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In this study, to characterize the application of CSA and dihydrate gypsum Utilizing industrial byproducts, we investigated the
characteristics of CSA and dihydrate gypsum to investigate the characteristics of Mine Liner according to the addition amount. As a
result of compressive strength, length change and absorption rate of mining lime wastewater according to CSA addition amount, up to
30% of CSA showed a positive effect on shrinkage and absorption reduction effect as well as strength at initial age. However, due to
excessive use of CSA 50%, it was reduced by 15% compared to OPC due to increase of absorption rate and decrease of cement amount
due to over expansion rather than shrinkage compensation and void filling.
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HEHRE Al fX[EHnE XX ALO|of AAIHO| A7|H 0] AAH = 0| A AR HAIS| CSA= ME D AA0| S2|5ta A
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Table 1. Experiment plan and mix design

. Unit weight(%) . .
Type of binder ; 5 5 W/B(%) Superplasticizer(%) Test items
opc” CSA? DG” Slag Aggregate
Plain 25 - -

" - Mortar flow
CSAL0% 225 L5 ! - Compressive strength
CSA20% 20 3 2 15 60 14 0.05 (3days, 7days, 28days)
CSA30% 175 45 3 - Rate of length change

- Absorption ratio

CSA50% 12.5 7.5 5

1) OPC : Ordinary portland cement, 2) CSA : Calcium Sulfo Aluminate, 3) DG : drystalline gypsum
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- -1 o=
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A
3.144cm?/g, LT 3.15g/cm®Q| HE IEHE A|HEE AIE5IY
0 H|EHA 4159m?/g. LE 2.90g/cmQ!

=

D27 D|2US AESIRIC MTE HIEHEA 3816m/g, U
oz}
A

A Rl 27185 Kot =M - Kot ZXIE sh&st

7| 215104 Ol~M11 5 CSAS 010 RIS MIZsIRC), B
CSA(Calcium Sulfoaluminate, 3Ca0 - 3A,03 * CaS0,, CiAS) =
YHE SHol7| Yot ELHEE ALO;ECEE SIHLUTIA A

= LTE MEIUCH, SO He2E HEI0M &
El

MEl= SSMTIZ Ca0YOZE 15 OPC HIE 2 ASAIRI0] Af
e ASME AME6IHCH 1 42 Table 401 LIEFLIRACE

Table 2. Physical properties and chemical composition of OPC and slag

CSA Z7t= & A8HEE Ca0:AL03:CasS0,=3:3:1 HI82
S315t04 AN tZT7I20iM 1,000~1,400C 9] 0d2f 2 &
Q2 SHAGIZOM, CSA FRIFIO| RS BHESH= A0 CHal
AZ3L ZAHE(Pilot plant) 2 AZH ANZO|M CHF HIZSH0]
OHE HALS A AMEatRiC
223 EX

= AN AKRSH BRH= KS L IS0 6792 HEAE AF25I9ICH

2.2.4 SS3A|
NIPNES Clel e~ PR

(superplasticizer)= Z2|7I22AM SSHHIE 2USIAIZ! HE

OF HUiMS | £ 19%0{|A pH 4. 2+1Z2 LIEFHALC]

2.3 Ay
231 EER

CSA Z71ol| (2 ZAF XITe] 222 KS L 5111 TAIHIE
A& =2 HI0|Z10fl oAt ZHoIATE. 7| ZAIZX! Plain
S ZENERO| HIYEFAA £32|E Z2220] MAlZD
= 200120mmE Target flowZ2 A& HWHE &iFiCt

Table 4. Chemical compositions of raw Materials

Chemical composition(%)
Si02 A1203 FezO3 CaO SO3 MgO

Type

CaO | 9.93 1.68 0.65 45.49 0.01 2.73
CSA | ALO; | 53.04 | 28.18 7.09 1.23 0.24 0.58
CaSO4 | 0.96 1.24 0.16 31.92 | 3821 1.21

Chemical composition(%

Ty.pe of Specific surface area(cm’/g) Density(g/cm’) Ig. loss - o )
binder SiO, ALOs Fe,0; CaO MgO SO;
OPC 3,144 3.15 21.7 5.7 32 63.1 2.8 2.2
Slag 4,159 2.90 3333 15.34 0.44 42.12 5.70 2.08

Table 3. Physical properties and chemical composition of drystalline gypsum

) 5 Chemical composition(%)
Type Specific surface area(cm’/g) | Density(g/cm’) -
SlOz FezO3 A1203 CaO MgO KzO Na20 SO)
DG 3,826 3.12 1.5 0.3 04 66.1 0.5 0.1 0.05 302
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Fig. 2. Flow according to the CSA contents
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Fig. 4. Compressive strength ratio according to the CSA contents

78 vol. 7, No. 1 (2019)

2 LEFRCE J2Lt ZHE 3ol M= CSA &I 30% 7kl 23|
& Plainz} H|W5[0 S5 0|9] (ISU=E Liote A0 CSA
= 27|18 S| gaHQl Aoz LfERRT

CSA M7 w2 M 39| U=UT= Plain0llA 24.8MPa,
CSA10%U|IA 25,06MPa, CSA20%0|X 24, 75MPa, CSA30%0{| A
28 2MP22 PlainT} H| sl AlTjRO2 =2 otxzte 2 Yisis}
il O'Et 2L} CSAB0%0| A= 21.2MPa2 A Plaint} H| X 5HH
15% ZASHS 202 LIEH D QT 0|2f3h Zuks CSASH An
= 28610) MBS St TEOR ABSHe At Etringiet

ANE
Ca(OH). f%%flogil

0|2 Qlotd = EAut CE0]

Z7|dE BT= 7037 | iR 2 AR EC} 2 H71o] Q)

owt CSA3O%77W ZIIGe0| SEHR! e IRl AL

LIERST, 2Lt CSA50%O1|H'_ CSAQ| g ALEOZ Qlot

04 ANHERE ZAGIH +EEH Y FIFTECE HHFYC=

Qlot B=UATL LfEfH NOE NZEC wtM Zit AT

ZI|MBOIMS Ze H 2T BT S23617| MHZ0i CSA%}

0]+A1E A[MIE ChH| 30% T A CHAlE 32 20H&Y A
o2 mHE,

CSA H71=0f M= X 28YU9| USUTE= Plain0flA 45,6MPa,
CSAI0%0IIA] 39.2MPa, CSA20%01M 42, 7MPa, CSA30%0YIA 43 1MPa,
CSAS0%| A 37 2MPaZ CSAE F7I6tA| &H Plainz} H]| w5
“EHI"i uo Orxﬂga =lge 1 |-J__l O'q, IH% 3o| orxﬂgoﬂ
M Plaint H| ot MHMOZ &= A| LIEHF CSA M7t 30%77t
K= TE 28Ul M= H2 A2 LEFRTE Ol= CSA BETE

M%%* 42 X7| MM EttringiteS MASHA =11 0|2 It
SEAT AFLE ETS LIEHIX(RE 28Y 0|F &7 (XHZ0l|A]
E §1|% LIEFLIX| S=Cis 7[& AT7Znet RAGICHPark et

al. 2012).

3.3 Zo|Hzt

CSA il e A xael 2ot SYZEIE Fig.
501 LIEILRATE CSA HVI0] S7tE+= dt X9l XXH2
Yotz defs UELRien 2 A79| BelolM=
30% O|LiollA 28 ZO[HSH= 0.1% Ol5tE HASIAUSLE CSA
7t 50%01 M= 0.3%7K| YHske A2 LEHT Ol
CSA H7IZkof 2 28Y Z0[|HS S ZT} Plain0i| M 0.27% £
oIt CSA10%0U|IA 0.03% HE, CSA20%0A 0,10
CSA30%011 A1 0.11% 078 CSA50%01| A1 0.28%

O= LIEIITE 0[2f8h Zut= CSARt MTE S§l6lo] A&



Rateof length Change(%)

Lioll A= cs
20{ +5

215t = 7[xH oA

Plan

CS5A10% —a— CSA20% —+— C3A30% —e— C3AS0%

4

8

12 16
Elapsed Time({days)

20

Fig. 5. Rate of length change

Ettringite

wae Qs

o

Ca(OH),
|

f(Sung etal 2002), 2 A
= Z7IMFAHMS L=
Lt CSA &7I2F 50%0 M=

28

QEH%M odiE| Hoz Atz =}

TN AT 2 B3, 7|=0) of3t B2 BAVBI, HE
o A& S0l Qs 20| FFsH 2ot S8 AedssS
EY o Qe B0t QIR YK UCh At Xl iR
FELE 22 22 48 Folle2a a6l o ot Xt
ol iz MEE 49 2Eegs e + 7| m=zolct
(Cho et al, 2002),

CSA 7ol

LIEFLHRICH 2 AT He{oAl= C
PlainZ} H| W 5HH ZtAGH

o E4E2

AR X

INERA R

Me Plaindt H| W50 281 O|& &7

Absorption ratio(%)

10.00

8.00 4

é
SA
O
M=

tot=

—

= ZYZE Fig, 60

H712+0] 30% O|LHOIA
OL} CSA F7I2F 50%0|

O 2 LIEtTH

Plan

CSAl10% —&—CSA20% —O—CSA30% —e— CSASO%

8

12
Time(hours)

16

Fig. 6. Absorption ratio

20

MES EES CSA /IR0l ME i Xexl S40f et A+

CSA A7IZof 2 E4E2 PlainOilA 3.4%0(|A2Lt CSA10%

OllA 1.2%, CSA20%01IA 1.8%, CSA30%0IA] 2,1%= LIEH} Plaint
H| w5t Mo 2 S420] HASIICE 0= CSAR} 0|1
71 Ettringite S JolHA G =0 T 2ol L 240

Lol W] 222 AZETt 22{Lt CSAS0%0fA

7.4%2 M Plaint} B| w5l E480] 2,281 Z715H= ZOR LIE
WL Ol oM A=Y= ZOo[Hsi0ME eigst B2t 20|
CSA H712f 50%0 A= IOl CSA A2 =7 |HZHoI M =t
Yol Yooz Qla HHEHA U 0| Yot 5+20]
=

7kt Zde2 THECKJoo and Lho 2015),

3.5 7I8E

CSA H7Ioll e &4t X==ie| 7ISE2S Fig. 701 LIEfL
= CSA &7 30% O|Uo M= RAteH Ees L
Lt CSA E712f 50%0 A= £lZ 40~200nme| 2 A
ol AOE LIEHHT 0= CSA im%t 50%0il
A

=g0| S716t0 Y=Y

=

=

=]

oW
L

0.002

0.002

0.001

Incremental intrusion (mL/g)

0.001

10 100 1,000 10,000 100,000
Pore size (nm)

0.000

Fig. 7. Incremental void distribution volume

0.090 T

0.080 | ----- CEA20 e
—CsA30 J_',..--ﬁ' al
0.070 e

0.060 - s
0.050 - w/,e

i’
0.040 - /

0.030 1 p
0.020 _ /.

0.010 #

Cumulative intrusion {mL/g)

0.000 -
1 10 100 1,000 10,000 100,000 1,000,000
Pore size (nm)

Fig. 8. Cumulative void volume

StEAMSSIXIRIES| =27 2019 3% 79



=7t Motelof §+80] S7fet A2 HEELY

CSA T 1f0l| 2 it XtpXiie] =8 71S&S Fig, 801 LIER
QUCH ZPAF RESTHO| 7 2242 CSATO%OMA 0,068mL/g, CSAC0%A
0.083mL/g, CSA30%0MA{ 0,073mL/g, CSAS0%0IA 0.085mL/g
2] CSAS0%0A] 7HE T2 LIEFOLE CSA &7 120 [ =
Sdot ZE2 LIEILIX] 4AC

o

I
my
[

2 S0 M= CSARt 0|+MTIE &4t ApTHoll X8t |
7|EXI2E MAIGEIAF CSAR} 04T &7 12F0)| 2 Xp4aXY
C

|. )
E4s dEoi¥en O Z1E thsa 20| LEMLHICE,

o

1o

1) CSA E7I0l T2 At X4Tfe] 222 SHAT CsA
2 O

47 2F

i
it
=)
oM
N
]

S
Ju
_>|'_\
+
=
10

&
Hu
40
rr

= [
TO| HP0ll M CSA FII 20%7K e =1 S2FE

S

i} r_f', M o
1M

o o 2

H1 3@‘

P

(02l

M

i

O

(@3]

h=

Ml

N

oY

(@]

2 1o
Z o
59 i
RONON]
0y H
Horr
rr 0N
Qb
2 5
il
oY
oL ook
< o
w - o
& 5
o =
= 3R
= &
Pl

9

O

>

o
0o

El

ol
™ R
(<o}
(@)
x
=
g
o
on
U K=o
$0
rir
Pt
— |0
Hu
I
m
<
|0
o
Pl
AN
OT\'I_
|.|—|

N o
2
]
H o
1
e
pat}
|0

=
rE
ol

Ph
o
Y
=
O
n
>

bl
]
o
=
ol
N
ok

1©

>
ikl
ro
og
o
o
1
N
ol
mo g
r
m
o
£Q
o)
4>
re

o L oR
10

O
(@5]
>
aal
d

I}
w
(@]
R
S|
]

Ir
Pl
~

2

ol
2
>
1

WI T’
4>
A
Ral
NI
fol
=
o
$0
nr T
N
[o)
Hu
°
m
r
in]

o o ¢
N 2
oz

oN m:lo 2
=
O
[9p]
>
0
N}
o8

nS
w
o
R
(@]
=
=2
rr
Y,
Q.
3
=
o
El

_O'L
B
= o

QY
|0
-
9)
w
NP
abal
X
o
a1
(@)
o
2
b
rr
Y,
Q
S
B
o
El
_O'L

2
==
o
or

ol
J
S

™

= 102 LIEISIT CSA Z71ZF0] 30%
LHOAf= CSAR} 0|4AT1 7} EttringiteE SMGHHA 11
HOoM LR 22]0] X[UoHH| Fg=lo] S4+20] LAt
io= e

23 CSA H712F 30% O[LiolME RASH e Lt
1T QUOL} CSA M1 50%0 A= Z1Z 40~200nm2)
DME 7|1SH0| &50h= A= LIEHGCE 0= CSA &7t

(@]

H o

SN

Yoz tEA L FH0| LHsIL 02 2ot 2M 3
20| S7tot] Y=Z=7t Motelo] E420] S7tet A
= D

80 vol. 7, No. 1 (2019)

Conflict of interest

None,

2 o7 HR(DSSHEENS, S,
N

o o
9| HEHCZ St TN - AR D7 E = MEAY Q)
X912 g0} 232141 CH2017M3D8A2086037),

=

References

Kim, MG, Kim, KJ_, Jeong, G.C, (2018). Assessment of the cause
and pathway of contamination and sustainability in an abandoned
mine, The Journal of Engineering Geology, 28(3), 411-429 [in
Korean],

Lee, SE, Park, SJ, Kim HS, Jang, HS, Kim, TH, (2012), A study
on the model test for mine filling using coal ash, Tunnel and
Underground Space, 22(6), 449461 [in Korean],

Kim, TW,, Hahm, H.G, (2012), Mechanical properties of the alkali—
activated slag mortar with gypsum, Journal of The Korea Institute
for Structural Maintenance and Inspection, 16(3), 109—116 [in
Korean].

Sakai, E,, Raina, K, Asaga, K, Goto, S, Kondo, R, (1980). Influence
of sodium aromatic sulfonates on the hydration of tricalcium
aluminate with or without gypsym, Cement and Concrete Research,
10(3), 311319,

Lee, HW, Min, SE, Lee, KH, Kim CS, Eom, H.J, (2014),
Characterization of high early strength type shrinkage reducing
cement utilizing CSA expansion admixture of low—activity, Journal
of Korean Recycled Construction Resources Institute, 9(2),
3845 [in Korean].

Kim, Y.U,, Kim, D.B,, Choi, S.J, (2018). An experimental study on
the setting time and compressive strength of mortar using
ferronickel slag powder, Journal of the Korea Institute of Building
Construction, 18(6), 551-558 [in Korean],

Han, C.G, Lee, MH, Park Y.S, Pei, C.C. (2005), Physical properties
of concrete with the contents of CSA expansive admixture,
Magazine of the Korea Concrete Institute, 5, 369-372 [in Korean).

Park, CB, Ryu, D.H,, Seo, CH, (2012), Properties of high volume
mineral admixtures concrete using inorganic additives, Journal
of the Architectural Institute of Korea, 28(3), 631637 [in Korean],



AHEMES SETH CSA IO T2 Fot XA E40f #er A7
Sung, CJ,, Song, M.S,, Lee, KH,, Han, C.G. (2002), Hydration of Joo, MK, Lho, B.C. (2015), Evaluation of properties of polymer—
expansive materials with CSA-system, Journal of the Korea modified mortar with CSA, Journal of the Korea Institute for
Concrete Institute, 14(5), 631637 [in Korean], Structural Maintenance and Inspection, 19(1), 35—44 [in Korean),
Cho, YK, Nam, S,Y,, Kim, CS, Lee, HW, Jo, SH., Ahn JW, Song, H.S,, Lee, C.Y., Min, C.S. (2007), Hydration of high volume
(2018), Evaluation of physical properties of mine polymer liner mineral admixtures binder with kind of activators, Journal of the
and cover material containing re—emulsification type EVA resin, Korea Institute for Structural Maintenance Inspection, 11(1),
The Polymer Society Of Korea, 42(4), 637642 [in Korean). 8594 [in Korean],
LAHRMES EESH CSA I WE &4t xtexl| E40 2kt A7
= AP0 M= MRARASS EEoE COARL O|rMTIE A X0l &5 | fI8h 7| == E MIAGHIXT CSA% 0|~A1
1ol e xeAiie] EdE HESINCOH 11 ZutE Ch3i 20| LIEILHICE CSA TV 1) e &t Xexie] A=A,
Zo[He}, 48 SEEI CSA30%IIA= =V IMHB0IMC] HEE71et HEN £5 3 eeaXkid 50l S852! Je=
0|X[= AeZ LIEFGTE T12iLt CSAS0%0IM= ik AlZez Q1510 55 a & SS51IE0= IUHOZ Qlot S5
71t AHIEQF ZAR QISI0d OPCe} H|w5He] 15% ZASIAILCY,
StRIMAEIXIRISE| =22 20194 32 81





