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Improving Quality of Eco—Mortar Incorporating Blast Furnace Slag and

Recycled Aggregate Depending on Replacement Gypsum and Cement
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Abstract

As a solution of both environmental issue of reducing carbon dioxide emission and sustainable issue of exhausting
natural resources, in concrete industry, many research on recycling various by-products or industrial wastes as the
concrete materials has been conducted. The aim of this research is feasibility analysis of additional reaction with
ordinary Portland cement and flue gas desulfurization gypsum based on the blast furnace slag and recycled fine
aggregate based mortar to achieve the normal strength range. Consequently, in the case of mortar replaced 10% FGD
and 30% OPC for BS, 80% of plain OPC mortar's compressive strength was achieved. Furthermore, when the
water—to—binder ratio is decreased to keep the practically similar level of flow, it is expected to be achieve the

equivalent compressive strength to plain OPC mortar.
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Table 1. Experimental plan
ltems Variables
B” : 1 :
W/B(%) 1 50
" Aggregate 1 RFA
MXture £Gps replacement ratio 3 0, 10, 20
for BS(%)
OPC's replacement ratio
for Binder composition(%) 7 Plain®, 0, 10, 20, 30, 50, 75
Fresh mortar 2 Flow, Setting time
(()ompressive strengt)h
Test items 3, 7, 28, 91 days
Hardened mortar 2 Flexural strength
(3._28days)

1) B: binder ( BS + FGD : Flue Gas Desulfurizer)
2) Plain: OPC( Ordinary Portland Cement) + NFA/ OPC + RFA

Table 2. Mixture proportions of the mortar

B Replacemfent Replace- Unit weight (kg/m°)
: ratio o ment ratio
FGD(O/O) Of OPQ(O/O) OPC BS FGD W NFA RFA
0 100 498 0 0 249 1509 0
100 471 0 0 236 0 1427
0 0 465 0 233 0 1408
10 47 419 0 233 0 1410
0 20 93 373 0 233 0 1412
30 140 327 0 233 0 1414
50 234 234 0 234 0 1418
75 352 117 0 235 0 1423
0 0 418 46 232 0 1408
13 10 47 373 46 233 0 1410
10 20 93 326 46 233 0 1412
30 140 280 46 233 0 1414
50 234 187 46 234 0 1418
75 352 70 46 235 0 1423
0 0 372 93 232 0 1408
10 47 326 93 233 0 1410
20 20 93 280 93 233 0 1412
30 140 233 93 233 0 1414
50 234 140 93 234 0 1418
75 352 24 93 235 0 1423

x Plain: OPC 100%and NFA, RFA of used
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Table 3. Physical and chemical properties of binders’ used

Chemical component(%)
Si0,  Fe0s  MgO  SO3
20 344 213 196
342 041 526 195
275 065 151 255

Blaine
(cm?g)
3 144
4 254
5 000

Densi
(gfem l;/
3.15
290
2.85

Type

OPC
BS
FGD

¢:0)
63.4
425
62.0

ALOs
5.27
132
0.47

Table 4. Physical properties of aggregates

Water absorption
ratio
(%)
2.63
4.08

Densi
g/cmgy

2.56
2.38

Passing 0.08mm
sieve size(%)
2.87
240

Type F.M.

NFA
RFA

2.86
2.76
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Figure 1. Mortar mixture
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Figure 2. Flow with FGD replacement
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Figure 3. Penetration resistance value with OPC replacement
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Figure 4. Penetration resistance value with OPC replacement
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Figure 5. Penetration resistance value with OPC replacement
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Figure 6. Compressive strength with FGD replacement
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Figure 7. Flexural strength with FGD replacement

—a—3days OPC 0 %
© —e— 28 days
~—~ 50 (@] -
@O
o
= sl i
= 4+
>
=
D 40} -
‘(7') o o
s
3 3.5 = ./o
. —
3.0 o _//__./'
25 1 1 1 1 1
NFA RFA 0 10 20
Plain FGD's replacement (%)
55
—=— 3 days OPC 10 %
©
o
= a5} L
N =
=
g SO o o I
@« o
T st L P
=
>
s 30| = .7-—/.
25 1 . L \ L
NFA RFA 0 10 20
Plain FGD's replacement (%)
5.5
—m— 3 days OPC 20 %
©
o
g 4.5 - -
£
2
o A0 a a i °
E .'/ T T
® a5t L
———
(T 3.0 - -
25 1 1 1 1 1
NFA RFA [e] 10 20
Plain FGD's replacement (%)
= o I35 H
Sh= 2% oF 4 9lgirk, o= RFAS] E3hel oizte) 4w
Jy =
o] §=5of A=APE Hlem, FGDE spetdw ol
RO FGER] CaSO} WO EESIEA AU
5 2<
27K g W Rt MelolA dERIzlolE SotE
o] thF AEo=N U= Rt A ARt

J.o

FGDo| 2ghso] S7he L ?71111%2& s AUl
AETIolE YL 27 BPYS fiesto] Y&}
Aot 2102[6,7,8,9] £4HLY 754%i Plain}t}
oF7F 7l uixul obATl AAVIAE sk
FGD 10%, OPC 30% A|3HA| 714 st 2gtoz 24

ZA]
2]

197

2le] 80%FoI7] FHAEE AEGo meket 4
el

=
o= e, O]—‘E NFAE‘:P RFAZ} SAAI 2 5
2R EY HEEEE 5 do] oy
o] Table 49} o] Wxr} 2k Z-80| I L}E}Ur_
o wa] dogiel 7Ieletd[2] d=dert AfshE A

2 AlEE,

71—5_ o]‘j



Improving Quality of Eco-Mortar Incorporating Blast Furnace Slag and Recycled Aggregate Depending on Replacement Gypsum and Cement

3.2.2 A=

Figure 72 45wt U7 o2 OPCA e ¥
A FGDAEE Wl whs 7 =E el Zolot,
e 57wt npZIE FGD H OPCA|$H&0]
S/FEE S7kke AEE UERIAINE 28Y Al
FGD 20% OPC 75% *|&kgof| QlojA= ZwrraAdo]
Asfel= ZoR UEIth o= Z7|AFolA At
CsARRS-0 2 A EZ7IO|ES o3t e S5 9
RFA2] zh]e} Ha1o] 3hited B3kzl8-0 2 BS9| 3]
7344 Fofgh wdste] Zwrt o S71sE Ao R B4
=t} o FGDY) ATRE-S 20%71H4] S7HA17] S 57
Aol X HAXEHE st PH olESTTO]
E7} HEEl2 9] 221S WA oFstAIle] 7]Qlste] §7
T7F Aot AR AlEETH4, 5]
4.

4 &

AMJEANE O] BSoll ZAHE NFA thAl &=z A=+
F71eE RFAS ARS3H= 213 W2 ElZ o] SAFAR=A]
& BSell tfste] FGD 9 S7F481 dde|a=A= A
oJOPCE] 2|2he-S WA URPIE F7HA] ARgdo]
e 4 A=A S8S ARSIt 1 Fd9E 8
oFshH TRt Tk,

1) & SHoA Aguiea 183 FGDY Aghe
o] Z7FEE E2A= 3769, OPC 2|$hgo]
37l mEkals Al AoR YeRdt) Eg
OPC 100%ARE- E2l1R19] 74-$-0llA RFAS ARERE
739+ NFAS ARESE Z-Hr SAEAe] 71918t
o o W2 Ao Yepgrt
SAANZR FGD A2k 9 OPC Z|ghg ZF7tol wh
gt A X AoR Y=, §3| FGD
20%, OPC 75% A|gAol= 223 FHAITTo]
#2191 OPC 100%5 ARESH 79-Hi} thEE=
= YEPfSIT
P57t e mE 27| olA= FGDAIShE
o] Z7gtel whet w4 Vet 3 OPC 2|$h&
o] F7Ig) we} = S7FIANE FGD7}
20774 % Z|gHde) et S| PF YRS e A
SFok= ool YErsiTt

=
=
|

3)

198

=S¢t = w|, BSo| RFAS AMSshe 294
R2E=9] AL FGD 10%, OPC 30%% A|¥kstd OPC
100%5 AM83t E2919) 80%7 =] REdeA=rt &
FlE At 2y A82Ql SHoME BS + RFASL &
g H=2Et2d fieido] STl 34| T o]
5 UM frAls =-2FAmE W A Hobd

H
< 29I A=Yl 2

n)

R CEREE: 13
2 %

2, 232E Aoe CO; HiEF s 2

o,
Mo
g5
P o
H

Al A7 FEARES] 1A= Fa Al
715]e, ol EAlell si8shr] ffste] 4 AtiakEe]

U A1 S el Eg A0 R Aol ok W]
ATET ek, - AL DR 0HBES) T 3k
WEARFA) £ BE2E2S /o so] BSe) )
54 WSS SRANFCDYG BEZEUS AYE
(OPO)S] AFHIG-02 7} BB 2N At
opixle] meete BeAe AEstud s 2w
Aoz BSo| FGD 10%, OPC 30%5 A|¥stal RFAS
G 79 OPCTRE: AMgshe ) szl 80
HEQl WEFEREEE} MHL AR 4§20l 2
oA FEHHOR BRAS FUM A B-2F
A 2 ) Bk o o) grEoiele] 2Eg
e Ao ARHL,

H
A
T

FI9E  2EgMD FIkE Z2ELE, RerER, 121
nlz=2
Acknowledgement

This work was financially supported by Semyung
University in 2014,

References

1. Kim DG, Development of Zero—Cement Brick using Blast Furnace
Slag Powder, Recycled Fine Aggregates and Functional Fine
Particle [Dissertation], [Cheongju (Korea)]: Cheongju University;
2012, 177 p.



. Park KT, Effect of Mix Proportions on the Properties of Blast
Furnace Slag Mortar Using the Recycled Fine Aggregates, Journal
of the Korean Recycled Construction Resources Institute, 2010
May;2(1):47-50,

. Shim JW, A Study on the Strength Property of Recycled Fine
Aggregate (Wet Type) Mortar with Blast Furnace Slag, Korea
institute for Structural Maintenance Inspection, 2006
Oct;1(5):153-9,

. Baek BH, Han CG. Effect of Calcium Sulfate Dihydrate (Gypsum)
on the Fundamental Properties of Slag—based Mortar, The Korea
Institute of Building Construction, 2014 Jun;144(3):252—8,

. Kim TW, Hahm HG. Mechanical Properties of the Alkali—Activated
Slag Mortar with Gypsum, Korea institute for Structural
Maintenance Inspection, 2012 May;16(3):109—16,

. Son SH., Development of Zero—Cement Mortar Using Reactivity
of Recycled Fine Aggregates and Mineral Admixtures
[Dissertation], [Cheongju (Korea)]: Cheongju University; 2012,
165 p.

. Moon GD, Kim JH, Cho YK, Effect of Anhydrite on the Mechanical
and Durability Properties of High Volume Slag Concrete, Journal
of the Korean Recycled Construction Resources Institute, 2014
Sep; 23):239—-46,

. Han (G, Kim JB, Development of Admixture for PHC Pile Concrete
Using Anhydrite and Blast Furnace Slag Powder, Architectural
Institute of Korea, 2012 Aug;27(8):123—-30,

. Park HE, Jun YB, Jeong YU, Oh JE, Hydration of non—cement
CaO—activated slag with various gypsum contents, Proceedings
of the Korea Concrete Institute; 2013 Oct 16—18; Gangwon,
Korea, Seoul (Korea): Korea Concrete Institute; 2013, p. 301-2,

199



