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ABSTRACT

This study focused on manufacturing an inorganic insulation material set with various amounts of calcium-sulfoaluminate

(CSA) (hauyne) content for enhancing both workability (demolding, handling) and the high thermal insulating property. To carry

out the experiment, the amounts of CSA utilized were 5%, 10%, 15%, and 20%, with anhydrous gypsum added in equal propor-

tion to produce a stable formation. As the content of CSA increased, a sinking phenomenon occurred because of the hydration

reaction from the slurry, so it was difficult to utilize a retarder normally used in the cement manufacturing process. However, an

RCOOM surfactant was able to solve the local clumping problem from cement and CSA and obtain a rapid retarding effect, so it

was included in this process at 0.3%. Furthermore, the cement fineness was not 7000 cm2/g but rather 3300 ~ 4000 cm2/g to pre-

vent a rapid temperature increase in the slurry. The specific gravity of the sample manufactured with 20% CSA was approxi-

mately 0.11 g/cm3, and its thermal conductivity was 0.041 W/m·K, providing an excellent insulating property.
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1. Introduction

hermal insulation materials used for buildings can be

classified into those made with organic and those made

with inorganic materials, and, among those used, more than

70% are organic insulation materials vulnerable to fire.

Consequently, the casualties caused by the fire and toxic

gas of organic insulation materials have increased, and

studies on inorganic insulation materials have been actively

conducted. Furthermore, the development and use of inor-

ganic insulation materials are urgently needed to replace

organic insulation materials.1,2) Recently, studies have been

conducted on nonflammable insulators using cement as a

main material, because they can possess all the advantages

of organic and inorganic insulation materials.3-5)

For the conventional cement-type inorganic insulation

materials, high-Blaine-fineness cement pulverized to approxi-

mately 7000 cm2/g fineness and high-Blaine-fineness slag

pulverized to about 6000 cm2/g fineness are used, so that

slurry settlement does not occur and the compressive strength

characteristic is manifested sufficiently. However, because

the setting time of slurry manufactured as described above

is very long, the production process is not easy, and conse-

quently the setting time should be shortened by using and

mixing calcium-sulfoaluminate (CSA) (hauyne cement,

CaO·SO3·Al2O3) cement, which is fast setting. However, the

CSA mixing ratio is currently only approximately 5% maxi-

mum, which is definitely insufficient to reduce the setting

time. This is because, when the CSA mixture ratio exceeds

5%, slurry settlement and poor slurry expansion (large

decrease of expansion height and nonuniform expansion)

result, and it is impossible to manufacture the slurry.6)

Therefore, the aim of this study was to derive a method

that can fabricate a normal slurry while greatly increasing

the CSA mixing ratio (for the prevention of slurry settle-

ment and fabrication of a uniform slurry) to fabricate a

hauyne inorganic insulation material. In addition, in this

study, an attempt was made to solve a problem that can

occur during process production by greatly reducing the set-

ting time of the normally fabricated slurry.7)

2. Experimental Procedure

Table 1 shows the mix-design ratio changes of CSA con-

tent for controlling the setting time of the inorganic insula-

tion material. As shown in Table 1(a), the cement content

decreased from 75% to 45%, and the anhydrite and CSA

contents increased from 5% to 20%. Here, the anhydrite and

CSA contents were identically increased by 5% at a time.

Aluminum powder, which is a foaming agent, was fixed at

0.6%, the surfactant at 0.3%, and the mixing water at

130%.8) Table 1(b) shows the mix design ratio that changed

the cement and quicklime mixing ratio after fixing the CSA

content at 15%, and the quicklime content was increased

from 5% to 20% in 5% increments. Here, type-1 ordinary

Portland cement sold in the market was used for the
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cement, and hauyne cement having an Al2O3 content of

approximately 33% was used for the CSA. The cement fine-

ness used in this study was at a level of 3300–4000 cm2/g,

not 7000 cm2/g used in the conventional method. This is

because, when high Blaine fineness cement is used, the

internal temperature of the slurry increases rapidly, which

increases the foaming speed and, finally, produces slurry

settlement.9) The slurry mixed according to Table 1 was

poured into a Styrofoam mold (23 × 23 × 23 cm) and cured

for 24 h at 25 ± 2oC (room temperature) and 60% relative

humidity. After 24 h elapsed, the specimen was demolded

and left in air for seven days, thereby testing the thermal

conductivity and pore properties. The thermal conductivity

was measured by a heat flow meter (HC-076, EKO Com-

pany, Japan) specified in KS L 9016 after drying at 100oC

for 24 h, and the pore properties were examined by using

CAMSCOPE (Sometech Vision Company). For the setting

time of the slurry placed in the Styrofoam mold, a Vicat nee-

dle was used, and the Vicat needle test method was a typi-

cal setting-time test method of cement material.6)

3. Results and Discussion

3.1. Foaming state of slurry

Figure 1 shows the postfoaming state of the slurry fabri-

cated according to Table 1. As shown in Fig. 1(a), the final

foaming height of the slurry did not show much difference

from No. 1 to No. 4 (No. 1 23.0 cm, No. 2 22.5 cm, No. 3 22.8

cm, and No. 4 22.8 cm). No. 1 showed the characteristic of

expanding to the maximum value and then settling a little,

but Nos. 2–4 did not show any settlement phenomenon after

completion of foaming. In the settlement phenomenon of

No. 1, Ca(OH)2 production increased, because the cement

content of No. 1 was relatively high. Consequently, a rela-

tively large amount of hydrogen gas contributing to the

foam generation was produced (excessive production), and

little settlement occurred, as shown in Eq. (1).10) Therefore,

when only the slurry foaming state was considered, No. 1

was not suitable for large scale and mass production, but it

was determined that Nos. 2–4 could be sufficiently applied

to the process.

2Al + 3Ca(OH)2 + 6H2O → 3CaO + Al2O3 +6H2O + 3H2

or 2Al + Ca(OH)2 + 6H2O → Ca(Al(OH)4)2 + 3H2 (1)

Figure 1(b) shows the foaming characteristics according to

the cement and quicklime content changes at the 15% CSA

condition. As shown in the figure, the foaming height exhib-

ited a gradually increasing characteristic as the quicklime

content increased (the cement content decreased), and the

final foaming height was 18.0 cm for No. 5, 20.5 cm for No.

6, 22.8 cm for No. 7, and 23.5 cm for No. 8. This was because

the CaO content of quicklime was larger than that in the

cement, and this had a larger impact on the hydrogen gas

generation, as shown in Eq. (1). Similar to No. 1, No. 8

showed little settlement after foaming, and this study suffi-

ciently confirmed that the excessive hydrogen gas genera-

tion contributes to settlement of slurry in the end. Therefore,

it was estimated that No. 8, like No. 1, would not be suitable

for mass production.

Nos. 3-1 and 3-2 are examples of fabricating slurry by

changing the mixing ratio of CSA and anhydrite from con-

ventional 15%:15% (CSA:anhydrite) to 10%:15% and

20%:15%. In other words, they are the slurry states that

were observed for the cases of not maintaining the same

mixing ratio of CSA and anhydrite. Here, Nos. 3-1 and 3.2

slurries showed the settlement phenomenon without main-

taining the foaming state in the foaming process or after

final foaming, as shown in Fig. 2. Therefore, it is important

to maintain the anhydrite content as well as simply increase

the CSA content to promote the setting and increase the

Table 1. Mix Design Ratio of Inorganic Insulation Material
(a) Mix design ratio of CSA and cement content changes for fabrication of inorganic insulation material (unit: %)

No. Cement Quicklime Anhydrite CSA
Foam 

Stabilizer
Al Powder

Surfactant
(RCOOM)

Mixing 
Water

1 75 15 5 5 0.05 0.6 0.3 130

2 65 15 10 10 0.05 0.6 0.3 130

3 55 15 15 15 0.05 0.6 0.3 130

3-1 60 15 15 10 0.05 0.6 0.3 130

3-2 50 15 15 20 0.05 0.6 0.3 130

4 45 15 20 20 0.05 0.6 0.3 130

(b) Mix design ratio of cement and quicklime content changes at 15% CSA condition (unit: %)

No. Cement Quicklime Anhydrite CSA
Foam 

Stabilizer
Al Powder

Surfactant
(RCOOM)

Mixing 
Water

5 65 5 15 15 0.05 0.6 0.3 130

6 60 10 15 15 0.05 0.6 0.3 130

7 55 15 15 15 0.05 0.6 0.3 130

8 50 20 15 15 0.05 0.6 0.3 130
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strength of inorganic insulation material, the final prod-

uct.11)

The quick-setting time control of the slurry is important to

prevent the settlement of the slurry using more than 5%

CSA, unlike the calcium silicate insulation material that

does not use CSA. In other words, the quick-setting mecha-

nism should be used after foaming, whereby slurry settle-

ment does not occur as quick-setting occurs after completion

of slurry foaming (Fig. 3). This means that a quick-setting

control factor is added along with the viscosity and tempera-

ture, which are considered major factors of the slurry used

for conventional thermal insulation materials. Usually, the

foaming time of the slurry is approximately 30–40 min.

Therefore, setting should be carried out quickly after 30–40

min, the foaming completion timepoint. However, when the

CSA content was 5% or higher, the quick-setting phenome-

non was carried out very quickly in the slurry foaming pro-

cess, and, consequently, the slurry’s nonuniform foaming

and settlement phenomena resulted. Therefore, quick-set-

ting control methods that can delay the quick-setting time

should be derived, and two methods can be derived. First, as

mentioned above, the mixing ratios of CSA and anhydrite

are kept identical. This method produces ettringite hydrate

through the hydration reaction of CSA and anhydrite and

delays the setting based on this.12) Usually, CSA consists of

CaO, SO3, and Al2O3 and can produce ettringite by itself.13)

Fig. 1. Comparison of foaming state of slurry.

Fig. 2. Settlement phenomena of Nos. 3-1 and 3-2 slurries.
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However, for fabrication of normal slurry, the ettringite pro-

duction should be greatly increased by adding more anhy-

drite compared with the conventional cement mixing level.

Second, the quick-setting problem should be solved accord-

ing to the local particle agglomeration of cement and CSA

inside the slurry. Citric acid and tartaric acid used as usual

setting retarders caused many problems when fabricating

the CSA slurry.14) In other words, a large number of nonuni-

form foams occurred inside the slurry, although it is differ-

ent depending on the citric-acid/tartaric-acid contents, and,

in the end, slurry settlement occurred. Therefore, normal

slurry could not be fabricated by using the cement-type set-

ting retarder usually used. However, by using the RCOOM

surfactant, it was possible to resolve the local agglomeration

of CSA and cement and to obtain the quick-setting delay

effect. Here, R refers to C7–17, and M refers to potassium,

sodium, calcium, and ammonium. When the RCOOM sur-

factant was used, the quick-setting control effect increased

at less than 0.3%, but no more change was observed at more

than 0.3%. Therefore, this study conducted the test by fixing

at 0.3%.

3.2. Setting time

The setting time of the slurry was measured by using a

Vicat needle on specimens that had completed foaming, and

an example of the measurement is shown in Fig. 4. Fig. 5

shows the result of measuring the Vicat needle penetration

depth for 24 h after the slurry foaming. As shown in Fig. 5,

the Vicat needle penetration depth decreased as the time

elapsed; particularly, the setting time decreased greatly as

the CSA content increased. 

Figure 5(a) displays the setting time changes by CSA con-

tent, and the Vicat needle did not penetrate after a lapse of

21 h at 5% CSA content. However, the Vicat needle did not

penetrate after a lapse of 10 h at 10% CSA content, 8 h at

15% CSA content, and 7 h at 20% CSA content. In other

words, the time for finishing the setting and transitioning to

the hardening state was shortest in the 20% CSA condition,

and this confirmed that the setting time could be reduced by

14 h compared with 5% CSA. Furthermore, 13 h could be

reduced for the setting time at 15% CSA condition. Fig. 5(b)

shows the result of measuring the setting time of the slurry

by changing the cement and quicklime contents after fixing

the CSA content at 15%. No. 5, which had the lowest quick-

lime content, showed a slight increase of setting time, but

Nos. 6–8 exhibited similar results. Therefore, it was con-

firmed that the CSA content should be controlled rather

than the quicklime content to reduce the setting time.

Fig. 3. The concept diagram of normal slurry fabrication fac-
tor control at the CSA mixing condition.

Fig. 4. Examples of setting time measurement using the
Vicat needle.

Fig. 5. Setting time characteristics according to the mix design condition.
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3.3. Porosity and thermal insulation characteristics

After fabricating slurries and leaving them in air for

seven days, the porosity and thermal insulation characteris-

tics were analyzed. The pore characteristics of each inor-

ganic insulation material were analyzed by using a

camscope, and they are shown in Fig. 6. As shown in Fig. 6,

the average pore size of all specimens excluding No. 4 was

approximately 2.5 mm.

The pore size of No. 4 was approximately 1–2 mm, and the

average pore size was about 1.5 mm, indicating that No. 4

consisted of the smallest pores. Furthermore, it showed a

slightly better thermal insulation characteristic than the

other specimens.

Figure 7 shows the thermal conductivity characteristic,

and all specimens showed similar thermal conduction char-

acteristics. The thermal conductivity was approximately

0.041–0.045 W/mK (No. 1, 0.042W/mK; No. 2, 0.042 W/mK;

No. 3, 0.042 W/mK; No. 4, 0.041 W/mK; No. 5, 0.045 W/mK;

No. 6, 0.042 W/mK; No. 7, 0.042 W/mK; No. 8, 0.042 W/mK).

The thermal conductivity of No. 5 was 0.045 W/mK, show-

ing the highest thermal conductivity. This result was

obtained because the amount of foam for heat blocking

decreased because of the insufficient quicklime content

(5%). In general, the porosity and thermal conductivity are

inversely proportional for lightweight-foamed concrete and

cement-type inorganic insulation materials.

4. Conclusions

This study aimed to derive methods (slurry settlement

prevention and uniform slurry fabrication) that can fabri-

cate normal slurry while increasing the CSA mixing ratio

greatly to fabricate inorganic insulation materials using

CSA. Furthermore, in this study, an attempt was made to

Fig. 6. Pore characteristics of inorganic insulation material by mix design condition.

Fig. 7. Thermal insulation characteristic by mix design condition.
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decrease the setting time of the slurry greatly, and, through

this, the following conclusions were derived.

(1) The mixing ratio of anhydrite should be similar to the

CSA mixing ratio to fabricate the normal slurry by increas-

ing the CSA mixing ratio to 20%. Particularly, when there

was more than 5% difference between the mixing ratio of

anhydrite and that of CSA, the slurry settled, and the fabri-

cation of CSA insulation material was impossible.

(2) The type-1 ordinary Portland cement mixed with CSA

showed a slurry settlement phenomenon when it was finely

powdered, unlike the conventional inorganic insulation

material (7000 cm2/g). Therefore, it was confirmed that the

appropriate cement fineness was approximately 3300–4000

cm2/g, which was not finely powdered.

(2) The particle agglomeration phenomenon and the

quick-setting phenomenon should be resolved by using

appropriate surfactant when mixing the CSA. Therefore, it

was confirmed that the desired effect was obtained using a

conventional setting retarder, such as citric acid and tar-

taric acid, and the RCOOM-type surfactant should be used.

(3) At 15% and 20% CSA content, the setting time was

reduced by 13 and 14 h, respectively, compared with the 5%

CSA content condition. In other words, when the CSA con-

tent increases, the demolding time of CSA inorganic insula-

tion material can be decreased, thereby contributing

sufficiently to productivity improvement.

(4) For the majority of CSA insulation materials, the ther-

mal conductivity was approximately 0.041–0.042 W/mK.

The thermal conductivity was 0.045 W/mK at 5% quicklime

content condition only. Therefore, more than 5% should be

used for the quicklime content in order to improve the ther-

mal insulation characteristics. This is because, as the quick-

lime content increases, Ca(OH)2 generation also increases,

thereby producing sufficient hydrogen gas. In other words,

an appropriate amount of quicklime is required to produce

sufficient hydrogen gas for foam generation.

(5) This study demonstrated that thermal insulation

materials can be sufficiently fabricated, even at more than

5% CSA mixing condition, and the fabrication of a CSA

insulation material that can decrease the setting time and

improve the thermal insulation characteristic is possible.
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