Journal of the Korea Institute of Building Construction, Vol. 10, No. 6
DOI: 10.5345/JKIC.2010.12.6.061

Li=gefaet &Ee] X=SHE

2t HAM AMHE ZEEIZ20|
o3t

Study of Non Sintered Cement Mortar Using Nanoslag and Alkali Activator

oS

Jeong, Sung-Wook
Department of Architectural Engineering, Tongmyong University, Nam-Gu, Busan, 6058-711, Korea

ol
=a

L}
=]

I

Lim, Nam-Gi’

Abstract

As global warming has had harmful effects on the environment, the construction industry has made efforts to
reduce the amount of CO, generated in the process of cement production. There is an urgent need for an alternative
material that can replace cement. To improve the initial strength and economical efficiency pointed out as problems,
this research was conducted for Blast Furnace Slag (BFS), an industrial byproduct. Non-sintering cement (NSC) was
used by minimizing the amount of high-priced alkali activators. By using Nano-technology, fineness has been
maximized, to enhance the initial strength of BFS. This research is based on non-sintered cement replaced by
nano-slag using alkali activators, and the fundamental properties and quality of the non-sintered cement were
investigated. A variety of activators were used, up to 10 percent of the slag weight. This research aims to present
fundamental data through a comparative analysis of flexural strength, compressive strength, time of setting, diabetic

temperature, and rising heat.
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Table 1. Chemical characteristics and physical properties of

Nano slag
Chemical composition Surface
i sample . & Weight  area
item Si0:  AkOs Fex0s CaO MgO (ev/g)

Nano slag 3275 127 102 424 839 281 39,100

Table 2. Chemical characteristics and physical properties of
Cement

Chemical '
N8 composition Si0;  AOs FexO3 CaO  MgO  SOs  lgloss
comp
ositio
N Contents(%) 2195 659 281 6012 33 21 2.58

 Surface Setting time Compressive strength(MPa)
nglg g Weigh First Final
prrtop (ort/g) sefing sefig  0avs  7Days  28Days
erties

3112 315 4Hour  6Hour 198 272 389
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Table 3. ISO standard size distribution of sand
(KS L 1SO 679 : 2009)

Sieve size Sieve cumulative distribution

(mm) (%)

2 0

1.6 7 £5

1 33+5

0.5 67 £ 5
0.16 87 £ 5
0.08 99 + 1

35,000c/g 0] Y] 1S glalo g 2k} o] &%9)
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SELECTION OF CONCRETE
MIXTURE PROPORTION

|

Test Body ‘

|

Properties of Concrete
3, 7, 28Day

|

Measure the Strength

XOMT QMddT

OK ‘ NG
Setting time Adiabatic temperature
(Gillmore ) rise test

| |

’ Analysis results

Figure 1. Test Flow
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Table 4. Non-sintering cement Test Method (KS L 1SO 679)

Mortat Type Water
OPC

Test Mortar

NanoSlag | Alkali Activators
45042 0
10%Substitution

Aggregate

1350+5 225+1

Table 5. Experimental Factors

Hydroxide ion group Silicate and HSO;4 ion group

CaOH NaSiO(Liquid and Powder)

Alkali

stimulant KOH

Sodium sulfate

HSO aluminium
NaOH

CaCO;,

Standard Mixing KS L ISO 679

Substitution and

Adding(%) Slag 100%

stimulant 10%

Compressive strength, Flexural strength, Setting time

Evaluation > | :
v Rate of rising adiabatic temperature
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Figure 2. Flowing Properties

Table 5. Flowing Properties Result

Flow(mm) Flow(%)

OPC 17 100

CaOH (Addition) 105 89.7

CaOH(Substitution ) m 9.9

Na:COs 114 974

Al(SO4)3 103 83

NapSiOs 100 85.5

CaCOs 102 87.2

CaS0Os4 100 85.5

NaOH 11.3 96.6

KOH 115 98.3
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Table 6. The Bending strength of hydroxide ions group

Division 3Days 7Days 28Days
Standards 5.7 6.2 80
CaOH
(Substitution) 38 40 51
CaOH
(Adding) 33 38 49
KOH 39 45 59
NaOH 6.3 6.8 7.3

Table 7. The compressive strength of hydroxide ions group

Division 3Days 7Days 28Days
Standards 178 237 26.7
CaOH
(Subbstitution) 125 147 21.2
(Acc?éi)r%) 88 130 198
KOH 12.7 18.0 237
NaOH 19.3 279 31.4
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Table 8. The Bending strength of Silicate and H2SO4 ion group

10
-0 OPC =—CaOH(Sub) —O—CaOH(Add) —*=KOH —°—NaOH Bending strength 3Days 7Days 28Days
Fikd PP Standards 57 6.2 80
s == Sodium Silicate (Powder) 01 1 28
prr ium  Sil . . :
P e = ooun Sl Porce
§ g-- / Sodium Silicate (Liquid) 0.1 2.1 36
‘i4 ] /K///é Sodium sulfate 0.1 18 29
._g a—————— HSO aluminium 1.1 20 24
< CaCOs 0.1 14 2.1
0 2
0 Table 9. The Compressive strength
3 7 28 of Silicate and H,SO4 ion group
Day
Figure 3. The Bending strength of Silicate and H2SO4 ion compressive strength 3Days 7Days 280ays
group Standards 178 237 26.7
Sodium Silicate
(Powder) 0.1 13 31
40 , "
) Sodium Silicate 02 30 41
o 35 | "ZOPC —CaOH(Sub) —O=CaOH(Add) T*KOH —*=NaOH (Liquid)
L]
s Sodium sulfate 04 28 37
- b
£ 30 e HSO aluminium 06 3.1 36
g S
g 55 P S i CaCOs 04 27 35
2 i o==" /K
2 20 e ///A
g &- /2/“ "
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3 7 28 S
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Table 10. Setting time of Hydroxide ion 5 ook e oM T jaoH
Division First setting Final setting 50
g,
CaOH 56 196 O 929% il
&g X/ w%p D e
KOH 60 180 Z . // e oo
g / e ~Bo
NaOH 55 190 ¢ | e | oy,
g f% % B0
‘ E
250
¥ Initial Set
¥ Final Set
200

150 —

100

Setting Time(min)

50 - — I -

CaOH KOH NaOH

Figure 7. Setting time of hydroxyl ion group.

Figure 10. Adiabatic temperature rise test Chamber
(300300 300mm)

= v
| o $3tdo] OPCE W33 Aow AT
Figure 8. Gillmore apparatus gk le} 2 R U EHe] OPC EH | H]‘ﬁ}\]xqoﬂ}ﬂ *4

el Aol
ZAmo} Aol o3k $ANTE 2AAMY 543 EF 2o & olFel ARE = JloR S 4 a} 71*4 Aﬂl 1
A 7V wgkol) 1 zPO]t 5 oz Ix e Ao = B F7k) AEIL FukEolop @ Aow e
AEgon, FHolAE $A8 2F, UEF 24 3 AL meba WA ARES] SRS gekRithd St 2
2 =4uo] 7S nHaty SAshlERo] 249 wg v BF UEET 97 A5A 534 Al tgk 3
dohd 2go] frEld Ao AuEy, opce byl 2 EE WSl & Jlow sdd.
730] 90%- o]ujel AL 7ersitiH A9 ekt AEAl=

22908 FAR @ ey AdEe e AFAR &
JM e o gy,

65



Study of Non Sintered Cement Mortar Using Nanoslag and Alkali Activator

4. 28 2 FF A4 B20] 2R AL B AT o] AFAE A}
£33 Y2&g s X8 nLAANES 7|22 sfaL 9lo
o, @YoM AHTPsR HaAES] 7)Y BY 0 E
NE 2 ARES] FAYOR A HE AN R E 0 e o1t ol 2esl s ool e e
T = o]l= ol B o 2 = } == —L/\]'O}‘ME]’- 0431 X]'“lz'ﬂﬂ' —a‘akl & 04 10%= /\]'o
7]70];— '-l-ll\ﬂ—"é_ ‘146H /1\__ HT}\\__E_?__ EEEEHJE EH}E) S ];|— QO_] otq 7T ol=7lT __0_7_4]/‘] } Tt Armolmo
20 B3 Hoe e sls Ok} oLk = 1 IR— "o, BHao-L, oMY, TET T, ‘Yo 2=
2 AlMES] 5t 549 AEg Ashs b gk '
71%S 383 U g2 s 2 A L2AA]
1) NT lga‘ao i L} SRR Z‘} TAEA Sige ek AlME, Lieo| &, L gela, 92| XISH
22 AHgSt] ThE A2kl AA| 8 SaES 2
Eslo] HIAAAIHE 7]ed] gt 7|24 AFE Zesh Acknowledgement
A3} OPC o] #54 A7} 10%0l5te] 2718 =
s, 7] BIAAGAIES] 71 2 Al o= A4y This research was supported by a grant(2010C010)
= 271 % A dE-Z2H A OPCE 435k from industrial—academic corporation centered university
AoZ 5450 AE3) 7|e= o] 7ledd Ao funded by ministry of knowledge economy
ek,
2) o] A=A W $EEA 12 AT SN A8, References
IR, SUISHIEE § 2F 5 oRE i) 2
A OPCHH] S24 7H 10%0)e] 2AL uhs) 1. Lim NG. The study on properties o.f concrete ushlng High—Blaine
Qov), Zaks 74 A7 AR 2 SRk o] ez o] 2 Blast—furnace Slag Powder, Architectural Institute of Korea,
- - 2005;49(10):119-129.
At AR fred b S ARge me 8005 ; gl)LICi F 9 CONCRETE, Ki 2007. p.31
. . , Ki ; 7. p.31.
ZANIES] AFAS ke, Sl ARl 4 o o moondans 2001 7

3. Jin 1J. NANOMATERIALS, Daeyoungsa; 2006. p.13.

4. Korea Institute Concrete, Concrete Admixture, Kimoondang; 1997.
p.217.

5. Park JB. An Experimental study on the Development of Advanced

'TOL “
abs} o] o] fEE Zlog ey
Aro} el ofgk FAARE SAAY ks YEF 241
oA 7P sk ot 71 afo
o ZAEGon FHNME k8 2, UEF

3

~—

W

o
X
o

ftl

H
X

m &
lo

pork

= Nano—Cement and the Characteristics of Nano—Cement Concrete
ool AR FAHO 2AS R IShE [MA dissertation]. Seoul: HanYang University; 2007.
ol TAS itk 2ol #2 A% AAEL. 5 i By, Sonn HY, Lee SS, Kim JS, Kim HT. Experimental Study
4) s3ksk 24 3 HEFo] OPC the] e AlRiell A o on the Strength Properties and Flowability of High Performance
e v Ago] A E Aol vl Faksidge] 937 Concrete Using Blast Furnace Slag, Proceeding of Annual
o] 1 o]Fol| A== AoE SAEo] HjAA AIHE Conference of the Architectural Institute of Korea
O] 2Eg G RN sz 2y, UEFY 2006:10:425—428
of obze] A=A HEHA ARGl tig AER 118 7. Han CG, Baek JH, Han MC, Kim SH, Noh SK, Son HJ.  Properties
o} & ZHo=w FtET} of Shrinkage and Strength of Concrete Incorporating Blast—furnace
Slag, Journal of the Korea Institute of Building Construction
8 o 2008:8(1):99-102

8. Kim HS. A Study on Application of High Strength Concrete using
non—sintering cement [MA dissertation], Seoul: Dankook
University; 2006.

9. Park JB. An Experimental study on the Development of Advanced
Nano—Cement and the Characteristics of Nano—Cement

=
A T = 3 I = o5 AL EALEO] N - Concrete[PhD dissertation]. Seoul: HanYang University;2007.
=27 % E = & il pul RSl BIASR=Y = . . .
A = 2714 LS e A aEel meHa 10. Lee HY. Effect of blast furnace slag matrix by alkali activator and
s

Al O = si=1Lod o o] okr7}k 18kl =
Rl f"_‘i AT : go}”‘*‘__tq kel L] A=A OE_ 4 sulfate  activator[MA  dissertation].  Jeomju:  ChonBuk
cagrozA g8 s vlag AME 715E A Chiversts2007.
A e, Te)3 NTE AHgstel Rees A3 sjo] 12

A A7 2dstel] olse] g7do] dotaiA|aL glen| 1

MaA ARES] ZAoR A4 Hi

66





