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Pore and Efflorescence Characteristics
of Alkali Activated Slag-Red Mud Cement Mortar depending on Red Mud Content
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Abstract

Red mud is an inorganic by-product obtained from the mineral processing of alumina from Bauxite ores. A highly
alkali inorganic waste product with a pH level over 11, red mud in its original state negatively impacts the ecosystem,
so appropriate treatment is necessary. The development of alkali activated slag-red mud cement can be a
representative study aimed at recycling the strong alkali of the red mud as a construction material. However,
Alkali-activated binders that use sodium activators have been reported to be more vulnerable to efflorescence.
Therefore, in this study, the compressive strength, pore characteristics, water absorption, elution characteristics, and
efflorescence properties of alkali-activated slag cement mortar were assessed according to their red mud substitution

ratio.
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Pore and Efflorescence Characteristics of Alkali Activated Slag-Red Mud Cement Mortar depending on Red Mud Content

Table 1. Experimental plan and mix design

Type of binder Replacement ratio of red mud (%) Mix design Test items
0 (RMO0) * Porosity
+ 5 (RV5) .« BS =13 + Compressive strength
Alkali-activated slag cement « 10 (RM10) Core « Efflorescence
+ 20 (RM20) © WB = 75% + Water absorption ratio
+ 30 (RM30) * Elution characteristics

Table 2. Physical properties and chemical composition of alkali-activated slag cement

) Chemical composition (%) Specific Densit
Type of binder , surfacg G /Cms))/ Ig. loss
SiOz AlOs Fe:0s Ca0 MgO SOs arealcm?/g) g
Alkali-activated
slag cement 221 89 14 549 33 5.2 4,058 283 223
Ordinary portland
cement 217 57 32 63.1 28 22 3,144 315 132

Table 3. Chemical composition of desulfurization gypsum

Type SO,  ALO; Fex0s CaO  MgO SO
Desulfurization
Gypsum(%) 2271 0.65 0.66 732 0.31 21.9
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Figure 1. XRD of alkali-activated slag cement
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Figure 2. Particle size distribution of dried red mud

Table 4. Properties of red mud
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Pore and Efflorescence Characteristics of Alkali Activated Slag-Red Mud Cement Mortar depending on Red Mud Content

Table 5. Degree of efflorescence

Degree Efflorescence area
| none
I less than 10%
1] above 10%, less than 30%
v above 30%, less than 50%
v above 50%
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(a) Efflorescence (b) Image processing result
Figure 3. Efflorescence test
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Pore and Efflorescence Characteristics of Alkali Activated Slag-Red Mud Cement Mortar depending on Red Mud Content

Table 6. Efflorescence test

Sample RM5

RM30

Efflorescence

Image processing result
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EDS analysis results of efflorescence



o Nz.350,
O Ne,C0.
A CaCO,

30 35
2-theta (deg)

40 45

Figure 10. XRD analysis results of efflorescence

Urepd wiste] g Eo] YEEA 3kl
o] JEmWEel Ao T

COy(g)+20H—(aq) — COs” (aq) + H:0
9Na+(aq)+C0s* (aq)+7H,0 — NaxCOs - TH,0

St S 1-dlEHE AHIES] wigl= glew
Cojlx Ikl Naol A2Sei1n o] A=A 24 A
|5 =P a4 FEERE SO RESS AAdE Ao=
FA%= NapSOZt 5 oFal Stk

3.5 85AMH

HSPAE A Fo] A RRE §EA] 7H8A Ca”
Na'®] -§&%& Figure 110f tehsict,

WSS & AFAA ) 7M8] Ca” BEFE AIFA
I vlalste] BE AlfAelM S7vhe Ao® et
oJZE WIIA[RAofA] AIAAIE 28 F2F 20T oA AT
& Qe A2 slaL sRHek YAATA et =2
S7F BARE @/l Slote] siollx] AR el Hrk.
O] QI5le] AJGIA| 310 Ca' 7} Ballwlo] Ao
g3t 20T ghE WMot Fojw Ageke] Ca vt
ARA] Uil FESIAL Sl o= Almsr,

SEAFoNA 7H84d Na'o ¢ AT AMg3E U4
21228} AMIE AollAl= Nax07F 719 vehA] it
W] o]l NagO2] =8 S5 gl=mES] 2o ik
ok wEhA EEEdet S a-EmE AMIES A 9
WSt A Na© §&%E d=0s didigo] 0%elA

ul
~

267

2

OBefore test
W After test

A8

i i
RM10 RM30 RMO

Samples

B
(=]

[
=]

Extent of alkali leachingippm)

1

RM10

L=}

RMO

RM30

Figure 11. Alkali leaching result

16, Tppm, FEHE AL 10%0014 30.8ppm, H=HE
A& 30%°1141 60.0ppm = YERE o wistA Y & §
Z7Fe WslAY AT} AR 58 Hola 9ok T3t Na'
S22 gurE dixge] SRS S7ksl wskiy
HAE F7IekaL i), o= AIEA| el Ay WEkE
AAZI AL slejate o] o]l ErhA] W} WAy o] A ks
o] Qe AoE dTErt

SEof wspg B4 AR Ca' 8530 Na'
SETEC WA NapSOs7} sHEd s - 71 wo| 2y
81l ¢lom CaCOxn= mlulalAl BAY=|Ich E3h Y=
A4 &o] F71eE Na' 9] §&382 Z718l Wity
HAE STl ol Wl WAyl F=ash A 44l
Ca’ U Na' 5 & g170] HejolAl= Na'o] §&3o] wis}
Aol o & 93RS vXl AoR wErh
4. 4 £

S|t AMIEY dlem e &8st} glemE
thAlge] s Yeedst Y- EmE AHE 22
Ef29] 7|3 9 WislEA)S AESH A R} 7 A2
ALt

1) QztelRet Lol -dsls AMES] v o
Akl T Y574 14.5~26.0MPazA] &l =r
=8 tpIge] S1EGE QEAEE sk A
& Holm gick

2) JIEHES iAol w2 7132 273 10~1000nm2)]



Pore and Efflorescence Characteristics of Alkali Activated Slag-Red Mud Cement Mortar depending on Red Mud Content

B FE0] 2715 E3 mARkRg o] et B4
& A BORA WSS YA HobA
7484 ol aElo] mAR|E BAOE oFh= o]
% F27} Z7helo] WEpIA 7K5H ol Eie
Sre|Eet Sef-dEu s AREY] HEvs
7hgo] Z7RE Wekmlo] Z7lohn] Hevis o
A% 577 SR 10% Tue] 15 4

% Hol31 GOt 10%0) AHgA] MEpBA S

373 Z71M9I,

WefEpat Lo -dEHE AlES] WaREe

NasSO7} 714 Bo] thebotn] the-0 2 NasCOwH vt

e} iglo] 20 WIS NatE TEHED] Nato]

F0 U densd Aoz pug,

5) F=vs tAlge] F7KS 7heA Nat ST
F71510] wiEpAl wiAe Z7kstglon, wa WAyl
FR3 W) 2421 7484 Cat  Nat7} B4l0] &
AE A% SoNEA & Nato] g50] Zrjeke
WEpIAe] o] 2 93 uX|k JoE BekErh

c_:_]':

L

Yr-d=nc AE meeked
8, §EEY 9 U EHS sl
1 AEe] EEA AFA e
S 2 Sl MESAS Selsi o
S-dEnE ARER HEn)s ko] ol 10
~100nm 23] 715 37100 wehaze] 3715}
L A0R e, GLeErEt Sea-dms A
£ WEIEAL NasSOZ} 713 ol ARE thgos
NaxCO2 #}] Hgelele A=nf=o) FFu Nat

=2 0 v

2 Ao ghoE

C[HCE HH

FI9E ¢ aZelgdsl BEME, Wst J|ISE

Acknowledgement

This research was supported by a grant (16CTAP
—(C115206—01) from Infrastructure and transportation
technology fromotion research Program funded by

268

Ministry of Land, Infrastructure and Transport of

Korean government,

References

Pacheco—torcal, Fernando, Labrincha, Joao, Leonelli, C,
Handbook of Alkali—activated cements, Mortars and Concretes,
USA: Elsevier Science Ltd; 2014, Chapter 9, Analysing the relation
between pore structure and permeability of alkali—activated
concrete binders; p.243-57.

Moon KdJ, Properties of non—sintered cement and concrete recycled
with industrial waste. Ph.D thesis. Korea: Chonbuk National
University, 2004, 319 p.

Kim TW, Hahm HG, The strength properties activated granulated
ground blast furnace slag with aluminum potassium sulfate and
sodium hydroxide, Journal of the Korea Concrete Institute, 2015
12;27(2):95-102.

Pontikes Y, Angelopoulos GN, Bauxite residue in cement and
cementitious applications . Current status and a possible way
forward, Resources, Conservation and Recycling, 2013 1;73:
5363,

Daniel VR, Joao AL, Marcio RM, Potential use of natural red
mud as pozzolan for portland cement. Materials Research. 2011
11;14(1):60-6.

Pan 7, Cheng L, Lu Y, Yang N. Hydration products of
alkali—activated slag—red mud cementitious material, Cement
and Concrete Research, 2002:32(3):357—62.

Pan 7, Li D, Yu J, Yang N, Properties and microstructure of
the hardened alkali—activated red mud—slag cementitious
material, Cement and Concrete Research, 2003 2:33(9):1437—41.
Kang SP, Kwon SJ, Effects of red mud and alkali—activated slag
cement on efflorescence in cement mortar, Construction and
Building Materials, 2017 12;133:459-67.

Kang SP, Kang HJ, Durability of alkali—activated slag—red mud
cement mortar using polymer, Journal of the Architectural
Institute of Korea Structure & Construction, 2017 1;33(1):81-8,



