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An Experimental Study on the Control of Chlorine Ion
Migration in Concrete Using Calcium Aluminum Layered

Double Hydroxide

by Hyun Young Jung

Department of Architectural Engineering, Graduate School

Pukyong National University

Abstract

Calcium aluminum layered double hydroxide (Al,O; FesOs mono: AFm) is
one of the hydration products that can be found in portland cement
system. Since it can include various anions within its lamellar structure,
it 1s known as one of the most effective hydration product that can bind
chloride ion within its structure. In this work, calcium aluminum layered
double hydroxide was synthesized using precipitation method, and the
chloride ion binding effect and its relationship to prevent chloride ion
migration within concrete have been investigated. According to the
results in this work, 10 % replacement of Ca-Al LDH with portland
cement did not significantly affect 28 day compressive strength. It was
also found that use of such replacement level has successfully reduced

the chloride ion penetration within concrete

Keywords: word; Ca-Al layered double hydroxide; chloride binding;

compressive strength; chloride ion penetration
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M”XQ’"/,;HM X"/,,L (n+1)H,0- 21(2.8)
M1—1 (OH)QX”/L,,L~ nHQO+xM X”/L,,L

2) Salt-oxide method (§1-AFsHE+H

o] FHMLE Zn-Cr-Cl AAE At&st7] fla A& AHEE W= Zine
oxide®] #H A HA2oA HH T+ #E5tH Chrominm chloride &<l
o] HkS-% o] ZnoCr(OH)eCI-2H 00 58 T 3}s} Fx7F dojoz
AsHAl ¥ FAHolth W42 t5e 4 (299 2t

MO+ zM™ X”/,; (n+1)H,0- 21(2.9)
MY, MM (OH),X™ . nH,O+zM" XJ}

3) Induced hydrolysis method (F%7FFE319)

FEAHE 7 Sl 23 Alx Wil A GACA 37
< & A GANA dAFZFe] pHE
w4 Gol2S HMHd] F<lste]l LDH 88 E doldl=

2
2,
jatad
r>~l
>,
N
fl
-
(E

Ho
DY
o
on
n*)
2
[\
N
-~

35) o], &MYl Mg/Al-NO; 2 Ca/Al-NO3 ZA4Fo]54:4k85(LDHs) 8] g40]2 134
s} Sdo #at AeA A, ‘é}oottﬁsljr_, A AVELS =R 2016

T«
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M" X+ aM™(OH)y+ (n+1)H,0~ 4(2.10)
M, MM OH),XM, - nH,O+axM" X))
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m 43 A3 2 33

3.1. Ca-Al LDH A&

8% Ca Al LDHO @40l: 380l 2edd. 219

= Aol A
3100 ARAL FAARE =4 sse] EASA
AM2ASALFE i =l s42t=
Ca(NO,), AlNO,),
NaOH solution ’\}
y SM
058 \
e £ \\I
b \"’ M 0.5 ml/sec
\\_ r
50°C
magnetic stirrer E
(500 rpm) E
mizLy) I S0
2 Sl

& /" LoH
N/ (80°C 220 AER)

e -
]| -
[ =m>AIHD
[\
I" \
L \
A
A
a9 31 F3HS &83 Ca-Al LDH A

TN s Ca-Al LDHE Axst7] 9Yste], Calcium nitrate

=

tetrahydrate (Ca(NOs3),.4H>0)%} aluminum nitrate nonahydrate (AI(NO3);3.
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9H,0) TE& NS FEsAt. 4 Cast Al9] EnlE 212 w37] 98 1
=2 Ca(NO3)29t 05& 2] AlNOy)z &2 AT 5, stue] v A FA|
ol #dstA AoleF st ol % &3 &9 =& 50°C7F 2 w7t
A 45 A1 71 mignetic stirrer 2 2HF7] (500rpm) S &8-3Fo] A o] F= .
T & 25 50°CE A% AHolA, 5= NaOH& S A=yl
S AFE3L] 0.5M ml/sece] W& 2 F9]ste] 31¢kA 9] Ca-Al LDHS A
= TESAT NaOH& NS F7b= o] ol LAl Hxo] dojuA] S o
7HA A ko] st it

A H 522 Buchner funnel, 29 7], 2 AE&A (filter paper)E A&
skl del Ytk AE AIES @5A1717]1 918l Buchner funnelol 33

. A% ol ¥, LDHe| o} 91 F Q= NO; ol & 9@

[
il
[-40
ih3
>,
S
k!

o
offt
[-'0
Sl
2
ol
il
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Mo
o
ofN
(22
>

oo Py
=
By
BN
X
o
1l
S
o
_Iﬂ
gi
>

E
,ﬂ
0
-
oo
grL

LDH ¥ grindinge] €59 Ca-Al LDH® o|n|#x& ¥ 3.2¢] vFebidct.

9B Ax¥ LDH T2 E el LDH
1Y 32 Ax & BEd=s wE Ca-Al LDHY AHR
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3.2. Ca-Al LDHY #E3H 54

Wl 93] Axz¥ Ca-Al LDHe| &34 5A4S AT Hstd
X-A - EA (X-ray diffraction)s &3ttt XA 3|4 &M A4
AH] = RigakuAle] Ultima IVelw, ~7ZF% (20) 5004 70°, At @ HAHF
= 247 40kV 2 40mAE &85

14
O
Q
=
=
Lo
o,
2
>4
o,
rlo
lo
R
o
S
ol
i)
Ll
o
2
X
lo
fru
o,
olN
Q'L
N
fule]
Q'L
2

BA A Fo] Aol wke WEE ol A=RviEICY( DIONEX,
ICS-1000, United state)E %3l &<213}3itt.

Ca-Al LDH7} AJRIE E3HA| o] G54l v A= 483 olslisty] st
& 1132 ¥ REZEZ AIAS AZsta, o9 28
Aot Z2etz o) wigd = ASTM C 305 “Standard

Practice for Mechanical Mixing of Hydraulic Cement Pastes and Mortars
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of Plastic Consistency”S wz} 28 3}]t}.

Raet2e] wE § E2EE AES 50mm x 50mm x 50mm FHE

109 Standard Test Method for Compressive Strength of Hydraulic
Cement Mortars.(Using 2-in. or [50mm] Cube Specimens)& w2t 7 &3}
At

35. €94 o2 AF AYRA

Ca-Al LDH®| &9 w& fao] s aapvh AAl ZAEE E

o] fda o] Ftel mA= FEFS sty #ste], Ca-Al LDHE

AZE ZAYE AFA AA

rfo
ki
o

ARIE A A2 22 Ed E9AI7] AL

<1,

-
BE HE AY WS TAUE AYA NFoE wEoiA o}, BY A
AAS AHSHA Gw GBE ol ATAFHY FHL s s 2w
E NgAE #7F Agaac. E 31 o 2aeEe] ngng gelsin

100mm x 200mm €& A& A st dihol=3FE SH87] A7t
Al 284 ¢ A" F<t 23
= Attt Aol AFAIYAY AP ASTM C 1202 "Standard
Test Method for Electrical Indication of Concret’s Ability to Resist
Chloride Ion Penetration” 2 Nordest NT-BUILD 492" Chloride migration
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coefficient from non-steady-state migration experiments”®] F7}X|

Fgstol, daole AT AYYL WA PFsHAh

¥ 31 234 E WgxE
a2k 3
o W/B  S/A & (kg/m)
-
@ % s gw= pH  RTA FeEA
Base
40 40  200.00 500.00 - 659.23 1,00.38
Concrete

10% LDH 40 40 200.00 450.00 50.00 . 647.61 982.75

3.51. TR AsF

E°] 10%=5 Ca-Al LDHZ thAd Za4E 9 Ik F3
HES F T tal Ade APsidv. s FS S48 ASTM
E=

rh
o
o
2

C 1202 H 2 Giatec Scientific ¢] Perma™# o] &3}9ith 28Y A& <
100mm x 200mm H€&3F ZAYE AHL HFo=z Adste, 100024
A)mm x 50(F7)mme] A|FAE AZSEATE olE Fieole HFAIA

244 celldl DA F, ZAo] A8 §olo] A BEE GBS
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29 33 ASTM C 1202 Woe ZaE 1] 424

352. 944 o2 FA4A4

NT-BUILD 492 H|~=E% NT-BUILD HZEAAE & 533 Azt
=43¢ cell 2 Proove It' (Germann Instrument) & & o] &3to] 2133
ok ¥ 3404 NT-BUILD 4920 &-8&8 348§ celld] ol A& e
WAL 2 232 ASTM C 12029] st Aol AHgH A3 dF
arzle] ANFAE AHEsIAT AdAE Zetayg #Bse YAA F, &

ol
of A FEH et F= AAFDE A He EhaE @] Sl

=9
F2ol+= 0.3 NaOH &< 300mlE < x| A Al obel H-E2 10% NaCl
€9 12L (&) o " FA ol 30V Adste dAAel 7hdla, =714
75 SASAY. Al 288 AU x7] Ovel ZAZE ARFA]
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0.0239(273+ T)L (273+ T)Lx

D

Dy = non-steady 411 18] ¢ 201 & A (107 Pm?/s)

U = A83% (V)2 Az

4
T = BagAgels) 27 eEs RARLE(c )] Btk

7% 34 NT-BUILD 492 H~E setup
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V. A9 2% 2 1F

4.1. G073}

(OH)= == A

Awdon 4Fa9es ovat AT @4 CaAl LDH &Ei

S W33 HolFEh o] Ca-Al LDHY A&

>

AARA Fo T E, 283 HA Fo AH&E NaOHS el o) 2

[®]
®
® ~it5l0| 22 2/ EHLDH
5 ® o o0 HOS
<« HA0|28 ERTHLDH
H
I'\O E )
IIJ i o ‘e o\ 3% NaCl 2°40f| &1 X| A| 7| Ca-Al LDH
> H H 1 @
" e [)
-“: oo @oee O
K it Y AN
[T - Y M Y A el 4 R b SN AP
o o
| Z= &l Ca-Al LDH ‘

5 10 15 20 25 30 35 40 45 50 55 60 65 70
9| =7 (20)

%Y 4.1. 3% NaCl €< #=] d 9 Ca-Al LDHe] XRD¥|&l #H3}
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1l 414= 3% NaCl&<) A o]%¢] Ca-Al LDH®] XRD #d
W32 goldk 4= 9k 3% NaCl 9o A A]7]7] Aol Ca-Al LDHE]
AT Z Arolo] FAks ol o] EAISHA A=, 3% NaClg el FA]A|
{1 o] Foll= XRDIE O] I a7} o]Fatglon, ol Adolzw dste] 4t
sto] &  FHrgk Ca-Al LDHoOlA Aol F#3 Ca-Al LDH
(Friedel's Salt)2 W3tel oS e o= A% Ca-Al LDHE NaCl
SHo] HAAATIE, ol mwEe o dioleol nAE F UAFS 9
neta 2, Ca-Al LDHel &3 ol A stol] tigk shte] Wulsk 57

o
255 9

J

35,000

30,000

(%]
u
S
(==

20,000

0|23 = (ppm)

g
-
w
3
[=

10,000

5,000

3% NaCl& Ca-AlLDH & X| &=
a9 42 3% NaCl &9 #A A F9o diol2sk ¥

a9 4204 o] ARnEIHIE o] 83 Ca-Al LDHS HA H+
Arole FZ= W3E YeYAY. 3% NaClg&dle] Aol FLhve

29,172.8ppm&  UERGA, AdFAIEe] Ca-Al LDHO #HA o]F &t
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26,2044ppmo. &2 7FA3stEth Ca-Al LDHO HAZ Q3 ol &

Fat gaolendgs ane ® ge FAZ ¥ 5 vk o T A9
=

-

aHSAE 2 A A AxE Ca-Al LDHe= W &3t

42. ¥SA=

19 432 Ca-Al LDHE &8 AWE w229 289 hFHA=E Y
B
L& 241 MPaZ YEya, YERE AIWES] 10%E Ca-Al LDHE A3
Bl29] 28Y ¢4F7JEE 236 MPaz Ca-Al LDHS] X o]
LHERSE T

po)

olt}. Ca-Al LDHE &34 &2 AIWME HaE 29 28U SF5%

o
>,
)
[
i
Iy

FEFEE dh GRANE AL

it

plain 10% LDH

1Y 43 Ca-Al LDHE &3 R2E=29 28¢ A#H d=4%
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19 4494 += Ca-Al LDHE £91% ZA2E AFAE AH&ste] ASTM
C 1202 Bl2E Fgoz 243 Fohdstas b

3
2
4
o
.
N
=
>
fh

4 9l%o], Ca-Al LDH7} ¢l we ZagEd 58 E3dsz g
5813 coulomb, Ca-Al LDH7} 10% X35 ZAgEd &2 EF A3 HS
4558 coulomb® Ca-Al LDH® &%io] Fddsds AT &

AT

plain 10% LDH

19 44 Ca-Al LDH Z4agE Y diol HF
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18 4594 Ca-Al LDH7} #x38+¢

ettt Ca-Al LDH7F ¢+

Aol GaAF7E 294 x 107

m?¥/sec®Z UEFYFSH, Ca-Al LDH7F 10% = 3%

m?/sec® YJEN} Ca-Al LDH9

|

g E

T

AP EE 246 x 107

=
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V.42 &

B oATdAE 2ade gdx daclee ngsE A7 e

Ca-Al LDHZ Al4ste] oo dxele wAs ans 480w Fad
F, LEAS AUES d4Y Al wEEe ¥ Zade AYAE A
Aafo] 2890 AW FEFAES Arole ARARVHL wu BAAT &
A7l £EH At thest vk

1) Ca-Al LDHE 3%¢ NaCl&el HAA7]9W, CI' o]29] 143}

H
05 MPa A=° ol HA 10% FF° 3> 289 AFE

3) Ca-Al LDHE 10% X 3tste= A 249 E E3Adss 2
L

@0l ASE 7247 Ca-Al LDHY £9¢] Azol ol g
ARAGYS FIAYS RARG ol Ca-Al LDHA 9@
Gaole mAfEA % A0 AR
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