Characterization method of Limestone according to the Formation Age on manufacturing process of aragonite precipitated calcium carbonate
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Abstract

Korea has about 68 hundreds million tons of limestone's reserves. Still, high-Ca2+ limestone containing more than 52% calcium oxide makes up for about 12% only; hence the need for securing and effectively developing limestone. The best solution is to manufacture precipitated calcium carbonate (PCC). The synthesis of PCC using high-Ca2+ limestone has several advantages including the efficient development of resources and easing the import dependence on PCC. The first step is the selection of suitable limestone for the synthesis of PCC. In this study, formation age was decided as the primary key point, with its effect on calcination, hydration, and synthesis of aragonite investigated. Results showed that the yield of aragonite increased when newer limestone was used. On the other hand, neither the activity and bulk density of quicklime nor the particle size of aragonite was affected by the formation age, although special values were registered following each formation age. Moreover, the bulk density of quicklime and particle size of aragonite tended to increase with decreasing activity. This result is different from that of the other experiment. Therefore, a suitable method for measuring the activity of quicklime for use in the manufacture of PCC must be established.
Introduction
PCC manufactured from high-quality limestone is used as a raw material in the paper, paint, rubber, and plastic industries, among others [1, 2]. Therefore, the development of the PCC manufacturing process enables the efficient use of limestone. The first step is securing suitable limestone for PCC production. Currently, many researchers are conducting studies on the classification of limestone. Limestone chiefly contains CaCO3, with impurities such as MgO, Fe2O3, Al2O3, and SiO2. Thus, the main factor for classification is CaO content. 
Note, however, that limestone has many classification factors including formation age, fineness, size of crystal particles, region characteristics, etc. [3]. Thus, when limestone is classified by chemical composition only, the final products do not have a distinct characteristic [4]. Two possibilities can be considered: (1) limestone with the same chemical composition may vary in terms of formation age by more than 500 million years, and; (2) limestone with similar formation age may have similar characteristics. 
Therefore, this study investigated the effect of formation age on the manufacturing process of aragonite PCC. Based on the result, the possibility of classifying limestone by formation age was confirmed.

Experiment

<Fig. 1> shows the chemical compositions of the limestone used in this study. Limestone was crushed and screened between 20 ㎜ and 35㎜, and then calcined at 1,000℃ for 2 hours. Quicklime (CaO) obtained through calcination was transferred to the hydration reactor. Activity was measured based on the method specified in ASTM C 110-02a, although the total hydration time was 30 minutes. To remove water, the hydration product (calcium hydroxide, Ca(OH)2) was washed and filtered with ethanol. To lock in ethanol, a small amount of calcium hydroxide was added; the residues were then dried at 80℃. PCC was synthesized under the same optimum conditions for synthesizing single-phase aragonite PCC in the solution process [5].
Results and Discussion

The activity of quicklime obtained through calcination was evaluated based on the method specified in ASTM C 110-02a. Since this study used soft-burned lime, however, only the variation of temperature for 30 minutes was measured. <Fig. 2> shows the activity of quicklime as a function of the formation age of limestone. More activity was noted when newer limestone was used.
	Sample
	Al2O3
	CaO
	Fe2O3
	K2O
	MgO
	MnO
	Na2O
	P2O5
	SiO2
	TiO2
	L.O.I.

	CE
	0.30
	55.24
	0.11
	<0.01
	0.45
	0.01
	0.02
	<0.01
	0.85
	0.01
	42.60

	ME-1
	0.06
	54.59
	<0.01
	0.02
	0.43
	<0.01
	0.02
	<0.01
	0.38
	<0.01
	43.90

	ME-2
	0.07
	55.81
	0.05
	<0.01
	0.46
	0.01
	<0.01
	0.01
	0.13
	<0.01
	43.72

	ME-3
	<0.01
	54.55
	<0.01
	0.01
	0.41
	0.00
	0.03
	<0.01
	0.23
	<0.01
	44.02

	LP-1
	0.22
	53.53
	0.12
	0.02
	0.19
	<0.01
	0.01
	0.02
	2.78
	0.02
	42.72

	LP-2
	0.04
	54.72
	<0.01
	0.02
	0.49
	0.02
	0.03
	<0.01
	0.31
	<0.01
	43.53

	LP-3
	<0.01
	55.00
	<0.01
	0.01
	0.26
	0.01
	0.03
	<0.01
	0.21
	<0.01
	43.56

	LP-4
	0.27
	52.19
	0.20
	0.03
	0.37
	0.02
	0.01
	0.01
	4.17
	0.02
	42.34

	LP-5
	0.38
	53.70
	0.23
	0.07
	0.34
	<0.01
	0.02
	<0.01
	2.22
	0.02
	42.87

	LP-6
	0.01
	55.01
	<0.01
	0.01
	0.26
	0.01
	0.02
	<0.01
	0.25
	<0.01
	43.61

	EP-1
	0.01
	51.97
	0.04
	0.01
	0.25
	0.02
	0.02
	<0.01
	6.02
	<0.01
	41.25

	EP-2
	0.89
	51.51
	0.29
	0.32
	1.43
	<0.01
	<0.01
	0.02
	3.04
	0.05
	42.35

	EP-3
	1.07
	49.47
	0.34
	0.46
	1.45
	<0.01
	0.01
	0.02
	6.27
	0.05
	40.93


Fig. 1. Chemical composition of limestones                               [unit : wt.%]
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Fig. 2. Activity of quicklime as a function of the formation age of limestone


[image: image2.wmf]0

1x10

8

2x10

8

3x10

8

4x10

8

5x10

8

6x10

8

100

150

200

250

300

350

400

450

 

 

Particle size [

m

m]

Formation age [years ago]

 

Calcium Hydroxide (Poor Mg groub)

 

Calcium Hydroxide (Rich Mg groub)


─────────────────────────────────────
Fig. 3. Particle size of calcium hydroxide as a function of the formation age of limestone
The particle size of calcium hydroxide obtained by hydration was measured using a particle size analyzer (Otsuka Electronics, ELS-8000). <Fig. 3> shows the particle size of calcium hydroxide depending on the formation age of limestone. Results showed that the particle size of calcium hydroxide was affected by the formation age and Mg content of limestone. In particular, the particle size of calcium hydroxide increased when limestone rich in Mg was used; ditto when newer limestone was used. Likewise, activity and hydration temperature increased when newer limestone was used (<Fig. 2>). The crystal of calcium hydroxide grew for 30 minutes (experimental condition in this study). Note that crystal growth was faster at high temperature compared to low temperature. Thus, the last limestone that appeared at higher temperature can have larger particle size. 
PCC was synthesized from calcium hydroxide. Synthesis was carried out under the same optimum condition for synthesizing aragonite PCC in the solution process [5]. <Fig. 4> shows the formation yield of aragonite and calcite PCC according to the formation age of limestone. When the last limestone was used, the formation yield of aragonite increased. One of the calcites decreased, however. Larger calcium hydroxide was obtained when newer limestone was used. In other words, calcium hydroxide with smaller specific surface area was acquired. In particular, small specific surface area reduced supersaturation in solution; thus serving as remunerative terms for crystal growth. Therefore, the use of newer limestone enabled the more productive synthesis of aragonite compared to calcite [5]. 
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Fig. 4. Formation yield of aragonite and calcite PCC as a function of the formation age of limestone
Since the formation age of each limestone is grouped into four by reference, it was difficult to create smooth graphs particularly for the Paleozoic era. Nonetheless, the formation yield of PCC can be said to exhibit a tendency to be influenced by the formation age of limestone considering the activity and particle size of calcium hydroxide.

Conclusions

In this study, limestone was grouped into four by formation age; the effect of formation age on the manufacturing process of aragonite PCC was also investigated. Results showed that the use of newer limestone resulted in more activity of quicklime and larger calcium hydroxide. Moreover, the formation yield of aragonite PCC improved with newer limestone. These results confirmed the classification possibility of limestone. Therefore, more studies on the relationship between formation age and PCC particularly the formation age of limestone must be conducted.
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