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Evaluation on the Performance of Mortars Made with Calcium Aluminate Cement

Seung-Tae Lee'™

Abstract: In this study, several properties of mortars made with calcium aluminate cement (CAC) such as hydrated products, strength characteristics,
absorption, surface electric resistivity and chloride ions penetration resistance were experimentally investigated. The properties of CAC mortars were
compared to those of ordinary portland cement (OPC) mortars. From the test results, it was found that the main hydrated products for CAC mortars
were of C;AHg and CAH o, while CH, ettringite and calcite for OPC mortars. The surface electric resistivity and chloride ions penetration resistance
of CAC mortars were significantly beneficial compared to those of OPC mortars. However, it should be noted that the absorption properties of CAC
mortars were negatively examined. Thus, it needs to have more study for the improvement of surface absorption of CAC matrices. In addition, the
combined mixture of CAC and OPC were ineffective to improve some performances of mortars.
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1. M E g AAe BAska ik
dukH o 5 HF ZEWNEAIWE(OPC : ordinary Portland
SR A PN R [ 8- B R-YE RS L PR PERE) cement)= F9 4+H8}E0] Ca0 ¥ Si0, 0| H, FAE-L calcium
59 23 E T2E) A5AEE YA QJke] fAm  silicate o] FAR Zlell HIS) CACE F-8. 418hEe] Ca0 B
2w g Azl g3 BAlo] olx|= ZAolth e}, AL03%! monocalcium aluminate(CA) = ©]F1 7 U&= F7]
AR FUY o)A AeslE = ATE A3 2A1S] BSA 9 A AtA o t(Scrivener et al., 1999).
A Y7A D yaralo) ekl 7)52 A o] YR CACE ZR2oA HEE /EEoH, HQIAE
ATt 53], Asteha oAl =ed FaYES] WA (bauxite) 2} & 7 95 5l 4845 7]Wko 2 s}
A3t EAZ QI5t A0 Y, TRE FHTE 7]42F 2k 1450 ~ 1600°C A B-&A1A UP—Oix]L Z734 9 g}
=3tet 5 g% 9ol EEH I glon, ol Al g B S AT AW dToR IFHD AT CACE
3 17154 B R0 Adte] AAE A ol) TA4, 2713 E A5 L Ui a}ur OPColl H]
0|23l o] G2 lFte], QHHRE TP JF =Y = sled A Ad o] B A, A7 o] (phase Conversmn) Aol wh
AL R ME T2 E T2E Y74 Aspt waets € R AETE BAH) s BoR Fokes e

o8 A0) ALsly] oot BaAlg e BadEnyole  TEAEEAN] AR AIRA Ao R A JTHOlder,
AJHIE(CAC : calcium aluminate cement) S -85l 231 Q1S 2000). &, CACS] F3RE-g-2 250 et 3 Eol o
o, A3 ApA s gRsEa gtk B3, 300)d AEE 2 Jehd, 4L 2 A L3870 A= CAH ) T8 53}
2%2-9| Larfarge’= 81812] 7)2Jo]] ol3}e] Aakel E@ A U, RERAANE CAHs R AHE T2 AL,
277 9] RS2 91510 SewperCoatZH= CACH R4S & 1982418 o33 Zti(Scrivener et al., 1999).

3l¥om, =2 GBG Ltd. = iie EW = Dalmuir Sewage

Treatment Works®] 3725 X o]5le] CACE 28 CA + 10H — CAHjo 1)
439 i) etn EE2ew) m mAAR} 3CA + 12H — C3AHs + 2AH; )
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2.1.1 A

B Ao A= REXEN =AW E(]S} OPC, fineness =
3,280 cm’/g) 2 ZrL-Fu]u|o] E AJH E(0]3} CAC, fineness
=3,310 cm’/g) 2 AFAN = AR89, OPC & CACY] 3}
B2 Table 13 2T} A, £ AT AHS-H CAC &
°] XRD #4ZA7}E Fig. 1°] YeERNI oM, CACY] F8 A
HL CA, CAF 2 CpA Y9S- & = ATt

2.1.2 22 A
A= A7 5= EHANA A3 AR (<5 mm)S A

Table 1 Chemical composition and physical properties of OPC and

CAC
Chemical composition [%] OPC CAC
SiO, 21.7 43
ALO; 5.7 39.2
Fe,0s 3.2 12.5
CaO 63.1 38.0
MgO 2.8 0.5
SO; 22 0.2
L.O.I 1.3 1.0

CA

T T
5 10 15 20 25 30 35 40
2 theta, degrees

Fig. 1 XRD pattern of CAC powder

Table 2 Physical properties of fine aggregate used in this test

Density [g/cm’] Absorption [%] FM.

2.67 0.98 2.80

slom, A=A Eel3] A7 L Table 29+ 2T}

2.2 HjEH &l 7|=EM
B Aol A= CACE OPColl thated 2+ 0, 60 2 100%
Ajgte] E2EL2 vt AA 3 o, Co, C6 L Cl100.E
Pz} g5l o). A AN (OPC and/or CAC) S} ZHEA) 9] S
H|E 122, =23 8](w/em) 7} 0.509] R2EI2E A 235}
21+£3°C 2] E3} A35]4=8W(sat. Ca(OH), solution)®l] Y 3H
T, Ao Aol g E B4 9 A8 EA WrkE

AN BT Table 3& & AollA AR ZEEL= gt

N2

Table 3 Fundamental properties of mortar mixtures

Setting time [min.]

Codes - : Flow [mm]
Initial Final
Co 87 285 194
C6 32 116 95
C10 66 197 222
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2.3.4 EAAZAYZA

B EEE 9 FHA7| A RS S5 f18+ @100%200
mm YF3 T 2ZELE FAAE U0 F WennerHoll A3
four-electrode resistivity A3 -& A A 3R S H(Fig. 3 2 4), 3
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Fig. 3 Surface electric resistivity measurement

~
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Fig. 4 Schematic representation of surface electric resistivity by
Wenner method
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Table 4 Chloride ion penetrability based on total charge passed

recommended in ASTM C 1202

Total charge passed [coulomb] Chloride ion penetrability
> 4,000 High
2,000 ~ 4,000 Moderate
1,000 ~ 2,000 Low
100 ~ 1,000 Very low
<100 Negligible
2] (4)°] oJ3] Al F TR EEHQ)S Table 401] A=
7153 Blaste] Gael2 AFAFAE S G = Uk

3. MyzL Y N

3.1 XRD &4

Fig. 5+ 3&7 EE2E29] XRD #A4ZAAE EA%H Ao
2, ALS3F A o ol wet A Eo] thEA U

: AFm
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: CaCO3

. quartz

: feldspar
: CAHyg
: C2AHg
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O 00 1O Wk
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Fig. 5 XRD patterns of mortar samples (7 days)
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Fig. 6 Compressive strength development of mortars
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Fig. 9 Results of absorption measurement of mortars

Table 5 Initial absorption coefficient (S;) of mortars with ages

Si [x10™* mm+/s]

Codes
7d. 28 d.
Co 0.62 0.27
Cé 235 0.68
C10 4.59 2.44
20
—®— o
—ak—— C6
—M— C10 High
15____________________________:__
Moderate

10 4

Surface electric resistivity, Kohm-cm

?F—,—’%WBW

0 T T T T
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Age, days

Fig. 10 Surface electric resistivity of mortars

AHEEH, 4719 A=5E FYALE fA|5t] 95 2719
A= v AnFAHDE SAAA WF 2719 =l T4
S AAAKV)E SAH 2N, FAA7IALH ) EH
HA Ft}. Ramezanianpour et al.(2011)2 S| ES] W
A7 AG3EE o838t A= B HAo| 23 F A3
o] BAE TF53FH M, Sengul(2014) & W74 A E2ZH &
WA gI7ke] FaAS FA3GTE B Presuel-Moreno et al.
(2013)& A2 W2 ZF Eo THHTA 3} HElE

A o2 ATt

Fig. 10> 37 REEt=9] A5 A7 Adge
EbA Zlolth A& 28YUllA C10 Z2EF=2] 9 ASTM C
17609 =A 8 W+A H717152] ‘Moderate’ 3 & © & Vel
U uhd Co 2 C6 REEFEE Very low’ Y 0 & Lpepd o
24, C109] FHA7|A o] -F3HA UEhdS & < 3
o} =3 C6 BREERE ] FHA | A2 AlE 7Y o] F5

B C0 E=Et=9} 71 2] FAHAl YER .

3.5 PA0|2 EENEY

Fig. 112 ASTM C 1202 A @W el Fot] S43 m=Et2
o] B 8EFS Uehd Zlolth. B EElE o] FH X5
< AZA ] F7 2 APl wEt AelsiAl vt e, C10
REZEL2 0] FFastge] UH A F FF REE2 v}
of JjA oz AA YRS & & Sl W, €6 ZEERE
=A% 7Y 928Ul A Co ZEELE ] Hl3le Tha 2He- &
S & g UERE S 24 Fig. 100141 AlA1E R 27
A&k A= tha g2 A JebgS & 4 o

gH, Fig. 12+ B A7olA =AM ZE2EFE9] %7
At FeAAsERe] BAE =AEE Ao=2H,
Sengul(2014)9] 7 A3}} np7IRA R X =843R™=0.92)
o] #AE UeRHS RIS = Tk

Lo

J. Korea Inst. Struct. Maint. Insp. 85



5000

4000 - —

3000 +

2000 4 —

1000 - -

Total charge passed, coulombs

Very low
v
. Il i
co C6 cl10
Types of mortars
Fig. 11 Total charge passed of mortars
5000
el
% 4000
=
Q
()
B 3000 -
v
wl
<
o,
Q
g0 2000
<
=
(o]
=
< 1000 o In(Y)=-0.47X +9.48
= RZ2=092
)
0 T T T T T T T T
0 2 4 6 8 10

Surface electric resistivity, Kohm-cm

Fig. 12 Relationship between surface electric resistivity and total
charge passed

3}, CO AlEol| A= CH, ettringite 2! calcite®] 3| 27} 32
, C6 ME2 479 CH ¥ CGAHgZF AEH HA

.

SHEA LS Ik
(2) Z2EL2 2| FEEAL 1 Z3 AF 100% CACE AHE:
[e)

gHC10 REE27} b5 9 R ET 27| AP 5 E ¢
3 73S YERd WA C6 X EELEE C0 REEIER

AR = 2082 eyt o= 4
A0 7= F31=421 C:AHsS] A/dellA 7191

oqstd EAE Wrlek A, w2E2

T8 e ke A9E i o 24,

BetA o] =W A= g A 6 2o

Ao et $, meeke o] aRA7]A ey 9 o
]_'E_

[e o]
>N
re
Al
1l
o
Mo
[l
Ju
Jo
Ral
12
o
1]
12
o
I
Al
I
__);_i
5
i
=
o
’Rj
N
=4
o

< YeER AT

(4) £ A7) HY WA T4H o= 1#sHH, OPCA B2
E}2 1T} CACAH EE2ElE7} QB 325 A 9JshH, o5t
A el AR -8 AS YERRITE =
CAC®l OPCE &-83h= wlf2 ZEER=9] 3 4%
Pl FAH R A= ZAEUS webA, A E T
ZEE HEASEN CACY &84S 717 28t
of W74, mMlT= Foll tigh F7HAd
Ao 2 7=, CACY] 74A1d E A 5 s
HAG =2 U AEE Y83 502 AT

bW

2 ATE FERSA|EEU 20159 AAH %]
= ATAFA(FAM Z: 13CTAP-066371-03)2] A8 #]
do g FElom, ool ZAL=HU T

o m.l}
f

2

r2

References

1. Ann, K. Y., Kim, T. S., Lim, J. H., and Kim, S. H. (2010), The
resistance of high alumina cement against corrosion of steel in
concrete, Construction and Building Materials, 24(8), 1502-1510.

2. Blanco-Varelar, M. T., Martinez-Ramirez, S., Vazquez, T., and
Sanchez-Moral, S. (2005), Role of alkalis of aggregate origin in the
deterioration of CAC concrete, Cement and Concrete Research,
35(9), 1698-1704.

3. El-Hafiane, Y., Smith, A., Abouliatim, Y., Chartier, T., Nibou, L.,
and Bonnet, J. P. (2014), Calcium aluminate cement tapes-Part. I :
Structural and microstructural characterizations, Journal of the
European Ceramic Society, 34(4), 1017-1023.

4. Garces, P., Zornoza, E., Alcocel, E. G., Galao, O., and Andion, L.
G. (2012), Mechanical properties and corrosion of CAC mortars
with carbon fibers, Construction and Building Materials, 34, 91-
96.

5. Gastaldini, A. L. G., Isaia, G. C., Hoppe, T. F., Missau, F., and
Saciloto, A. P. (2009), Influence of the use of rice husk ash on the
electrical resistivity of concrete: A technical and economic
feasibility study, Construction and Building Materials, 23(11),
3411-3419.

6. Gu, P., Beaudoin, J. J., Quinn, E. G., and Myers, R. E. (1997), Early
strength development and hydration of ordinary portland cement /
calcium aluminate cement pastes, Advanced Cement Based Materials,
6(2), 53-58.

7. Kim, S. D., and Moon, D. Y. (2013), Effect of steel fiber distribution
on steel fiber-reinforced concrete on surface electrical resistivity,
Journal of the Korea Institute for Structural Maintenance and
Inspection, 17(1), 106-113.

8. Kirca, O., Yaman, O., and Tokyay, M. (2013), Compressive strength



development of calcium aluminate cement-GGBFS blends, Cement 15. Scrivener, K. L., Cabiron, J. L., and Letourneux, R. (1999), High-

and Concrete Composites, 35(1), 163-170. performance concretes from calcium aluminate cements, Cement
9. Lamour, V. H. R., Monteiro, P. J. M., and Scrivener, K. L. (2001), and Concrete Research, 29(8), 1215-1223.

Mechanical properties of calcium aluminate cement concretes, 16. Sengul, O. (2014), Use of electrical resistivity as an indicator for

Proceedings of the International Conference on CAC, Edinburgh, durability, Construction and Building Materials, 73, 434-441.

UK, 199-213. 17. Sengul, O., and Gjorv, O. E. (2009), Effect of embedded steel on
10. Matusinovic, T., Sipusic, J., and Vrbos, N. (2003), Porosity-strength electrical resistivity measurements on concrete structures, 4C/

relation in calcium aluminate cement pastes, Cement and Concrete Materials Journal, 106(1), 11-18.

Research, 33(11), 1801-1806. 18. Xu, L., Wang, P., and Zhang, G. (2012), Formation of ettringite in
11. Mostafa, N.Y., Zaki, Z. 1., and Elkader, O. H. A. (2012), Chemical Portland cement/calcium aluminate cement/calcium sulfate ternary

activation of calcium aluminate cement composites cured at system hydrates at lower temperatures, Construction and Building

elevated temperature, Cement and Concrete Composites, 34(10), Materials, 31, 347-352.

1187-1193. 19. Zain, M. F. M., Safiuddin, Md., and Mahmud, H. (2000), Develo-
12. Older, 1. (2000), Special inorganic cements, E&FN Spoon Publi- pment of high performance concrete using silica fume at relatively

cation, New York, 123-126. high water-binder ratios, Cement and Concrete Research, 30(9),
13. Presuel-Moreno, F., Wu, Y. Y., and Liu, Y. (2013), Effect of curing 1501-1505.

regime on concrete resistivity and aging factor over time, Con-
struction and Building Materials, 48, 874-882.

14. Ramezanianpour, A. A., Pilvar, A., Mahdikhani, M., and Moodi, F.
(2011), Practical evaluation of relationship between concrete

Received : 09/07/2015

resistivity, water penetration, rapid chloride penetration and com- Revised : 10/21/2015
pressive strength, Construction and Building Materials, 25(5), Accepted : 10/30/2015
2472-2479.

82 X B AT ZFEFIC)E ARIE(CAC) REEIZ Y T3 =, Z 5, T8, 037 A D Qa2 A F= fz}*é%
Az o2 1A CAC ZE2EL 29 A5 HEFXEWN = A EOPC) Z2EL=9] 453 43E BluEAch 48 A3 wh=H, CAl
REZE2 0] FQ 3G E-2 CAHs D CAH 0 22 A O, 5 9 F27 5= OPC & E‘ré of| nlste] -=3kA Vel Rk 0}
Y}, EH7] A4 9 daol IAFAFHE g H 02 2 A7E e 0 24, CACY] 9,8 AT Rlskdth 18U, CAC &
ZElR O F5E2 27 H FE OPC Z2ELZ 0| 0|3 Tha A YEPG O ZM, CAC 7 3HA| 2 E HET 35S N8k Ak A7t o
Zag Ao = AEh ¥, CAC 2 OPC E81E R 22 9] H3ha] 4452 CAC EEELZ 0 vl UIA 0 2 thAh HojE Ao =
ZAFE O ZM, CACA 7Z8A| A ZA F2)7F 87= T
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