Journal of The Korea Institute of Building Construction pISSN 1598-2033
Vol. 21, No. 4, pp. 281-291 / August, 2021 elSSN 2233-5706
https://doi.org/10.5345/JKIBC.2021.21.4.281 www.jkibc.org

Research Paper
HEZLASH D ==K 3HS 28ct HEY|2fe| H4sEot

Study of Characteristics of Clay Roof Tiles Using Ferro Nickle Slag Recycled
Resources

Anar
Kim, Soon-Ho*

Professor, Industry-University Cooperation Foundation, Changwon University, Uichang-Gu, Changwon, 51139, Korea

*Corresponding author ABSTRACT
Kim, Soon-Ho
Tel : 82-55-213-3885

To reduce the environmental load of the construction industry, there is a need to minimize construction
and demolition by strengthening the eco-friendliness of building materials and extending the durable
E-mail : shkims@changwon.ackr |jfespan. Therefore, while many Hanok roof finishing methods have been proposed to address these
problems, the current trend is to use the existing method due to issues such as economic feasibility,
weight, and durability. The manufacturing method of clay roof tiles used as roofing materials for Hanok

Received : June 9, 2021 buildings is optimized by using a mixture of 64.5% Gyeongju clay, 15.0% kaolin, 15.0% FNS(Ferro
Revised :]June 23,2021 Nickel Slag), and 5.5% MAS(Magnesia Aluminum Silicate) under optimal conditions. The results of the
Accepted : June 28, 2021 experiment involving firing at 1,125°C showed that flexural strength of 12,102N, which is higher than

the standard of KS F 3510, an absorption rate of 6.08%, a volume specific gravity 0f2.15g/cm3, and the
freeze-thaw properties were satisfied. A method for securing stable quality was studied.
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Starting Material
e | ok FNS | MAS

H>0 24hr, 0.3mm pass

Extruder Molding | 760mmHg

at 110°C 3hr

at 1,100 ~ 1,150°C 3hr
Furnace Sintering | Reduction firing

included
I |
Flexural fracture(N) Bulk specific gravity(g/cm?) Shrinkage(%)
Resistance to Water absorption(%) PSA
Freezing(cycle) Apparent Porosity(%) Antifouling performance

CL: Clay, GK : Gyeongju Kaolin, FNS: Ferro Nickel Slag, PSA : Particle Size Analysis
MAS: Magnesia Alumino Silicate,

Figure 1. Experimental procedure to manufacture and evaluate FNS clay roof tile
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Table 1. Target values of clay roof tile test analysis

Performance indicator Unit Target Values Criteria
1. Water absorption % <10 KSF 3510
2. Bulk specific gravity - <22 KS L 4013
3. Flexural strength N > 2,800 KS F 3510
4. Apparent Porosity % <20 KS L 4013
A= oo = -
3. =S &8 WEJ| HIE
3.1 A=

3.1.1 H2YZ&22(Ferro Nickel Slag : FNS)

FNS #2282 F32E A= AMES | 915l 24fiohs vgollA FAtzs A4 SARS] FNS WA 2tz Sheh gt ¢
e Table 20 e SLOH, 422 A27KSI0,), TFIHIE(MeO) % E(Fe,05) 3201 ATt 24 2312 Pot millof]
A} 24A17HE9E 2 FNS: Ball2 1:1:1 240 &2 B4 & AZ3 7P a 2 U= 96g/em’ FE 2 4=t

Table 2. Chemical composition of materials

Composition(wt%) Patical
SiOz A1203 Na20 Kzo CaO MgO Fe203 TiOZ SO3 LOI .
Mateial size
Clay 64.89 14.13 0.44 1.18 0.44 0.55 8.35 0.82 0.94 8.26 16.75
Kaolin 55.30 30.30 0.64 3.46 0.04 0.44 0.73 0.71 0.30 8.74 20.92
FNS 47.60 8.36 0.00 0.00 1.10 32.90 8.89 0.00 0.90 0.25 15.20
MAS 60.31 5.80 1.88 0.66 0.64 22.66 6.73 0.06 0.00 1.26 0.09

3.1.2 ME(Clay : CL)
HEE AFA 9] HEYHS EWH R 7Fastal, TR Si02 60.7%2 A58 A=, HeE80 = AMHch
Table 2+= 3}5}34] 9l ot

3.1.3 18E(Kaolin : GK)

W EL 75 A A0 P A DF(250°C)510] Ball Mill2 B4IF B 7&R% FRofolE AFo] F
Tl £2tH6). ol a-Quartz”F 22 2 EASTA Fe,057F0.90% ©]5H= -1l 1Tt Table 2= oFet/d Bl Y
=g

—_

]

3.1.4 O24|A|OF 20| =A2|AH0|E(Magnesia alumino silicate : MAS)
ol 1uy|Alo &R a) i AglAo] B AL 448 T2 ER Ball Mill E Pot Mill 2 Weg.0 2 Bt oo sjstxAe
Table 29} 2t}

Journal of The Korea Institute of Building Construction 283



Kim, Soon-Ho

3.2 GjHIAI
A5 AET19ke] g Al = 24 dAl = o] =4 B4 SFel -2 Table 29} o] 24451 1,100°Cofl A 1150°C
7HA] 25°CTHA 0 2 4-/35to] ol Hifel2 A7 sl et A2 A3 A E A HETI9Re] 94 54e Lot

H7] sl vle2 HelA A Auld e AASH

3.2.1 SURRO| OfH| MY =71 MY HiF

Z11E Table 20] A2 1,150°C oJa}e] 24,0 2 Ru]u]52.20 o]}, H4-8 10% oo} 5-2] 274-& mejat 2 2ugt
& &5 918t o149 Table 39] HiH| -5 HSIA| 7|9 285t $19] 2% THE5H7] $16F0 MASE 5.5%°]
AL H7IA] I o 2 TEtet 4% Oﬂlﬂg}g— S 1ol TSt THEE 4 15%71 H 2519 2™ FNSE HES]

AN

Tt 0 2 20%014F 7Hs st YshE s} ot o 24 AdE HE o8 gojrt

Table 3. Mixing ratio of materials for clay roof tile experiment

Compounding ratio(wt/%)
CL GK FNS MAS
Compounding 40.0~89.9 5.0~25.0 5.0~25.0 0.1~10.0
CL: Clay, GK : Gyeongju Kaolin, FNS : Ferro Nickel Slag, MAS : Magnesia Alumino Sillicate

3.2.2 MESL
oH] w3 3 =2 ujgha]go) W2 1HE 15%92} MAS 5.5%+= AA & 11 FEO] 4| 2 FNSZ 0%
oA 20%714] %] 4 HH%‘% Table 48} Zo] F YA FQ HEE 64.5%, FNS 15.0%, A5 1HE 15.0% 12|11 #A-gHo 4
skflel MASS

1=
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Table 4. Mixture proportion of clay roof tile

Mixture Materials(%)
CL GK FNS MAS

FNS-0 79.5 15.0 0.0 5.5

FNS-5 74.5 15.0 5.0 5.5

FNS-10 69.5 15.0 10.0 5.5

FNS-15 64.5 15.0 15.0 5.5

FNS-20 59.5 15.0 20.0 5.5
PT-Sample 64.5 15.0 15.0 5.5

FNS-0 : Mixed clay rooftile with FNS 0%

FNS-5 : Mixed clay rooftile with FNS 5%

FNS-10 : Mixed clay rooftile with FNS 10%

FNS-15 : Mixed clay rooftile with FNS 15%

FNS-20 : Mixed clay rooftile with FNS 20%

PT-Sample : Reduction-fired FNS clay roof tile prototype sample

3.2.3 MESoA MET | HAEHIE & AHSH
Az Z3 Table 37} Zro] =&% 82 Ball MillZ} Pot millo|l 4] ZH2} 24417 milling?t &, B4 44um S A55H=
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Figure 2. Flexural fracture load test
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m, : AAAS] B ()
Z

m, : A2 A e)

2) F 1] H]Z(Bulk specific gravity, BD)
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3.3.5 Lisaty
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g 7 (Flexural fracture strength)= KS F 3510 7]522] 2,800N ©]4F 0.2 QF2 0 &2 FNS-02] 9,520N0fA] %12
FNS-39] 12,102N7}2] 5743t Ai}i= Table 59F Zo| UEFRLT

Table 5. Results of flexural strength test

Flexural strangth(N)
FNS-0 FNS-5 FNS-10 FNS-15 FNS-20
Average strength 9,520 9,560 10,203 12,102 9,012

42 &+2 H FOHISL 7|52

T2 Figure 3(2)9F Zom A4 1,100°C2} 1,125°C, 1,150°CoA+= KS F 35107]552] 9%°]st2 WeEpt
1,100°C73-9-= tha T2 @Alof Hd 4= AA9lem, 1125°Coldolite P A F-& 6%S HolH FNS2| H7b
ol met tha Fa-80] S7ohs @2 Holut 15%H f1ollA] {4 0. 2 LRSI T FNS O] J7HaFe] 20%°] 3-¢= &5
&°] 7151 Figure 3(b,c)oIA Hol= 71883 S8 B RV 2 S71ohs S/ o= U= 212 FNS2| 9%
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Figure 3. Manufacture of clay roofing tile: Physical properties of specimens prepared at different sintering temperatures at 1,100~1,150°C
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Table 6. Test results of total shrinkage

Total shrinkage(%)
FNS-0 FNS-5 FNS-10 FNS-15 FNS-20
Average shrinkage(%) 11.78 10.98 10.06 10.84 10.66
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Figure 4. FNS 0% to 20% addition SEM 20000 magnification analysis result 1125°C calcined clay tile
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Figure 5. Photo of color change produced by oxidative firing and reduction firing according to the addition of FNS to clay roof
tiles
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