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In this study, concrete, which consists of 9% Illite and 3% cement replaced with Illite, was studied. To analyze
the effect of the developed block on river and sea environments, formaldehyde emission, far-infrared radiation, and
fish acute toxicity tests were employed. Compared with the standard rates, the formaldehyde adsorption rate and
addition adsorption rate of the developed block increased by 130% and 112%, respectively. Additionally, toxic and
intoxication were not observed during the 96-h fish acute toxicity test. Furthermore, 92.3% of the far-infrared radi-
ation rate was checked. We believe that this study can be used as a method to protect environments such as seas and

rivers by employing the developed block at construction sites.

Key words: Illite, Hydrophilic protection block, TVOCs, Far-infrared ray, Fish acute toxicity test
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dElolE 94 AEE e E 24 7FE] Smm
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St} FAF AAF "e] A (Scanning Electron Microscope)
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Table 1. Replacement ratio of Illight

Replacement Illight Fine aggregate Water Cement
Rate (%) (& (g (8 (8
0 0 1 350
3 41 1 309
6 81 1 269
9 122 1228 225 450
12 162 1188
15 203 1 147
18 244 1 106

o] - Aled

Table 2. Replacement ratio of cement

Replacement| Illight Cement Water Fine aggregate
Rate (%) (& (8 (8 (€3]
7%= 0 450
10 45 405
20 90 360
225 1 350
30 135 315
40 180 270
50 225 225

T3 A A XEE 0%, 3%, 6%, 9%, 12%,
15%, 18% ZFCASEE EX|ek2 REZE[ZoA Z2
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Table 3. Instrument analysis conditions

UPLC
USA / WATERS

YMC-Triart C18,

3.0 um 3.0 x 150 mm
Water : ACN =60 : 40 (2 min)
— 55:45 (14 min) — 20: 80
(16 min) = 60 : 40 (17.0 min)
Carrier gas -

Analysis Equipment

Manufacturer

Column

Analysis condition

Sample injection quantity 3uL
TO11/IP Aldehyde/Ketone-

Reference material DNPH Mix 15 pg/mL (Supelco)
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Fig. 1. Volatile Organic Compounds (VOCs) and Aldehyde test.
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Tabe. 4. Test solution

09l wet FEN o, 2 AR F 7] 7IEel 3
HA 2 ASE A=A gdd Y sk
FFEAGA A0l weA S AAEI o™ FEESH
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iz, AgollA 2 B FE S #EEA
tom AJFgN] pHE H 748 (7.19~772)% 3
o1Eglom, Alg-goe] DOE Hit 697 mg/L (5.67 mg/
L~8.16mgL)e 2, E3&E4r4FFo HF 81.3%
(66.1%-95.1H)E SA=HAT. AlFEH] F22 HA
22.7°C (22.6°C ~22.8)2 ZAEUTh.

AATE T Y S A ¢ d43e dx
oA AF (0.204+0.014)g, A (23+0.1)em, A2
TAME AF (0208+0.017)g, A4 (24+02)em=E =
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Sort Test substance Test concentration  Used water Remark
Block contained over 10% Illite replacement (Type 1) 1 EA 10 L -
Block contained over 10% Illite replacement (Type 2) 1 EA 10 L -

TEST Block contained over 10% Illite replacement (Type 3) 1 EA 10 L -
Block contained over 10% lllite replacement (Type 4) 1 EA 10 L -
Block contained over 10% lllite replacement (Type 5) 1 EA 10 L -
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Table 5. Water quality measurement of test solution

Sort Measurement cycle Test Machine SOP No.
Temperature once a day Multi 9430 (WTW, Germany) KG-EQM-084(1)

PH once a day Multi 9430 (WTW, Germany) KG-EQM-084(1)

DO once a day Multi 9430 (WTW, Germany) KG-EQM-084(1)

Hardness of water once with each test

HI 96735 (Hanna Instruments, USA)

KG-EQM-028(1)
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Table. 6. Results of quantitative analysis of Ill

Table 7. Flexural strength results
Fine aggregate

Flexural strength result

Replacement Rate (%) Unit 3 Day 7 Day 28 Day
0 5.2 6.2 8.6
3 N/mm® 4.6 5.8 8.5
6 4.4 5.4 8.1

Table 8. Flexural strength results(Continued)

Fine aggregate Flexural strength result

Replacement Rate (%) Unit 3 Day 7 Day 28 Day
9 4.1 5.9 7.9
12 , 45 5.6 7.6
15 Nmm® s 54 74
18 4.2 54 7.1

Table 9. Flexural strength results

Cement Replacement Flexural strength result

Rate (%) Unit 3 Day 7 Day 28 Day
0 5.2 6.2 8.6
10 4.8 5.2 7.3
20 5 4.4 53 6.9
30 Nmm™ 50 46 53
40 2.7 3.8 4.6
50 2.6 3.1 4.1

Qo] G WA Ao ARd ol dgt
Aggo] FIUSE 3} gl Bolsle ARAL
o) Azko Ql8) Awrt s Ao weky

Spectrum In stats. C (6] Mg Al

Si S K Ti Cr Fe Total

Spectrum 726 Yes 26.96 4359 0.29 7.30

15.01  00.14  3.38 0.23 0.16 2.94  100.00

Electron Image 451

=
~ 100pm '

Fig. 2. Scanning electron microscope analysis of Illite.

M spectrum 726
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Table 10. Compression strength according to replacement ratio
of fine aggregate

Fine aggregate Compression Strength Result

E e
30] AN o) REAR,
Oryzias latipes)ell T3t L] E(illite) 10% o] %)%
slo] A)2kE ForEE o] FAEAAFL R4aloz A
A& A3} Table 159 7o) AJFAE 1-59] T 48
A|ZH-96X7F AR 0% UL 3olxlo] dzta]Aol
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Table. 11. Compression strength according to replacement
ratio of cement

Compression Strength
Cement Replacement

o Result
Rate (%) kiat esu
3 Day 7 Day 28 Day
0 28.2 339 45.0
10 21.1 25.1 36.7
20 , 165 21.2 26.9
N/mm

30 13.3 16.3 20.8
40 10.2 13.8 18.4
50 9.4 12.2 16.3

Table 13. Formaldehyde test results

Uint Formaldehyde Formaldehyde total
0,
Replacement Rate (%) 3 Day 7 Day 28 Day Sample Adsorption rete amount of adsorption
0 28.2 33.9 46.9 (7 Day After) (7 Day After)
3 272 31.7 45.9 n-1 85.0% 7 402 ug/m®
6 271 331 453 n-2 81.2% 6 991 pg/m>
9 N/mm? 253 312 405 n-3 85.2% 7 227 pg/m?
12 267 319 388 n-4 86.4% 7 477 ug/m?
15 254 304 383 n-5 85.4% 7 286 pg/m?
18 24.3 296  36.5 Average 84.6% 7 277 pg/m?
Table 12. Mix design
i A t
Replacement Rate (%) Illight . ggregate(g) Water Cement
() Fine aggregate Coarse aggregate (10 mm) (@ ()
M 0,
Fine aggregate 9% 136 552 675 225 437
Cement 3%
Table 14. Far-infrared ray results
. . Results Radiant energy
Test item Unit
X1 X2 X3 X4 X5 B (W/m? gm, 40°C)
Emissivity % 92.3 9223 92.3 9.3 92.3 92.3 3.72% 10 2

( 5~20 )pm
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Table 15. Cumulative mortality of oryzias latipes

o] - Aled

Test substance ~ Number of fish Number of dead fish Mortality(%)
3 h 24 h 48 h 72 h 96 h 48 h 96 h

Negative control! 10 0 0 0 0 0 0 0
Sample 1 10 0 0 0 0 0 0 0
Sample 2 10 0 0 0 0 0 0 0
Sample 3 10 0 0 0 0 0 0 0
Sample 4 10 0 0 0 0 0 0 0
Sample 5 10 0 0 0 0 0 0 0

Table 16. Symptom of intoxication of Oryzias latipes

Test Symptom of intoxication
substance 3h 24 h 48 h 72 h 96 h
Control NOR? NOR NOR NOR NOR
Sample 1 NOR NOR NOR NOR NOR
Sample 2 NOR NOR NOR NOR NOR
Sample 3 NOR NOR NOR NOR NOR
Sample 4 NOR NOR NOR NOR NOR
Sample 5 NOR NOR NOR NOR NOR
Test water!

Abbreviation of observable symptoms of intoxication; NOR,

normal®
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. KS F 2563 : 2009 Ground granulated blast-fumace slag

for use in concrete.

. KS L 5210 : 2017 Portland blast-fumace slag cement.
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