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Hyung, Won-Gil This experimental study investigates the replacement of conventional Portland cement and sand with
Tel : 82-53-810-2597 non-sintered cement and ferro-nickel slag to formulate eco-friendly cement mortar. The examination
E-mail : beda@yu.ackr aimed to understand the strength properties of non-sintered cement mortar using ferro-nickel slag as

fine aggregate by classifying mortar production types, fine aggregates, and curing methodologies.
From flexural and compressive strength tests, it was observed that non-sintered cement mortars,

Received : April 26, 2023 incorporating ferro-nickel slag as fine aggregate, exhibited superior strength when compared to both
Revised :]June 16,2023 plain mortar and steam-cured non-sintered mortar. This increased strength is attributed to the
Accepted : July 12,2023 influence of the particle size, density, and absorption capabilities of the ferro-nickel slag. Furthermore,

X-ray Diffraction(XRD) analyses of the mortars verified the presence of Mg0O, a component of ferro-nickel
slag, in the form of a composite oxide. This finding substantiates the consistent strength manifestation
of non-sintered cement mortars utilizing ferro-nickel slag as a fine aggregate.
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Table 1= & Ao AR A=9] 3letd EAS AAdH 0w EA67] flaf olvA] 24t X-A 3 (Energy
Dispersive X-Ray Spectroscopy, EDS)= A A5ttt 1 2521 v] 22 (Blasted furnace slag, ©]5F BS)= Ca, O, Si, Al 4
Hol oF 99wt = 2}A|51aL QLo W, A48 0] 15 HE ITEWN T AW E(Ordinary Portland Cement, ©]5} OPC)2} -F-AF-S
& 4= Qlt}. <= 8h3-55 2ol of Al (Circulating fluidized bed combustor fly ash, ©]5} CFA)7} E&6h= th2] Ca, O, S A

B2 27 HbgAo IS & = 9l.oH, n]Re Zato|ofl A](Pulverized coal combustion fly ash, ©]5} FA)7} Z&lol=Si, O
BRSO xZ2 RS B Ao 93k = 4 Q)0 B 2 B5lslo] AFRSH= A AT HebH ol gufE Whs|sk Z o
2 Abg I ESHEA 2 ARSSHH| 2 U A&l TI(Ferro-Nickel Slag, ©]5}F FNS)= Si A+0] €F 34wt%, Mg “35-0] 2F 24wt%
2 JTAE=E YA E 2 3 KSand)9t |25 Mg A o] B WA =0 gk

Table 1. EDS data for raw materials and aggregates

Element BS CFA FA OPC Sand FNS
C - - - - 10.02 -
o 35.60 33.53 52.47 46.64 56.48 40.33
) Mg 1.25 - - - - 24.96
V\E&;)g;ht Al 4.03 - 13.68 1.89 1.73 -
Si 12.35 - 32.80 10.05 31.78 34.71
S - 24.65 - - - -
Ca 46.76 41.82 - 38.49 - -
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Table 2. Composition of material elements

Chemical composition(%)

Name
SiO, ALO; Fe,O; CaO MgO SO;
BS 31.08 13.66 0.49 46.79 2.55 3.05
CFA 3.80 1.32 0.51 62.05 3.34 27.55
FA 66.49 19.21 5.06 3.86 1.50 0.48
OPC 15.16 4.13 3.86 67.53 3.59 3.25
FNS 52.08 2.12 7.2 0.64 33.8 -

Table 2= 2 Ao A AHERH A= 2] XRF(X-Ray Fluorescence spectrometry) 4 AYHE UERH Zlo|th Table 1 Y
Table 25 53] FNS+& tFFo] MgO A5 3511 QLo o= 0PC T FZ(KS L 5201)0l14 +451H= 24 ] MgO
AR Zpol7t Stk A Aol A= Total CaOA A A= A-S U5k Free CaOE W] MgO T3t 8=
Brucite(Mg(OH),) & B/d5k= Free MgOE =& E 37} Qlok= Aot o= FNSE P|&EE FE|= OPCe}F &8 sto] A
G5k Ao AH-85= 71 © 2 Hydrocalurnite(CasAl,OsCly- 10H,0) 2 Pseudo-ettringite(3Ca0- ALO,-CaMgO,-2H,0)2t
ro oS B4 0]“3% A7V E el 7]ofshs Ao 2 & o A2 UEhA] 9= 2 0 & B 15HITH15]. =3FFNS
A& ARESHE 79 FA £94.2 & FNS7}RES 4= Q= Portlandite(Ca(OH),) & EH =4 WA/ o] ehele 4= Q=
© 7 B g 8 gtk 2 FNSEFHHSEE 5= Q1 Free Alkali7} Z0]50] WAto| 7445H= ZAo|tHi6).

H] 44 AW E(Non-Sintered Cement, ©]5F NSC)+=BSE 7|§to 2 CFAE}F £ S35to] A Zol5ie} CFAE H A4
421 BS o] =81H-8-& Z31517] 1ol AR5 AL, FAE CaO 0] 32 CFA L] QPYAS H ke 54 0 2 ARSIt
[17]. o]¢t ZO] NSCE= A HAER A9 AIMIEZ KS L 5201 118 J Z35H= OPCR}F T Hict.
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Figure 1-Z & Aol A AFERFEA9] E2]4] 9JehE Hlw et Zoth (a) BAKSand)= AR Lol 2|9k =242 A
Z A Z(KS L IS0 679)2 AF85F31.2H, (b) FNSE=KS F 2527 #8S HE6H= a&d) 125 A85HT)

(a) Sand ' (5) FNS

Figure 1. Aggregate comparison

Figure 2= A1 AI7HE AT[18]°1 2ol 2t A9 T2 A= EzS4d o2 Hehd Zofo. 2 A9 Oﬂ*ﬂ AR ﬁ—’"é*}
(Sand) @ FNS=KS F 2527 AR} al4|gt Ado] gt EEAR= 0.6 = Ey
T} FNS=KS F 2527 #8& Toh= 41EHl 12 A7Fe et A0 2 0.3mm A€ 7|50 2 +4 }z -2 84%<= YERHTE
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100 - Table 3. Density and absorption metrics for aggregates
§ 80 Experiment Sand FNS
3 surface dry 2.63 295
& 40 \
2 —sand | \ Density (g/cm’)
g 200 T Ax 261 2.94
& ~*-FNS \4 absolute dry ) ’
0 [ S (Above 2.5) (Above 2.7)
2.5 12 0.6 0.3 0.15
Sieve size(mm) Absorption ratio 1.4 0.6
(%) (Below 3.0) (Below 3.0)

Figure 2. Distribution of aggregate particle size

Table 3= 2 Aol A3 EA16] 2 A% 2ot e o] Wiz, A Az e o Y, Fr-8-2 Hehd Aolot A4
O] A7Hg A2 KS F 2502 20l et AAIsH 0 m, W= oF S8 A2 KS F 2504 1140l whet 1 1% 3]
o 9Ok, Ao Az Ao Ui, 58S 4 (1)-3) Lol iHEstath

o m

S= Brm—c P )

d, : EH AZ T3} A ] W (g/em?)

m : EH AZ T} AH | AR 2] A(g)

C AR EE ARE 82 vehd 57 AR B0 Ak

B ARE 875 Ued w37 B2 Al S0 A

P, : AE LxoA 2] Ux(g/em?®)

di = 0 Pu @

d, A Ax e o] Bi(g/em’)

A A Az o] A& 0] Aik(e)

Q=" A %100 )

Q: F& AT HEE(%)

FNSO| Ui 9§48 A9 AT KS F2527 114 U100, BEAM T Ut 21 3580 ¥ B4 Yehd
t}. o= FNs Trlo] f2dg Eetela gl 40 Hix}xﬂiﬂ o] 2o} 0] W A0 B 4 9JrH19]. A
S| pege] A

o] W 8] 11e] B EASHE 4401 15 A1 Aehe] Wizolo, S A 8 Al U o
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AR & 4 QIrH20], Wb ATiA 0 FFo] AL FNSE Wt ol 24 2R|) Aok Aol glon
= % g0 2 ofojd 4 gtk

Table 4= A A Z-& A )5t 21 0 2 FNSE THEAZ AFSSENSC BE2EFE (0|5 F-NSC) 2] E B =57 A&7k XAl
3] BA(X-ray Diffraction, ©|5} XRD)-S Sof o] wf2 @ A4S gelstgirt.

Table 52 2 A o] vigES el A0 2 7|2 439[21,22]& 53l =&ttt A8A= EFEAROPCE A
2 EFZ(0]5} Plain), EEAMS ZFEA|E2 AFESHNSC 2 EFZ(0]5} S-NSC), F-NSCE 25t} Z Al (Binder)2t =41
(Sand, FNS)9| Z3H|= 1:30]H, ZASAIH|(W/B)= 0.42 47519}

+ Hiete] HEEE = B & 2447 S8 OW-,* T 2ste] 2042°C 2N 5 FES AASHIH &, 7194
= AAIRENSC R 2EF=(0]5} S-NSC-steam)+= T IO A 1AIZF AAIRE & F] T & 60+5°Co A SAIZHS: - AISH
o A As] Yztstlet. o] Folli= ohE vt %‘?:_16}711 FAsHT E 2 GSAE AP T A=A 7I(HST-50CS,
Hansin kumpung)E AH8-5to] A7 7, 28, 56 4 S5t AA4+132= XA 34 E47](MPD for bulk, Diatome)E ©]-85
o] 40kv, 30mA, angle 10~70° Z71o]A =45}t

Table 4. Experiment design

Type Experiment
Flexural strength[7, 28, 56 day]
Mortar Compressive strength[7, 28, 56 day]
XRDJ7, 28 day]

Table 5. Proportions for mortar mixtures

Binder weight(g)

Type W/B B:S B:F
BS CFA FA OPC
Plain 0.4 - - - 525 1:3 -
S-NSC 0.4 420 53 53 - 1:3 -
F-NSC 0.4 420 53 53 - - 1:3

Figure 3= —NSC—J T A A0S vehd Aojoh 24 SFet PR ol et e 3 E44-2 ohEA vehd
CF F-NSCo A 7€ & % 10.2MPaZ 54 A= Plain ¥ S-NSCEE} A73E s S w2 A vebgct Qg 79
o]%of| I F-NSC9] 71’Eh 2= 28 15.3MPa, AHH 56< 15.4MPaZ thE 2719 B 2el2 B} 45 74 -4 dl §-%]
£ WER AL It} S-NSC-steam2 57| 8= ol 25 29 5 8.1MPa= 71 W27 @4 =5 AT AE 74 ©]
SHE = 2T A} glo] A E= 2 Holal ik whebA 27101] w2 P4 T S S HE 2 Mo S-NSC-steam
ZAL AT 9o & oﬂ UAE 12]3 o FNS ARgo] T8 f2jd 210 2 kgt

Figure 4= F-NSC2] =75 A1E A& YERH Zlo]ct F—NSC-J AN 74 =7 5= 18.2MPaz = A F Plain &
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S-NSCHT} ¢f&7E As g b wha 1 25 74 o] ol & &7 2|2 28 25.8MPa, A& 564 27.8MPa 2 J1-55}
Al FAFEITE F-NSC2] AE 28, ANH 56 A= 212F25.8MPa, 27.8MPa® the 270 R 2El2 Kt =0 t=71 0 =
UERATE S-NSC-steam= 57| A S EE 24 $ 12.IMPa 71 w2 7] =70 = S HASHA| U A o] whE 4=
F7H&2 WA e Qi

2P AR S-NSCO A AT 2, B Tl fElot v 0 2 PRV NS AR Al S

o= 5Pl 2§ & UheE A4 Ik o]9h 2L J WA S FNS| Yo UL, F4-ge] 12 2
of BEARRC A5 M9 He 5402 NSC BERE o] 32 FolAL AR R Gl 7leid 2 glovi[23),
Wb B ARG W BT A 1 B 37 Bk 24 4 ot

3

=
AWFA.0 2 BS S FASF -2 AT ithm& off ] 2hoh

Lo vhe A G e B0 @ okre) A 16} B
SHAIE AR P LS o] SEFEL SN 71 Ho] ek TeuhE 4T 2N INSE HEBAZ AT
L A% 371 AR S AP AAISHA i NSC BEEE 0] Z F0] 7Hsahe Selsigick

20 1 30 3
§ —1l L __Q—-—--""""
/

-O-Plain
-4S-NSC

4-S-NSC-steam |
! B-F-NSC
0 i i
0

7 14 21 28 35 42 49 56

-S-NSC-steam
MF-NSC
i

Flexural Strength(MPa)

Compressive Strength(MPa)

0 7 14 21 28 35 42 49 56
Curing Period(days) Curing Period(days)

Figure 3. Flexural strength metrics for mortars Figure 4. Compressive strength metrics for mortars

3.2 XRD &4

Figure 5+=F-NSC2| XRD 24 Zito|ct. AghA] W Pt ol wh2 AaE Aol what =614 (a)2t (b) 2 LFERH SAT

Plain<Z Portlandite(Ca(OH),) A/ oll ThHE T35 18°, 34°, 47°(20) F-Loll A &1 4= qlot.

NSC R 22 = Plain?} t) 22 0 2 QK A4 o] w] At stolrA| e, 431878 22 471 F oA =y
£ = A o] Qlrt. o= WP A BIAZA Calcium SilicateS 2|m]gHc}, NSCOll EAI5H= Ca0 AJE-2] S-5Pkg-0 =2 A
“J% Ca(OH),7} BSE AF=rote] H]27/d Calcium Silicate A4S F-8t A 0= HRItH24]. T2y 37|98S AAIGH
S-NSC-steam-= 5=5HE-g-0] w2 7] Z15) < o] ul=} T elSt Ettringite(CasAly(SO4); (OH) - 26H,0) T F-E 21517 o]},

782 BS AR S-NSCO] Quartz(SiO,) WA= A o] A'dol| whe} ol = A3k Hol=t] ol = A E FAS] T
o= BAHE FAS] Si JH-2 932 wi% = A= SollAl 7P A vebdth. &, FAE vhg-ofl fhofobx] ¢k k25 9l
Ch7t Aol 2] what AAs] gk Ao BAHEE T3 Mullite(3AL0;-2Si0,)7F ZAE E4JC 2 Calcium
silicate 28/l 714& &= QLo B2 77w ol f-2fsHA 283 4= it

&S A AR F-NSCE Quartz(SiOy) WA 7FJHHA 0. 2 2] ¢l 50°, 60°(20) FHoll A e ghelo] o] #ic, ot m]
451221 Forsterite(Mg,Si04) T & 52°(20) F-HollA] F=8iskA T 4= Ql=tll ©o]+= FNS ARg-of thE A= s,
A 787 28 FUSH Ao 2 YERATE XRD 4 A3} FNS ARGl mhE ¥4 BRIE S glon, MeO 8-S
Forsterite(Mg,Si04) 7} 22 £ 4tel= = SRS 21 4= ATH25].
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28days P Q p ] ]
P P : Portlandite M : Mullite P : Portlandite M : Mullite

Q: Quartz F : Forsterite v Q: Quartz F : Forsterite

7days P

E: Ettringite  CSH : Calcium silicate hydrate

F E : Ettringite  CSH : Calcium silicate hydrate
P

Intensity(a.u)
Intensity(a.u)

bt A A A
L 1 L L L 1 1 1 L 1 T T - ¥ s L 1 1 L > ¥
10 13 16 19 23 26 29 32 35 38 42 45 48 51 54 57 60 64 67 70 10 13 16 19 23 26 29 32 35 38 42 45 48 51 54 57 60 64 67 70
20 20
—S-NSC-steam  —S-NSC ~ —F-NSC Plain —S-NSC-steam —S-NSC —F-NSC —Plain
(a) 7days (b) 28days

Figure 5. XRD data for mortars
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Bl AIIE B2 e2 o] 5 BehEsie), o w2 U ase 1o o, W U G548 54 k2 3w g avte
ohick, mErkEo) XRD £4] Ak 20 A5e 1) T3 Mg0 o] B3 JotE Fe2 EAfele], o] 5 Tl o=
Ve 7k A8 1] ARE BeeEe] oAl 4 WAL Selsigct
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