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ABSTRACT

Quicklime(CaO) is generally obtained through the calcination of limestone, the main component of which is calcium carbon-

ate(CaCO
3
). Quicklime generates high-temperature heat when reacting with water, forming slaked lime(Ca(OH)

2
). The industrial

sectors for limestone are determined by the hydraulic activity of slaked lime, which is obtained by measuring temperature

changes during the hydration reaction. Accordingly, this study examined the different crystallographic characteristics of lime-

stone as affected by the geological origins of the regions where the limestones were produced, and how these characteristics

affected hydraulic activity. Six limestone samples were collected from the Jecheon and Cheongsong areas and the hydraulic activ-

ities were measured in accordance with KS E 3077. The results indicate that limestone produced in the Cheongsong area, recrys-

tallized through metamorphism caused by hydrothermal alteration, hada larger grain size of calcite than that of the Jecheon

area, and displays a tendency of changing to marble. Limestone from the Cheonsong area showed more radical reaction in the

early stage of hydration compared to that ofthe Jecheon area. In addition, it was revealed that limestone having more impurities

like SiO
2
 have lower hydraulic activity. 
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I. Introduction

eserves of limestone, which is mainly composed of

CaCO
3,
 equal 8.1 billion tons in South Korea, but the

volume of high-grade limestone with at least 52 wt% CaO

only accounts for 12 percent of the total deposits.1) Despite

the small amount of high-grade limestone deposits, the

cement industry accounts for almost 75 percent of the total

domestic demand for limestone and research is actively

being conducted to create high added value limestone and

on its effective use.2)

Limestone is decarbonated after calcination and turns

into quicklime(CaO). This product reacts with water to pro-

duce slaked lime (Ca(OH)
2
), and the temperature changes

during this hydration reaction are measured to calculate

the hydraulic activity of quicklime. The hydraulic activity

varies according to the calcination temperature. Quicklime

created through hard burning has smaller specific surface

area than that created through soft burning, and is often

used for steel manufacture due to its low hydraulic activity.

Meanwhile, quicklime created through soft burning, featur-

ing large specific surface area and high hydraulic activity, is

frequently used for chemical uses or for compounding pre-

cipitated calcium carbonate (PCC).3)  The hydraulic activity

of quicklime produced from limestone is a crucial factor in

determining the industrial applications and sectorsfor lime-

stone. Therefore, this study examines the geological back-

ground of the regions where limestone depositsare found.

Furthermore we analyze whether the regional properties

affect the crystals of limestone and how they have an impact

on the hydraulic activity of calcium oxide.

Limestone is a carbonate sedimentary rock that is sensi-

tive to diagenetic alteration. It is obtained in a developable

form due to the influence of the secondary diagenetic alter-

ation or metamorphism. Due to the influence of the second-

ary diagenetic alteration or metamorphism, the mineralogical

characteristics and chemical composition of limestone vary

in different regions.4)  The limestone deposits in Korea con-

sist of the Great Limestone Series of the Joseon System in

the Paleozoic era, the Hongjum Series and the Gabsan for-

mation of the Carboniferous Period of the Pyeongan Syste-

mand metasedimentary of an unknown period, all cate-

gorized by the geological backgrounds and deposit types.5)

Limestones are classified ascrystalline limestone type, marble

type, micro- and mega-crystalline calcite types on the basis

of their composition, crystallinity, and mineral facies.3) Most

high-grade limestones in Korea have undergone alteration

and accompany hydrothermally altered ore. However, the

Gabsan formation and Yeongheung formations including

Daesung(DS) limestone in the Jecheon area have rather low

R



116 Journal of the Korean Ceramic Society - Ye-Jin Yang et al. Vol. 51, No. 2

levels of alteration compared to other regions, thereby

showing a type of crystalline limestone close to the source

rock.4,6) In addition, in the Cheongsong region, where

Hwangmok(HM) limestone was collected, crystalline lime-

stone is irregularly intergrown in a lenticular shape in the

granite gneiss, banded gneiss, and amphibolite rocks. Mac-

rocrystalline limestone is also found in this region.7)

This study analyzed four DS samples collected at San 11-

5, Jajak-dong, Jecheon-si, Chungcheongbuk-do and two HM

samples collected at 892 Hwangmok-ri, Cheongsong-gun,

Gyeongsangbuk-do to identify how the characteristics of

limestones having different geological backgrounds affect

the hydraulic activity of quicklime. 

2. Experimental Procedure

This study analyzed four limestone samples from the

Jecheon area and two limestone samples from the Cheong-

song area. The Mungok formation of the Ordovician period

is distributed in the Jecheon area, conformably covered with

the Yeongheung formation, which is again covered uncon-

formably with the Gabsan formation, linearly distributed

from Danyang (north-northwest) to Jecheon (south-south-

east).5,8) Hwangmok-ri is mostly covered with metamorphic

rocks, igneous rocks of the early and middle periods of the

Mesozoic era, and sedimentary rocks of the Cretaceous

period. Also, crystalline limestone, granitic gneiss, and

amphibolites of the Precambrian era are conformably dis-

tributed, consisting of Cheongsong granite and dykes of the

Jurassic period of the Mesozoic era that interpenetrated in

the later stage.7)

X-ray fluorescence (XRF; XRF 1700, Shimadzu) was used

to analyze the chemical components of the limestone, and

polarizing microscopy was conducted to analyze the crystal-

lographic features. The manufacture of quicklime and tests

for measuring the hydration activity were conducted in con-

formity to Korean Standard (KS E 3077: Testing method for

hydraulic activity of limestone used to precipitate calcium

carbonate).9)

Each of the six samples was pulverized with a jaw crusher

and then selected in a range of 19-31.5 mm by using a sieve.

The separated limestone was burnt for 2 h at 1,000oC in an

electric furnace to obtain quicklime. After cooling, the lime-

stone was packed in a vacuum pack in order to prevent any

reaction with carbon dioxide or with moisture in the air, and

was then stored in a desiccator.

Using a device to measure heat (KS L 5121), the quick-

lime (30 g) was passed through a 200-mesh sieve and distilled

water (120 ml) and stirred at 400 rpm under 25oC to examine

the hydration reaction for 30 minutes. When the reaction

started, the temperature changes were recorded every five sec-

onds. Reacting to water, quicklime undergoes an exothermic

reaction releasing high heat, as expressed below.

CaO + H
2
O → Ca(OH)

2
 + 15.59 Kcal/mol (1)

As suggested in the KS E 3077, the temperature changes

occurring up to 30 seconds after hydration began were mea-

sured to evaluate the hydraulic activity of the limestone.

The limestone hydraulic activity was calculated according

to the following formula.

A = T
30s

 – T
0
 = ΔT (2)

where

A :        Hydraulic activity (oC) of limestone

T
30s

 : Temperature (oC) at 30 seconds from the start of

hydration

T
0
 :      Temperature (oC) before the start of hydration

ΔT :     Value (oC) of temperature change from the start of

hydration to 30 seconds

Slaked lime obtained after 30-minute hydration was dried

in an oven at 80oC and then stored in a vacuum pack. Anal-

ysis of the mineral species of quicklime and slaked lime

powder were conducted using an X-ray diffractometer

(XRD; D/Max-1200, Rigaku), while a whiteness tester (Kett

Electric Laboratory, Japan) was used to measure the white-

ness index.

3. Results and Discussion

3.1. Basic Properties of Limestone and Crystallo-

graphic Analysis

To identify the factors that affect the hydraulic activity of

quicklime, besidesthe factor of CaO content, we used rela-

tively high-grade limestone samples with similar levels of

impurities content. The chemical components of the six

samples are listed in Table 1. All of the samples are high-

grade limestones containing high CaO within a range of

54.02-55.61 wt%. Among the DS limestone samples from

the Jecheon area, DS3 has the highest SiO
2
 content; DS3

Table 1. Chemical Components of the Limestone Samples Analyzed Using X-ray Fluorescence (XRF)

SiO
2

Al
2
O

3
Fe

2
O

3
CaO MgO K

2
O Na

2
O TiO

2
MnO P

2
O

5
Igloss

DS1 0.09 0.02 0.15 55.57 0.28 0.02 <0.02 <0.01 0.01 0.01 43.61

DS2 0.03 <0.01 0.12 55.44 0.29 0.02 <0.02 <0.01 0.01 0.01 43.73

DS3 0.28 0.02 0.34 54.49 0.84 0.02 <0.02 <0.01 0.07 0.02 43.88

DS4 0.01 <0.01 0.28 54.77 0.86 0.02 <0.02 <0.01 0.03 0.01 43.87

HM5 1.97 0.11 0.07 54.02 0.64 0.03 <0.02 <0.01 <0.01 0.03 42.73

HM6 0.15 <0.01 0.03 55.61 0.27 0.02 <0.02 <0.01 <0.01 0.03 43.61
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and DS4 show high content of Fe
2
O

3
 and MgO; and DS2

contains the smallest amount of impurities. The two HM

limestone samples collected in Cheongsong area have CaO

content of 54.02 wt% and 55.61 wt%, respectively. The con-

tent of SiO
2
 is 1.97 wt% in HM5, the highest value among

the samples. 

Considering only the results of the limestone chemical

analysis, it is expected that DS1, DS2, and HM6 will display

similar characteristics in terms of whiteness index and

hydraulic activity, since the samples contain similar levels

of impurities and are high-grade limestone with similar

CaO content. However, an analysis of thin sections of lime-

stone using a polarizing microscope showed that HM6 has

coarser crystalline calcite grains than those of DS1 and

DS2. Thin sections of the four DS samples were examined

with open nicol and the two HM samples with crossed nicol.

The results of the polarizing microscopy analysis are pro-

vided in Fig. 1. The calcite crystals of the four DS samples

are mostly found to be micro or smaller size, while the two

HM samples have comparably larger calcite crystals, with

clearly observable twins and cleavages. Other samples from

the same area have shown similar crystallographic charac-

teristics.

Whiteness index does not greatly influence the uses of

limestone, but it serves as an indirect indicator of the qual-

ity and impurities of the limestone. The presence of mineral

impurities with special streaks of colors lower the white-

ness, and dolomite and carbonitride decrease the whiteness,

too.4) Solely based on the chemical composition of the six

limestone samples, it was expected that their whiteness

index would not show significant differences since all six

samples are high-grade and have similar content of impuri-

ties. However, the experimental results revealed different

values, descending from HM6 > HM5 > DS2> DS1> DS4 >

DS3 (Table 2). 

Table 2 shows that the two HM samples generally have

higher whiteness value than the four DS samples. This is

because the Cheongsong area, where HM samples were col-

lected, produces metasedimentary rocks as a result of

hydrothermal alteration and metamorphism. On the other

hand, limestone in Jecheon, where the DS samples were col-

lected, underwent less hydrothermal alteration compared to

other regions. Thus, they contain impurities that lower the

whiteness index, such as carbonitride originating from the

source rocks.4) In particular, DS3 and DS4 show lower

whiteness value than other samples due to dolomite, as

shown in the peak of the XRD analysis, and iron-containing

reddish mafic minerals partially contained in the limestone

(Fig. 2). Also, the whiteness indexes of HM5 and HM6 are

significantly high. This is because the limestone deposits in

the Cheonsong area have undergonere crystallization through

hydrothermal alteration and metamorphism, increasing the

size of crystals and their structural density. Consequently,

whitish limestone polishes more than generally known fine-

grained crystalline calcite type limestone.10)

3.2. Effect of Crystallographic Characteristics of

Limestone on the Hydraulic Activity 

To observe the hydraulic reaction of quicklime, four sam-

ples were selected: DS1, DS2, HM5, and HM6, which had

similar chemical composition and wereless affected by

impurities such as Fe, Si, or Mg. For each sample, five

experiments were conducted in compliance with the Korean

Standard, and the temperature changes were recorded

every five seconds. The temperature data were subject to

errors due to factors including the velocity of injecting the

quicklime and distilled water into the container for the

hydraulic reaction and the insulation level of the container

stopper.

The difference between initial temperature (25oC) and the

temperature after 30 seconds of hydration starts is termed

hydraulic activity, and the experiment results were as fol-

lows: DS1 (38.2oC), DS2 (41.0oC), HM5 (54.7oC), and HM6

(77.4oC). The changes of temperature for 30 minutes are

shown in Fig. 3, which exhibits that the temperature

changes of quicklime vary according to the characteristics

Fig. 1. Photomicrographs of domestic high-Ca limestones;
A(DS1): Fine-grained crystalline calcite type lime-
stone. B(DS2): Fine-grained crystalline calcite type
limestone. C(DS3): Micro crystalline calcite type
limestone. D(DS4): Micro crystalline calcite type
limestone. E(HM5): Megacrystalline calcite type
limestone. F (HM6): Coarse crystalline marble type
limestone.4)

Table 2. Whiteness Index of Limestone Analyzed Using White-
ness Tester

DS1 DS2 DS3 DS4 HM5 HM6

W.I. 76 80.8 57.1 66.1 80.6 92.0 
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observed in the results of the chemical analysis and polariz-

ing microscopy analysis conducted earlier. 

The initial reaction of HM6 is different from the others,

showing a sharp increase in temperature as soon as hydra-

tion starts. HM5 shows an immediate increase in tempera-

ture but relatively lower than HM6. The temperature of

DS1 and DS2 increases, not dramatically but steadily. The

causes of the results are associated with the crystallo-

graphic features of the limestone. Mega-crystalline calcite

type limestones like HM5 and HM6 fail to maintain their

original shape during calcination and are easily broken,

negatively affecting the furnace. Disintegration of quicklime

occurs because of the crystalline structure or condition of

quicklime and the tendency of thermal expansion by thean-

isotropic calcite crystals.11) As a result, mega-crystalline cal-

cite type limestones like HM5 and HM6 which have large

surface area to react with water, show high hydraulic activ-

ity. However, mega-crystalline calcite type limestone is

mainly used for manufacturing ground calcium carbonate

(GCC) since it is easily broken and disintegrated.

The hydration experiments confirmed that mega-crystal-

line calcite type limestones like HM samples have higher

hydraulic activity than micro crystalline calcite type lime-

stones like DS samples. This indicates that mega-crystal-

line calcite type limestone, the use of which has been

limited to the GCC industry, can be utilized in industries

that require high activity with water and high temperature

in the initial stage of hydration, assuming that the issues

regarding damage to the furnace canbe solved.

The XRD analysis of the quicklime of HM5 and HM6

(HM5-1 and HM6-1, respectively) shows peaks indicating

quicklime (Fig. 4). Comparing the hydration experiment

results of HM5 and HM6, it is observed that the hydration

temperature of HM5 containing quartz changes at a slower

pace than that of HM6, but faster than that of DS2. This is

consistent with research results showingthat the existence

of impurities such as SiO
2
, MgO, and Fe

2
O

3
 in limestone

contributes to lowering its hydraulic activity.12)

Generally, chemical composition is used to classify lime-

stone. For this reasons, limestone with high CaO is antici-

pated to have high whiteness and hydraulic activity.

Fig. 2. XRD patterns of limestone samples: DS1, DS2, DS3, and DS4.

Fig. 3. Changes of temperature during hydration of lime-
stone at initial temperature of 25oC: DS1, DS2,
HM5, and HM6.
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However, the measured data here show a completely con-

trary pattern. Table 3 presents the summarized results. All

the limestone samples have high CaO content but show dif-

ferent results depending on region and its geological origin.

4. Conclusion

This study examined the limestone generating mecha-

nisms of the regions where limestone samples were col-

lected. Six limestone samples fromthe Jecheon(Danyang,

Chungcheongbuk-do) and Hwangmok areas(Cheongsong,

Gyeongsangbuk-do) were used. Also, experiments identified

how such crystallographic characteristics impact the

hydraulic activity of quicklime produced from the various

samples.

DS limestones of Jechoen were subject to less hydrother-

mal alteration and metamorphism, resulting in micro-crys-

talline calcite, while HM limestones exhibit larger grain

sizes and distinct features of twins and cleavages as a result

of recrystallization following hydrothermal alteration. There-

fore, whitish mega-crystalline calcite type limestones like

the HM samples have shown higher hydraulic activity than

pinkish gray limestones with micro-crystalline calcite type

limestone like the DS samples.10) Also, the research revealed

that limestones with more impurities, such as SiO
2
, tended

to have lower hydraulic activity.12)

Although mega-crystalline calcite type limestone is easily

disintegrated by thermal reaction, it is necessary to study

the utility of its outstanding hydraulic activity compared to

micro crystalline calcite type limestone. Furthermore, it is

imperative to formulate criteria for limestone classification

that reflects hydraulic activity in addition to the chemical

composition of the limestone. The researchers of this study

plan to further examine the impact of crystallographic and

geological characteristics of limestone on applications in a

variety of industrial sectors such as the manufacture of ara-

gonite precipitated calcium carbonate, papermaking, and

plastic processing, as well as classification criteria reflecting

such factors and effective ways to utilize mega-crystalline

calcite type limestone.
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