14.3 +- 200.8 1 710.2 +- 142.8
2 9835.2 += O.7 2 11303. +- 746.9 2 12583. +— 2128.2
3 16503.! += 2714.2 3 15284.: +- 1299.6 3 25245 += 4303.2
4 31091. +— B566.4 4 27733.. +- 5280.2 4
5 B 5
Average 10912, +- 13143.8 Average 23324.: +— 8980.6 Average 729.0 +— 601.2
. A~ )=
Fig. 2-19. 2% MgO9] =244 3
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Table 3-1. =EY¢ T4+ HEeH3
A" | 64~'68 | ‘T6~"79 | ‘80~'89 ‘90 ‘95 ‘99 2003
o 5 A}ak 2k
AR 130 78 B 38 80 72 836 118
(ppm)

CEA> BFEAL D T S sPSAdHE ALY BalA

* 157mg/kg (243 ¥ E. 2007. A|313. 27-31)
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T4 B 3.98 55.3 0.56 33.44 1.79 0.12
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£TH D 4.25 53.1 0.57 29.76 1.78 0.06
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Table 3-8. Yo &

473 7

HN

Item

Standard values

Cadmium

0.01 me/liter or less*, and for agricultural land, 1 mgor less per 1
kg of Rice

Total cyanogen

Not detectable

Organic phosphorus *#*

Not detectable

Lead

0.01 mg/liter or less*

Hexavalent chromium

0.05 mg/liter or less*

Arsenic

0.01 mg/liter or less*, and for agricultural land (rice paddy only),
15 mg or less per 1 kg of soil

Total mercury

0.0005 mg/liter or less*

Alkyl mercury

Not detectable

PCB Not detectable
For agricultural land (rice paddy only), 125 mg or less per 1lkg
Copper .
of soil
Dichloromethane 0.02 mg/liter or less

Carbon tetrachloride

0.002 mg/liter or less

1, 2-dichloroethane

0.004 mg/liter or less

1, 1-dichloroethylene

0.02 mg/liter or less

Cis 1, 2-dichloroehylene

0.04 mg/liter or less

1, 1, 1-trichloroethylene

1 mg/liter or less

1, 1, 2-trichloroethylene

0.006 mg/liter or less

Trichloroethylene

0.03 mg/liter or less

Tetrachloroehylene

0.01 mg/liter or less

1, 3-dichloroethylene

0.002 mg/liter or less

Thiram 0.006 mg/liter or less
Simazine 0.003 mg/liter or less
Thiobencarh 0.02 mg/liter or less
Benzene 0.01 mg/liter or less
Selenium 0.01 mg/liter or less*

* For the standard values for cadmium, lead, hexavalent chromium, arsenic, total mercury, selenium,
in cases where polluted soil does not contact the surface of groundwater, and the current levels of
these matters are less than 0.01 mg, 0.01 mgg, 0.05 mg, 0.01 mg, 0.005 mg and 0.0l mg per 1 liter of
the groundwater respectively, the standard levels should be 0.03 mg, 0.03 mg, 0.15 mg, 0.03 mg, 0.0015

mg and 0.03 mg.

** QOrganic phosphorus includes parathion, methyl parathion, methyl demeton and EPN.

(A - 4234, 1998)
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4. AZYAEY L EFN DR Ax
P AFME AR2YAEHILE o/ &3 ENFNE

3 e AIAE A vER Hutste 838 v A4F JAddA 28R s 4t

A vEE Az ATt

oA HA GAR FrE dR fgaEUAsga(agld F45H 9 S A Z2YASYHUSNNO)E

SN PUHoR F48 A3E Table 3-9.0 WSt 23wy H2YAse o 74

& Si0,, @ MgO ]9 o 1HTable 3-4. Table 3-5.), 2] &o] o] &3 % ¢l 05N-HCl 7}&

A Tttt 2% T84 AEAELS 7€ i vlE FA A A4 B A= Ae® JEy:
S e AnE Jehielo

weha] A2YAEH L AAEE HEFAFAGHE vl3)dd vEe Ao s i Holvk

- HEH H % 224 DE 9% o3tal2 %

T = (T4 are) (EDTAR H&) (EDTAR = &) =
o 0.6 0.0 14.7 3151 &
HeEss 0.4 0.5 8.5 si51=
0.4 0.1 46 3151 &

SHNe 0.3 0.1 9.4 si51=

Aa A4 H2YALg oz 71E dAdA B = A WRE A7)
& st oA HEYASH T FAAE] Si0; MgO, ¥ Fe A#2 Si0:-MgO-FeO
25 PAstar MgSiO; & Mg.SiO.2] ZA4S dehl7] wi-olvh(Fig. 3-5.). wahs o7]
of MAIAPFES HA/NFozHN V& i R YR AEHE REHIE FAHAE Cao,
SiOz, MgO, % Fe A&7 fAsA 24  dvh F, A3 8& Hrrgoayn 2Eo] o
o

$F 5 o 84 Y T8 BE U o7

f
&
i

Aol &5 (melting) 5= <

e 7 ol
yasH e §8de AstA7le 443y, 243 e A48 eaE 49E v
&2 ArPste] ZFEATIE SERle vE o v &89 dEYAsd s 439 whestal
H37F 23re edas WAAA ddE Hojm NaAdes g s d9u
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Intensity (counts)

10000 o

5000

6000

L

File narne: 027 srdml

2000
0 T T T T T T T T T T
20 30 40 50 50 70 80 90
ITheta (°)
i1y
= [ fd
10000 —|
5000 —|
oy Jj‘r
0 T T ; T T T T
20 a0 40 50 60 70 80
Position [*2Theta] (Copper (Cu))
E;a Analyze A@ Pathemj’
Peak List
00-019-0768 L
.h A i 7 i Ll
T0-004-0758
‘l ] | |‘ I | ] ]
Compound ,
No. Ref. Code Chemical Formula Score
Name
1 00-019-0768 Enstatite, syn Mg Si O3 58
2 00-004-0768 Forsterite, syn Mg2 Si 04 34

Fig. 3-5. |2 A< ¢ XRD B4 47
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webd 4RI, 243w A4S Arkstel e $4HE HFE FA
Wsel Wed AT FEY LE 2L AT §38E /A B e
GEPES ATT F AT VW ol VLTI Hob WHYEFS Ashs Azud 2F
NEu s Az 5 o A

AAAoR MRS FFH F A= 223 (CalOH)), BA3(Ca0), 2132 (CaC0s)E 7NAAZ

ARE3Fe], 1000C 2A13F 3844171 & B-A1Z4 5 Table 3-10% 22 A5 etk AEA 7
of mhe WBAR B4 Ass 84T 243 58% 54 37% A4 29% & o9
T84 RS AME 53%, 423 32%, 434 21% £oE vEew, el A3
22.0%, i”ﬂ209/ A3 A 199% 4= ol oz I A e AZAASAMFSAAAE so
2 5l gastes, ARAE Ak e sEuAsd 1 88 5 R 25 of
= sl AEg e TIA8ET AErg el Ayl oa Zelet F2Hrh(Table 3-10.)

Table 3-10. /| &A F7el wh& A=YASH o] vudd T4(&F 7+
e JIEH AN % | PB4 1E % 2I3t2le % = o 2
(DE A ok) (EDTAR H H) (EDTAR H #)
Fe-Ni Zeid 0.6 0.2 14.7 0.5% &It
44 5|(Ca(OH)2) 5.8 3.2 20.9 4.0% 24
2444 3/(Ca0) 2.9 5.3 22.0 2.4% 2
43| 4(CaCOs) 3.7 2.1 19.9 5.3% 2

(A3 x7A] 1. 9595  200mesh ©] 3}

2. MAA &5 : Ca(OH), , CaO , CaCOs
3. 9EEANE &g + ANAA =7+ 1
4. 24 %7 1 1000C 2hr 3] 3

o2 NAAY THEFS YHEF 50%= 3haL, 1000C 243 &A1z & B4 30= Table
3-113 2o vEAE 24 das 7FAaRAe 243 20.8%, A3 165%, A3 166% o
o], THAH BET M3 93%, 34 7.3%, BA3E 71% To= yEyon, dvEEe &
28] 416%, BA3] 369%, 434 359% wo.i7 UERETHTable 3-11.). 72 A2 E7
ST S7EAE 2439 BME FoR e AR ywdth shAY *Mﬁ—t— 7}A o] BR
3L, HAFHANA B HEHTA] 3 wkg oz Qdte] S 98 $Ert ok A AAE )
AARE 24371 431 Ao fas )

e
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Table 3-11. /NAA & #A=YAsg 1o vagdE (&Y 2+1) (wt %)

- = HEd bt —E4 1&E lsd 439 2otel =

24 3](Ca(OH)2) 20.81 9.25 24.01 41.64
A 3](Ca0) 16.50 7.09 23.16 36.92

48] 44(CaCOs) 15.64 7.26 22.01 35.92

(A& xA] 1. 989% : 200mesh ©]3}F

AA &% : CalOH), , CaO , CaCOs
aEFYSE &€da + MEA =2 + 1
=

71 1000C 2hr 3] 3

=
3t tHTable 3-12.)
Table 3-12. &243](Ca(OH):) el & F2YAsef 1] v EAAE +4 (wt %)
71 6.24 3.81 9.01 21.24
4:1 14.65 7.50 18.3 36.52
2:1 20.81 9.25 24.01 41.64
[(Hdzx1] 1. 9535 : 200mesh ©]3}
2. 7

AA Z5F : CalOH),
EEUNE S+ ANAA =T+ 1,4+ 1,2 +1
4. 24 %7 1 1000C 2hr 3] 3
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MAA L] &2 AES7F AZIAE GFibsksro] AA4e 871 7] diidel MAREE F71ste] v
EAR F%e BASITHTable 3-13). = A3 AA L7} F/485% T4 RS Lol
o] ke FUMsgl o, 7HEA Ak T A3 SUFE o] o BT wEbA] 12000 &%
oA A H2YASYIE A HlE FAFE 43steth £33 e Rl FUtE
Tof AH)et Ag vA A g3 7]gE).

Table 3-13. 714 &% wZ FHz AL AadsE 2ANAA: Ca(OH)s ) (wt %)
JNE 2% tEd 74 224 1E 24 &35 2lel =2
800C 3.60 1.45 25.33 29.61
1000°C 20.81 9.25 24.01 41.64
1200TC 26.34 9.79 21.99 49.06
1400°C 24.43 7.55 19.66 56.76

(A3 zA] 1. 954 200mesh ©] 3}
2. MAA &5 : CalOH):
3. YEFUVE & + MEA =2 + 1
4. 24 Z71 0 8007T,10001C,1200°C,1400C  2hr &3}

Fig. 3-6. 7
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13907

1490°C - Finish

1395°C - melting

Fig. 3-7. #A 24
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1290

1300C - melting 1305C - Finish

Fig. 3-8. /M4 €d 1 &§F S=(UNdA 243, F9= 2+1)
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-‘.--. ]
L r K B
F
il
e - ARF 1170
B L B EENE
1185C - melting 1210C - Finish

Fig. 3-9. /14 €d 1 &§ S=0N2dA 434, F9= 2+1)
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R R 1260°C

1280°C - Finish

1265°C - melting

Fig. 3-10. /14 <82 &5 2=012aA AA3, T 2+1)
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5. d74d3% a9

#H 2 Y A (ferro-nickel) & U AE °F 20% T (Fe 80%)3h+ Ao= A A E3H&E
H2A, F2 2Hde2e dus AL Utk 2 aE 2 FEs Hu 5Ex
7bEAd o] Fol A EolA dRkHo®E AR Qth U Hx HEYAAALTE A

FFA el 20083 ol ko], W3k 159HE ALkslaL Tk o] HAol wdAstE 44
o] FabEo] ¥ 2y AL L(Ferro-Nickel Slag)o]th. #H 2 U AESH L(FENS)E HA A4
St x/do]l fAkste]l w44 ol&7beAdel Eof olF At 1E ¥ B AHEYS
N geds st EFNEHER AXsto 7€ ESNEA HE5E o8 = qribdn 54
Hlastel H7E sheich =l FNS9 FA4E-2 Si0; 56.5%, MgO 31.9%, FeO 4.1%, AlOs
1.8%, CaO 0.4%, NiO 0.06% = el o, #Hr7jE3GATHeRE 55 A& §5 AF
Ay BE Vs UE oy, s or B4 A ke Ak 04%, T84
AE 01%, &7t R 7.0%% rAREY R A v EE Ao yEwth FNSe| v EA
& flstel MAAR 243 (Ca(OH)2), A4 3(Ca0) R 434 (CaCOs) MEHS 3
o2 243y, o AR ANF>AAE > For v FEAR %—574] A=H3Ae

NAA

°]
W, AAA Fo| FNEFE, 2Y LT} BEFE WE A

oflt

_

-]

ri
ofo

=]
Eg3lA] &2 FNS %9 melting <%+ 1,395TC o|glew, 7= A f_ﬂoﬂ E}% FNS <]

b= S =T | H] <} 7W
T} 50%SFate] 1,200C SRR 2A 7 AA3tE Aoz
g2 e Al 26.3%, T4 TE 9.8%, 7HEA A3 220%, ¢7FEE 49.1%= el
o, o]z V|E ARERIR TAFAQ 7S A 25%, TR IE 2%, 4 40%E
ke Aoz yeturh mEbA ALY FARE S o] &3te] VE b dulE FArA

;
(o
=
F
O_u
ML
ofo
ne
BN
P
rlo
=
i)

A
hu
B
2
tob

O /\
9’\
Q
&
et
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II. d=YA&I T v s Al 7=

ARG NEFOE o] FH I gov], AW AU} AAEA 2
o w0 SAHE A% Eelol web AR Fan

t}
73
oSl diFE v E o]l 9ltH(Table 3-14.). wllels BEso] & AHEA 2 Uiy A&
< To=
il =
AR S AHgshE Aol wet AFRom ARHE AR Fart ZAaHI vH(Table
2k

S
3-15). 53] ¥ A50d dus FRE3E AHEA G b, T @A AN AlSEH gaAE
b A odvk 2008 A8 8 d R of 8vtEom Al A BlFe] 66%AHE oY
HEgoR of dEs Aoy, dF Aqti @t G so= ARG T

Table 3-14. = ARt v =

A o 4 Ag (18
3 5 22,830
= 7,915
7 2,492

7l 33,246

AREA L MgO7F F5-3F 971 B4 AEA[Olivine, (Mg,Fe):SiO,] 3 A[Auntie,
(Ca,Na)(Mg,Fe, AL Ti)2(S1,A1)206], 74 [Hornblends, (Ca,Na):(Mg,Fe Al)s(AlSi)s Ox(OH):],
W24 [Dolomite, CaMg(COs)2], FX[Talc, Mg3sSi.O(OH)=], 14 [Chlorite, (Mg,AlFe)s
(S1,ADsOn(OH) 16l 52 Fatd 3859 d5widd o8& Mg wepa] U Aakss AHE
4 geli= FE SO, 36738%, MgO 3337%2 TAslo] glom, BERRE FeOs ALOs,
Ca0, Cr:03 Fo] 4o vt
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Table 3-15. FL #4ro] AAabe

FA (A <) 2005 2006 2007[A] 2008(B] (B-A)/A (%)
g (AE okE) 163,242 150,641 108,737 92,638 -14
TA(A= ShE) 90,000 78,900 49,200 37,350 =24
Hl 5 (55 A 23,000 3,000 0 1,242
W55 A=) 1,350 1,450 350 930 15
FoAxE(Td Fo) 190 125 -34
WA (A& ) 0 100
ek &(A 7] 7HE) 660 440 70
g A 278,252 234,921 159,047 132,335 -16
*Z 2] 2008 % FAbE PR A (ST A AALATD)
Table 3-16.2 vtadls i #F=9 vtadls e UERd Aot 123l Table 3-17.9]
Al BEnkel o] AmYAEgiie] st AREd Y stetxAdd dids] AR e &

/\ )\}\ }/\T;]—

Table 3-16. vF1ul¢ & #4 9] vtavls 3 v (&9 %)

#* A H = Mg (ol &4, %)
v} 1] Al o] & (Magnesite) MgCOs3 23.8
1923 (Dolomite) (Ca,Mg)COs3 13.2
424 (Brucite) Mg(OH) 41.6
A4 (Serpentine) 2MgO+»Si0:-H20 22.2
7hd2} o] E (Carnallit) KCl-MgCls-6H20 8.7
H] 4. 51} o] E (Bischofit) MgCl.-6H20 12.0
8l <= (Sea Water) Mg” 0.12
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© eHEd AHTAME A v, FTHEHTS AHTAAM Fo Fede e

olater(H#) = A7k FAAS FeAd2 QA A &skert FNS ARt FNS &4 8+
oA EAGEREO™, At A gl T Bl e s 5ES A, FNS A
g, NS 4 ¢o2 3oy, dgas2 FAg oA 71 =24 vebdar o4t 94 AT

Aot (Fig., 4-8) AXF
o

A, FNS AR Xg 4 o2 =4 yEput).
agan BE Aol A vgx el o3 4=3FA s 2 Eo|Atgre #zksl 4= gl

Table 4-4. FHFT384A 4

i o)A FRYE APF 55F T (kg/10a)

e Ghl/m* OV (2) (%) ES B 7
FNS 7% 464b° 110.8b 23.4a 80.7a 484 764
ENS AR 491b 67.6a 27.6ab 93.4b 500 748
b 405a 70.3a 27.8ab 95.4b 532 808
O = F 452ab 72.6a 29.6b 89.3ab 448 680

*Means by the same letter within a column are net significantly different at 0.05

probability level according to DMRT.

- 186 -



130

110

. Xapu plaw,

100

S0

s

%°

wir

A
_EH

4

K

o

R
A

Nfo
=K

il

0

() AF7] Hel 57

2E AHg T

22 Table 4-5.9F 72t}

7] B

[
=

3

= A
A W% e F9a8] e

of u}

= =
ST

—
o

°o]-&

) TaEEEe Table 4-69F 2} 2 Eo] &5 -

5ol A

, Zn, Cu, Mo, Co

+— Fe, Mn

o
2~20pp

S

[e]

-
1.

10~100ppm, Cu

ke
T

5

%

9l

I

S

o] A}

™
H

719 x3= AgA

=i
-

o] o, o]t

= Pb, Cd, Hg &

o

oy Atghsl A=

gl A Zng] $H-Ee] 1743ppm

on mE

[e]
X

- 187 -



Table 4-5. H]FE9] ZFo wWE A7) He Fr|AE &2 HE

T-N Si0; K-0 Ca0 MgO  NaO
el A2
——————————————————————— D
FNS 24 247 567 2.32 062 0.34 0.20
FNS A3 2.25 437 1.93 051 0.26 0.22
79 289
94t 235 641 2,01 051 0.28 019
BESE 2.72 450 2.05 065 0.29 0.22
FNS 24 122 2,64 1.79 045 0.26 0.14
FNS M3 156 405 2.10 0.74 036 0.22
8% 219
9t 132 2,68 1.91 052 0.30 019
BESE 1.28 2.38 1.80 063 0.30 0.24

Table 4-6. |82 F5Fo wE AS7) W T3 ok b3

A A g T

FNS #+% ND ND ND 1.5 ND ND ND 25.1 ND

FNS AHd ND ND ND ND ND ND ND 43.5 ND

74 28¢
YA At ND ND ND ND ND ND ND 2.8 ND
o 2= ND ND ND ND ND ND ND 1.7 ND
FNS #+% ND ND ND ND ND ND ND 30.6 ND
FNS AHd ND ND ND ND ND ND ND 34.1 ND
84 21¢

AH Ak ND ND ND ND ND ND ND 27.3 ND

e ND ND ND ND ND ND ND 28.2 ND

«ND: =A% 0.05 mg kg ‘o] 3}
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Table 4-8.
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wl
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—J—U T

ZHRom, Cux T
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oA A

wAqelel A @& Sk Znd

s
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1.

=53

A

]2 7ol A

%

q2], FNS AR, FNS

%

b

E g FelA Cu Ph,

R

o A “Etwt

M= At E7)E T

34

oF

BhbA e,

el
12l 70l A Znel A% ek Aol
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wl
=

Lelal 3] 94

43t

FNS AR, FNS &4
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e
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%
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Table 4-7. W& 2] F7o W& 37| H

S102 K-0 CaO MgO Na:0O

T-N

A2 T

5:9)

T T T T T T T T T T (mg kgfl) T T T T T T T T T T

0.38 0.92 1.34 0.31 0.04

0.99

0.63 1.03 1.27 0.32 0.06

1.18

FNS ARt

7.79 1.02 1.25 0.31 0.05

1.09

<

=0
R

o)
e

o.77 0.96 1.37 0.28 0.05

1.22

3.6 0.16 0.23 0.18 0.16

0.63

413 0.17 0.27 0.20 0.17

0.76

FNS ARt

N
N

0.23 0.25 0.24 0.20 0.25

0.72

<

=0
R

3.75 0.16 0.28 0.21 0.16

0.74

CES

8.06 0.26 0.27 0.09 0.19

0.85

10.1 0.23 0.31 0.08 0.17

0.93

FNS ARt

5

11.2 0.30 0.33 0.09 0.18

1.03

<

=0
R

0.18

0.07

0.27

0.27

12.0

0.88

8.35 0.31 0.04 0.19 0.05

0.53

7.70 0.30 0.04 0.19 0.04

FNS AR 0.66

A7

9.94 0.39 0.05 0.25 0.05

0.95

<

=0
R

7.90 0.28 0.04 0.18 0.03

0.64

0.10 0.53 0.22 0.07 0.05

1.57

0.08 0.54 0.23 0.09 0.06

1.64

FNS ARt

0.16 0.43 0.17 0.05 0.04

1.59

<

=0
R

0.09 0.48 0.24 0.08 0.04

1.57

CES
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Table 4-8. U] 8.9 ZE7Fo| u}

Cd Cr Cu Hg Ni Pb 7n Ti

e (mg kgfl) T T T T T T T T T T T T T T T

As

A2 T

59)

ND ND ND ND ND 185 ND

ND

ND 8.4 ND ND ND ND 157 ND

ND

FNS ARt

ND 5.5 5.6 ND ND ND 159 ND

ND

<

=0
R

o)
e

ND 7.8 77 ND ND ND 138 ND

ND

ND ND ND ND ND 364 ND

ND

ND ND ND ND ND ND 366 ND

ND

FNS ARt

N
N

ND ND ND ND ND ND 425 ND

ND

<

=0
R

ND ND 5.0 ND ND ND 371 ND

ND

CES

ND 158 ND ND 379 238 1560

ND

ND ND 187 ND ND 232 374 1103

ND

FNS ARt

5

ND ND 269 ND ND 230 350 1373

ND

<

=0
R

ND ND 307 ND ND 280 317 941

ND

ND ND ND ND ND 233 ND

ND

ND ND ND ND ND ND 215 ND

ND

FNS ARt

A7

ND ND ND ND ND ND 703 ND

ND

<

=0
R

ND ND ND ND ND ND 151 ND

ND

ND ND ND ND ND 260 ND

ND

ND ND ND ND ND ND 266 6.7

ND

FNS ARt

ND ND ND ND ND ND 161 ND

ND

<

=0
R

ND ND ND ND ND ND 205 5.6

ND

CES

3

Az 0.05 mg kg o

=
=

*ND:-
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1) | B 38 AR H TS 54
HlEe] Fipol uhE F97] 8 2ok olaey FF2 Table 4-9.014 = npeh 2tk W]

| =
ox Azt TA Yelgton, CECE vl RE AZo] nls #3o] v %kl
Ab 91 Ael el 3o 1414 mg kg 2 AA ATl g wekow,
T2 g ol A Si0, gEe AEol EEH Y EUh
7] B Eoke] FH4 dEFe Table 4-10.914 Wi wpe} o
Cd, Cr 2 Hg¢l e 005 mg kg ©l3t2 dlFE dAE=9 A &gk Nie 4% 4k 4
EA 2 Tl A 0.39~0.62 mg kg*sﬂ M2 AZ Hgon Phol /Mg HE 230~1439 m
kg '2 08 FE5 v A AE =0

=
al
Lo
i
i
0,
E=)
i
4 A
o
5?

)

Table 4-9. W& 2] Fol W& F37| ¥ B = FU|AE Haf

pH T-N CEC K Ca Mg Si0s
A g T o )
(1:5) % (cmol™ kg™) ———————- (mg ke )
% 5.1 0.23 7.6 1.7 0.2 0.3 65.8
FNS &7
A 5.7 0.10 5.9 14 0.2 0.0 82.3
% 5.1 0.21 8.1 2.0 0.1 0.3 76.7
FNS A4
A 5.8 0.07 46 16 0.2 0.1 1104
% 5.2 0.21 7.6 2.1 0.1 0.9 141.4
AR
A 5.9 0.07 47 16 0.2 0.0 104.6
% 5.1 0.23 8.4 2.1 0.1 0.3 54.8
A g
A 5.7 0.11 55 1.8 0.1 0.1 70.2
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Table 4-10. W& 2] F5ol| W& 37| H B = TF5 ¢

- As Cd Cr Cu H N1 Pb 7n
AT 9A ¢
——————————————————————— (mg kg ™) ———————————————————————

5 ND ND ND 1.96 ND ND 3.86 0.86
FNS &4

A= ND ND ND 1.27 ND ND 2.30 0.78

5 ND ND ND 1.56 ND ND 4.54 0.86
FNS AR

A= ND ND ND 2.27 ND ND 4.47 0.80

Rt ND ND ND 5.25 ND 0.57 13.34 2.75
A 44

A& ND ND 0.21 5.35 ND 0.62 14.34 2.81

Rt ND ND ND 5.57 ND 0.40 13.21 2.87
T A g :

A& ND ND 0.24 5.50 ND 0.39 14.39 3.09

T 7 144 25 4 5 150 4 100 200 300

3o HX‘ s

o
ofo

2,
o
=
N
o,
ML
%
o
rlo
”
o
o
A
—
—
=
=
s
rir
jus]
=)
o

i
o

7ol
o} =kvh 79 28Ul FARSE A
155~185 ¥ 134~21.8 mg kg '
164, 183, 185 ¥ 21.8 mg kg '& 7%

HlEe] Fiel wE W AKY] EFEN FEE FFS Table 4-12.014 Bz npep 2
th 79 2893 89 219 EF As, Cd, Cr, Hg 2 Pb &#e HE5A &ston B3] Nig
A% 79 2890 9 A AT (006 mg kg DE AT ZE Aol AEHA S

i, Fe ¢ Zn2 o7k A& HANov 2 F2 2t

oft.
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Table 4-11. H]E 9]

Na

Mg

Ca

A2

R

T T T T T T T T T T T ﬁng kgfb T T T T T T T T T T T

13.4

16.1

119

12.7

81.4 155 16.5

10.6

FNS A}t

21.8

185

183

16.4

13.8

17.1

133

10.2

9.10

236

o717

3.9

125 27.2 15.6

4.7

FNS A}t

7.30

10.7

93.4

2.3

99.0 20.0 14.4

2.5

eSS

R
A

=L
=]

34

$9

2 W A57) B

ol

=
)

Table 4-12. H]E 9]

/n

Pb

Ni

Hg

Fe

Cr

Cd

As

A2 T

R

T T T T T T T T T T T T T T T (mg kgfl) T T T T T T T T T T T T T T T T T

ND 2.37 ND ND ND 0.09

ND

ND ND ND ND ND ND 0.07

ND

FNS ARt

ND 0.65 ND 0.06 ND 0.31

ND

ND ND 0.76 ND ND ND 0.20

ND

ND 112 ND ND ND ND

ND

ND ND 291 ND ND ND 0.12

ND

FNS ARt

ND 1.36 ND ND ND 0.12

ND

ND ND 2.99 ND ND ND ND

ND

CES

3

Az 0.05 mg kg o

=
=

*ND:-
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BEA ) AEAXGE) Y FAETdFe ZE A FolA BE WY Fr)dagge]
Epong APZdeld Aopsde @ & F gldoh 13 {3 FEE5S EE A TelA
AEHA gokon, B8 Mol Zn FiFo| 17 M83ppm T2 AF HAATh

T3] A E71A Zn7t BE ATl AEHAA, Cre delA FNS AR, afA Y
o, TAEAA dEEAeH, Cu dolA A, FAEAA dEHAH, S7dAM%E
2NN HE: Hdeh 87 BydaE BE A T4 Cu Pb, Zn, Ti7t A% HoH,
538 Ti7k =4 A==

gAY} An A7 F4% A3 BE A TolA Znol HAEHATE AR A= FNS AMY,
FNS 24, FXE> Y o2 A vewon, gAd = #4497, FNS %4, FNS
o & A ey}

e 571 #57] ¥ Ze F9lodA HE=FA ol AT

Atz T AR A A g el 14lppn o2

2l ol A 27t TTmg/kg, 66me/ks =
T FES Yk BR) FFETES ZE Aol Cu, Pb, Zno] HEH oM,
T FAE A FobsE A dEblh Nie sl del ek FAREeA A
=92

B golFe) Fole e wE A TN Cad FFol ¥ e AR WAL
B FI2 254 Prdhe A% Y. F845 §FE Fe A0 /MY 2L Aom

el o™, Zn, Ge, Ni &2 vl Aoz eyt

A
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Fig. 4-10. ASxAF @ 22337
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Fig. 4-11. & A4
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0. e vse] W ga 4S5

1. A&
S Fx2 H2yYAAHALTF 20089 Foll F=Fsle] d 159HEe] H 2y A (ferro—nicke) S A
AP rEE Y-S shal o, ofo wEl HmuAe] AFEAl WAshE AR FAHES] H®
YA L Z(ferro-nickel slag)”} d 7F oF 1009HE A7 WA Qo) d2yA& e =24
2 S0, 54%, MgO 359622 ARt (Serpentine) ¥ f-Alste] sRA 02 o] &71X7F Hon, 97|
7188 et g ow o} sheha 0w Py uiitel &g TheAloe

]_
53] dzyAs e FHA FaHol = At AE vadle
7

|

=2 &doio)vh

s Ak kA
Silica(Si02)¢} Magnesium(MgO) 2.2 2¢] AASH AAAHo] =& FFIES Aaed = glat
EdNEH R SRS dREA sHHeR off JheAdel EE F8F FAE(y
product)o]t}. A ¥E 2] £ E o] &3 Uy A AT AR i gtk guk A
daigtael A nEEH I, AZdEd I, Ao, Qb an AeE] 9 oolge E3tEE FAE 1
FoziyY HAey= HAAEA(electron acceptor) A& X3, EYolA] d € (methane,

[e]

CHo7F= EAS Ay AS 4 vlm 245, 5 A7) a2 ¥
Al kel Algsto]l HWEIEA WS AFdEs W
R

FAEE ALY g nRSHYI AAFEAZ

A 3

&2 wjgkst] AEFoRMN, A=Y S FHdte] FHEFE SAATE AEE v EEA Y
BHE FES UetdEA FAl, BEF W 24 d A (active electron)e] #A4ES HAAA R
7t (methanogens) 2] &A4-& At g7t~ DS B 0=E AR ¢ s HS A
AR, QR B MR FARYASHIE o &, B AFARAY 48S sMedtA ke
T4 2AEE AEstA e Bavl le), ole 242 FolA Fe, Ni 3 AbstE 34&
whga] sl HEle| HEHAS 35T b H"@ﬂ—‘:’, O F2 Aol SiO; : 40~60%, CaO :
3~15%, Mg020~40% % AlOs: 15%Z 58 o}, d57F vk FeO9 A 5At=¢ #=
YASHIiEe] E3bEd 5~20wtd% Wl st OLQ 2N E HTMAA HeoA e BEF
MeFg $724 2480 et Aolth?. 0|9} o] o= £e1E o] gdlo] HlEE A7 A}
A5 F-Haka e wE 2 E AuA AR 553k

uelA], 2 AgolAs ARYASYILE ol &t Axd FARYAsYIl EFNEHE
(FNSEI/En 7)), dzvdsdf LEHS(ENSRLENR), A2 ASYq 2 7 A S(FENSTT

A R), dzYAsdfL AT ZENS KA e WA aaE 2ARR Aibs vhest
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o Als 2 oy
(1) A A=
b FA E

ol J Lt | A =g el AT AujA 2

oz olzletd EA 9 FHE EAL Table 4-13. 2 Table 4-14.914 Hi= npe} 7t} %A]

] t =l

o
2
S~

wope) piz HE3} A5
0.179 % 0.103%°] At FE U4 C

793 cmol” kg 'e] WY Z egvtel =g AR} 2 1,}5}@ BN EY
& Nio] &3 4Zo] & #o] glo] 234~244 mg kg ol e, Hg= AZEH A &k},

2

Table 4-13. B4 E9ke] o]3}87 B4

pH EC T-N  Av-P K Ca Mg Na CEC Si0,

(155) WS m?Y (%) (mg kgl e (cmol” kg ™) —————— (mg kg™
¥= 581 0160 0179 554 0125 272 0396  0.143 793 93.5
Az 714 0118 0103 162 0148 345 0763  0.136 6.92 104

Table 4-14. 34 B%9) T5<% 54
As Cd Cr'e Cu Hg Ni Pb 7n
(mg kg')
i 8.96 1.52 1.52 19.8 ND 24.4 16.3 77.7
Al 11.5 1.42 1.15 17.3 ND 23.4 15.1 67.5

27 ¢ 10 em AR JARE 2010d 69 10Qe] 7]7 o Fat
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(th &4 ¥ %

HZUALSPILE o] &3te] Axs FzUALsY 1 ES/)Z0 B(ENSEG ] &) 5), =
YAz AEMSENSILEYR), dAZYAsda eI EENSTIN ), dlz2ydsdga
HA A B (ENSHA LD E AHESE o™ &2 Table 4-15.9F #Z

Table 4-15. &4 W8] FF 2 S F3

e T8E o, HeA 4 #8A
5 it LE ST 49 2141 SR
————————————————————————— e
FNS 4] 141" - - - - - 15
RSt = 28.3 35 439 345 - -
FNS =97 2 26.3 9.8 49.1 22.0 - -
FNS elv & 28.3 11.1 - - 13.1 -
SESES - - - - - -

1) FNS 4 Aq+4F @ 33(7€ 14, 8¢ 9%, 8¢ 25¢) 5000 3] ste] A H|gH

2) 1 9] BE FAMEE AF 7)u] A

A
ﬂiuﬁéfﬂ%zg olg3te] Az Wge] wE W AL 5L Fig. 4-13.914 B vt

] 7t 78w} 6 m x 25 mZA 150 m® ¢ WHS 17gor o] & 57 APTR
w3tk A4 AR E 30em x 15em (33w @ 72F)H A 2ul7] sHATh AW gtk e] Ag
384 A 3094, EAFoR EY ASANE sHlal A &2 ofdf Aoz Ab=3)
At (v vlE #3135 Page 27~32, 2007.9)

-1

TAEA & (kgloa™) = {(157 - B 2= E(100 mg kg H}ix 4.2

H] BEA eokvh. A= 7]H] 55, wH] 22, #R] 33 W2 EEsto] 33 = #4185, At
< 7]H 10096 /\]‘ﬂ]%} ) o.M, 7}31—”* 71\ 70%, 4] 30% Alvlakelal, e des wE2E

&7 z23 8kl A iﬂiwﬁgﬁﬂla‘ ol-gato] Azx¥ WlEe Fiel uwhE B AFEA, Y
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20109 8¢ 129 ¥ 2010 8¢ 240l A A3kt

4) &4

pHY ZAA=W, EC¥E= EC meter (Orion, Model 160, Germany)® F43llom, T-N&
Kjeldahl®, &4 NaOAcH, #3hd <Fo]l=-2 IN-Ammonium acetate (pH 7.0) IEH L
2 Zhzp BAgt EY F s 248 7HEA I E:der de AR EHE 0IN-HCLE A
&3] 30CelA 1A3F #E=st] o3sk & Inductively coupled plasma (ICP) spectrometer
[Atomscan25 (TJA), OPTIMA 5300DV (Perkin elmer)]& A}-83}%t}.

AL B8 93 A8 dry oven 80T A %3] 40 mesh ©]st= 43l AF-&-3}
Atk AEA B4 sdAstede B¢ R AEAEAR F3o NEE F flef o %
A7l AS Had we} g4ste] T-N& Kjeldahl®, SiOxE #3l§ o #3le] of 449
e AES 33tEe] ¥, 600CoA &= A7 2 kA I sA AT K0, CaO, MgO,
Na:O ¥ FHF£L H.S0, + H0O; oz 52 ¥3 3 Inductively coupled plasma (ICP)
spectrometer [Atomscan25 (TJA), OPTIMA 5300DV (PerkinElmer)] % ICP-MS#Z 2439
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Table 4-16. ICP-MS % ICP-AES 3z

ICP-MS ICP-AES
RF Power forward 1,200 W RF Power forward 1,300 W
Argon flow plasma 16.0+ 0.6 L min”' Argon flow plasma 15.0 L min'
Nebulizer 1.00 L min™’ Nebulizer 0.8 L min”’
Auxiliary 0 L min” Auxiliary 0.5 L min”'
Cone (sampler, skimmer) Nikel Resolution Normal (Fixed)
Nebulizer Ryton cross flow Sweeps/replicate 3
Resolution 0.8 £ 0.1 Number of replicates 6
Replicate time 0.1s Point across peak 3
Sweeps/replicate 6 Flush time 30 s
Number of replicates 6 Flush rate 40 mL min”'
Point across peak 3 Sample flow rate 1.0 mL min™'
Vacuum (AN) 1-9 x 107" Pa Read delay 30 sec
Vacuum (BK) 1-2 x 10' Pa Delay read 60 sec
Vacuum (IF) 2-5 x 10° Pa Flush time 30 s
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|3 o] Frol wE v 27 W3leE Fig. 4-16.014 H+= upep gk £7]9 A &
T3 35d AFH AEEe] S5 2045H =57 Abolol wAT] ol FolA = AR A

ol 7)E FAEuE ATt 629 em® M

do

D
o
[-4 (]
ol
o
%)
3@
o
E
o=
fo
P
~
=
)
BN

D
=

b AR 13F AR 7 9w R 7 qfAbE Rl R e A e )
735 em®z 7P wokou, uA HE ek 2 Aol glolem, 33k Al M= FNSTIH &

o] A& AL B A FoAA 90 cm ol AHE KA
100
5 g E;
80 it 5
i ES % A w
g o0 L N & & | R 3
= = 3 3 5 °
qug 10 | o B o o
ol [ 31 ss
0 ) ) ) AR ) ) o ) ) RN
41 I/ I T S - I I O I T 2 @ M| |k
el |m |5 | [k || m|F5 |K|E |k |m=|F |
| kW | & |5 | = | m | W | & | B | = | e |k || B |
= ~ Ly re = Y Ly re = =~ Il rE
17 ZAHOTE 1928 27 ZAH (08 09°Y) I AL (06T 2422)
FAMNEAM
Fig. 4-16. AFA 7] o w2 7o) w3,
(2) ¥4
Hlg o] F5ro wE W B 4o WiE Fig 4-17.94 He nlel o], AH%7] FNS

A FAALTE FAA ALTAN FUFA 2D GErIRod, AEFNNE 25
ENSOPFTFAL Al oA Bodo] FolEeh A &7 9 /& FHANE
oo] wekom, FNSTF N e 77k the oz werrh

.é
>
AN
~
o
e

- 209 -



24 r T %
T SN S
3 \ 3 i
M 3 3
I o 2
6t i 2
0 A A S 3 . A S A
‘-'.ﬂ|71e|-1i|;ﬂ|vl£-‘|' ‘—'.§|;'Ir_-|-‘lﬂ|1_r‘.’.l|l11-'|‘
1zp=(07H194) Zip= (02 W09
TMEM
Fig. 4-17. AHA] 7)o w& FA59 W),
3) A=
29 THE ASAT nE G W= Fig. 4-18.004 K= nfel 7t w9
B} RAEaBEE ¢ B B0 donz gHEsL BeSE FEY FRYL
GAsHA Ak Al Fol Faglo] AN VIHEE BE A TolA 1xF A A7) 9
g mgon] ofF WA gastirt Aoz A A%7)1Ed AT Helv}
Ouh 7 kAN R A el A oft w4 e
&0
ao | § { QE r - -
@ i
; s g & \Hile
= 20 F o] S S
% % - %
o o 5y -
- 20 s R RS
= ] - o
1o | " o =
|:| . S| . . S . . . S
i u I1{- ﬂ': | i u |1+- nt | i M |1I
3 T i I I . T K I I . T K
RlE e |e |6 |B|E|8|% [ |H|E |8
H e r R H e xr w H 13
15 =AF(07E 1921 2EF = A0S 095 SEF=AF(0SE 242

Fig.

=abalal

4-18. A5 A 7)0] whE @AY

- 210 -

it

o

o,

2 b oo o8
N

-

S A
(o



AN@xge) A TE FAFARE 9 49 Table 417014 wi vieh 2 793 89
o AFAQ Fpolm BPsa 89 o F AYF e AAF BRYE A HelPelA B
FEel pge el

FNS A5t Aol Atz o457k /g ¥ehot YUt thE v T v}
A Aoz fgel vl UE 71E AN E AY Tl BE P27 e AT

2
oy sk gEsem FEn s B vEst ENS EFAEH R Aol £

= A9 g ATug A etk FNS 9l
o] 7ME A dEkwy 7 Ao s gabdu R >
S AL AT Eo 2 A debwth 2ea M
FNFF > FNS fQIulE > FNS A1 A2+ Fo =

o
Z,
wn
=y
S
=
b
Y%
o
Z,
wn
KT
0
=
oft
ko Vool
o
Z,

o] 2 grabEHlE > FNS
= Lhebst

Table 4-17.. FEFT4 84 B %

o] Ak TEHT A= TEE (kg 10a")

2]+
(ea m?) (ea 5 (g) (%) Az w3
FNS o8 A 54k 385£18 109+5.8a" 23.4ab 86.8 248 225
AR 5 370£28 122+3.8b 23.5b 88.0 287 266
FNS E k7| 340+23 123%+3.2b 23.6b 88.6 252 249
FNS TFelv| g 370x26 110£4.7ab 24 .2ab 85.6 261 227
ZT 328+11 100£2.2a 23.3a 88.0 230 211

*Means by the same letter within a column are net significantly different at 0.05

probability level according to DMRT.

500 O0&d=E gHE

400

300

200

=2 (kg 10a-1)

100

#2H =
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< Table 4-18.3% #Ztv} 5-938 %
4.08~5.93, 5.06~5.77 & 2.22~4.70% W

£ FRolA 71E akEnlg Aol A SiO, dake]l s wekdh 9l
) gl A ZbZ)E 0661, 2386 2 1.037% = o] &7

2ol wls] T-N 3ol Eskvh eElal &7], o 9 B¢ T-P, K:0, CaO, MgO %

a
s
)
N
= ol
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o
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©
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i
ol
flo
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Na;O a2 24 Agela 2 zko] glo] Hls=gh Aot
A571 A=A Fed 2 A F55 542 Table 4-19.9F 2t} A& 4o e g
TuEols Cd, Hg B Pb 5o low, ofefdt 552 A Holalso] o3 F&olu At

FEoAE FAo] HH Fasich. Cde oo MAvE A7 (0115 mg kg HE AL U
A A pelAE PEFA 29T Hge 0709~216 mg kg WA, Pbe 0.002~217 mg
kg MR AEHGoY A8 AHS AT AEE olYdrh 3 2B A thAte]
AEAQ FHEL Cu, Fe ¥ Zn 50| glon, o] daFe Ferl 109~204 mg kg '& 713
= WEbs
BE7] e ] Bele) FHE e dvyor 7] ¥
[e]

Elyrom Cu ¥ FeolA e HEHA &k

M2

o] T

I
o

Fol vs =A o

(@) #87] vo] HeE TR 2 Fas §

R FRel WE £V v Red (27)+9, dn 2 AA) FAAE FEES Table
4-20014 Wi vieh BU B9 S0, FHE A > 27+ > Av] gow wgon P
ke 7zbzh 104, 7.23 2 1.04%°1 ek A7 #@ve) Si0, #dEe 0400~1.75 mg kg

Melglon, o F ENSePgrabvl® Mel 7 (1680 mg kg ) 2 71E GpAAER Al
mg Kk

(1747 mg kg H2 Th& A7) Wal of Bk 98 TN g2e @nl > £7]+9 >
A olglon], 271+9, @r] 2 Aol 7 Ael P T-N FEe 2 el glo] wsskelv.
Ael TP gere 271+9 2 Anle] ula] B9, KO, CaO, MgO % NaO #ae 2t Al
FolA 2 Aol glo] wxd ATE walr
7] AEA Y 59
7]

2 AP F5FE5 EAL Table 4-21.3 2v @Av 9 Asi= 0.170
~0.306 mg kg "WE & FAEEE YTl 0306 mg kg 'E 7HE =9k, CdE FNS
EFME R A TlAE HEHA %%Qtﬂ, Z7olA 0.286 mg kg-1%2 FNSH/Gf2HH]
g A2 2 ENSelul & X ol uls] oF 4~608] 7taF =gk Ave] Cr FENSHAF A
R A2 72 A3 mE Aol dEEA 4o, Fer Hit 796 mg kg '& FNSH
AR AP Tl 117 mg kg 'E 7P =9tk @) N FeEe ZE A TelA 1

=

mg kg '3l e m 0.339~0.676 mg kg ‘W9 AT}
AEA S FEES HFOE G Holk YolAlso] o3 AE FHo=Z Al HE F 3l
7] wiol Nig ¥ fol FEEe) s £l v AL Rew Aow wadn
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Table 4-18. )7 9] ZFo wWE AS7] He Fr|AE &= W

2010. 08. 24 Sio2 T-N T-P K20 CaO MgO Na20
-9 AT s G
N A Ak 5.04 0.687 0.272 1.361 0.102 0.158 0.050
71 &4t 593 0.818 0.276 1.418 0.108 0.169 0.085
Z7] BN 457 0.571 0.273 1.201 0.099 0.137 0.055
A= 431 0.593 0.277 1.202 0.095 0.142 0.048
T 408 0.635 0.299 1.233 0.103 0.141 0.043
N} Ak 5.06 2.337 0.234 1.186 0635 0.261 0.016
71 &4t 5.77 2.398 0.236 1.178 0.568 0.278 0.024
ol EdNF 5.16 2.194 0.233 1.228 0619 0.234 0.021
A= 5.08 2.416 0.224 1.220 0674 0.246 0.015
T 5.09 2.583 0.228 1.289 0661 0.238 0.016
N} Ak 3.00 1.003 0.313 0.190 0.132 0.068 0.074
71 &4t 470 1.114 0.291 0.189 0.147 0.109 0.093
] BEokl % 2.22 1.002 0.256 0.167 0.124 0.051 0.084
A= 3.01 0.994 0.290 0.206 0.127 0.075 0.106
T 3.02 1071 0.297 0.149 0.124 0.080 0.077
Table 4-19. V&9 Ffol & AS7] e Fa5& TF W3
2010. 08. 24 As Cd Cr Cu Fe Hg Ni Pb Ti 7n
4 A e (mg kg-1)———————————————— -
AA A 0270 ND 105 120 157 0844 0512 0792 342 289
7174 0210 ND 143 316 204 174 0434 0242 685 350
= BYgM® 0150 ND 115 196 143 0958 0809 217 375 216
TelElE 0180 ND 0952 178 135 216 0376 135 239 323
)27 0215 ND 101 214 156 125 0239 0441 322 528
AAFTEAF 0477 ND 242 350 110 135 0497 0881 372 103
Z1ETFAE 0555 ND 235 412 135 0714 0906 101 577 243
ol BUM® 0256 0115 263 326 122 0763 0913 0272 392 131
TFel¥lE 0406 ND 200 317 109 0709 0485 117 370 103
)27 0411 ND 212 354 145 ND 0712 0002 541 142
AATFAF 604 389 594 ND OND 225 151 ND 189 269
Z1ETA 0 641 412 765 ND O ND 263 195 ND 379 271
gt B 560 315 442 ND ND 175 133 517 107 237
TeME 764 49 574 ND  ND  ND 179 635 219 437
)27 662 420 634 ND ND 102 169 243 244 618

«ND: =A% 0.05 mg kg ‘o] 3}
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Table 4-20. w59 F5tell wp& #27] W] 94 743 54
2010. 10. 20 Sio2 T-N T-P K20 Ca0 MgO Na20
59 1 (%) ————m
AA A 6210 0.618 0.173 1.059 0.320 0.123 0.060
71E 4k 7458 0.683 0.163 1.150 0.343 0.124 0.067
71+ BEYE 7084 0.643 0.171 1.085 0.333 0.120 0.070
TFAHE 7720 0.728 0.170 1.123 0.344 0.118 0.069
2 B 7675 0.750 0.169 1.150 0.326 0.105 0.075
Nk 1,680 1.332 0.369 0.172 0.010 0.123 0.003
Z|E AL 1747 1.300 0.350 0.155 0.008 0.109 0.003
R EFMEF 0947 1.343 0.404 0.153 0.009 0.113 0.008
THIE 0400 1.365 0.336 0.161 0.010 0.116 0.008
2 B 0.402 1.263 0.343 0.166 0.009 0.117 0.013
NgTAE 1023 0.566 1.174 0.437 0.138 0.065 0.020
71E4E 1056 0.530 1.157 0.446 0.129 0.062 0.022
A EdANE 1054 0.536 1.166 0.414 0.127 0.066 0.018
TAHE 9523 0.588 1.153 0.418 0.136 0.061 0.017
2 B 9.799 0.531 1.129 0.426 0.124 0.053 0.018
Table 4-21. W& 2] Fiel vk 27| Heol 29l Fa5% 54
2010. 10. 20 As Cd Cr Cu Fe Hg Ni Pb 7n
79 2 (mg kg-1) ——————————————m
N A A 0205 0017 156 213 49 0783 150 154 405
71 &4k 0193 ND 376 18 341 0460 153 0564 365
Z7]+4 BN 0210 0087 217 152 402 116 135 0779 404
AW E 0207 ND 206 219 393 0713 161 150 445
2 0180 ND 228 189 407 0443 160 0504 412
WAk 0190 0067 0945 294 117 0878 0438 228 163
71 &4k 0306 0236 ND 322 494 160 0339 0629 150
R B 0120 ND ND 259 920 0760 0676 176 171
AW E 0262 0047 ND 739 751 0523 0431 0075 192
2 0170 0286 ND 371 644 098 0472 116 160
WAk 0100 ND 100 370 85 124 ND 111 210
71 &4k 0100 ND ND 320 142 0238 ND 106 160
A BN 0112 0027 ND 287 247 0053 ND 0209 157
AW E 0085 ND ND 280 110 148 ND 227 161
e 0.050 ND ND 296 124 ND ND 817 161

«ND: =A% 0.05 mg kg ‘o] 3}
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(3) 787 Bk olsiety 54 9 5% 54

HlEe] Fiel wE A&7 8 5] B Ecko] o]ststa 542 Table 4-22. 9 Table
4-23001 4 W= wkeh 2k BE XY & = AFske F439eH, pHe ZE A
2ol A 6olatz vebon, ofzk Abgdeldinl T-N @38 0.195~0217% W= 214
2ol glgon, FEAANS 697 mg ke 2 AU E Ay TFoA thE X g Fe ulE oF
F HU} Si0p e 71E AR A TolA 180 mg kg ' E thE A el vlaE] oF 2
vl 7} =okom K, Ca, Mg, Na ¥ CECY #H##2 Z+7+ 0.160, 2.68, 0.360, 0.130 2 6.95 cmol
kg 'Z A TE ol E Aol YIS

T EY AEE BE ATl 23 43S A4 AFAAT. ZE Ml A pH

557~6.29 W99, AZ& 560~6972 ®Zd vl A=9] pH7l o] ZUuh

T-N $haFe] A9 2 Aol 4Fel vlsl 2359 T-N el E% =9kon FNSFSIH]
7o AT 29 T-N ko T2 FNSHA A &
A2 ol 0.143% %2 =g & = e A TN £F
o] AEur} Eekow], FNSHF AU s A relN ®EF HFol 7z 915 157 mg ke '
2 g2 Aol vsl T

o =
>
ot
ol

37 Bk Fa<E TS Table 4-24.914 ¥ nle} o], Hge BE A FoA A=
= A %9}1 no] ¥=3 A=o] A3gle] 531~832 mg kg "HYR /1 Be IS B
t} Ni9) A9 =& 255~2.7 mg kg ' W= 2 o] glgon A= g23 vrx =
53.1~62.7 mg kg WY 2 2 o] vt
Table 4-22. W] &9] ZE&o| wWa A7 W Bk Fr|AE ek

2010. 08. 24. pH EC T-N Av.POs Si0: K Ca Mg Na CEC
AT (15)  (dsm?b (%)  ~(mg kg-1)= === (cmol kg-1) —==-----
N A 1A 5.96 0239 0195  69.7 970 0184 286 0362 0132 691
e, 5.98 0263 0199  59.9 180 0162 308 0367 0129 7.19
=S 5.80 0273 0202 575 930 0153 258 0410 0130 7.09
el 5.60 0368 0206  57.7 82.0 0135 230 0364 0124 667
R 557 0653 0217  59.2 93.1 0151 257 0298 0114 687
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Table 4-23. W] o] Eol wh& Fg7] ¥ B¢ F7AE &
2010. 10. 20. pH EC T-N  Av.P:0Os 5102 K Ca Mg Na  CEC
A (I5)  (dsm™b (%) --(mg kg-1)-—  ————-——- (cmol kg-1) ——--———-
x3E 629 0.192 0.147 91.5 799 0181 392 0698 0218 666
Nk
AF 636 0.195 0.143 15.7 786 0181 387 0715 0209 575
x3  bH87 0.171 0.168 72.3 116 0112 329 0420 0208 546
s
AZF 569 0.159 0.109 6.41 790 0161 457 0866 0145 574
x%E L34 0.147 0.170 61.6 596 0123 261 0472 0172 470
BN
AF 675 0.143 0.102 9.75 735 0172 451 0894 0212 579
13 bb7 0.156 0.179 69.8 634 0145 240 0433 0159 467
T R
AE 64 0.206 0.105 9.92 69.8 0157 450 0814 0157 562
x% 561 0.276 0.185 79.1 7B 0153 261 0407 0270 486
8 B
AE 697 0.177 0.106 15.2 328 0171 483 0927 0231 616
Table 4-24. ¥ & 9] &7l W& &7 H B 5% TF
2010. 10. 20. As Cd Cr+6 Cu Hg Ni Pb Zn
I R e (mg kg-1) ——————————————————————————
x5 139 1.39 1.21 215 ND 26.7 16.3 33.2
Ntk
e 14.8 1.65 1.48 14.2 ND 20.6 12.5 53.1
x5 16.0 1.48 1.70 21.2 ND 255 17.8 32.8
71 &4k
e 9.34 1.63 1.19 16.0 ND 24.7 15.0 62.2
xF 11.0 1.47 1.77 204 ND 25.8 16.4 30.5
=R I
e 16.6 157 1.27 16.5 ND 24.7 155 62.7
xF 9.76 1.46 2.04 20.6 ND 26.3 18.2 3l.1
TN R
e 431 1.65 1.34 15.7 ND 24.4 16.6 61.3
xF 9.96 1.43 1.88 20.6 ND 25.6 17.5 79.9
8 B
e 10.7 1.47 1.14 15.8 ND 23.6 14.9 58.9
4 Z3 A 243 005 mg kg ‘ol
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& i 2] WE= Table 4-25.914 B nke} 7o)
K, Ca, Mg ¥ Na 3&o] dwtdoz iz Fo] AFro vre AiE Yegdry &3 K 3=

Aol AL, Ca, Mg 2 Na ko] A9 =8 A8 ol A
AR oz ofzk ZUkHE AgeIArt. 88 1290 AL K e 7|E rardu s A
o] 532 mg kg 'olA 8¢ 24

lo
ol
o
<O
o0
o,
—_
)
e
s
ol
o
[N
i
rir
u)

2,
> 7
)
o2
v
> X
BN
>
N1
32
(o
o &
i
=y
rlo
o
ol
o,
—_
@
=
8
tje}
s
tje}
>,
ol

= ] 3 Sh
mg kg WSRO AEFHAUC Zno) AS A7l daele] dlRE AEHA ekgkor], ¥y
[e)

Asd A7k Aot 2 F2 vl 2etvh 89 12 A Nis A0 5 A2 oA
F3 AFel 247 0009 #0120 mg kg ‘2 A A TF v A vEigot v A
& FolATh Nisz 849 249 HAPME w7 33 Aol daglel A A2l A

0.002~0.007 mg kg "M = HF 0.005 mg kg o)A}

Table 4-25. W7 9] F7ol WE ¥ ASV] Egde FU|AAE g3 W

20104 K Ca Mg Na
(mg kg™)
2]+ 08/12 08/24 08/12 08/24 08/12 08/24 08/12 08/24
= 2.62 2.15 112 124 26.8 27.2 6.65 6.94
N A
A 5.65 4.84 133 130 28.2 28.6 13.3 15.4
= 1.60 1.33 108 114 17.2 20.9 9.19 9.78
7| &AL
A 5.32 4.53 124 133 24.1 24.7 13.1 15.2
= 2.69 2.00 116 120 19.8 23.3 10.2 10.9
Bl
A 5.39 4.69 110 114 20.9 22.0 12.3 14.1
= 1.72 1.47 95.6 114 20.4 25.8 7.16 7.42
M R
A 5.62 4.80 127 132 25.2 25.4 12.8 14.4
35 3.90 2.54 104 124 19.1 23.2 11.3 11.3
S i
A 5.93 5.37 119 123 20.6 21.2 14.8 16.7
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Table 4-26. V28] S0l ©e v W47 worgels] FHE T W
2010. 08. 12. As Cd Cr Cu Fe Hg Ni Pb Si Zn
= R e et mg kg = ——--——-———mo——mo
xF 0.019 ND 0.002 ND 0.176 ND 0.009 ND 8.59 ND
N7tk
e 0019 0.013 0.004 ND 0426 0008 0120 0036 309 0015
xF 0.010 ND 0.004 ND 1.98 ND 0.000 ND 8.26 ND
7114k
e 0.017 0.008 0.003 ND 0136 0005 0000 0050 344 ND
x5 0.014 ND ND ND 0.431 ND 0.003 ND 11.3 ND
BN
e 0.018  0.000 ND ND 0.097 ND 0003 0003 294  0.008
x5 0.012 ND 0.003 ND 0.732 ND 0.004 ND 6.42 ND
T R
e 0.015  0.001 ND ND 0078 0.017 ND ND 37.4 ND
xF 0.013 ND 0.000 ND 0.361 ND 0.008  0.009 10.1 ND
8 B
e 0.015 ND 0.000 ND 0050 0.008  0.000 ND 289 ND
2010. 08. 24. As Cd Cr Cu Fe Hg Ni Pb Si Zn
= R e et mg kg = ——--——-———mo——mo
x5 0015 0.005 0004 0007 0015 ND 0.004 0.002 - ND
N4
e 0018 0.001 0004 0005 0.064 ND 0.007 ND - ND
x5 0014 0.003 0004 0003 0375 ND 0.005 ND - ND
7)E
e 0016 0.004 0003 0.004 1.69 ND 0.004 0.005 - 0.007
x5 0016 0.001 0005 0004 0.107 ND 0.006  0.007 - ND
Sk
Ch 0014 0.003 0003 0001 0101 ND 0.004 ND - ND
x5 0016 0.001 0003 0005 0.001 ND 0.007 ND - ND
Rt
e 0.017 ND 0.003 0003 0110 ND 0.002  0.006 - ND
x5 0015 0.002 0005 0004 0031 0005 0006 0.004 - ND
oz
e 0014 0.003 0003 0001 0270 0004 0006 0014 - ND

«ND: =A% 0.05 mg kg ‘o] 3}
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N E AZUAEHLE o] &) Axd A2UAsd L EGE S (FNSEL]
UAsHl TEVEENSTENR), dAzYdsd v R ENSTIN =),
o1 (ENSH A gFAb) 8] ¥ v 8348 AR Aibs vhast 2ok

2
=
2
o
b

HlEe] EHd wE we Ao WalE v|& AN E e FNSHAFAF ATt s

HAth ¥44 ASE7]) ENSH A gl -9} Grakd A 2] oA gdslA 24

U AP E ENSHAZTAE 2 oA o] Eojeditt. d A5Vt
e 71E AN R A s Ede] wekow, ENSyFIHlE Mot th o2 welth

FEF TR 9 FF

ENS A 5t4E A2l ol A= o257t 7S kot 377 e nE A g r) stol
A AdFoz Fake] v Ygth 7E ARERE e T RE ALY B AT
wop A vErge™ FEE 7MY B4 JErE T FNS ERVlE R A TelA e e
HE7F 7 woy, olArt x5 A v AT rh vA dERETh FNS el
5 AT AE olataeet AHFol /b BA vtk 7 AT e YR >
ENS fQIv]E > ENS E47/ % > FNS AAFAE HE7 ¢ 2 54 veson, Hale 4
Fe qrAbENE > FNS EG/IE > FNS QU] E > FNS dAl5+4 XHel3 so2 =7
LHERSE

ohowe Raw AR R Fas 54
857 RE FAN AE FAANE QAT S0, Gl Y BTk AR HEA
Pele) FE% FPe AwAoR 27 % ol vs) A degon. 57 RE 9014
Niel 2% AEHAEH AT foge g
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m. Add v FF 2 Fo dqd Y5aw

1. A&
2008 =W Hzz depdE g A2y Adavr ¢E o] ¥ 24 A (Ferro-Nickel)

of AatEar glow, o HAHNA AEHE FHEEY] TS AR

Slag)g} 3t} H2UALSHFENS)E Hd ARy ged 240 §Ale] H97F o] &7}

/3ol v

webA], 2 Ao E HEYASYILE of &t A AmvAE il EET) ] E(FNS

Bk e) HeEUAsga 1EEFENSTENR)S 712 AN EE nmale] A

o s A EHE A A= ohew o)

(1) BA2E A3 (Lettuce © Lactuca sativa L) - (F)55FH

2

9 3%

b

o~

% (Radish : Raphanus Sativus L) - 3% uw), 37 <ele] 5

(2) FAHE  FNS ZEH E(FNS ZEH ), AR Y 8 (GFAHEH 8)
FNS Ek7] ) 2(FNS E %7 %)

b

o

Table 4-27. 34 Bl59 F7/F 2 P2 T3

7F84 T84 o171 g] 1 7F84 44 T84

=S4 T4t IE - A g o1t T4t

————————————————————————— e
o = T - - - - - -
FNS nEHH - 60 - - - -
Z|E AN 7 28.3 35 43.9 34.5 - -
FNS Eok7) = 26.3 9.8 49.1 22.0 - -
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hE-e] FevlEes 22U E Axsodn a2y £ FEe] vEs ZXA] vk
g27] i, molu ZETIC d&iE vE s jley HAFdedn oy Heol Wk o]
A RS ko] R Azl EEs dyskste] Aujek FHsol HeElsA Al

w24 egotok

FSUT BPe T 0 AETE 2UABindend) FAE B HR 4TS
= 33 %o} Fotof

s, A9e FEE FANA AN L FF Fol HuH kow], M
Aol FH) Ak wH YA/ FE G5l Qi AAHA Fo)
e}

d0]ofo
WA Fudde] FNS B lGuRE (HEA i ve QasEdn 599 wie
1

T
jtje]
.
Do
—
S|
4
wn
[

3

2,
=
Ll
=
Al
=
i3
td
)
ki

o FAEG o|shery B4

Al ARG ABE SN AW ALY A4 2R AN S g AdE W
Aol ANSAT, A ARl AR A mFe] olsshd SAHL Table 4283 2L,
JaAujo] A moke] shstd B4 Table 4-20.9 2k EAL Wws] e u 2A

A=
EFe EC+= A9sta, pHet Mg, Ca= a1, OM, Av.P:0s, Ki= YA v,

A

-
XN
A

=

Table. 4-28. AW ¥ekeo] 3lstd EA H4
Dl EC T-N OM AvP,0, Ex. Cat (cmol(+)/kg) CEC

15 @S/m) (%) (ke gk g ca Mg Na  (cmol(+)/kg)

0.38 0.295 0.189 42.6 ol7.7 08 29 08 011 6.09
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Table. 4-29. A=A v]o] A3 more] 584 =4

pH EC OM Av.P-Os Ex.(cmol+/kg) CE.C
(1:5) (dS/m")  (g/kg)  (mg/ke) K Ca Mg (cmol+/kg)
6.5~7.0 20] &} 20~30  250~400 040 ~060 6.0~70 20~25 10~15

« =2AZA 2 A u Y 7] Z2(2006)

2t A ¥l A2
H2YUAESYIE o] f3lo] A3 vaEE E3 2E AJHESS 3ty Yite, A E
E2E (F)T5En9 A=A A3 (Lettuce : Lactuca sativa L) L 3 wwje] 33 7-oele] &

(Radish : Raphanus Sativus L, & 55H3S: VR-HIY-66)E AF&3 % th
A aE AL A 1247F Fo A T 28T w7 E B8] HAel 1 2AE 50%
Ef oo IF3tH o, feld A3 A 30Y 1 At JHAH o2 [ALEk A A

stol FASA olAsty, FATAG F FAE F4 FUE L) AEAATh P

vl Al W] &2

HEZYALHLE o] &3l A8 HEE Fig. 4-22.00A4 B& nfe} o] 7} FAZEE 12
A ABTE F 240 AR5 TESIASH, 4 MA@ 7 Agaritel Ao g A=
= I Hor 3ukEsn. 2] WAL 1x4molal, FNS 3LEH]|FE 100g, AR H]
5 600g, FNS = F7i e JAEREE o= Am|sta, a4

H 79} FNS B/ v g Aoz Au| 3kt

Al
o)
S
S
e}
o
>
=)
ol
ol
2
v
T
Z.
w

FNS 1EH & TN R FNS E %7 ) zT
T FNS ZLEH & A AN B FNS Eok7) g A2
TP E R FNS E7) & = FNS i Eu 8
FNS E 471 & oz FNS 3En & AN R
FNS 1EH & TN R FNS E %7 2T =1
o= FNS nEW & A H B FNS &7 2

Fig. 4-22. A9 9o AwME 9s A7+ vz 225,
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(2) 2009

—

60

(3) 20094 104

K

o
(-

i

wAO

\
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.
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b1 91sko

G

e, 2003)

1]

G

S CEREE

30)

AL

U E

=1
=

7

i3

tol No. 6 oA = of 3

G

3

2002)0] #3te] Hi0-H,SO Moz B

= A(ICP, ICPE-9000, SHIMADZU, JAPAN)Z ut#2(K, Ca, Mg, Na)9} 7] @94 (Zn,

Cw % FH5%(As, Cd, Cr, Hg, Ni, Ph)-& #4

belet.

G

bl 0w,

G

ol o]

peaet.

G

sho] ¥4

P
e

, 2002)ef]
2. Lancaster™,

Ca, Na, Mg), A71Ag-E&F(CEC) & =43t

F

2 A

/1\1,

el

Tyurin®, +3&

o1 g3t =g stsint

=
=

33 A (ICP, ICPE-9000, SHIMADZU, JAPAN)

=
NI
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37 AFe] AFWLE BAFs] ga] A5eh AR AAEFL 2AF AWE Table

Treatrment No. of leaves Shoot fresh weight
(ea/plant) (g/plant)
oz 18.3 316.3
FNS LEH]®E 18.3 321.1
AR & 18.8 338.1
FNS E47 = 19.0 341.7
ME Fiel WE 819 3% A9 ASEAIN, daTe =9 A%k 183749 Aol

B3] FNS EHRE AP 459 dFE 183ME AL Aol7t glslon, fibdv s e}
FNS ESMFHEE Hesh 439 A7s 47 27% F7Hsk 188719 3.8%7F F7Fsk 19.07)
2 ZAEAY FF BAFT] AR 316.3ge] ol Hshed, FNS nEW =9} 4R
5 2 FNS E/HUEE Xt 459 AT 77 321.1g, 338.1g, 341.7go 2 FALH
o] FNS Ed/ s X7+ U7 80%7F $dd AS5ues B

.20 == 40 ]
b o
z] =
= 1 = 340 l
219 I ] =
i I I ‘ =80 f
e L&l
S} | L . = ‘
= k]
Ei _—
= R |_—|
HETF RS DEH AH4EEE FNSEY 5 HETF RIS Do FH4TulE FNS 22

2 2 2 S
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287 2 AE T ASRLE sy g8 AR QA5 FE TR, T4, rEAS
2

ZAbEte] A3E Table 4-31.091 T A&

Table 4-31. F F3FxA}

No. of leaves Bulb fresh weight Bulb length  Bulb width Bulb girth

Treatment

(ea/plant) (g/plant) (cm)
o) 2 10.34 360.77 24.78 6.74 21.07
FNS 2EW# 10.80 407.05 25.31 7.00 21.90
AR H R 11.23 446.98 26.83 7.40 23.28
FNS E7) = 11.11 408.98 25.96 7.10 22.19

Aujzdel wE F37]e AL AN ESENS EG/NFU S >FNS BN 5> 1)
79 £oR AFo] EFheS el £ 1031= AR iz o] g5l HlE
TR E A2t 86% F7FE 11.2371, FNS B/ #WE A2l 74% S7HE 111170
2 ZAME Y. FES AN E At ixTE T 23.9% Z7HE 446.98g, FNS E o) #F
N E AP TE 134% F719 40898z 0.2 A QAT
Fa718] o] AKAE = dixzgel vEl Aol Aol FrbEE dAdE Bl

1
B

ro,
Ol

=S F 40 '

= l } & J

= [ 2

=10 1 ‘ 2400 | ‘ ‘

= =

= =

=105 | ‘ =agp |

= ‘ s

EH:II] 1 1 1 1 [un] 400 | | | |
LJEF RS DEH JagHlE FNS 22 HZET PN ZEH| FHIHE FNS 22

I = = =

Fig. 4-24. % FHX2AHHEF, 7%)
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[
i

EF  FNS DEH| FEH[ROFNS 2
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Fig. 4-25. LS vﬁ:iﬁ'}_/\]—(:}%}’ :|17(:>]’ TEH)

oy
N
lo
-
~
o,
g
o
Lot
rO
o
~
o
ol
Y
o
-z
i)
N
o
-z
f
=
—r
2
g
i
roi
v

= Table 4-32.9

Table 4-32. A9 AR F7)A R 2431}

K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
(%) (ppm)

Treatment

o =+ 0614 0126 0035 0030 0362 0466 2569 2919 1357 1400 0494 7.370

FNS M EHZE 0623 0130 0039 0050 0276 0409 1935 4743 1441 1191 1333 8983

il

AP & 0647 0136 0036 0030 0201 0249 2094 5857 1098 L1133 1212 7.597

FNS E%70= 0634 0141 0043 0059 0334 0249 3052 2947 1162 1452 0590 7.017
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Table 4-33. 59 As5 F7148 B4

K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
(%) (ppm)

Treatment

o =+ 0374 0097 0024 0056 0351 0348 0791 3937 1940 0533 0.084 8760

FNS 2EHZ 0367 0104 0028 0059 03338 0326 1.079 5497 078 0626 06564 9523

TARAYElE 0389 0108 0025 0058 0383 0345 0708 6600 1.030 0716 0592 1139

FNS E%70= 0387 0113 0028 0064 0289 0317 0948 5087 1407 0528 0380 10.02

A AeAe] e dE Sad S Ay =7 5 AR Ade Bl
Nigt#H(Fig. 4-25)% thx7-¢2F FNS B @8 2l ¢ =% fAsHA vebwar o] ibo]
uodlslE sl @kt 42 Hgol 7o H2q- Bl AEse=d o BEdd
A ZIRIRE Ao ® wloln F7pA el A a Alde] 875 3l

20
1.6 e
£ ]
810
=05 t
00 S o S e i .

ZF  FNS DEH|E  pAEIHIE  FNS B
(O A4e RaF AL |

Fig. 4-25. %5 A=A Ni =443}

0

%@JEﬂ@%%:Q%ﬂﬂ$ﬁﬁﬂ%$QI%i,l&TAEH o
A3}E Table 4-34.~Table 4-39.2 e 2 th

1= 1

O

O

-
2
M
i
o
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Table 4-34. 59 AAF-(K) F714% =443
K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment
(%) (ppm)
= 0421 0224 0026 0097 0300 0208 0505 1893 1578 0439 0701 2450
FNS 2EU® 0415 0244 0029 0075 0250 0.303 0964 2773 1395 0393 0630 3527
TARAYE 0410 0236 0029 0086 0288 0300 0666 2347 0853 0525 0660 3.317
FNS Eo/l= 0447 0248 0031 0087 0383 0400 0628 748 1362 0480 1104 2987
Table 4-35. 59 A AF-(/) F7]3% +44 3
K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment
(%) (ppm)
= 0453 0207 0030 0097 0332 0316 0741 1485 0898 0441 0112 2860
FNS 2EY® 0476 0237 0033 0077 0351 0383 0604 1910 1360 0450 0974 3.260
TARAYE 0487 0225 0029 0091 0306 0419 0701 2802 0677 0353 0923 3523
FNS Eo/l# 0475 0210 0030 0078 0297 0341 0595 1.832 1034 0397 0283 2.806
5o AR ARANAE FAE Fuw FEE FHe AT 2T wE FAS 2
F& WATh Nig@Fig. 1-26)% WxTe AelF 2% fASP] ebgar grelgelut )
& Holx] skt +A A3 Hgol W79 Al EFeolA AEFH=d ol EddA 7]
Ask o= Holm FrbAQl 43 Ago] Q=AU
06 r
0% r ]
E 04 F
o 03 r
b
= 02 F
01 F
|:||:| 1 1 1

of =7

FHS DEH|Z2 [MEHE NS EXANH

FEEFEETEE

Fig. 4-26. § A=A A Ni

—_
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Table 4-36. 79 *|3t5-(K- L) F714& &42 %

K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment o
(%) (ppm)
2= 0326 0057 0020 0044 0287 0206 0494 1992 1153 0302 0600 3563
FNS ZEHZE 0392 0067 0023 0051 0256 0220 0706 4679 1394 0461 0678 5070
TARERIE 0371 0068 0025 0064 0271 0301 0730 6680 1018 0540 0818 4540
FNS ESF7h=F 0411 0069 0025 0058 0298 0215 0483 2456 1.077 0251 0499 4.250
Table 4-37. 72| Ast5-(K-T) #7174 #4423
K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment o
(%) (ppm)
2= 0490 0063 0020 0042 0233 0201 0836 3382 1212 0320 0432 4010
FNS ZEHZE 0530 0069 0022 0042 0264 0324 0659 2489 1112 0554 0653 5087
TARARIE 0504 0075 0024 0053 0293 0275 0735 2623 0760 0555 0773 4780
FNS ES7h=F 0420 0064 0021 0048 0170 0324 0543 1945 1355 0333 1241 3723
Table 4-38. 72| Ast5-(/h-L) F7)14% #4323
K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment o
(%) (ppm)
o) =+ 0380 0063 0020 0045 0223 0322 0565 1829 0740 0233 0934 3613
FNS ZEHZE 0331 0064 0022 0037 0335 0421 0684 2234 078 0402 0491 3.567
TARAWIE 0363 0072 0026 0054 0240 0160 0572 2525 1129 0425 0630 4.693
FNS B/ 0368 0074 0026 0045 0290 0241 0522 2109 0862 0380 0776 3527
Table 4-39. 72| Ast5-(/h="T) F7]4&F #4323
K Ca Mg Na As Cd Cr Cu Hg Ni Pb  Zn
Treatment o
(%) (ppm)
2= 0456 0071 0021 0045 0247 0333 0661 2446 1261 0336 0463 4590
FNS ZLEHIE 0509 0082 0027 0043 0261 0234 0759 2717 0751 0382 0514 5560
TARARIE 0532 0082 0026 0047 0316 0298 0650 1981 1627 0375 0448 5980
FNS Eo/= 0512 0106 0028 0040 0279 0273 0571 2252 1737 0348 0396 5.083
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o Essta
(L) AW F =g HeE B4 A2
Bosh o AMAD F el H97

o hebgtt, gFsh o) AMAY

B Fksk

Ex BA43E Table 4-40.3% Table 4-41.3 #
T av.POse #Z4%da, EC, Ca, Mg, Na, CEC

Table 4-40. 3% AW ¥ =oe] oA B4 #4

pH EC av.P20s K Ca Mg Na CEC
T
reatment (1:5) dS/m)  (ppm) (cmol/kg)
= 5.28 0.45 174.30 0.834 47761 1.123 0.162 13.516

FNS M EHRE 5.19 0.54 179.18 0.779 3.836 1.455 0.150 13.186
TR R 0.26 0.53 152.25 0.959 0.217 1.246 0.195 14.914

FNS B % 5.61 0.44 167.78 0.872 2.693 1.720 0.155 14.669

A & Bl FNS Ed/l#Eula X 79 pH7E S7FE vk Afn] & E kol A
EC, Ca, Mg, Na, CEC %5 Z7lH 0o, av.P0s% 74 HAvh K= thE792F FNS 3LEH]
2 A FoAE Aasta ArEu E9 FNS Ey#u s A oA s =78k,

Table 4-A1. 5 AW 5 2o sopd 54 ¥

pH EC av.P20s K Ca Mg Na CEC
T
reatment 15 @S/m)  (ppm) (cmol/ke)
o) =T 5.46 091 16740 1017 8500 2068 0314  16.409

FNS M EHRE 0.44 1.15 169.05 0.898 7.217 2.309 0.267 15.531
TR R 0.46 1.20 165.32 0.893 7.733 1.754 0.294 15.625

FNS EdH# 5.89 1.22 168.97 1.018 8.267 2.608 0.324 16.213

T BE A2 FolA av.P0s% A 93 pH, EC, K, Ca,
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(2) Any & =
Aok F-o] Ajw
o] L}EbRLTE

Table 4-42. A3 Au] 3 Eoke] Fitd dhaf B

3= Table 4-42.9} Table 4-43.3} 7

Treatment

IS 0.306 0.282 0.792 24.80
FNS 2ER® 0255 0.245 0.849 20.75
TP E R 0.284 0.227 0.697 22.15

FNS EdleE 0225 0.234 0.954 22.32

2.153 1.177 13.40 18.45
1.802 1.193 13.53 17.95
2.233 1.100 11.85 16.13

2.303 1.302 11.41 16.00

Table 4-43. &+ *

Treatment

T 0.229 0.347 0.667 16.15
FNS 1&EH|® 0170 0.278 0.666 16.68
AR E R 0.190 0.167 0.826 17.15

FNS E<47h= 0173 0.242 0.857 15.65

1.689 1.233 6.922 16.82
1.992 1.288 7637 17.93
1.930 1.228 7.807 18.20

2.183 1.528 7.260 15.97

A 5 TF

o] 24 gyl @

Apoli= Attt

rlo

- 233 -
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4. A74-A3 QoF

B AT e dAZ2YUAsyg s ol &ste] Axd AZYASY L ENFH R ENSEF %
13), dlzydsfl JEVE(ENSALEN )9} 7|E b 88 vaske] 59 o] T
Al EE AR AdE v 2k

T

o

7}, FEFEAL

A zAc] whE Fav)e] AFel Feo ASEHL W

o

o thztell mjal] Aol A

FEA) 5 Bkl E FNS B #Eulg X 79 pHYF S7HE AT Ajw) 5 kol A
EC, Ca, Mg, Na, CEC 2% 715 o™, av.P:0Os% # 4 Atk KE thE79F FNS 3%
7 APl es Fadta FAEn Ee FNS B30 8 A gt e S8k

TAe] & Eoko A= tlx2Te BE AP oA av. P09 #A 913 pH, EC, K, Ca, Mg,
Na, CEC EF <7133 th

HESE R AMAY F R 2

=

td
<
ey
O
@
o
=
S
Z,
o
O
ey
@
N
=
o|\
N
=
Ol
O
2
£

2 O EToAE As, Cd7F AU, FNS Eo7]# 8 =2 79
A& Cr, Hg, NiZh &4 vgton, 72abAn g A8 Fol A= Pb7l EAUSEo Y iz B9

b
o] Tud FE B Aol fAivh
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A ¢

-28. 7]4]

Fig. 4
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V. e wse] uFe] O A% E

1. A&

2008 o] HEE Adod® FdAdd d=2uA Ald AT $as o] # 24 A(Ferro-Nickel)
o] AitHar glom, o HANA BAEYE FHHAEY FAES 24U A< L(Ferro-Nickel
Slag)e} gtvh. A2V ALY L(ENS)E A AHEAH 53h4 xdo] fAbsta, 7]E9 &8
wry @717 vrol w4 o] &rke/d o] =t

uebA, 2 At HEUASHIE o]gste] Axd ARUVAsHI EYNEVE
(FNSES/M#EN ), A2YAEHT LEVS(ENSAEH R)9 7|E AU EE v sho
v A ks 24 Ade vt 2o

(1) FAIZE o E 8] (Chinese cabbage : Brassica juncea var. integrifolia)

7F84 T84 o171 g] 1 7F84 44 T84

=S4 T4t IE - A g o1t T4t

————————————————————————— e
o = T - - - - - -
FNS Eok7) = 26.3 9.8 49.1 22.0 - -
Z|E AN 7 28.3 35 43.9 34.5 - -
FNS nEHH - 60 - - - -

1) RE FAMEE A% 7 2y
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Q) TA B
RSP

AUt FEs el AAN
al, EeRe] olstetd 54

Y
flo

2

kD

rlo L
ki

&
B

>
>
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T

_YE
=
fo
ﬁ,

Table 4-45. A E9ko] o]3}sta E A

pH EC T-N oM Av.P:0s K Ca Mg Na CEC
. 71 0 0 71
(15 WdSm) (%) (%) (mg kg ) (cmol’ kg )
5.38 0.295 0.189 4.26 517.7 0.85 2.95 0.86 0.11 6.09
. Al 8] #e

Az ALH IS o] gdle] Az vgd wE o S
Zol F 127 A@F-= FRH e, 4 AdTE 4 Ag Tt
T AP oz 3WhEEtglth ENS B/l #u 8 1200 g, FNS iLEH|E 180 g, 7|&
1200 g& AIM]sksict.

71 st A HEYASYLE o] &ote] AxdE HE
w2 vEe] AFEA vz Fiel wE wFe] FU)AER 2 Fad 54, v

gE Bl FA4E 2 T3S B4 47 A,

10
=
D
i
ol
ro,
=

FNS 1EH| & AR R oz
FNS &= FNS ZLEH] & TFAEA N B
oz FNS %k FNS 1EH &
TAHEH & I FNS &%) 2

Fig. 4-30. vl5=Ae Al wjA EA %
(1) vz o] Firel up= vi5o A5 574
H 59 27 & w5 ASEAL SV AAF Zo], X 9 o

FEHA el AAEF, TE, P, AFIE

b



T-P, Si0., K20, CaO, MgO % Na:0O 3gr#S A

Pb, Zn ¥ Ti &&= AR A

752 As, Cd, Cr, Cu, Hg, Ni,

of

(3) vz 9] Firol wE Fy] B olstd 54 E FHE5 54
59 FRed WE F7] B9 o|gsd EA 9 FH
pH, EC, T-N, T-P, SiOs, K, Ca, Mg, Na 2 CEC#%} As, Cd, Cr, Cu, Hg, Ni, Pb 2 Zn §=F

& 25,

b
i
o,
rlo
3
5
Lot
ol
i
ol

. AFNE 2o

(1) 20091 99 69 : F5 9E7], 7|4
(2) 2009 99 14¢ : A2
(3) 20099 109 16 : BLZA}

(4) 2009 124 2 @ 3 # FEFFEL A

W
s A AR E48 215 sRAsEde] B H AEAREA R F3h
pHE ZA"=%, ECi= EC meter (Orion, Model 160, Germany)® +4]3}%1 2.1
Kjeldahl®, &4 NaOAcH, #3hd <Fo]l=-2 IN-Ammonium acetate (pH 7.0) IEH L
2 Zhzp BAgt EY F s 248 7HEA I E:der de AR EHE 0IN-HCLE A
23lo] 30CelA 1A 7 HZ=3Fe] o3 & Inductively coupled plasma (ICP) spectrometer
[Atomscan25 (TJA), OPTIMA 5300DV (Perkin elmer)]& A}F-&3F%1t}.

A5 B8 93 AJEE dry oven S0TolA A ZF3}e] 40 mesh ©]dt= ¥43F & A&}

Atk ABA B ARG EA9 BEF L ABARAY F3] ARE FAEHA0R
e R fshzel Wi, 600CA Gl A7k 2 WA #3AAT KO, Cal, MgO,

Na:O ¥ TH5F5S .80, + Ho0; Wow 52 &8 F Inductively coupled plasma (ICP)

spectrometer [OPTIMA 5300DV (PerkinElmer)] % ICP-MS= ¥4 3%t}
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3. 2y 92

At A% 54

W] AS A7) AAT BS¥) e Fig. 4-31. Fig. 4-32.914 B= npe} Zuh

NER e =2 FNS 1 EH|E

Fig. 4-32. V] Z2 3 gl w2 wjFo] A5 v,
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W30 W89} 4870 AS vl Table 4-46. Table 4-47.014 X wie} 2o), A%

Z7)9] gz MF%Esle] AR AAFELS 35333geE FNS EdNHulE AP

61248g 0. &2 thx 7o ¥l 73.3% S7FstAaL, thE AFEH R o v 2E A7t
939t

2P )9 xR wFEIEI e FHLE 392%kgld AHEAEIE HETE 260% e
49kgo 2 Yo, AFNEE gxTolA] 10730 AR ENS ES/ 05 A2l 1ol A=
21.1% 4¢3 13.0022 veteth 7%, -3 B3 tixFtol] vl FNS E/iE s Ag 5
oA ¢43kA ER

Table 4-46. A57] #wj52o] WS A}

AAF (g/plant) 2ol (cm)
2] = e
A A &5 A A &
o =+ 353.33 7.00 29.83 20.50 21.67 20.50
FNS E¢/ &= 612.48 12.27 32.00 20.67 25.67 24.00
AR R o45.72 9.20 33.67 01.42 23.00 22.67
FNS 2 EW¥ = 923.33 9.33 29.67 20.42 21.67 21.67
Table 4-47. 87| vF9] AH A}
A5 (kg/plant) TE ]
2] A%
= TE (cm) (cm)
o =+ 392 241 16.97 27.63 10.73
FNS Ed/ == 4.88 3.12 18.70 28.90 13.00
TR N R 494 3.10 18.67 2843 12.97
FNS 1 EW¥ = 4.33 2.73 17.97 26.83 11.95
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600 F

HHF

o0 F

2 =t Flls =7 R = it EE = Flls ZmH 2

Fig. 4-33. AF7] w59 235 A F(g/plant)

e AlS Bk T) R = TitEe = Fllzs TEH &

Fig. 4-34. &=27] #l59] % (kg/plant)

o] K719t 879 71 sk Table 4-48. Table 4-49.°]
Al B npel 2k wiFe] FU)AE FEe Avkdom §ARSE Aol dlon, AS7 f
AN R AP A S EYAZHIE A To AFF-lAE
K07} =7 YEbs:

T = ST e v B FEFo] WolAE AAE Hiou BEdAlE
Uz 2 BE H oA NaO7F =71 a4 487 T-N& Fatdu]Z e} FNS 1808
A7 e del A =AVEIAL, CaOv FFAHENIE A+ ¢ FelA], MgOE FNS EF7) =
5ot FNS nEH R A9 oA =4 etk

E
%
@
N
e
>
<
o
<
K
T
oz
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Table 4-48. A7) wjFo] F7]A4

T-N T-P 5102 K20 CaO MgO Na:0O

A2 T

(%)
Nz A5 4810 0.987 0.490 3.804 1.388 0.228 0412
- A8k 3143 0.789 1.064 2.135 0.540 0.196 0.285
FNS A AT759 0.931 0.290 4177 0.977 0.188 0.370
EFEE Xy 2.862 0.703 0.524 2.380 0.491 0.205 0.331
SR B A "E} 5 4502 0.914 1.288 3.873 1.547 0.275 0.352
A BF 2.879 0.751 1.839 2.646 0.508 0.268 0476
FNS A 4420 0.768 0.331 3.595 1.058 0.156 0.215
AEH R Askg- 3150 0.765 0.569 3.273 0.533 0.179 0.387

Table 4-49. =217] wjF=¢] F7] 42 =

T-P S102 K20 Ca0O MgO Na:0O

A e T
(%)
QIR 3.168 0.485 0.067 2125 0.507 0.149 0.216
T 9] 3.209 0.451 0.223 3.172 1.332 0.189 0412
e 1.960 0.485 0.227 1.718 0.460 0.125 0.526
R IRE 2.996 0.512 0.090 2470 0.522 0.159 0.191
T ok %1\;53] = A4 3.069 0.452 0.140 3.024 1.422 0.247 0.385
o] i
e 1.861 0.587 0.176 1.781 0.494 0.131 0.530
QIR 3.185 0.518 0.063 2633 0.532 0.152 0.186
THAHNE oY 3.332 0.394 0.201 3.061 1.527 0.199 0.382
e 1.956 0.400 0.207 1.802 0.508 0.126 0.537
R IRE 3.183 0.492 0.078 2451 0.500 0.159 0.186
EFEBS = 4 3.314 0.413 0.190 3.022 1.488 0.244 0.397
e 1.984 0.497 0.198 1.615 0.456 0.128 0.539
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2) W59 F5% FF
Hi o] A8-7)9l =87]8 FH5<4 $HEFE Table 4-50. Table 4-51.914 ¥z npe} o)
THE SdHe AAHoR X Aagkadh e Ao s Ni el A

o

x70] AgFNAE FAsE Aol tebdh £3]

497 oo Niggel hzT oo Nigguh 249, Wgel e
F =

FNS Bz g A7 By oYz} gE BE ATl vaAE dE279 Nigzo] =4
Jerge
Table 4-50. A5~ wWjFe F3% 3 (+ND: =43t 0.05 mg kg ‘o] 3}
As Cd Cr Cu Hg Ni Pb 7n Ti
A 7 T
(mg kg-1)
- Aq4¥ ND ND ND 716 ND 183 146 4514 1298
=
AsE 012 05 983 618 ND 259 ND 3835 7816
FNS A48 ND ND 016 609 ND ND ND 6687 1929
EEARNE g52 ND 045 1220 2378 ND 371 ND 7800  86.08
AgE 029 024 068 369 ND 101 ND 3765 1158
T &
A% ND 089 1518 977 ND 394 ND 4874 11881
A4%  ND 08 187 309 ND ND ND 5603 631
FNS 1EH R
A5  ND ND 880 997 ND 227 209 38 4251
Table 4-51. 587 w5 F5% e (+*ND: =437 005 mg kg ‘o] 3}
) As Cd Cr Cu Hg Ni Pb Zn Ti
A 7 T
(mg kg-1)
g 040 005 ND 423 ND 302 1449 3215 190
el 99 ND 0.27 059 403 ND 2.15 ND 32.46 7.47
) ND 034 111 500 ND 152 449 5124 1881
g ND ND 242 321 ND 137 472 3567 131
NS 94 ND 027 059 403 ND 215 ND 3246 747
L E L A | | | | ool
) ND 116 105 536 ND 340 ND 3583 1904
< ND 027 ND 409 ND 091 18 4537 077
FAAN e 99 ND 047 118 416 ND 169 016 3335 887
) 006 106 ND 500 ND 136 ND 3849 2391
< ND ND 075 425 ND 223 052 4403 093
FNS 1EHZ 94 038 ND 246 243 ND 301 165 4305 660
LS 039 110 150 598 ND 215 372 477 1852
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mg ka-1

FNS E27)2u|2 i E

O* &5 B &

Fig. 4-35. A7) dl5 F-9¥ Ni &%

FMS ESFHER |2 HMEH| 2
[ meE o

Fig. 4-36. 7] ¥l5 F-91¥ Ni &
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2

BEAE Fo] ECY T-No| BF F7F 349,
[ez]
-1

A AR VhERe

Table 4-52. F:3+7] E%ko] 0|33 &4

Ca Mg Na CEC

pH EC T-N T-P Si02 K
A2

(15 (dS mY (%) (mg kg ) (cmol” kg ™)
&= 5.337 1.323 0.292 0.122 131.72 0669 2809 0860 0493 125
FNS

5.127 1.167 0.286 0.138 123.18 0571 2903 0372 011 6.09

EdNEn s

Tk n = 2.007 159 0306  0.130 198.52 0850 0939 12669 011 609

1. =2 i

FNS
e 4,997 1.093 0299 0157 92.58 0584 2807 0275 011 609
Table 4-53. &7 B9 £H4E& E4
As Cd Cr Cu Hg Ni Pb 7n
A g T
(mg kg ™)
) 2= 0.028 ND ND ND 0392  27.307 ND 72.836

ENS Ed7l&v s 0013 ND ND ND ND 26.079 ND 68.044

TR R 0.036 0.004 ND ND ND 217.269 ND 72.905

FNS 3EH® 0.035 ND ND ND ND 26.013 ND 70.019
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B oAge ulEASol A FNS el Eek FNS Bl al el Aluje] o)d uwE kel v
W o] F 5e EAEIIN N AASAL, T AR T 2

d
BH7), 87 ¥ EHZ’:?OH vie] = Aol Aol FEEh BET)e S
5 A T7F el vlel 73.3% F7F8 el
5 A g7F x5 26.0% S7Fsklon, A4 ns x5
ol A 21.1% B de Ao ® yEuth 4 F, Al B dlET
5 Aol st Y

~
=
E

87)o] WFe] FIE o] ol @RS RA oL, FAE o

=7 % EE A2 7elA Na Ok 571 shoith

THE §EE QAR AS7EG a7 gaskolv. BE Aol Ni gl
AL7)uct #Elel gastlon, dxTe] AT E FrskE @] ettt #87]
°oli= FNS Z=f7igna ey el Nighefo] iz Helo) Nigtgun x|l WgelA
= FNS E/gus Agy ek opyel e EE Aol vlsiME hze] Nighaol
=7 UrEP;}E‘r AeA FEE FEelA dizru A AR viRg el uhE oiwd FEg

Az 013‘2}6”4 e ASAY At AR ol KOs Txel 25 27 o
j_ [
! -

27 Ay 25 fARSEE, Nigs

2
e
&
S
e
=

BN
1
2,
>

=)
ofy

N
~
o
32
kg

FlEn R 9 FNS LERZE wlFA o)A HFS 1o)X
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V. 7l nlze] ge] dia A% s}

S H2YAL Y L(FNS)Y FRAEE Si02 54%, MgO 35% 0.2 AFE-4 (Serpentine) ¥ -
Abste] FRA o ® o] &IFA7F o, QV|EVF 7|EY skt did o R vrol 5340
= QHAEY] witol] A4LE JheAo]l 2 sdolt HEYAEHUENS)Y HEAE &=
S 938l dBdg 2485 NER B2AAS 39 FNS FduEe FNS ESgnas

Zetdch 1 A v EAAEHS FNS v EelA 7F8A 94t 29.2%, 7844 ILE 14.9%,
|43 29.0%, &ItelE 478%= eI, FNS B/ gu|ReA = 7h84 Jf4at 26.3%,
T84 ILE 98%, 7FEAA 8 220%, &I E 49.1%2 vEFETH

upeba]  # ZY A(Ferro-Nickel) A A4AY ] FAHESQD # 24 A< 8 Z(Ferro-Nickel Slag)E

oJg3tel J1E AN E TATA wEE WBE A2 & A AOR BUHo| o]

o

al
=)
R

st3 1 AR Jehh

2. A=

Pk

i

7} A AR

1) &4 2E G

(2) &+ Bl : FNS Eg/NEH &, FNS M &, bR &

I

(1) Al Ay - A edA A

F
F
B
=
%
£
1z
b
off
o
=
=
i
ro
(it

(2) AA 7 92 Tom(3%25m)

(3) 7+ A+ WA 35m(0.5xTm) x 38k
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e
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Table 4-54. 3] Y]

e
o

L U i ——

22.0

49.1

9.8

26.3

13.1

11.1

28.3

FNS 2v &

34.5

43.9

3.5

28.3

o A n) e

A2k

KeN
=

Foitt. Table 4-55.9F o] Al Alw|k(kg/75m')

To = 3o A

A 7

3

o}

K

B

o
2
2

Table 4-55. A A A 8] #

A

HAAHA (kg/75m)

2.2

0.6

MAP

0.0

1.2

P20s

0.7

1.3

K20
B 7]

152

VARt

FE ]

8¢ 30¢¥
9¢ 14
9¢ 18

(4) 2010 10€ 24

(1) 2010
(2) 2010
(3) 2010

E <% Sampling

: 0.5cm)

: 5em, A4

: A EA sampling (8] %

E <9 Sampling

(5) 2010 12¢ 18¥Y

(6) 2010 12¢ 30¢
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EF B BN Astel AAF BFNRE anelA FA, B4 F omA BA

pH$} ECE THE 10g% 100m¢ ®]A] #H3te] FHF 50mS 78k 1413 A" (160F]
/min) A7l % 3087 WA v}S pH meter(Mettler Toledo S40)9F EC meter(Mettler
Toledo S47-K)= &4

T-N& EJAE 05g% FNHAEFEL 15g% 3F4HCone. HxS0.) 375mle 7halho]
Block digester® °©]&3slo] A&7} F40] & wi7px] #3d § FalBY TANA w5E #
F 1 ALAEE A 7] (Gerhardt autosampler Vapodest 50 carouse)® =4 39t}

OME%U¥F7]5) TywrinH o2 EX¥AE 0.1g(200mesh E£3)S 250ml-2 4+7t flaskel 3
ghal 10me o] 0AN-FZFAbZA g sibEt&os 718 g &% o455 € 2000 A=Y A
Aol A rtdete] Y E7F WA AlE S wjR Y Ags] 583 E9 Ue s2EE Bl |
7Zb A 7130 of el Zo] gl FAEAEYANEFE RS A2 & FRFE Ao Ui o
ST oF 150mes 7Fskdvh. oF Smée] 85% H3PO4# diphenylamine(A| A oF) 5~6%-3& 7}5
ON SbAl AR YR om AAsklar, o] FapAow Ry YANES A FEH
2 uE A FEHFoE AT

Av. P2Os(8.914HE Lancasterd &= E<F Sgoll #E=9) 20ml-s 23 10837 g3k &
No.2oj#x| 2 o33kt FF=8 A3 o33k A7 3m-s Agddo ¥x 22 A (Ammonium
paramolybdate &g ) 6ml 2L the 1-amino-2-naphtol-4-sulfonic acid &% 7}38fo] 2
g3l e 30TCoA 30F7F HAAA EF5=(UV Spectrophotometer : UV2550PC)= 33+
660mm ol A =7 3} T}

SAEY bgs 100md 42t flaskel 93l IN-NHOAc(HE, pH 7.0) 50ml-& 713t 30+
T ARE vs pHE 253 A A Ags] A48 21 e ARbstel CEC(H 71 A g
|2)E T3 h

=
=
al 0.
o=
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(2) A=A

2 1gg 100m¢ #3318 flaske] ¥ 3l Conc. HNO3 bmls 718l Ala7)F 124 %

S Aol AAE] 7FE3E T A E = RE S8 180~200TolA 719 x Al7]aL, ol A

Wz} 3 Turnary Solution(HNOs3 : H.SO, : HClO, = 10 : 1 : 4 (v/v)) 10m-& 7}3}ar, tha

200C ddadolA 7kdate] H2S0., ¥ HCIO. & 475 o= AR de Byl § F3)o0]

Aol YAY Ao g FHstA HY B E ®HFAT. WAz F mAR S8 7Fa] 100md

mes flaskel No.6 AX=E of#}stil mALR EZ F3 flaskE policemans AF&3le] 743to] A

o] ettt o HE mes flaskd] #H3te] K, Ca, Mg, Na, =5<(As, Cd, Cu, Ni, Ph, Zn)$
FEAdstEg 2 a3 524 7] (ICP-0OES : Optima 5300DV PerkinElmer)®2 =7 ¢t}

A = 4
o
=

Al

-
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7} AHEA A
T8 FETAA A 2 ALEE Table 4-56.3F 2t} FNS Ed7/l#v| 55 A|v)dk X2+
€l ,

oAM= =4, Fat 3F, Aibee] =4 von, iV EE A S XY FeAE 95, &4,

= TS wonh 28y 3% JFlAE Fod8E vE
A ekokt), dAld oz i FNS EG/laE > fakd > FNS fIvls > iz
T o2 yetwon, Ao xTEt A JEhvE A3E Bolth

2

9 9% = =7 dF  HEoF AN

(ea) ——- (cm) ——-——  ————- (g) ——- -—— (kg/10a) -—-
Control 10.55 49.60 19.00 4.35" 62.25 156.45° 2404.84
FNS E7) & 11.52 47.99 20.36" 4,22 63.90 153.34°  2590.09"
FNS f{I¥ & 11.41 47.72 19.59 417 60.40 141.93 2506.11
AR R 1257 48.26 19.95° 4.23 61.78 159.26" 252893
LSDO0.05 1.042 2.066 0.667 0.142 7.883 9.998 121.67

(1) AsA71E 598 AEA 7748 & Table 4-57.~Table 4-59.% Zvh 10€ 24

d
=,
ot
ri
]
_VE
o
-{u
oZ:
M
v o
=
@)
N
Ul
ﬂ
5
=
@)
N
(o))
o0

] & ApolE Holal E} o AL Bt He
9) A%Ac}aqsq Azle] g3 Ao Helth FNS E47#H| 8, FNS v &, jf4-du
gk Aelaret dizgel A AwAle] FoldEe]l A FES UEhllE Ao® wot

—
Do
e
—
0

e
:|N£
Nt
[-4 (]
ofl
ri
=

fro
lo
-
N
ox,
4
B
3
A
@)
q;
O‘l
©o
o
s
H)
Y,
L,
s
L
5.:
9
i
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Table 4-57. @+

BH

]9 F7)1 A E(Sampling : 10¥ 24<)

o
2 2 i
(%)
CaO K>0O MgO  NaO CaO K>0O MgO  NaO
Control 0.43 2.52 0.25 0.84 1.50 271 0.50 0.92
FNS E<F7) = 0.48 2.53 0.28 0.76 1.66 2.76 0.53 0.90
FNS Qv s 0.47 2.48 0.27 0.73 1.77 2.70 0.50 0.77
AR H E 047 2.62 0.26 0.99 1.75 2.78 0.52 0.99
Table 4-58. <+ &9 H7]4#(Sampling @ 12€ 18¥Y)
2 2 i
(%)
CaO K>0O MgO  NaO CaO K>0O MgO  NaO
Control 0.28 1.52 0.13 0.25 1.53 2.16 0.39 0.87
FNS E<F7) = 0.27 1.50 0.12 0.32 1.57 2.18 0.33 1.57
FNS Qv s 0.26 1.53 0.13 0.38 1.56 3.37 0.39 1.17
AR H E 0.25 151 0.12 0.43 1.46 3.16 0.46 1.45
Table 4-59. B+ &9 57| #(Sampling @ 12€ 30¥Y)
3 2 R
(%)
CaO K-.0 MgQO  Na:0 CaO K-.0 MgQO  Na:0
Control 0.21 2.35 0.12 0.33 0.33 312 0.22 0.32
FNS E47 = 0.23 2.35 0.11 0.25 0.43 3.36 0.24 0.40
FNS Qv s 0.22 2.08 0.11 0.30 0.39 3.45 0.23 0.45
AR H E 0.22 1.97 0.11 0.32 0.37 3.33 0.22 0.37
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(2) AEAE A5 FAERY] EAS 4798 olstetd AA A3} Table 4-60.3 2}
Fo) olFed SN YT gET BF A AFE Yy

Table 4-60. AN A-F TA Lo 552 B4 B3}

pH EC Av-P:05 CEC OM
P ) (1:5) (dS/m) (mg/kg) (cmol+/kg) (%)
%l > %l 5 A 5 Gl 5 A 5

Control 082 589 157 049 1177 1243 1584 1622 412 467

EEE?& 653 653 214 104 1175 1242 1778 1551 452 433
[e] [e]

FNS _

delme 024 621 244 077 1830 1691 1590 1421 441 383

THARdRE 58 575 209 089 1159 1250 1506 1466 519 489

(3) AEAE A5 FANERY FTHSE a2 98] 24439 Table 4-61.3 Zu}. A
& FAbe Agks YEhdia A%
2 Ay FoA xT Bt A4 Jehgot

Table 4-61. 521 A5 FAEF TH5 T

As Cd Cu N1 Pb n

(mg/kg)

o
o

Control  1.35 0 013 012 1423 1443 084 089 530 527 3227 36.40

EESHSEE 045 102 004 013 128 1160 118 104 481 436 3377 34.03
[e] (o]
olH B 021 042 012 013 1200 11.23 115 107 474 409 3247 27.50
FaH4

" = 021 052 014 011 1353 1467 093 097 658 708 3273 32.80
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o

2 Table 4-62. ~ Table 4-64.9} 2t} 2l&Eo] &

= o A&l Ay thate] AEEl Hrldhel= Fe, Mn, Zn, Cu, Mo,
Co 59°] 9o, B»E AxAEAdd Cux 2720ppm, Zn< 107100ppm A= 73k 9t} Cu
o Znol FYuvt gelA EA vEted Ay dix B AR 3RS dEbdar
ATHTable 4-62. Table 4-63.).

=

(4) ASA 7Y -9 A E3A4 55 3
pal
2

F 9 ot e

Table 4-62. A% A7 & o] 5% &

104 24 (%)) 124 189 (#¢])

(mg/kg)
As Cd Cu Ni Pb n As Cd Cu Ni Pb n

Control 053 017 11.09 223 043 4827 034 005 671 105 051 2415

EFNS
9 )
ok e 062 021 1053 205 027 4720 037 023 615 131 033 2272

FNS

SolH B 048 020 861 115 039 3064 040 003 631 131 051 21.89

A
o 066 015 1060 282 134 4773 036 019 696 129 055 2396

Table 4-63. AS A 7]¥ P o ==

b
e
oft

104 24¢ (%) 124 18¥¢ (%)

(mg/kg)
As Cd Cu Ni Pb n As Cd Cu Ni Pb n

Control 083 022 1364 157 086 6293 064 012 7838 097 065 4081

FNS _
f)
= ok 2 081 025 1563 216 101 6733 055 012 755 091 047 32.37

FNS

SolH B 072 000 1431 109 057 4667 064 020 717 036 057 3785

A
o 080 000 1363 118 055 5440 064 010 797 067 005 4587
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2.0

] O e
25 | H &
2.0 )
s
E r—— — P
1.0 ]
0.5 f
0.0 ' ' ' ' ' ' ﬂ '
=+ |§‘:‘.=F3'H%*|FFEHI§|3‘I—EFF:H N R |§‘:‘.=F3'HE.':.*|FFEHIE FE 4tk
108 242 128 18
Fig. 4-38. A A|7]Wd o Bejey o YA Tk
F27] g A Cus A =4 dethval, Znd WH-olA =4 dvetsoy 2
U ot B fARSE AERES YERR AL LA Th(Table 4-64)
Table 4-64. #57] ¥ F29 798 T5% FF(Sampling © 12¢ 30¥)(mg/kg)
As Cd Cu Ni Pb /n
(mg/kg)

0o
—
oo
1
w

Control 049 057 035 021 492 748 039 027 000 005 325

EESHSEE 037 059 032 024 484 949 026 081 000 000 3071 2339
[e] (o]
FNS
olH B 045 066 038 024 439 1007 056 056 106 049 3440 2292
A
" = 036 068 023 037 467 847 010 037 021 000 2775 21.19
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VI A sl F, Aol d@ AsA 54
1. A=

2 AFolAE d2YAEHgaE o83t AXd dA=zUAEH T EY
e ), d2yAaLdga TEME(ENSEER )] 3t 5 &9 d%
S Yol 7] 93k e s gt e s XA A vt 2o
2. Alg 9 ¥y
7}, FA AR

(1) A8 AufA] - A ] A

(2) AA = Pot(30 x 80 x 2lem) o] 2mm ©]3tE AMYEE S 291

Pot & 4:27]% A4 .

(2) A BE A3 (Lettuce: Lactuca sativa L) - (F)&520 FA=H A3

7¢ (Mustard: Brassica Juncea L)

H) Z(FNSE %

A Al A5 Rt

(3) A W& : FNS E¥/#En g, 7|&544H 28, FNS JLEHE
Table 4-65. ¥ & AA¥ (&9 %)
T 7H&23 Ak &tel TEHILE 7HgA A F]
FNS E 7] % 26.3 49.1 9.8 22.0
7)1& AN R 28.3 43.9 3.5 345
ENS 1EH & - - 60 -
ooz T - - - -
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(4) Av) &<
TA M BE 384 ¥E A8 0¥ RAZoR B FZ(15cm)E AW])Ee] Z Aol A
3ttt x7= 3203 H F31 2F Ad) ] gAY sEnagto s st AU R

= AMERA okt A A I s =2 7 R

=
tm
'S
w
fo
B
=
tm
rir

{t

RO BEHEAE AGRG AR o] zASG o, 4A

.y =
T B

el FRol ubE 4% % e oW TR ¥ FIFE B AT AR
™ %

=
~
o,
ML
rlo
0
z
-
e
%
&
7
Qo
@)
Qo

Qo
=
™

@)
%A,
.
i

@)
%

(3) Az A¥IA 7]
AZYALY 1S d8alo] Axd FNS B85 FNS TEH 27} JE(A3 7)) <

& AujAl ZHE A VA QS A7) Table 4-66.9% 2o 3xkel ZA Al@-& shadTh

Table 4-66. A vl A] 7]

A e A 7] A2 e 2350
1=+ 200949 9¢ 30< 20094 10¢ 28<«
2} 201088 1€ 2¢¥ 201088 2¢ 3¥
3AF 201088 3¢ 2¥ 201098 4¢€ 74
(4) 24
A5 B8 93 AJEE dry oven S0TolA A ZF3}e] 40 mesh ©]dt= ¥43F & A&}

Ak AEA B4 sRAsede] B 2 AR Foko] ANEE FAEEHN R
A7l o Ag Had wil 543t T-N& Kjeldahl¥, SiOxE #38 & of#slo] of 4]
g2 AES 3strel ¥aL, 600CoA ke FAVE 2 WA 3 skAH T K0, CaO, MgO,
Na:O ¥ TH5F5S .80, + Ho0; Wow 52 &8 F Inductively coupled plasma (ICP)

spectrometer [OPTIMA 5300DV (PerkinElmer)] % ICP-MS= ¥4 3%t}
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o,

of w2 A7|¥ £37] FFe] A& EAL Table 4-67.914 iz npe} zEo]

} o> 2 EokvHFig. 4-41). 13k AL A3 Ag5-o] AAFE

4 %53 > FNSES/En 8 > FNSIEHE AT $oz2 Zoth. A9

As oA Q4 TPt Aol A 542 g plant |2 7P Bekth ceu 33 ZALel A= FNS

3 18 > 7AHENE > FNSIEHE > X7 £02 FNSEY/M#E s 879 A

g5 AAFe] E=A e THTable 4-67). BlE9 Efol wE AAE Zoli= 33 ZAbd
k=2 i

g Fol A 2850cmz 7HE A3, G4 23k F2AE gzl A] 13.002

KT
o}
2,

=

ot
jus]

Table 4-67. 7532 ASEA

A% (g plant™) o] (cm)
]+ AT
) g 5 ] 3 5- ) 2 F- ] 3 5-
&7 59.83 4.38 22.05 14.70 9.50
FNS Eok7 % 53.55 5.10 22.44 14.08 9.00
1 A
7)1& G4k 63.92 542 22.60 16.14 9.20
FNS nEn| & 53.11 4.50 21.88 13.99 875
&7 40.63 377 21.67 22.67 13.00
FNS Eok7 % 32.13 2.40 22.35 16.92 11.33
2 3
7)1& G4k 33.64 4.18 21.00 19.20 11.40
FNS nEn| & 37.96 3.88 21.66 16.52 9.40
o] = 24.28 3.08 22.75 24.33 875
FNS Eok7 % 47.88 4.06 28.50 20.50 11.63
3 2
7)1& G4k 36.29 3.60 27.06 20.19 975
FNS nEn| & 34.63 3.60 26.13 22.56 975
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2]
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o0
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8]
o]

=
o]

L
o

shoct weight(g)

]
L]

L]

0 M i .
1%} 2Tt 3xt
OOZ=+ BFNS EYNE B7& 4t oS 1EH|Z

Fig. 4-41. 4+ A= A5 ASE QAT

25

2

shoot lengthicm) .
o

I
b el e e e e e e B e e R

17} 2xt
=T BEFNS EYAHE B7E 04t BNS IEH|E
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of W A7E £33 3o FFEANL Table 4-68.914 Wiz npel o] A
T AF AFEA(Table 4-67)3% FAe Aoz 12 > 22 > 3% Ab] £oz2 =)

27l A AAEe 80.40~92.85 ¢ plant ' ® 2x-3%}
ZAA 7O W& s Ekoew, T > ENSES/N#FHE > F2HEH|E > FNSILEH &

Mol FRel wE AR Aol wwe FF o Aol Fuele] 2658~357%m W

2 2 Aol 9iglov, 24 2AME daTlA 457 10258 13 etk

Table 4-68. +%7] 7o AHEA

i A F (g plani1) 2ol (cm)
A 2] e
A5 A 3}5- A5 A B}
e 92.85 4.03 34.98 15.85 775
FNS E47 = 86.76 4.64 35.79 15.28 8.13
1 2
71& Ttk 85.29 4.09 35.27 13.94 8.43
FNS 2EW# 80.40 4.60 34.20 16.58 8.50
e 53.13 4.23 30.53 19.33 10.25
FNS E47 = 49.38 3.50 29.72 22.54 9.60
2 3
71& Ttk 46.71 3.70 30.16 16.94 9.63
FNS 2EW# 49.48 3.60 26.58 16.98 9.60
e 39.43 1.20 31.75 21.25 8.00
FNS E47 = 35.99 1.39 30.06 18.44 8.63
3 2
71& Ttk 31.88 1.04 29.06 16.50 7.50
FNS 2EW# 36.36 1.63 33.69 20.00 9.25
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shoot weight(g plart )

shoot lengthicm )

100

an
20 F
0 F
B0 F
5[:] i L 2 2
a0 | 3
i 3 333
=0 3 =1333
2':] r L 2 1 _*4"4.‘4
L 2 2 _*1?‘1?1
10 b ==1944
|:I : L 1 1 ; _*.,‘HH
151 o3} 37t
OOET OFNS EXNE 57]= BAF mFNS TEH 2
Fig. 4-43, 7} 2452 70 245 7%
30 r
on F
20 F
15 F
10 F
5 =
D 1 |

17} 27} 3t
DUZET  agrNs ETAE 82& 4 oS AEH =

Fig. 4-44. 7} 254 7b 2445 20
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4-69.). T-N g&ke] A% ratdv s A9 A c}%ﬂ—oﬂﬂ 401% = A 748 T-N s 7}
& oEekom, A3hg-o T-N 3ake Ael-ol d#gle]l 1.10~1.89% ™tk Si0.¢ 4% A
R-7F ARFRY e AFo|lon, KO e Ag qfAHEME > FNSIEHE > EH%_
T > FNSE 7] &) R
o] FheFo] A apF-ol vl =3kt

g9 Fiel wE S| F '}
=54 &kth Nie Ashg-olA HAEHA &L 4% Ao,
UHFig. 4-45). Ag7¥ AGHF-2 Zn T2 79 AR 227 FNSES7) &0
5 % FNSAEHE Hl gl vs] & Holdrh

)R stEEe AR Ao w x| AR

= vke} #Zo] Cd ¥ Hge A
;q] HAog o /\}rﬂ zs]—%]:o]gi

rN

Table 4-69. 22} A8 A5 F-7]4d & shaf

T-N T-P 5102 K20 Ca0O MgO Na:O

= e (0g)
- K| AR 3.82 0.576 0.325 2.90 0.966 0.179 0.129
- | B} - 1.68 0.528 0.512 1.65 0.334 0.121 0.132
A AFH 2.64 0.462 0.113 2.81 1.02 0.184 0.124
ENS ok g ]f’T
| B} - 1.10 0.389 0.360 1.43 0.301 0.116 0.074
Nz A ] A5 401 0.526 0.153 3.04 0.909 0.160 0.132
o | B} - 1.89 0.525 0.550 2.01 0.377 0.145 0.117
] A5 3.29 0.404 0.259 3.06 0.973 0.300 0.134
FNS T EH & A
| B} - 1.48 0.435 0.265 1.64 0.283 0.151 0.084
Table 4-70. 2% A¥} HF9) FH5& &= («*ND: 243 0.05 mg kg 'o|3} )
As Cd Cr Cu H Ni Ph 7n
A g F 1g
————————————————————— (mg kg ) ———————————————
. XA ND ND ND 6.96 ND 1.09 ND 37.8
- Z3E- ND ND 1.33 6.17 ND 1.26 ND 36.5
) A5 ND ND 0.61 5.63 ND 1.35 1.03 22.5
FNS %72 ]f’T
A 3E ND ND 2.65 3.52 ND ND ND 11.1
A st A AR ND ND 0.90 6.58 ND 0.79 0.09 28.1
T A&ty ND ND 3.05 7.89 ND 0.87 ND 45.3
A AR ND ND 0.99 8.05 ND 0.92 0.33 19.5
FNS T EH & .
B

0.36 ND 2.34 3.49 ND ND ND 19.7
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= < Table 4-71. Table 4-72.°] A]
ARka o 2 w|s=stgl o, Aol Aaglo]l X/
T-N ke 4.09~4.36%, Aat5-9] T-N =5 312~328%9 glo|dt). T-P &9 44 A
g7 2 el FEglel 0.362~0579%=2 2 #o] glo] M523 tHTable 4-71).
v g9o FqFo wE 87 zte FFE ke Table 4-72004 K upek o] As, Cd
2 Hg dFo] 9 &skth Nie) 4% thzx7-9 #47(0.81 mg kg "), ENSES/|#u 8 A
2l 7o) AaE 2 AeE0.85 2 051 mg kg V), HAHANIE AT A85-(0.22 mg kg el
A AZFE AL, ENSTEH R A ToAs dEo] Hx ekrhFig. 4-46).

ol
ot
s
b
o
o g
s
o,
M
)
of
Bt
B
g 1
ot

Tahle 4-71. 22 Aul zte] 7] Ad& &=

T-N T-P 5102 K20 CaO MgO Naz0

A2
———————————————————————— e —————
Gaen  VER 420048 0le 260 12 0172 0177
Asy 320 0503 0523 294 0604 0148 0171
AE 434 0551 0266 298 111 0211 0034

FNS BN

A3 328 0.362 0.379 2.98 0.719 0.174 0.128
1= AR 436 0.448 0.645 3.03 1.08 0.161 0.109
S
A8 312 0.370 0.827 2.80 0.559 0.138 0.110
A 409 0.579 0.632 2.92 0.987 0.245 0.086
FNSILEH &
A3 322 0.361 0.606 2.95 0.495 0.180 0.114
Table 4-72. 23 4=38t7] 7vo] 254 g (+*ND: A3t 0.05 mg ke ‘o] 3})
. As Cd Cr Cu Hg Ni Pb /n
A8 F 3
————————————————————— (mg kg ) —————————————
. A4E- ND ND 1.56 4.40 ND 0.81 0.25 21.7
- &3 ND ND 037 462 ND ND 115 242
A5 ND ND 0.69 4.19 ND 0.85 ND 379
ENS Eoky) & )
A 3H5- ND ND 2.15 5.67 ND 051 ND 20.1
l& s A AFE- ND ND ND 373 ND ND ND 17.8
S
A 3H5- ND ND 1.64 10.0 ND 0.22 2.16 16.4
A5 ND ND 1.46 3.15 ND ND ND 20.4
FNSILEH &
A 3H5- ND ND 1.96 6.77 ND ND 1.74 14.8
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At Mi{mg kg-13

1.4
1.2

0.8
0.6
0.4

0.2

Mimg kg-1)

o
o

o
Lo

=
=

o
M

1,35

0,92 G
0.79 i il

R Y 0

A 5t

Ot HFNS ETE  B2E&E A4 DFNSIEH =

Fig. 4-45. 27 A¥] 3] Ni ¥

o
. 0.51
L 0,22
B o 0o 0 5
s Ashs

Lo EFNS EZPHE  B7|E 48 OFNSIEHZ

Fig. 4-46. 22218 7] Ni HeF
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4. A74-A3 QoF

T AFe AAlEE 12} > 23 > 3A AW wem EdTh 1A 2ARe A2 A
Fo] AAFE YR > dxT > FNSEG/IFHE > FNSIEN R AT $o02 ¥
skoh. Euk 34k AMOIA = FNSEY/FHE > bEHIE > FNSAERR > dix7 &2
Z FNSEF/ v Ao A5 AAlFol =7 dvebgtvh vwe] Sl uhE Ad5 2
ol 3aF Awl wf b £8kaL, oful FNSEG/NHN R > sabdnR > ENSIEv & A2

)

F57) Ze] BAFE FHSA 15 > 22 > 3% A¥ o2 HUgvh E3) 14 241 A
g AR AAEFS hET > FNSES/M#HeE > 48 > ENSIEY 8 28+
o)Atk AE Aol= vz FR AAGe] 1<k 22 AwjelE & Apolvt il o) 3
2 Aejol F7kske] FNSES/A#0IE > AP UlE > FNSAUEHE > di&7 ol dth

F2 o] xAbsRlvh AR Rl R AE e A

Fol A A7 T-N &5 7P Edov, 359 T-N 2 Aol dagle] A
A Si09] A$ AFEIF AgRHL & Ao en, KO e 4 fabEn s >
7 > FNSE@/NE s AT ol SiO& As 7|43 &=
& AAH oz AFE-o] FhFo] A sHy-o] ulsf gl

Tad FHdA Cd 2 Hge AEHA &dvh Nie AsFodA d2HA &L 455 2
Row, AAAo R fAret ghaFoldth Myl X459 Zn FHS dixTo FAbEu R
277} FNSEg/]#n 8 @ FNSIERZ e Fo] H3] Heroqlt)

< As, Cd ¥ Hge #Eol HA &skth Nigl 45 9 245
FNFNE AP gre] AgE B Ay, kAN s A2l ate) A gl dEH a8, FNSAL

EHm A ToAes dEe] HA skt
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VI e wse] HFAule] g we] A% 54

1. A&
VAol A = ﬁf“ﬂ?i%%ﬂﬂ H2Z2UASHL(ENS)S HEAE &5 fste] 3434 &
232 HAAR 2AE 3t HRYASIL Uv]E (ferro nickel slag silicate phosphate

fertilizer) (FNS Jfelv] #)¢} #lZ v AL 1 B3] E(ferro nickel slag soil conditioner fertilizer)
(FNS E/M#En5)E Axsdcr. 2 23 v i AAEDFS FNS vz olA 7184 4k
29.2%, T84 1T 14.9%, 7H&A 438 29.0%, LI E 47.8% = VEFE I, FNS EUd/)EH R
oAM= 7H8A THAE 26.3%, T84 ILE 98%, 7HEAAE 22.0%, ¢7MEE 491% =2 UEG S
H, ol 7|E AHERR 34 7R AR 25%, T8 ILE 2%, ¢tEE 40%E W
= o2 yetwth Axd v5e FapAbgel o3 =0 Hs] A o RE XA
stol FAREE AR]7]EY 3uE A oy ¥ Eo WE Anistal 1 S-S A
At

11

O

o

LU
0

(1) &+ &= #((2F)

(2) &~ H& : FNS #eIH] 5 FNS B/l e &5

Table 4-73. FNS 7f¢lv] 59} FNS E/#En) g Ax 9@ A2

v & AAA - 2 A R

i

7H87d atAt 28.3%

FNS Q13-4 1400C
9+14 TFaA4 31E 11.1%

TN & ((Ca3P0O4)2) 24 ZF
T84 JAF 13.1%
7F44 rAE 26.3%
FNS Eo7| = A3 041 1200C T84 IIE 9.8%

+

H & (Ca(OH)2) 2A 7F 7HEAd A E 22.0%

&7t e] H 49.1%
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(3) A B
Algd A pot AEjel] AFE EH FAES
Table 4-74.¢} 2t} F743Y 2mm A=

O

o RS A8 oA BAe WA A

Fapsto] Al AT,

mm

_\7\_1‘

Table 2. sA &% 2oty 54 244

ol EC TN OM  Av.P:Os Ex.Cat.(cmol(+)/kg) CEC

(1:5)  (dSm-1) (%) (%) (mg/kg) K Ca Mg Na  (cmol(+)/kg)

0.38 0.295 0.189 4.26 ol7.7 08 29 08 011 6.09

(4) A2 ok X E 1/2000ae o83k A sl

(5) AlH]#E]

Heol B57)bEet Bagh AMEE T8t7] flste] EFEAMFM-EEH)S 7E 22 Pot
AA AW FH(g/pot)S TIA I, FAHEREES A FNS fedulEe FNS B/ #3nas
ShEALRel o) gk ZHE HlE] A o R 58 AEHUIfE 2 AR S 3HlE Fhske] AlM]S)

ATt

Table 4-75. (X5 7]5) - 5248 2Hkg/10a)

71v] sl H A (kg)
N 5.5 2.2 3.3 11.0
P20s 3 0 0 3.0
K20 2.1 0 0.9 3.0
TAEEE R 150.0 0 0 150.0

* T rled ghErd AN A 7]E2006d 718 p.20)
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(6) AlulgE]
(7h) 20109 69 15Y : 7]4)

(th) 2010 6€ 18 :

)
o
O

(th) 20106 69 309 : Folu

(8h) 2010 7€ 219 : 12} ALEA}

(v} 2010 89 99 : 23} AKX FAL

(vh) 2010 8% 269 : 33} ALEA}

(A 2010 8¢ 30 : 1]
(oh) 2010 1049 26¥ @ 5 2 FFTAH L AL

By

EgAng ABANRY AH L BAL FEATHY BB HE BAWNel £k v

Eke) gletals 457 ke AFH BEYAEE dEoA A, 4 3 2mA g

pHe} ECE THE 10ge 100m¢ v]A #H3le 74 50m2 71ste] 1417 78 (1603
/min) A7l % 3087 WA v}S pH meter(Mettler Toledo S40)9F EC meter(Mettler

T-N& BEYrE O.Bg% A eFEd 1.5g% F3}4HCone. HoSOs) 375mls 7hahe]
Block digester® °©]&3slo] A&7} F40] & wi7px] #3d § FalBY TANA w5E #
F31 AAxAFE 4 7] (Gerhardt autosampler Vapodest 50 carouse)® =74 3} %1t}

OMEU¥F7]5)E Tywind o2 EUA R O.lg(ZOOmesh FI3)E 250ml-s A2t flaskel 3
3t 10mle] QAN-FZ AL F2ETE RS 713 e &3 ofFE Ya 200C Ao A

P

|

Ao A stgste] /Lt WA A% T WP AR SR B e BEE Bl
7 A7 3 ool Bol Qi FABARYPMELEAL AL Fo FHRFZ Ao WA L
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ST oF 150ml-& 7}0} Ao}, oF Smee] 85% HiPO.% diphenylamine(] A °F) 576W-&-& 7}3far
02N A A G R Yw&qoz AA4sqlaL, o] FRHo2iE FH4S A GEHO
2 d s 449 %—%@.QE ST

Av. POs(fE94H+= Lancasterd o= =% Sgol =9 20m-e €3l 1083 g3t &
No.2o A2 A3ttt EFE&N7 o 7sk Axd 3m-g Algdol Wi Z2H(Ammonium
paramolybdate &3-&9) 6m{ ¥ S 1-amino-2-naphtol-4-sulfonic acid &8 7}3&fe] =
3k thE 30TCAA 3083 EHAIA FFE(UV Spectrophotometer : UV2550PC) =2 317
660mm ol Al =7 3} 1t
AEYF bgs 100md 42t flaskel 931 IN-NHOAc(HE, pH 7.0) 50ml-& 713t 30%
T ARE vs pHE 253 A A Ags] A48 21 e ARbstel CEC(H 71 A g
|%F)E TR

EX.Cat(X 84 <ol : K, Ca, Mg, Na)& CEC A4S §18 pHEH o] 2 AlEE No2
oxz7  oitsle] I oS FLEARSZHAvpEFEA7](ICP-OES : Optima 5300DV
PerkinElmer) 2 37 3} 91 T},

3 >
<)
A

(2) A=A

A& 1g€ 100m 38 flaskel 23l Conc. HNOs bml-g 7}l A&7 2124 #&2%
2 & A Eo= AAE] ZHEEitr A E SRE &8 1807200T A 7tEAx A7, o)A
W7 & Turnary Solution(HNOsz : HxSO4 @ HCIO4 = 10 @ 1 @ 4 (v/v)) 10mé& 7FshaL, o
200C dhaolA 7Fdste] H:S0, B HCIOLS 3 7] 5 o= AR dy Byl § Faffofo
Aol HAY Ao R FHEA HH EelE HEATh WAAZ AR 2& haE 100me
mes flaskel No.6 AX=E of#}stil mALR EZ F3 flaskE policemans AF&3le] 743to] A
ol olatth AA e Irke FE 78 Crucibled] Hob 600C A7 2olA 2413 A%k
e & st 2o R 319l ar, o B mes flaskel #H3ke] K, Ca, Mg, Na, 52 (As,
Cd, Cr, Cu, Fe, Hg, Ni, Pb, Zn)& #FE=Z3Ee=vbd3E47](ICP-OES : Optima 5300DV
PerkinElmer) 2 37 3} 91 T},

T-N(H A2)& #43 A=A 02g& 2 Soh2ao] Hstar #F3E52A of 1gs 7Fska
Conc. HoSOy 10me2 7hske] & == v &alltlol] &7 Aol A48 7t4hstal =t

o

>

E?i'

= At
A 7vdste] s 22171 & Wy $F the 100md mes flaskell &7 w74 EE AR

S A A AEE A 7] (Gerhardt autosampler Vapodest 50 carouse)® =4 8% U},
T-P(A <1)& Turnary Solutiono. = #3fdt 3] 10ml-& 50m{ mes flaskel 33l3L 10ml
9]  Ammonium metavanadate £%-8 7}dar 30TCeoA  15E ¥4 F FH(UV
X

Spectrophotometer : UV2550PC)E 34 470m ol A =4 8% v},
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AEA7IE 243 297, 98429 AF5A A= Table 4-76.3% #Zvh A53A= 2010

W 74 21¢Y, 89 99, 84 26¢ 3wl ZA gt

Table 4-76. BEA| 7]H ABE-ZA}L
79 214 89 99 84 26¢
FNS Jfeln & 36.1+0.4 59.5+0.5 736%1.6
Culm length
em) FNS E¢/f#n 5 38.1+1.4 58.4+0.9 73.4+1.2
cm
I 375+15 58.3+3.3 71.3+3.3
FNS Jfeln & 12.5+0.3 22.0+0.0 20.3+0.6
No. of tillers
FNS E¢/f#n 5 11.0+0.8 20.5+1.0 19.5+0.6
(ea/pot)
I 14.5+0.5 23.0%3.0 20.0+2.0
FNS Jfeln & 39.8+0.5 33.5+0.4 31.3+0.4
SPDA FNS E¢/f#n 5 40.1+0.5 35.0+1.0 31.6+0.5
o) 2= 379+15 35.2+5.8 32.5+0.4
1 =%
28] potd ASA 7)o WE 2AZAWE= Fig. 4-47.3 2th ¥ &7 AALe &4 A 359
HAEE AlZEl E47] Aboldl FA3] o] FojAY A& x7]oE AHE potd ¥UE AIES

WolA kot F718 FEr]o] ol28 A= FNS feInl 59t FNS =7l &n| g3+
iz Bup 2ol =A YEbsk

-

(2) L=
g potd ASA7o wE EA5e WIE Fig. 4-48.3 Zvh EAdFE faEA7)HH
A2k gackzEl FNS EYg7lw &, FNS Fedvl&, dixg 257

A potd AHA7 o] wE FHMEo Wl Fig. 4-49.9F vl W A 454 TR
v oAl FEAATE Eo AR BEFE 3t
S x7]91= FNS FFelv) & FNS B/l #Eu X 7 ua2T ¥up 23 =7 Jeyo
A2y A AeEs vER AT
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20
70
g0
R0
40
30
20
10

30

20

10

B0

40

30

20

Culm lenath

L m)
TEa1Y sgay geoey
OFNS FoH 2 EFNS E2H 2| = O] &=+
Fig. 4-47. ASA71¥E 2749 ¥g)
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Fig. 4-50. A%A17] W3}
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. FEEA At
pot Al@el A2 pot =
B R A TelA 24, 4, o)
o A U gon, A@se 27 vA e
ol e, #&F, $5E, AAT2 FNS rHE > FNS EF/FHE > bzt ¢o

= A

Z ey, 275 FNS e 29 FNS Bl s s A pot7t 3] o F71HE A
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o,
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=
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Al
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Table 4-77. 57| 2%, F74, o|AtF, oY HT, 5%, o585, AHeT, AT
. . of .
Culm Panicle No. of NO. o } Ripened 100.0 shoot
grain per vield . grain fresh-

length length panicle panicle (g/pot) ( sl)n weight  weight
(o]

t
(cm) (cm) (ea/pot) (ea/pot) (@) (/pot)
FNS
67.9+09 16.0£0.3 17.3x1.1 81.2 29.6 84.3 25.2 29.2
TIH R
FNS
69.3+1.1 16.0£0.3 18.0+0.7 76.1 28.9 84.2 25.1 28.3
BN
o] = 64.8+1.3 15504 17.0£2.0 73.1 26.6 82.4 26.2 26.7

o,
oy
%)
s
oz
]
=
o,
=
bl
'S
=
oz
]
i
o2
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Table 4-78. &7 A =A%) 7= &
n S10- T-N T-P K Ca Mg Na
(%) e (g/kg) e
FNS
0.2 4.4 8.4 19 0.2 1.0 2.7
TAH R
FNS
0.3 3.7 3.2 15 0.1 0.9 2.6
B
&7 0.1 39 4.0 16 0.2 0.9 0.8
Table 4-79. &7 A =A(A) 7= &HF
: S10, T-N T-P K Ca Mg Na
7
(%) (g/kg) e
FNS
17.6 2.3 2.8 2.1 1.3 0.5 1.8
AU R
FNS
16.8 2.6 3.2 3.0 2.0 0.6 19
B =
&7 16.6 2.6 2.6 2.7 1.8 0.6 0.4

Table 4-80. 37 A EA(Z7]+) ¥7 & ek

%)+ Si0Os T-N T-P K Ca Mg Na
= 3z
(%) e (g/kg) e
FNS
ol = 9.0 2.9 4.7 11.7 3.0 1.1 15
FNS
p— 84 2.9 4.9 11.8 2.5 1.0 15
s /N
o) =+ 7.6 3.1 54 12.7 3.3 1.0 1.2
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Table 4-81. =&7] A=A (#e) 7]

) S10, T-N T-P K Ca Mg Na
m
(%) e (g/kg) e
FNS
9.6 34 5.8 2.3 1.7 0.5 1.3
TIH R
FNS
8.1 34 5.1 2.3 1.7 0.5 1.7
BN
&7 10.1 35 5.2 14 1.7 0.5 1.0

=
124 S5% g5e 4% A= Table 4-82.(%), Table 4-83.(7), Table

4-84.(&7]+9}), Table 4-85.(2]) 9} 2t} A Eo] &5 9 ol &= &2 o} A E9 A
thAbel AEH 9l F7)) 40 Fe, Mn, Zn, Cu, Mo, Co 5°] o9, B% HAXAEZA Zn
£ 107100ppm, Cu¥ 2720ppm A% i3t Atk Nio] 4§ A=A oA FNS v s
o} FNS EAHuE Ny Fueh dxFolA =4 vepg o, Helgu iz 2z

5 wolX& ergk

2) A2A F9E TS G9
FEH7] A B

E{o{n

Table 4-82. =57 A=A 55 &F

%L As Cd Cr Cu Fe Hg Ni Pb /n
———————————————————— (mg/kg) e
FNS
ND ND 1.3 ND 70.2 ND ND 3.7 20.4
TA¥E
FNS
ND ND 0.7 ND 68.3 ND 1.0 1.8 18.1
EdNE
o) 2 ND ND 1.3 ND 0.6 ND 0.0 0.3 19.4
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Table 4-83. &7 A &A(A) Ta5% T

As Cd Cr Cu Fe Hg Ni Pb /n
A
———————————————————— (mg/kg) e
FNS
ND ND 0.8 ND 82.9 ND 0.2 2.9 109
TelH R
FNS
ND ND 1.8 ND 184.9 ND 0.1 4.7 154
e

e ND ND 1.6 ND 154.3 0.0 ND 1.6 18.2

Table 4-84. 37] A E2A(£7+Y) 55 IF
As Cd Cr Cu Fe Hg Ni Pb 7n
Z7]+%
———————————————————— (mg/kg) e
FNS
ND ND 3.4 ND 340.6 ND 1.1 3.8 48.1
TRl &
FNS
ND ND 39 ND 398.7 ND 1.1 39 62.1
Bk %
o) &+ ND ND 3.3 ND 392.8 ND 1.2 1.3 595

Table 4-85. #&7] A EA (M) 5% T

As Cd Cr Cu Fe Hg Ni Pb 7n
2]
———————————————————— (mg/kg) T
FNS
4.2 3.3 4.3 20.5 211014 ND 5.5 1.8 57.3
Telv R
FNS

BN 3.0 2.1 4.0 228 28700.1 ND 6.8 1.2 49.8

IS 45 3.2 6.5 o024 34410.2 ND 9.0 2.1 79.6
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A 5 A A2YALSY L 7HE Pilot AlF 2 AJASE AF
1. v 23} Pilot Test
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HORIZONTAL TYPE

FHpmett

L i3

e rrr
= | i |
|
= o n .
SPECIFICATION
MODEL WCwWi350
CAP A 200~400kg
POWER 30 HP
JAR SIZE =350=2500L
FulL Slize (W=l x=H) 95031001400
Steel Ball 1.4 ton
{m?ggjaﬂ} Steel Bar 1.8 tan
Aumina Ball 740 kg
Lining {SS400) Bt
Lubrication Grease
Spring &6
Revolution speed 1150 pmymin
Weight {Media = 2]} 5.5 ton
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Fig. 5-7. Alzz <l Ad A
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2. MgO ¥ SiO; A% Pilot Test

Mg Aol HAst g4 2A dzYdseda o
& A7 g 5 MgO3| 534, TAZRE Si0.3]

(1) MgO &< #HH
- pHB.0° Al Mg9] loss§lo] thi&o H¢E
N

- NaOH = w3} d, &5 AFo=

(2) Si0; 34 #A<H
- AN Si0.96] 73 DEHA Fe, Mg, ALO;50] FEo2 A
= A

- NaOH #=34d4 % : NaOHZ =—C0, gas—SiO# A

o 234

......... dilute HCI
: THAL
NaOH 1 8 leeeeeenes NaoH
» ELE > ERAL
Az
MalH tﬂ- -------- CO2 gas
2 : Si02 & H
P LI Hot wate : dilute HCI
dilute HF+HCI
L]

a
.........................................................

SiO2¥| &

Mgo¥|+38

Fig. 5-11. 4 sA =
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. Si0; ¥ MgO #¢¥ Pilot A4
(1) 4 M=

AFstE 918 Mini scale 342 hdeta g3 DA QS HAZsRE A
7} FA L Batch typel & 743 sl T
"I N a— i o
p Al o fe o
pH|p~8
0 1 A
—_ —_— —_— el —"
Filtration %
FOHS0l gaeed 31| Al =) f: 27|
P E lé%%
.
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N
THES —_— — | FAASIO,)
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~— I
HLZ0| A =20
Fig. 5-12. Si02 & MgO ¥ Pilot HE%=
(2) 2A Ha
g F3HEm x 6.5m)dll M= Fde o] &3fo] HA Y AFE&s AATAY F2YE
detel o EA £AE mXstm, F5 L AE, A7), BEALES ARAT 55 A& v
TE flste] S WY steAAd e AA AT

T

_ Zw\jnﬂ:rf_f

Fig. 5-13.0l5 &3¢ E 29
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o, ar2<Ed 1o Si0, ¢
(1) Si0, ¢ 7id

2 EHE BTN AEE Geelnm Hge A4 Ex

A7) AL Abell &5 X @ar WA Ak 13k o dekal of o A dEE
2 M(NO3)n (M=Al, Mg, Fe, Ti, &) 3 o] Ailo] Exo] Qo of fde ALhe
3 e HEse R FARTE o|& e CaO H+= CalOH):E& F71=2 H7bste] 24k
o] F&5 AT o] FAHA &4 pH 24-& F3 MNOs)n =252 &3 =44
T (solubility products)gte]l 2 FAbsE IHdoz T & A g} offe] WA F

o,

EE dephdT

| Blast slag | = 4 | HNOs5, HC||

-
' N

| Solid
Liquid J £ Si0,

Ca0,Cal(OH)2 D

Ry pp—

o b

‘_\m’(

CalNO3)p, CaCly

Fig. 5-16. SiO: #2] 7id NMd =

da 4T3
of Alx # AERFAEY e Ao WS B oBaxgol AgvlE & o3 Fsd
Hhg-ol o= AXNZE Qox 12 FASHL T A FHd FEE Ao %iHy
of Atk

FeO+2HNO;—>Fe(NO3)2+H:20
A1203+6HN03—>2A1(N03)3+3H20
MgO+2HNO3->Mg(NO3)2+H20
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=
Y1 Si0; #EE st AREE AR AiiEom sAe] A-E ALks Ab&sdTh v
$7] &7]° 3kge =&Y HAF 15LE ¥ar, wg7] WHE-9 StirrerE 43I T2 3
AAA sdf 18t Abte] whgo] A&s] dojurE v g AZFS 209, 404, 607 110+
o2 3to] REH= Si00 ¢ EeEo RS FASNAY aRzesd st A whge
Aol nz whgx7o] FLdXgs vz 7]d B do] LAY £E7F 0CAHAE 4
Satt, wEka wkgvle WUE st E2AS wEA i AA wden MY whes 13
Al Aol A skl vt
g AYTtE €U kg 7R 9F 33736%AE IFHAT. Y AT FIE
S SREa gl7) wEel 71E AERAA FEES AXRATA AE2AFE SAHY Hol e
Wl o A¥ Az £2E 600C, AFALS 6080 7MY A Aoew eyt Ax
H Aevte At FAE G en, FIEe] U WA AR TWd Be 7Ee s
of WA o] FT7tEE & 7 AUt

Table 5-1. 7259} Al7te] & Faz

7FE 25 (T) Al ZHmin) AT (%)
200 60 6.0
400 60 8.9
600 60 11.7
800 60 12.8
1000 60 13.7
600 30 11.4
600 90 12.5
600 120 12.7
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cps/eV.

o] _

Ti

o —

Spectrum: number 188

Element Series

Carbon K-series
Silicon K-series
Titanium K-series
Aluminium K-series

Oxygen K-series

Total:

unn. C norm. C Atom. C Error

[wt.-%] [wt.-%]

5.28 6.
32.59 38.
1.35 1.
0.52 0.
44 .87 53.
84.61 100.

24

52

59

61

03

00

[at.-%] [5]
9.88 2.1
26.06 2.8
0.63 0.2
0.43 0.1
62.99 54.6

100.00

Fig. 5-20. 35¥ SiO29] EDS 44 3
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2t 7FEA FARE A (EAE) Ax

(D = Az 7id

=g (ratath o] Ak ik 1818d et 7184
Aol e offi= AxrE vl hdshr] wiEolvh il Al
U3 (Na2CO3) = S FE(K.CO0E A4de nlez &3 5 1,100~1,200Col A A &5 4]
A 7H&Ad A (M0 - xSi02)& L 2" FA =] w
2o

NasCOz + nSi02: — Na:0 - nSi0, + COZT

At

1= Ha

=x} 8 o

(cullet) 3 AL

oo o
ol

==

ot

e e

Fig. 5-22. A2]7}& &vth3(Na:COs)oll &3l ek i

= ohE e 1107160 Tl A S 7hslel AelgkE 7 At NaOH) ol &8sk Wyl
. 7t WrEEE o] gdle] Ayt mEHS ALY g9 AH gEistown Ew
(Si02/Naz0) 2.072.65 7149 Efd= Axd ¢ Jdon, vAdd AgtE ALEste] & 54
2 e Bogn Aze & gl
e g o4 =
, Ak
8 2} =
7HgAC)
Fig. 5-23. A&715 7 At (NaOH)oll &3l 3h+= ¥
FAAF oz o] g E FEA AFEE B EN(SiO/Na0)E A xdte] AEe] SRl wA
8| 3le] Algslne dure FA MY HAA A 9ste] FH-gHAu Ao EAS A
HEW, 3 HA BHE 7R S AlEE ] sk AElgkel At E oA &85
ol ux] Zw#o] Wl mEla 12 SFIAA LI HE E5E0 EAN
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(2) 7F87d kA (&) A=
A=A Rz FE 8 rabE S Alxsy] flste] wker] &7lel 3kgol E

e} @b 15LE Wi, whg7] o]
=

T H2S0;4 HCI
el = & Si 0 0.1
(%) Mg 57 98

Table 5-3. ZARe] A &4 (9l %)
SiOs MgO Al,Os Ca0 Fe Ni Cr
52.7 151 0.1 0.005 15 0.001 0.01
[ICP-OES]
287 FEES M AT NaO e &aghs Mo 784 HAa S Axsdct e
wo] wE Ayl FEEY FI&S Lol 93] 5N- NaOHE Axdte] Fde vn&
100g/L& &dska W22 30202 gty o] 24l ikt 7 avke] whg2 x7]5-
B AdstA wdste] vk deslofof s i ARl A of skl

2NaOH + 5102 + AH — Na25102 + H20
AH = -24.351 Kcal/mol(at 298K)
AH = -119.96 Kcal/mol(at 440K)

8o Hi=nke} 7o) 5N- NaOHE Az 3lo] 3 ef o
[e]

5
o 3R HUe A% HELEI} 0T o4 u SaLe 80% FEo
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v NaOH F = o He7t dEEe] &ales AT 7H
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Fig. 5-28. A &ol Ag3 gtat <3
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Table 5-4. A9l FEF 1At 2 Mg 33H& v =

| AL HED Hl = = Sl A == Hl &
o 7eM IE 2 .
B IO (MMNBMPE NISTMIEHE | Ha ¢§§ TE o = | 10kg imagnesium sulfate
@A IC00dE | OPdEd A M IEH R sEHd IE 18 kg OO =& D E
= TE2d B4 005 So, T2, B HIER, O]
E ~t =) Of AF iTEE =L EL, DL, O, ’ f
FAFCO dExs 0224 SEHHE | M & SeS OHTE [ 15 S00md. 2| &M 272, CalMg
. = TE2d B4 Q5 S0 5%, Mg 4 5% Fe &%
iy E= T gl (TES FL » Mg . .
HEHH T Si-Best (0254 BERHIE ¢ 3 Q7O 3ka Ca0 2.5%, 7n 2 T, K20 7%
TE2d oE 1R
T4E 28H 2 =24 72 1%
B o002 (0] A8 A 'ﬁ';s'xl_'tllﬂ a2 B qomt (S0l =2 M A 15, 010 &
= = =24 =280
0 00s
£ 2 =24 dHO
M EZas gotd  TI4E EEHIE Wi So0mé | ZHE T
X g EH oA P :
T adzE R et TEE B4 01 orhosilcic acid 2 %
A Eh= FHE (SILAM OL) 022 SEHIE M B 1% 100me (2 EE A S OHM
g OLh 1%
=l | A —=8d Ji2] 1w
;;Mm CEEIOD (HAE SEHE o ioeE M 24 Q0 (S0l A 1T
S cE24d dH0
00
g P 1%
T4 =8H 2 =84 J2] 1%
keH O 2w AN Lo ha) Wt B S Q0B (500 | FA 184, DA 1%, JH2] 1%
= = =84 Z2|EH
0 m0sss
adlo-=2
B KOREA ASCOME  { SILIPA- EH B00g |7 &S SI0Z S TR
GEL)
SIS, KI5, MgOES, S
= . . 0 0%
HOM A AT o L .
Lt oot LI #AM O3 AEAZ T W S00me M 0065, F 1,67%, P 0 (2%, B
[ =14
U gu TsE2d A 007
Aoy (Humic— (0|224 SEHIE: Yo =22 01H 00 | Skg
Silicic acid) s s ams
01z &=
; ;}EE' w2 24 Q0B
A IEA H=l al kb A q
A nﬁ {A.grﬂ_sili[:iﬂ E”-: = Hl.ﬁ. =Ho EEE g}: ?;fn": Skg
ﬂ.[:id} =0 i}
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Table 5-5. B oAdH] A AFF R o4 59(1/8)

al

No. Description & Specification Q'ty Size Unit Price Amount

1 | 283 Inlet Buncker 1Set | 2000x2000x1600H 6,800,000 6,800,000
- Material 55400x4.5t
— Type Square
- Volume 5
— Frame H-Beam 200x200
— Finish Painting

2 | Belt Conveyor 1Set 1000Wx15000L 22,000,000 22,000,000
— Material 55400
- Maotor 5.6kwx4Px1/30
- Belt 1000Wx35ML
- Speed/Rpm 30M/Min,30rpm
- Drumn Coating Rubber
= Drumn Tail/Head 300A
- AHelol Zet 50A
-2 get 50A

- Frame/& Xt/ 4,515 Cover

- HOIE Ameb2l Hol

= Driving Unit Chain Sprocket 100#
- Base Plate & Guide 58400
3 |Rotary Dryer 1Set ®1940x15000L 310,000,000 310,000,000
- Material SUS304x12t
- Size ®1940x150001L
- £ 4§ = Hood SUS304
~ Tire Ring SeMnCr3
= Support Roller S45C
— Side Roller S45C
- Burner 1EA (North American)
15082 Keal Burner Unit
- Frame H-Beam 250x250
- Power 11.25Kw(Inverter Con.)
- Control PID Control
4 | Cyclone % Duct 1Set ®1500x4950H 32,000,000 32,000,000
- Size $1500x4950H
- Material SUS304x6t
- &g 200m /Min
- Rotary Valve(Air Lock) 2004
- Motor 0.75Kwx4Px1/30
- Duct SUS304/®450
Sub Total 370,800,000
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Table 5-6. Z LAY A AFF 2 o F4(2/8)
No. Description & Specification Q'ty Size Unit Price Amount
5 | Dust Collector 1Set 300CMM 86,000,000 86,000,000
— Material 55400/6t
— Filter Material Polyester
— Filter Area 300 m?
— Bag Size 156 x 3,200(L)
— Bag Q'ty 99 EA
- Type Air Pulse Jet
— Turbo Fan Volume 300 mga’m_iﬂ
= Vacuum Max 300 mmaAg
- Power 50 HP x 4p
Suction Size $300,¢150,¢100
Stack $400
Material SGP
Dam per $200
Screw Conveyor 2004
Rotary Valve 2004,
6 | Rotary Screen 1Set 15Ton/Hr 28,000,000 28,000,000
Material 55400/6t
= Size 2000x30001
= lype Rotary
= Inclined Angle 150
— Sereen(SUS304) 5mm
—_Ou_tlel Ch_ute 88400,34_51
— Frame Square 100x100
7 | Belt Conveyor 1Set 1000Wx10000L 15,000,000 15,000,000
— Malerial S5400
- Motor 3. Thwx4Px1/30
- Belt 1000Wx25ML
Speed/Rpm 30M/Min,30rpm
Drum Coalting Rubber
Drumn Tail/Head 3004
Hel =el 50A
clE 2el 504

Frame/& A M/ & 5HE Cover

MO Az=ep3l Hal

= Driving Unit

Chain Sprocket 1 00#

Base Plate & Guide

55400

Sub Total

129,000,000 |
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Table 5-7. DL AN AbA] A}k

No. Description & Specification Q'ty Size Unit Price Amount
8 | Belt Conveyor 1Set 1000Wx5000L 8,000,000 | 8,000,000
— Material 55400
- Motor 2. ZkwxAPx1/30
- Belt 1000Wx 15ML
Speed/Rpm B0M/Min,30rpm
Drum Coaling Rubber
- Drum Tail/Head 300A
- Aelo Eet 504
-2l ek 504
- Frame/& XA/ 8,5t Cover
HOE A=l 3ol
Driving Unit Chain Sprocket BO#
Base Plate & Guide S5400
9 | Bucket Elevator 1Set | 600WxB800Lx13000H 22,000,000 22,000,000
- Size 600x800x 13000H
= Capacity 16Ton/Hr
Material 88400
Iype Chain
- Motor 11.25Kwx4P
- Casing S5400/4.5t
— Head % Casing SS400/9t
— Bucket 85400/3.2t
Driving Unit Chain Sprocket 100#
Base Plate & Guide 58400
Finish Painting
10 | Silo(HEE HE) 1Set ®2200x3600H 24,000,000 24,000,000
— Size G©2200x3600H
- Material S5400
[ype Round
Vessel Volume 12nm
- Vessel Total Weight 5Ton
— Vessel Plate 6t
= Fiing Girder 121
— Slide Gate 300A
— Rotary Valve 3004
Vibrator 0.4Kw-2EA
Finish Painting
Sub Total 54,000,000
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Table 5-8. ZoAH] A AFF B % F(4/8)
No. Description & Specification Q'ty Size Unit Price Amount
11 | Screw Conveyor{& /%) 1Set 350Ax6000L 5,200,000 5,200,000
- Size 350Ax6000L
— Capacity 15Ton/Hr
Type Pipe
Malerial S5400x6t
— Power{Inverter Con.} SHpx4Px1/30
= Housing SGP Pipe
Shaft 545C
Screw S5400x6t
= Driving Unit Chain Sprocket
— Bearing SN510
Finish Painting
12 | Hopper(T &Y 5£¢l) 2Set | 2220x1000x1800H 4,700,000 9,400,000
- Size 2200x1000x1800H
Material S53400x4.5t
Type Square
- Volume 1.5
- Frame H-Beam 150x150
]—ini_sf_j Painting
13 | &S S8 Screw Conveyor 4Set 250Ax1600L 3,800,000 15,200,000
— Size 250Ax1600L
= Capacity 4Ton/Hr
Type Pipe
~ Material SS400x61
— Power 3Hpx4Px1/30
- Housing SGFP Pipe
Shaft . 545C
— Screw S3400x6t
— Driving Unit Chain Sprocket
~ Bearing UCFC212
Finish Painting
14 | @S2 (+=EE) 2Set ©650-H 152,000,000 304,000,000
- Capacity 5~6 Tan/hr
Driving Motor 112Kwx6Px1Ea
Bearing 22326C-3
— Driving Unit Universal Joint
- Bearing Housing b !
lubricﬁtion . (ireasé lype
HEATY $30
Sub Total 333,800,000
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Table 5-9. & 240 A4 A}k AN T (5/8)
No. Description & Specification Q'ty Size Unit Price Amount
- sz 551
- Frame H-BEAM 250
Shaft SCMAZ
= 'é.’!. Jacket Type
15 | #=S2 Madia(Ball) 20Ton 1/2" 29,000,000 58,000,000
- Size ®12.7 / Ball
Material S45C
16 | Cooling Tower & Pipe Line 1Set 40RT 5,200,000 5,200,000
- 2 E 40RT
=43 3w
— =& Pump 2Hp
Rl ks 50A
— Valvet 50A/20A/1 54
Hl| & Pipe W2 Glass Wool 40t
17 | &S HiE Screw Conveyor 28et 300Ax4500L 4,300,000 8,600,000
- Size 300Ax4500L
- Capacity BTon/Hr
Type Pipe
- Material SS400x6t
Power 3Hpx4Px1/30
- Housing SGP Pipe
shaft 5450
— Screw S5400x6t
Driving Unit Chain Sprocket
= Bearing UCFC212
Finish Painting
18 | =% b= Screw Conveyor 15et 400Ax6000L 5,800,000 5,800,000
Size ' ' 400AXB000L '
— Capacity 15Ton/Hr
Type Pipe
- Material S5400x6t
Power S5Hpx4Px1/30
- Housing SGP Pipe
Shaft 5450
— Screw S5400x61
Driving Unit Chain Sprocket
- Bearing UCFC214
= Finigh Painting
Sub Total 77,600,000
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Table 5-10. A1) AFA] ALk

=1

N

o = (6/8)

No. Description & Specification Q'ty Size Unit Price Amount
19 | Bucket Elevator 1Set | 600Wx800Lx11000H 18,700,000 18,700,000
Size 600x800x1 1000H
Cépacity 1 bTon!f Ir
— Material 55400
— Type Chain
— Motor 11.25Kwx4pP
- Casing SS400/4.5t
Head % Casing 88400/8t
Bucket $5400/3.2t
Driving Unit Chain Sprockel 100#
— Base Plale & Guide 58400
— Finish Painting
20 | Silo(ZHE &) 1Set @2200x3600H 24,000,000 24,000,000
Size G2200x3600H
Material 55400
Type Round
— Vessel Volurme 1207
— Vessel Total Weight 5Ton
— Vessel Plate 6t
— Ring Girder 12t
S__Iide Gate 300!-\_
Rotary Valve 300A
Vibrator 0.4Kw-2EA
- Finish Painting
21 | Vibrating Screen 1Set | 1000Wx3100x2500H 23,000,000 23,000,000
- Material S5400/6t
Size 1000x31 00x2500H
Type Vibratory
Trough Size 100x3100x2500
= Trough Type opened
— Vibration Method Resonance Balance
— Inclined Angle 0%
= Qutlet Chute S55400/4.5t
. Coi! Sp_ring_ 1_61 4EA
Screen(SUS304) 30Mesh/100Mmsh(2-Deck)
22 | Sub Hopper(ZZ&}) 2Set @1000x1200H 4,500,000 9,000,000
— Malerial S55400x4.51
— Size @©1000 x 1200H
- Type Round
Volume 1000Liter
Sub Total 74,700,000
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Table 5-11. DoAY A A1F 2 ol 59(7/8)
No. Description & Specification Q'ty Size Unit Price Amount
Finish Sand Blating & Painting
23 | Ton Bag Scale 2Set 1 Ton 5,000,000 10,000,000
Weli;_,]hing_ Range 1000Kg
= S_ensilivil_y_* Weighing 1M1 000_
- Mechanism Load Cell Type
— Operator 1 person
— Measuring Digital Indicalor
= _I—il_IiE;h . . Pa_inlin_g
24 | Dust Collector 1Set 150CMM 52,000,000 52,000,000
— Material SS400/61
— Filter Material Polyester
~ Filter Area 150 m?
- Bag Size @156 x 2800(1)
Bag Q'ty 110 EA
Type Air Pulse Jet
Turbo Fan Volume 150 m?/min
Vacuum Max 300 mmAqg
Powder 20 HP % 4p
Suction Size $300,$150, 4100
Stack $400
Material SGP
Damper $200
25 | Structure ® +E=E 14 43,000,000 43,000,000
- CVM F¢ Silo ¥ 2127, MEdel =& 8l th)
— AR . H-Bearm 300x300x10x15
H-Beamd00x200x8x13 .
H-Beam200x200x8x12
Channel 200x80x7 .5x11 |
Plate 5'x20'x3.21
Check plate 4'x8'x3.2t .
Pipa 32A/25A
Round Bar ¢12
Plate Bar 75x6t
Plate Bar 50x4.5t
26 | ®J| Control Panel & &2 At 14 MMI 146,500,000 146,500,000
Material 55400
MCC Panel 34 1300x450x2200H
MCC Panel 14 900x450x2200H
Control 14 M|
Sub Total 251,500,000
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Table 5-12. A1) AFA] ALk

=1

N

o = (8/8)

No.

Description & Specification

Size

Unit Price

Amount

— Local Panel

54 400x600x400

27

— PLC(A| 2l A-57)
— Inverter(l S)

— Indicator(CAS)
— Load Cell{CAS)
- Al &E A (LS)

— Cable(LS =& 34)

A 2 AR EFEH )
- A elziu] 2 FAY
Aulu|

14

84,000,000

84,000,000

1]
P 2| B (1.95%)

>

FAY S 2 (3.4%)

ZH Ay

32 ol 2 gy

28

7Igjol &

10%

137,540,000

137,540,000

Sub Total

221,540,000

SHANE TOTAL
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t}. Si0; 2 MgO ¢

(1) Av] A=A

BodAgollA HES ARl FAEA Y, e A, BEESA] 2 fFE Y
A T2 ALt dES s AvE S8 91008 XA SiO: 308 % MgO 1
= A VIEe® sl

Table 5-13. B oAY] o4&z 2 =

dH|Es o] 222 [M"or ton] oif & =4
=2 2| 5 100,000,000
14 H&x 20 25,000,000
13HE & 2l § feeding system 20,000,000
filtter press 1 100,000,000
HE=2 3 30,000,000
ZHAHE&EE 30 35,000,000
2l | feeding system 20,000,000
filter press 1 100,000,000
Sio2EHZ 30 36,000,000
filker press 2 150,000,000
2l 8 feeding system 20,000,000
SiI028| =23 TXF AhM 2 30 35,000,000
filtter press 150,000,000
HEE 30,000,000
milling 30,000,000
2xF MMl E 10 15,000,000
filker press 1 100,000,000
HAEE 3 30,000,000
14 aAdE 30 35,000,000
filker press 2 180,000,000
2 a3 E 30 30,000,000
MgOE| =24 filker press 1 100,000,000
AxE 3 30,000,000
bl 3 100,000,000
milling 3 30,000,000
ZIE} i 2+ 7| Ebd ) 500,000,000
TOTAL 2,000,000,000
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(2) AL Mg A

Table 5-14. Ak &

Meed B+t =4 portion
== HCl 1E0ton 114000400 17,100,000
2E%MNaCH 2E0ton 200000400 0,000,000
S HCI 100on 114,000/t0n 1,140,000
SI02F| 5=
2l 2 H| HF 2000L 4,000/ 2,000,000 815
CO2 gas 25,000L 2,000/ 50,000,000
bgOE| = 2E%MadH 200ton 200,000/40n0 40,000,000
2| 166,240,000
heater BOKw* AP =8 A ZH20H =38, 400Kw
agitator motor 10K T2 =124 ZH202 =16, 800Kw
= filker press Elw+B7H =24 ZH20Y =1, 200kKw S0/Kw 7 008,000
Utility A== S0Kw=A7H=8A| TH20Y =19, 200Kw 39
SR BOKw+ 17] =8 A| ZH20H =8, 000Kw
milling 2ERw 27 =AM 220" =4, 000Kw
= e 1,000ton 1,000/40n 1,000,000
2 A 8,008,000
HHE &
filter press
Ax=E 169 /10W /1274 12,500,000
2t7parzt A2 8.2
milling
7| Efgd| 3o B /104 /1200 & 4,166,000
| 16,666,000
=l =) 1,600,000,H 9,000,000 4.4
2= 1.000% 0.0
o] 5=7 2] H| 2,000ton 2,00040n 4,000,000 2.0
TOTAL 203,914,000
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Table 4-1. 917 53 GA®
aTAge] BE | o A7AL Ne 2L 4HE
- ol stEby R B4 2 ke HRAE 24 e
- a9 HVE 2@ ESeY VFE flEE HA 9=
) HEyAzga - A4 bE 2AGE, 3, AGan 27) 7% 59
g AT AE AL | 00| - aBwel 9@ Ay a7 BNEE A% 98
- Pilot A2} & Test &=
- 3date 9e R ATy L ue A 9w
A e wa BN 2 BY A g
SR Lol ERE b NEAE 24 0 9
2) Efula Al - AAA Akl mE Zel B4 Wsl B aE
2706 RAE AT 00 | - anEd o BRARR AZE 39
- AR EopglE B4 24
- AET  SEUASE T Bk 2(ENS BN R)
- MRS B4 B REA AR 24 98
3) el Az - A B4 24 2 Az 3 8
AR A2 | % - gza oz ge 24 aw
- AFEH  AEYAEY T A EENS 7AHR)
- AbEote] 8% 54 A e
- ZbE KR, QA B el g AR AE AW 9B
Y IE AR 2e -zl W2 4R AE av uu 9E
9 onE uE AR | 07 | ae od g AR B 0 A4 s
- WEE MgOe] 54 24 98
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— okl o)@ RAF AR Hel B4 AY o
- Bas A EX HA 9lg
5) T A% Ee _ fcrz; go: vl W sw BA 9w
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- 3date 99 HF ATy L ue AE 9w
 AE  slRU A A AR SENS A TR )
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sl A AF Sw (8)
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(329} bol] Wi A=A - Pot AF)
- FNS E47/0%F, FNS fFelu]ze] Aju) Algd o=

(Hell gt AFA ] 54 -Pot A1)
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O =4 MgCl; &

oF

World Consumption of Magnesinm Chloride—2006

(thousands of metric tons, 100%0 MN2Cl)
Central Adrica/ Other
North and South Aliddle Asial
America America Eurape CIs East Japan China  Oceania  Total
Magnesium Production 411 24 0 262 110 0 1,920 ] 2727
Dust Binding 117.5 0.5 32 3 3 20 3 3 134
Thawing Dercing Agent 135 - 20 2 - - - -- 157
Sorel Cement - - 23 2 - 20 35 L5 93
Food Pharmaceutical - 0.6 - 15 4 1 0.6
Sugar Industry - 4 4
Anmmnal Fead - 4 4
Texhles 4 -- = - - - - 4
Other 15.5 9 14 . . 10 1 Al 55.5
Total 686 34.1 a7 270 114 65 1.965 20 3,251
O =4 Mg(OH): &%
World Consumption of Magnesium Hydroxide—2006
ithousands of metric tons, 100% Mg[OH].)
Central Europe, CIS Other
North and South Africa, Asia/
America  America Middle East Japan China  Oceania Tatal
Flue GasWastewater Treatment 142 0 150 350 na na 642
Magnesia Clinker - - - 167 ua na 167
Flame Retardant 23 0 12 13 i ] na 48
Chenucals is 1] 5 - na na 40
Pharmaceuticals 1% 0.5 E] - na na 21.5
Fertilizer - - - 15 ua na 15
Pulp and Paper 13 1] = - na na 13
Other 10 1] 3 29 na na 42
O =4 MgO &%
World Supplyv/Demand for Magnesium Oxide—2006
(thousands of metric tons)
Central Africa/ Other
North  and South Middle Asia/
America America Europe CIs East Japan China  Oceania Total
Annual Capacity® 447 378 1.603 1.120 557 300 3,300 &00 8.305
Production 31 277 1,125 540 380 128 27954 550 6,365
Imports 732 105 933 854 80 606 13 755 4,143
Exports 85 38 347 993 190 54 2,077 286 4,126
Net Trade -547 =17 =636 144 110 =552 2,049 -369 -18
Apparent Consumption® 958 294 1,761 696 196 627 705 1.019 6,256
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1. AW A o A

o

O Fumed Silica®] 74-¢ WF-& &9 Fo7F Wz F7istal Sl AoR yesks, A%
BAAE S Fumed Silica 72+ &5 5d A= 10% Wele] St A9 AAAE A2

oz nkEhral QlE.

O Fused H#]7}e] 4% FuUldAEe] o= o & EMC £oF 871 74 Ag7)
S UE AFos fAE AR diaE. I AYdRA KCC ¥ W F8 EMC B4 A 9
ANARAE-Eo] AAZ =24 AFEo Hela 9= 2AAHolola] ko7 EMCE Fused Silica &

= owEA Fad A,

o =

AN —

lid

O et LCD 49 718 5 242 A=Y o]& Fused Silica FL£7F W24 &1 ¢lo] Awt3A

©. % Fused Silica F 8= & el AAE 7HoAe] & Aoz A &

O A Fumed Silica =3

Supply/Demand for Fumed Silica by Major Region—2004
(thousands of metric tons, 100% Si0,)
United Western
States Eurape Japan
Capacity 50 83 27
Operating Rate (percent) 75 13 78
Production 37 61 21
Net Exports -4 1 3
Apparent Consumption 41 M 1§

O A Fused Silica =3

Supply/Demand for Fused Silica by Major Region—2004
(thousands of metric tons, 100% 5i04)

United Western

States Europe Japan
Capacity 13 60 )
Operatng Rate (percent) 72 15 a
Production 54 45 69
Net Exports 12 Tia )
Apparent Consumphon 42 45 60
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O AA AA List

O Fumed Silica

—. USA

American Silicon Technologies
(Rock Island, WA)

Cabot Corporation (Midland, MI)
(Tuscola, IL)

Degussa Corporation (Theodore, AL)
(Waterford, NY)

General Electric Company
(Waterford, NY)

—. Belgium
Degussa Antwerpen NV (Antwerpen)

—. France
Aerosil France SARL (Degussa)
(Roussillon)

—. Germany

Cabot GmbH, Werk Rheinfelden
(Rheinfelden)

Degussa AG

(Leverkusen)

(Rheinfelden)

Wacker—Chemie GmbH
(Burghausen)

—. United Kingdom
Cabot Carbon Ltd. (Barry)

—. Japan

Nippon Aerosil Co., Ltd.a
(Yokkaichi, Mie Prefecture)
Tokuyama Corp.

(Tokuyama, Yamaguchi Prefecture)

—. China

Guangzhou GBS-High Tech & Industry Co.,
Ltd.

(Guangzhou, Guangdong)

Shenyang Chemical Co., Ltd.

(Shenyang, Liaoning)

—. India

Aamaan Industries (Unspecified)
Cabot Sanmar Limiteda (Unspecified)
Chemplast Sanmar Ltd.

(Mettur Dam, Tamil Nadu)
Dineshchandra Industries

(Dombivli, Maharashtra)

Gayatri Silchem (P) Ltd.
(Sabarkantha Dist., Gujarat)

G. Chemie (Dombivli, Maharashtra)

—. Thailand
Thai Aerosil Company Ltd.b
(Map Ta Phut)

O Fused Silica

—. USA

C—-E Minerals, Inc.

(Greeneville, TN)

Corning Incorporated (Canton, NY)
Charleston, SC (MINCO Inc)
(Midway, TN)

Precision Electro Minerals Co.
(Niagara Falls, NY)

—. Austria
Sico Technology GmbH
(Bad Bleiberg)

—. France
Vesuvius France
(Feignies)

—. Germany
Didier-Werke (Wiesbaden)
Frank and Schulte GmbH (Unspecified)

—. United Kingdomc
Saint—Gobain Quartz PLC
(Newcastle—upon-Tyne)
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cosy ASASMBOSHE BAHE [ BAGY : BIE | SAMAT(SEAEE) : ADL
B SAHS : ASASAMSOSHE - 145 S B A 3 Y :2011.02.24
By g:FaA
B S EUQASE A2 EX
1. ABUE
ANZ NS $2011-0310 Haws | S11-0065 | LYK 2011.01.14
A H o R ESEg] Al H ol 285t N 6/3-E=1
A AME S 308 THERA | HY =8A A =T2| 527-2
2. EUQASE AANZ D
2 2 Al 8 8 =2 EUQULHIF(1XH) 2 A 2 Dt (mg/kg)
1. 3IE8(Cd) 4 1.60
2. 2l(cu) 150 20.36
3. HIA(As) 25 6.35
4, £2(Hg) 4 EAE
5. <(Pb) 200 16.27
EYQASE
6. 67t (Cr®) 5 1.30
7. Otel(Zn) 300 81.17
8. LIZ(Ni) 100 24.48
9. AI2H(CN') 2 HEtALE 22
10. 8Jl9! 10 BHEHALE gl
BoF = B 0 g = s
2 20| ESSALHY AIBIR HI6E(ZAMZUC SE2) Y SEXESH NG .24 &

ZEAZAE MBES RB0 ©Iot0] ELHMNZUE
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