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Characterizing Compressive Strength Development in Cement Mortar
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*Corresponding author ABSTRACT
Kim, Sang-Jin In this research, our goal was to explore the potential use of cement mortar augmented with liquid red
Tel : 82-43-531-2903 mud. To facilitate this, we neutralized liquid red mud(LR) - exhibiting a pH of 10-12 - using sulfuric acid
E-mail : to yield sulfuric acid neutralized red mud(SR). We then evaluated the flow, setting time, and

sjkim9701@naver.com compressive strength of the cement mortar combined with liquid red mud, while also performing a

thorough examination of its chemical properties through X-ray diffraction(XRD) and scanning electron
microscopy(SEM). The flow tests indicated a decrease in flow values for both MS-LR and MS-SR in

Received : February 28,2023 comparison to the Plain. Analogously, the setting time for MS-LR and MS-SR was found to be abbreviated

Revised : April 27,2023 when juxtaposed with the Plain. With regards to compressive strength, MS-LR demonstrated a surge in

Accepted : May 22,2023 strength at the 1-day mark, while MS-SR displayed a diminution at the 1-day and 3-day timepoints
compared to the Plain. XRD analysis illustrated that after 28 days, the XRD patterns of Plain and MS-SR
bore significant resemblance, though a new peak was detected in MS-LR. SEM imagery highlighted that
the microstructures of Plain and MS-SR were alike, but MS-LR manifested a distinct microstructure,
characterized by a finely fibrous formation. Based on these observations, we infer that the replacement
of cement mortar with liquid red mud neutralized with sulfuric acid contributes to a noticeable
enhancement in strength, thereby verifying its suitability for this application.
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HES o] gdle] § BAEG HENE 5] YRR ALEFR A7/ ABHYTHS], A=HE SHAS AZ5te] 4
2Jshs e e Hlg BASH JHI Ao R Qlste] Aok W glom], JRels] A% fEH s o] AT EEL AA6)
GojAi AHolch, g, 2 7o) Aol st AEMES AHE B 2etd] Hrtske] AB4sHs A7t
e 9IcHo, 10). 1 A o e =r = o) Hrlero] 71845 AHIE B2 o] 457} st Ao ettt of
oy Fen|so) gzl io s qlstel 2t 9 wskao] Ut 2o 2 Hekeh, nfeba] 2 oAl oy
e Eg Gk AUE B2 JE Hots 7Héi5}7l Sl5te] pH 10-12 Q1 AT =W =2 BH4T0 2 Fatste] pH
6-89] A A =P =S AIE B2 et2 ol F7lote] P4t F5} O == 0] B8RS Bl gk,

2, MBS Y

2.1 Mg

o ErolAe HEME SRR A A EHES A flote] 23 #AA, £ 2AE sl o 7ot
Edote] Alxg W HEm =] ks H71ote] pH 6~821 535} W d| =W EE Al ottt S5lo] i A Hl=
o] B2 3letA EAS v walgith At HlE T 9 Shak 35 A E T2 7k AW E B2 2 EF2 O] Mix design
c}. Plain®] - SAMEHE= 0.5, /B 3:12 475199t T3 MS-LR 2 MS-SR B3-S Plain®]]
SO I E=HES AHE F3Fl Swi%e tﬂiﬂﬁ}‘ﬁiﬂﬂ, W EMES] g a1t
a1, el e Egtste] A8ttt BN RO R R SR, SEAT R AHYE o
Freg S, #5402 SEM B BLXRD 24= d‘ﬁﬂr.

Table 1. Mix design

Extra discount Red Mud(g)

Mix ID Cement(g) Sand Water(g) R SR
Plain 100 50 - -
*MS-LR 95 300 4527 9.72 -

**MS-SR 95 46.06 - 8.94

*MS-LR : Mortar Sample-Liquefied Red Mud, Moisture content(LR) 48.6%
**MS-SR : Mortar Sample- Sulfuric acid + Liquefied Red Mud, Moisture content(SR) 44.1%

2.2 MEM=

2 =FolA ARERE AIHIE= KS L 52010014 785k Q= =Wl SARS] B ZEHE AHE(Ordinary Portland
Cement)E AH8-0F5 01 AJHIE e} gl Em E 0] E2]-318}4] EAJS Table 200 HER ATt ZHEAH=KS L 1SO 6792] F++
7 BFARE ARSI Al EHE B B S5} AR EMEES Al £5H] 2Rt HEHE S8 A= S KAIA &
ot ARgslT BlEHE S 2] of Tt 3Foh4] 2/ 9] F437-2 Si0,, ALOs, Fe,05 % °F 80wt% = /4 & o1 A Qlrt.
gt lEMES o & Fototo] St Tt W EmEE A Z2517] 918l STt 95%<1 Alohe FAtS A8

TH o=
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Table 2. Physical properties and chemical composition of Ordinary Portland Cement(OPC) and Red Mud Sludge

) Setting time . Chemical composition(%) Moisture
Type Blaine ﬁ Density content
2 nitia na 3 .
(cm’/g) (min)  (hour) (gfem’)  Si0, ALO; Fe,0; CaO  MgO  SO;  NaO KO | atio(%)
OPC* 3,300 200 5.5 3.15 21.7 5.7 32 63.1 2.8 22 - - -
Redmud sludge - - - - 38.8 16.1 22.8 34 0.2 0.0 10.0 0.4 36

* OPC : Ordinary Portland Cement

2.3 AlgiultH

2.3.1 &5} A HEME MZE

B =R AE 48 36% HEHE SeA] 0] A 7|Fo 2 E3t BAA, AFA|E1:0.2:0.0036: 0.00142] Hl-E&=2
A EHES A 25T HEHE L3RS BAA7]7] Qe AH| 2 A SRS ALgslo] e SR8 B3
S oF 3E7E Z3I51 T, A oM ALS AL 71 7] lste] BEAMAIRF A A E ALY] BI& 2 H7Iste] 287 ohA] Egts)
o Azt LSS A EHEs G EHE 100gS 7|50 2 I H71F 5,902 Edlsto] Azt om, Alx
H 50 FlEm E o] sFESHY 342 XRDE BAI5HA T

232Z222

Z2OEKSLSI1 5234 AUE A @ g S dlo] B2 olgale] 258 ot 7 2208 Z4atgiet B2 S3ge

2he Fshact.

& n
ol
B

234 4F8=

Plain ¥ MS-LR, MS-SR 5 Hi?HE 2 FA7t 2718 7H 37] 0] ME-& o851 1,3,7 L 28US
3709 Hitake et 4573 E AlE-2 KS L IS0 679 AHE = Al Hof| o] As}
40x40x160mm =0 AHE R EEEE B Sto] 24A17FE7F 2 20+2°Cof| A ZFSHA 711, 19 & %Iﬁéﬁ}oq 2785
7R &% 20+2°C, AE T 50%1 A FYAIA A Z=2ich

JINI _]I)h

2.3.5 XRD

Plain ¥ MS-LR, MS-SR 2] HZ-2] =3PIAE glRIst7] $lote] 1, 28U o] ARG = 4235t 24 A1 59 R0l kg
AAAA 725 A A &, AES 40°C LE0fM 24417 Fe T84T H o] dofubA] eb& wizhx] XA
AZH MES B45te] 200mesh A& M4 1 & X-Ray Diffraction(Rigaku, SRMartLab, Japan) 2 2 E-4 5},

N
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2.3.6 SEM
Ul R4S Slste] BES 289 7| EOR S5

Hotod 24417 FF o2l YAAA w9k A AR 5, AE
= 40°C 200 24417 T AXA R Az MES YA E FAR

(Cold-type Field Emission SEM,

2

It
=)
o,

HITACHI S-4800, Korea) 2.2 TH2H5}9iTt.

3.1 oAt A=HEY] S
LR % SR] 2] 422 Table 39 LFEFN AT LR O] B2] 2] 5412 38 48.6%, pH 11.5, U= 1.50g/cm’, B EHZ]
2,871m’/kg, B = 2.50um, = 36,670cP o= UENG T SIS Qlsto] SRO| T8 44.1%= 745191, pH
= 6.752 Yot SR Hr = A 571519 60,670cPO|H, Ht UE=3.02um 2 S5 | A A2 2 441mP/kg
= AAsiqiet elEHEE ko & Folet A9, S2hgoll oo e At o] B E o] AHE Wlof] Sl Zgol20] &
T o] ZHAastAA AME 9] M7} Z7lela §Hg0] AR 218 81018 4= 9ldTH11]. FEH 24-S XRD(X-ray
diffraction) T &0 2 BA5}% 0 ™, Figure 19| FEFH RITE. Figure 10|4] Hojz]=0] LRC] 9 3FHE-2 Quartz, Calcite,
Bohemite, Hematite 2% 2FR1%| 3.2 ™[12], SROA & FAFSHA] LEFRETE. T SRO[A= 4] 7= 20=25.5, 51.1
oA AT T 7} Q1= .0 o]+= Gypsum, Sodium Sulfate 0 2 1= ATt

Table 3. Physical properties of Red Mud

. . N Average particle Specific
Moisture content Density Viscosity . gep P
pH diameter(pum) surface area

Type of red mud o 3
%) (g/om’) (cP) a0 k)

*LR 48.6 11.5 1.50 36,670 2.50 2,871
**SR 44.1 6.7 1.54 60,670 3.02 2,441

*LR : Liquefied Red Mud
**SR : Sulfuric acid + Liquefied Red Mud

® Quartz (Si0,)

O Calcite (CaCOs)

A Boehmite (AIO(OH))

A Hematite (Fe,O3)

B Anatase (TiO,)

O Rutile (TiO,)

@ Perovskite (CaTiO;)
[ ] < Gypsum (CaSO4-2H-0)
* Sodium Sulfate (Na,SOx)

MS-SR
w A {
*
A
* A
] - o N g. MS-LR A
A A = A

10 20 30 40 50 60
2-theta (deg)

Intensity

Figure 1. XRD profiles of LR and SR
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32 EER
AIE B2El20] £29 ZAATHE Figure 20 U QITh LR7} SRS thAIGH AIHE 2 2e)20] 29 Plain7h 1]
Slo] 229 gho] Atk ol FEMES BE EERE AME R ER L] 23 W} 7] vhEe] Z247}
Zh25He 2102 BEPAT), EEFMS-SRO| E29 7S MS-LRO] S29 g} vliwste] st o o R 55
3192 1 MS-SRY] HIE7} oF 1,64 Z7H5HE7] T2] MS-LRO] 29 LR MS-SRY] E2$- gho] 745t 202 1}

HE 2 2 etz o] S AX 7 24 AT Figure 30 WFEFH ATt Plain} B] w5} MS-LR @ MS-SR 2] S A A 7He &

AART FA AT ] B I BEE| Q)T Plain} H] W MS-LR O] 2 A AITHS 3723 S A AT 8282

oAtk MS-SR Q| ZZAA| 7 t ZA A7 Plaind} H|w5lo] A= 578, FAA = 7580 2 th=x|Qoh

AT HlEHEE %%UlL]OlEﬂl FEAAR ZAE FollA dZE(NaOH)2}t 4t Fu]E(aluminium hydroxide,

FZhe]/d+(NaOH)o| AHIE 9] Zd A0 E(C2S, €39)2] 4-215 FXI5to] 27]

Al ==t ojuf A H ek dFndo|E GEAARRE AYH 4teldEn

OE A/dste] AHES] 32 4 H3tE £3I5HA E7] whiZe] Plain Al A H] 9

MS-LR @ MS-SR A| 3% H SAAO| BEE 2 o= HojXIt13]. TEhA] LR 9 SRE AHIE S thAsto] AR 7%
AHE H2et2 o] FAATRS 3 A1 4= okl mekE)

:|:4‘_4

300 400
)
ﬁ 150 O Initial time
250 4 T . j— i B Final time
) 300 A
200 1 8
. g 230 4
= ]
g g
2150 A =200 A
on
g 2 s
B 100 a
100
50 A
50 4
0 T 04
Plain MS-LR MS-SR Plain MS-LR MS-SR
Type of mortar Type of mortar

Figure 2. Impact of LR and SR on the cement mortar’s flow  Figure 3. Initial and final setting time of cement mortar with LR
or SR replacement

3.4 AL

Table 12] Bl gH] 2 A 2t A|H O] A E A=7 =2 Plain} H] W3+ =7 H)E 212} Figure 49} Figure 591 LFER QL
t}. MS-LR ¥ MS-SR®] 1¥ 9F=7F == Plain 13.92Mpa, MS-LR 17.32Mpa, MS-SR 22.05Mpa= LEF S ™, MS-SR 9]
1d, 3d9] 7] 73w o] 749 =5 e -2 YERITE MS-LR 2] 1Y =7 == Plain} B w51 2F 124% ~7}o}°ﬂ
11, MS-SR-2 Plain¥} H| 115}o] 9F 158% =751 SR 3 =70 5= Plain} H| w6t GARRH =502 Hol1l
o, 7Y o] &= TAok= 2 0 2 UERITE o]= A|YIE EEEf2o| NaOHE H7Ioh= 75 2710 a2 a0 44 0}04
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Z7145 7 A e A 02 W rh13]. 289 PS4 E 9] 739 Plaind} H]W/5}o] @ié}ﬁu}, 28U 9] Y=L
Z2A A3} Plain 54.91MPa, MS-LR 46.68MPa, MS-SR 50.93MPa= EFA T, Plain®} H] 5}o] MS-LR-& ©F26% 7145}
I, MS-SR-Z 19% 74-519.2 1 MS-SR-S MS-LR Y} B W57 7% FATE]QIL). o= S3l514] u-,% =0t B ghato
= S A EHES] A9 ASAE] /I B3t Sl Ao = wetEth MS-LR2| -9 Plainy} 4F0 = F3lst
MS-SRe]l H]of| 2717 &7t A Uebgt o™, 289 A o] 79 At e o] = AT, 7 e} H| W sto] n)u|
e AL o] ke Hd-S e Rl 71E AtolAl= BlEmE thx 101] U2 AHE R EEE 9] JFAE FAE ek
2| = E O] ARSREE 10% A|FsFATH 14-16]. 1 Aol A= A4 g 2ok ol A 2] e E 285 flsto] glEmEE
Fito 2 Falsto] AHE - 2t of| ARILE F=FthH] 5% thA|R 4 4, 27| G| St A S vErd 4= 9l
o, Gt St WY BlEmE0] &8 7FsAdo] Sl Ao 2 Tk

60 160.0

B MS-LR BMS-SR

50 1 1400 -

30 A
20
--Plain —+MS-LR -#MS-SR

1200
Compressive strength of Plain by curing period
100.0
7 N . l
0 j j j 60.0 T
28

10
0 7 14 21 28
Type of mortar Curulg period (days)

Compressive Strength (MPa)

Compressive Strength ratio (%)

Figure 4. Impact of LR and SR on the cement mortar’s com- Figure 5. Effect of LR and SR on the cement mortar’s com-
pressive strength pressive strength ratio

3.5 XRD &4

AHE R2et2 BZo] Al 53R Fels 95te] XRD B4 412 Figure 60 YFEFASIEE 1d2] -2 Plain,
MS-LR % MS-SR€| XRD 39| sfiglo] fAleHA Lt O™, Plainol|A] Bl4=3t AJHE JZKC3S, €28) ¥ 334 E

@ AFt OGS
A Ca(OH),  CSH
HCsS ¥ caco,

A
3
o A 0 .
Iy L& aa | i g L A e
. N ' 25
=
%)
E MS-LR-1d
E A L_A__M_A__/ |

@L b “m‘

}L N k Plain-ldR_

28d

A
L
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Figure 6. XRD spectrum outcomes of Red Mud mixtures by curing period
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(CSH, CaOH,)2] = 27} 221 =] 9]t} TgH MS-LR 2 MS-SR2] XRD #&10] Plain} Aokl 84 2o] A== 2
e 5A% Ao g PAEQICh Figure 69] 289 2] 7% Plain®} MS-SR2] XRD &l 3t GAFH| Ll QJA]qH
MS-LROIAE= 2 0 gk 2400014 2.8 m]FA7}F 7= 11 §l.oH, o]= Xonotlite = 4 HTH17,18].

3.6 SEM 24

Plain-1d, Plain-28d, MS-LR-28d, MS-SR-28d 2] m]H| 20| tigt SEM 240
A Plain-1d 9] R]A|FZ0]| A= Plain-28d<} 2] 5=© gol 57
=o] #A| 1 x| AD/go] FEHE AL WED 4= UTH19]. Al EEE}—E— 8 28dE w413t A} Plain ¥
MS-SR 9] 2|7 |3 Afo]ofl 4] C-S-H(Calcium Silicate Hydrate)”7t ¥ =] $1tt. 55| Plaind} MS-SR 2] n] A=
FARHA &= 11 QJA]9E MS-LR O] RIAE= vIAIR A7 22 0 = AR 7T th2A] UEhal 9low, thE 4+3)
AdES WAE A SkHh o= Figure 6914 MS-LRE] 280]0“*1 1745'-7} e = 7549} A & 4 QU o=
HAog Ak

£ Figure 70l e It Figure 711
2} Plain-28d 9] RIA|HZ = &

T

m&

2,

o

:E

_%

ﬁ

lN _

—|—4 _:
n%z ﬂ

P
1.00um

HANBAT4800 3.0kV 9.5mm x40.0k SE(M) 3 HAMBATAS]

MS-LR-28d MS-SR-28d

Figure 7. SEM image outcomes by sample type

4.4

2 AT E SFuUE FESHHA DSk dige] Hrled d=EHEE A4 ddeokz A8 ot d+=
A AHIE E2et2o] it ot A A EHES HUIste] E2] ot 545 AET 23 thah 22 22 A

rhu
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1) B EHEE gito 2 Z3}eto] pH 6~8 W92 eH5HAZ] A, i U H|EHZ So] B4o] WglE|glon, 1
Zo| M AEr} 1682 IA) Z71E ek

2) Z8.0 ZHAT MS-LRT}F MS-SR®] -2 Plain7} v]slo] 2.9 7Fo] 7+46}5t) o]t HEHEr} HE ZEHE
AHE Ko} v EHHo] 37 W7} 27| mjio] JEw s Hr) A| 2807} Z44s= Ao 2 eyt

3) 5 AAIZ 578243} PlainT} H]W 5o MS-LR 2! MS-SRO| AN B5E]¢.0H, 11 5 A ARH T FAAILT0]

4) =7 £ A Plainy} B W5F0] MS-LR 2] 1d2F MS-SR 2] 1d ¥ 3d2] U=73 =7} Plain X th 5715199 2™ 27| 4]
FolA Aeaaprh o4t A 0 & ettt 28d 453 E ST A= MS-LR 2 MS-SRO| 457357} Plain}
H] w5to] ZH4shglh sHARF MS-SR 9] 28d P& = MS-LR7} H| wste] A UERE O™ plaind} GARRE 55277}
A el glo] FakelA] (2 HdH| e Bk 3iho 2 F315ho 2 FE74E o Ji4 aulrt 9l 2o = wiet
5t g4t So} A = E 0] B8 PsAS B1E L.

5) AME BEek2 A2 A7 289 XRD w4147 Plain?t MS-SRE] XRD &l 5 FARGHA Yehtar IRt
MS-LROJAE A28 1] 371 7 E|Q) 0 W, o= MS-LROJA] w45t A4+ 159 4:351 48 4] Bo] 3] o] Plain 2
MS-SRI} Ao 5t ATHE 714 Zolaty wetect,

6) AMIE 2B HSE 28 SEM ©[W]2]5 24t 27} Plain?t MS-SRO| vA| 2= FARSHA 2= QAT

o
o

)

MS-LR ] HJA| 724 ] Alsk A4 24,0 2 B4l 727k h2 ) LeRde ofi= Plain % MS-SRO] 45142 2o
& 9l51o] MS-LR®] 282 G574 242704 Plain} MS-SR Rt 915747} 7148 99lo] 1 A0® Ajmsgct

2 Ao e W BIEHES 7R AHE K22 9] 88 7FsA2 AESH] 915ke] pH 10~12 9 B e E
(LR)Z B4to & F3l5t0] o | Em =(SR) S A %51 5.00, A |l = =0 S-87HsAS Bheletia B2, S84
2, 57 E S48 XRD, SEM= 59f] 21t EA4-2 2461t 29 57 27 MS-LR ¥ MS-SR 2] 73-¢- Plain'}
v wate] 2.9 ko] Zhastairt. -SA AT 57927 Plain} H] 1251 MS-LR 2 MS-SR ] S 2 A7 S5 3ich 4=
T =427} Plain¥} H|1oF] MS-LR 9] 1d2FMS-SRE] 1d @ 3d2] Y47+ =7} Plain Bt} 57101 0™ 28d 54T =
JATo| A= MS-LR 3 MS-SRE| 45737} Plain?} H]w/5to] ZH4-513i et XRD w4147 28 2] 74-- Plain™F MS-SR
O] XRD & o] fFARSHA LFERAL, MS-LROIA = A =2 1 =7F PR = ok SEM o] R ] 2] & 413t 237} Plain?} MS-SR
O vlAl T F= FAFSHAl TEE] AL QIAIRE, MS-LR O wlA| 2= wiAlRt i 22 0 &2 wiA| 727t =7 Ut o
2tA F2olohA] o2 = E Bk ito 2 IR G EMEE AU E 2 ef2of tiAlsl e o) A=A a7t QL
A0 = AtrEH o9 F875/dS Selskiirt

FIQIE © BT, A HCOIC, Z5} HARISHE, AIE D2E2 QST
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