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Hydration Characteristics of Liquid Red Mud Mixed Cement Paste
Neutralized with Sulfuric Acid
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*Corresponding author ABSTRACT

Kim, Sang-Jin In this study, Neutralized red mud(LRM+S) at a pH of 6-8 was prepared by adding sulfuric acid to

Tel : 82-43-531-2903 liquefied red mud(LRM) at a pH of 10~12. After adding LRM and LRM+S to the cement paste, the
E-mail : sjkim9701@naver.com hydration heat, compressive strength, and hydration products were examined. The observed accumulated
hydration heat revealed that the calorific value of the cement paste with LRM was low and its and peak
was delayed when compared with that of plain cement paste(referred to as Plain), whereas the
Received : July 13, 2022 calorific value of the cement paste with LRM+S was similar to that of Plain. At the age of 28 days, the
Revised :September 14,2022 compressive strength of the cement paste with 20% LRM was 55% of the strength of Plain. Using X-ray
Accepted : September 21,2022 diffraction, it was determined that the cement paste with 20% LRM exhibited a Ca(OH), peak after 3
days, whereas the cement paste with 20% LRM+S and Plain exhibited a Ca(OH); peak after an hour.
Thus, the strength degradation of cementitious materials was improved by adding neutralized red mud

prepared by adjusting the pH of highly alkaline LRM with sulfuric acid.

Keywords : red mud, liquefied red mud, sulfuric acid red mud, cement paste, hydration heat,
compressive strength, X-ray diffraction, recycling
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wEba] 2 Aol s 3G E Q] A Bl EHEE KR AHE Ho] AE 0] & A|5HE 7415t 9154 pH 10~12
QN A A EHES O = Fol5to] pH 6~8%1 AV A EHES A E H|o] ~E ] H7tsto] E-87Fsd= elstal &)
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2. MEAE P U
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2 =rollAe dEHE SR 2 RE WA | EHEE A Z617] Qloto] B A, AXAE g ote] A Z51%oH,
A7)0} o] Az A} Bl Em Eo] A H7Vste] pH 6~82] Z3 WA} B E ] E = A 2519t} 5ol T2 oA} gl=
HE 9] 316HA] E/J-& H| w5t 915te] XRD H XRF 2415 2138513

g0l Mt o] A2 E 0|7 Y | EHES AR AHIE o] AE 9] 2315405 H| W - HE 517] 915t (Liquefied
Red Mud, LRM) ¥ 34t 55} oA} | = E(Liquefied Red Mud + Sulfuric acid, LRM+S)S 37}t A] | E. = ] |2~E 9] H
&= Table 10 JERHRIT,. Plain Biehe] -9 AMES ©@=0= ARSI oM, SAMIER= 0308 SHGIth ELt

PS-LRM ¥ PS-LRM+S B Plain®]] LRM ¥ LRM+SE A|HIE 2] t5]] ZF2F 20wt% X 234 7}0} . AHE o
O|AES ST = AT 3¢, 74, 28Ul 4ot on, 4=3lEA]-2 =31 Y XRD =40 2 59Tt

Table 1. Mix design

Extra discount Red Mud(g)

Mix ID Cement(g) Water(g) LRM LRVES
Plain - -
*PS-LRM 100 30 20 -
**PS-LRM+S - 20

* PS-LRM : Paste Sample-Liquefied Red Mud
** PS-LRM+S : Paste Sample- Liquefied Red Mud + Sulfuric acid

2.2 N EM=

7 = RolA AT AMIEL KS L 52019] 7300 A3 T sAe] 15 B EEAE AMES Agsigion], B
5812 542 Table 291 R SIeE. 2 =Tol 4 wo] 2 H7h8.0.2 AF§T LRM B LRM+$E A|2517] 91at el=
£ 71 KAV 2ol AH8 a9, B) 55H4 E49.2 Table 301 UERASIEY Sl=0]E 2170 sjatdz o) 5



Hydration Characteristics of Liquid Red Mud Mixed Cement Paste Neutralized with Sulfuric Acid

G2 Si0y, ALOs, Fe,05 2 2F 80wt% = 73 %014 Sl 2 =204 LRM2 S2151] LRM+SE A £517] S1sf A eFa

24t 95%, & AHg-stairt.

Table 2. Physical properties and chemical composition of OPC

. Setting time ) Chemical composition(%)
Tvpe Blaine Initial Final Density
P (cm¥/g) ~ [nitid ina (gem’)  Si0,  ALO;  Fe0;  CaO0  MgO  SO; g loss
(min) (hour)
OPC* 3,300 200 5.5 3.15 21.7 5.7 32 63.1 2.8 2.2 2.44

* OPC : Ordinary Portland Cement

Table 3. Properties of Redmud sludge

Chemical composition(wt.%) Moisture content

Type .
P SlOz Aleg F6203 CaO MgO SO3 NaZO KZO I‘ath(%)
Redmud sludge 38.8 16.1 22.8 3.4 0.2 0.0 10.0 0.4 36
My

2.3
2.

3.1 LRM & LRM+S ®Z=
2 =wolAe & oF 3owt% 2] A RAE Bl EHE 212 AR 7|0 & et S8X], &, A, A 2AE
1:0.2:0.0036:0.00142] H|-& 2 &35l LRM-S Al %519 2 H, Al Z 342 Figure 10 YR 1T WA 154 o A= 3]1A
A5l oJal] = = S2 2|7} offjof| 4] 3R}

Ape] 1431202 Q15 °F 20~30m/s] 3-8 Hekelo] WE R F912) 1
7571 of 3

Aol 2 e Solzh] A7} ksl o] oA/ FIE L BRUAE Abgsle] dlsris seixE B
ZF SRS, 2TANAE ARG FYAI717] 9Istel BRIk R EAE AP WIS H7Fsle] 2871 thA] £
o] A5 AeH 12, A8 LRMO] el B2 - 5ot S B4t E, LRM#SE pH7F 11591 LRMe] G412 715t

o] 19 o]%° pHE 6-82 A H =5 A28k 5 22 - 31e12] 5445 2451910 H, 4719t 2ol Al =H LRM % LRM+S

£ AME Hlo|~E Ejte] FU5HA Este] AHEHATE

232 UEEH
Plain @ PS-LRM, PS-LRM+S 2] =74 = g 2 37]9] AZof T
Fom Bt A= E gho 2 it =T = KS LISO 679 AHE 7

2 40x40x160mm Z =0 A[HIE Ho]AES BFISIo] 24417 F1F 2. Ie 2042°C, AJHIS I 50% 2] S5 olA

¢ ggotel A4E A7 L 2041°02] $5004 Pt

7]—1— IE“I—E

2.3.3 T3EH
AHE Ho]AE 9 PS-LRM, PS-LRM+S2] $35}A|7to]| mhE 45192 =45} £6Fe] Multichannel microcalo-

rimeter(TAM AIR, C80, SETARAM Company, France) S A+-8-5}1

AR Sk
SEIE SIS 918 B2 3, 7, 2899] A

t}. 518 AR AW E o] B2 =35 2S5 E
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A ABE-E 45°C LEO|A 72 AIZE 59t AZAIZ] T B2fj5to] 200mesh AJE F7HA|Z] 3 XRD(X-Ray Diffraction Miniflex)

=

A SFAT13].

(a) Red Mud sludge(Moisture content(36 wt%)) (b) Mixed equipment

(c) Red Mud and water mix (d) Liquefied Red Mud

Figure 1. Manufacturing process of liquefied red mud
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Table 4. Physical properties of Red Mud

Type of Moisture q Density Specific surface area Average particle diameter Viscosity
red mud content(%) P (g/em?) (cm?/g) (um) (cP)
LRM* 49.5 11.5 1.50 2,353 2.75 42,550
LRM+S** 49.2 6.7 1.54 2,353 2.75 45,250

* LRM : Liquefied Red Mud
** LRM+S : Liquefied Red Mud + Sulfuric acid

Table 5. Chemical composition of Red Mud

Type of red mud SiO, Al1,0; Fe,O; MgO Na,O CaO TiO, SO;
LRM 17.6 25.6 30.4 0.21 13.2 1.83 6.27 0.29
LRM+S 17 254 29.2 0.21 10.7 1.84 5.99 4.48

@ Quartz (Si0,)

O Calcite (CaCO;)
A Bochmite (AIO(OH))

A Hematite (Fe,03)

W Anatase (TiO;)

O Rutile (Ti0;)

@ Perovskite (CaTiO;)

& Gypsum (CaSO,-2H;0)
R * Sodium Sulfate (Na,S0;)

-_Jum T, whmww

N
| i | <&

[N . I

M i 2 “J& oV WJ i AU W ‘Lb’r\*\/‘uk_/v/\

Intensity
H.D

LRMS

10 20 30 40 50 60 70
2-theta (deg)

Figure 2. XRD patterns of LRM and LRM+S

3.2 4=k

Table 12 HjgHH] 2 A 3 AJH o] AP E A=A S8 A7 Figure 30 LFEHITE. LRM % LRM+SE 7R AlH
E H|o]AE 0] &7 0] 749 Plain¥} B] W510] 7145t Plain @] 457w+ 3 46.53MPa, 7% 52MPa, 289 61MPa,
LRM-202] 793 9.08MPa, 7% 32.51MPa, 28 34.10MPa, LRM+S=3% 31.80MPa, 7% 42.30MPa, 28 53.20MPaz
UEPLLTE PS-LRM©] 73-9- Plain?t 523t PS-LRM+S°|| H]ol] 27173 =7} @ *]o] RA Uerstal, 79 = o] 49 4= 8
Ao| JP =] 2|9k, 28D = O] 797U A of Hlwste] mim|gt e IS LER gleh. B fEHE7F AR EH o]
2EO| IEAE = BTt AW E H 0] A E(Plain)@} B wWate] 7451900, S3]5t AL #f| EHE(PS-LRM+S) A7} Al
HE #o]| AE Q] A& Z3lo}A] oF= AL 8| Em 5 (PS-LRM)S} H] wate] =7 vrehytct.

ZololA] g2 WAt Bl EHE 47T AHIE mo]AEo] thet 57 HIE Figure 40 HEFH ST PS-LRM ] P54 %

o} v W5to] Plain®] -3 512% , 7Y 159% 28 178%= LFEt 1L, Z3Fet PS-LRM+S-E 3 350%, 79 130% 28
156% 5713t A0 &2 ettt 79 o] dolli= g o] Aa4-5 PS-LRM | I H| Zfo|7F A2l §)
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Figure 3. Effects of LRM and LRM+S on the compressive Figure 4. Effects of LRM and LRM+S on the compressive
strength of the cement paste strength ratio of the cement paste
3.3 354
=

3.3.1 #3514

Figure 501 4314 1] 35 YR Itk Plain®] T+ oF 15417 LRMZ 371t w|o] AE 0] 5] T 1= 54A]7E0 2 LFelyt
ch. WebA] Plain} Bl wsto] 1.6~3.64 21 AE-S & 4= Qlek. ¥hol| LRM+SE 371t wjo] AE 9] 1] F1= Plaint -F-AFSH|
Urebigth. wheba] it el EmES Ao 2 F3tote] AIRIE Hlo] AE o] H7toh= 79 Plain} -HAKSHA €3S H C.89] 4=
5} 2 C-S-H ¥ Portlandite(Ca(OH),) @45t Q= A0 2 AtgHct

A7 w2 245t E oS Figure 601l FEFH QAT Plain®] 724131 E2te] 2451 A% 294 31/g, PS-LRM 2] 73-¢-

238.2)/g, PS-LRM+= 283.41/g © & WeRT), wheha] Al g =g ghato 2 F3}sle] AW E Ho|AE o Frlshs 4
S g EHERT £ 2735 TAsta Frigel g 2 37 & 2 0 & AlmHrh £5] PS-LRM2] 3¢ A
FolA Aot FEH A A Ul o H o] PS-LRM 9] - 2std o] oA o & v-e Autet Y2 ghct LRM O] &
7F& Qg 27]45 o] A9l JaFe 28U ASHEolE G vl 2 o2 wrhEc)

oo=2

0.004 E ‘ —P§-LRM+8

0.004 E i —PS-LRM

Heat evolution (J/g:h)

6 18 30 42 54 66
Hydration time (h)

Figure 5. Heat evolution rates of the various cement paste samples
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100 450
—Plain —PSLRM ——PS-LRM+S 100 1 —Plain —PSLRM —PSLRM+S
& 75 1 350 1
s 7 S
= A = 300 A
2 L]
2 ] = 250
3 501 -3
E ] E 200
g1 & 150 1
& 25 1 3] A
= —— < 100
---ea. -5-0- -
2 4 638 10 12 0 12 24 36 43 60 72
Hydration time (k) Hydration time (h)

Figure 6. Accumulation of heat for the various cement paste samples

3.3.2XRD

A el whE XRD A= Figure 70 YEFUH TR PS-LRM S| 3 2 7 A5 of| 4] 26 = 18°°]|4] Ca(OH), T =7} &41 =]
Atk ol= ASAE Aol A 3UFE PS-LRMO| A =7t FASH 7k 2, o8t Aol A 22 o =27F e
CsS % C,89] 4281 2 C-S-H ¥ Portlandite(Ca(OH),) A8/3 == 2o} Y22t} 28 4=2} 2 Plain % PS-LRM, PS-LRM+S
o4 735 5= Portlandite(Ca(OH),), Calcium Silicate Hydrate(C-S-H) 7} 25 WERAL QI whaba] AJHIE Hf|o]
2 Eof| HEHEE 7o xrd B4 A3 A28 /do] YERLR] ot AHIE 28 A]E 0] 9ol FaFa mIAIA| e
7o et

@ AFt Ocs —Plain
A Ca(OH), & CSH
—Ps-LaM

| ]
onm ECS ¢ Etringite
O —PS-LRM+S
A 2

INTENSITY

15 20 25 30 35 40 45 50
2-THETA (DEG)

Figure 7. XRD spectrum results of the mixtures with red mud at varying ages

4. 22

& Aeie sBA R BAs e HErES A
Aro 2 Z3leto] Az HEHES AMgSto] AME o] AE] gt & ohgat e AR S Aot

Journal of The Korea Institute of Building Construction 437



Kang, Suk-Pyo - Hong, Seong-Uk - Kim, Sang-Jin - In, Byung-Eun

1) 2td 57447 Plain} H] W/ 51o] LRM< 718 AJHIE o] A E = o1 Xdju] 3.0 Wrdwho] Wil 0.144]7F %]
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=
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