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Red mud is a waste generated by the aluminium industry, and its disposal is a major problem for this
industry. Red mud has a reddish-brown color and superfine particle characteristics. So, it can be a promising
pigment admixture for concrete industry. An experimental study was conducted to investigate the potential use of
red mud in color concrete. The micro structures of red mud and iron oxide pigment such as porosity, pore size
distribution, diameter of particle were analyzed with the aid of SEM, X-ray diffraction(XRD), and the infrared
absorbance. Tests on physical properties of color concrete, such as strength, slump, early shrinkage crack pat-
terns, and color characteristics were carried out and the results were reported in this paper.
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Table 1. Physical properties of cement

Specific gravity Blaine Stability Setting time (hrmin)  Compressive strength (kgf/cm®)
(g/cm’) (em’/g) (%) Ini. Fin. 3 days 7 days 28 days
3.15 3,245 0.12 350 5:40 245 309 416

Table 2. Gradation of coarse aggregate

) Percent passing(%) .
Test item Fineness modulus
40 mm 25 mm 13 mm 5 mm 25 mm

Crushed stone 100 100 47 1 0 702

Table 3. Physical properties of coarse aggregate

Particle Water Soundness Passing of Solid volume LA abrasion Unit

;It‘;i: density  absorption index 0.08mm sieve  percentage index weight
(g/cm’) (%) (%) (%) (%) (%) (kg/L)
Crushed stone 273 06 3 0.3 57 15 1.64

Table 4. Gradation of fine aggregate

) Percent passing(%) )
Test item Fineness modulus
10 mm 5 mm 95mm 12mm 06mm 03 mm 015 mm

River sand 100 100 88 63 45 18 3 2.83

Table 5. Physical properties of fine aggregate

Particle density Water absorption  Soundness  Passing of 0.083mm  Organic Unit weight
(g/cm) (%) index (%) sieve (%) impurities (kg/L)

River sand 2.56 13 4 15 Nil 161

Test item

Table 6. Properties of high performance AE water reducing agent

Type Color Main component Specific gravity
Liquid Dark brown Naphtalene Sulphonate 1.2£0.02
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Table 7. Physical properties of concrete fiber

T Length Diameter Tensile strength Elongation at break Elastic modulus
ype (mm) (mm) (MPa) (%) (MPa)
Polyvinyl 8 0011 900 106 15,000

alcohol fiber

Table 8. Mixture proportion details (Unit : kg/m®)

Mix Series W C S G RD PVA AE
WCS50PLANE 35 901 0 O
WCS0SP10PO 832 87 36 10
WC50SP10PX 832 87 336 0
WC50SPISPO 180 360 825 880 54 10 1.8
WC50SP15PX 85 80 4 0
WCH0SP20P0O 819 8713 72 10
WC50SP20PX 819 83 72 0
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Table 9. Chemical composition of red mud and pigment used in experiments(%)

Material ~ SiO» AlLOs  FexOs Ca0 MgO TiO; Nax0O P:05 SOs K0 Cr:0s
Red mud 850 18.16 53.03 550 0.02 811 555 0.30 0.17 0.10 0.29
Pigment - 0.43 98.99 - - - - - - - -
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Fig. 1. SEM picture of red mud and pigment(magnifying power (ab) 5000X, (c,d) 10000X, (e,f) 20000 X).
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Fig. 2. Particle size distribution of red mud and pigment.

Table 10. BET surface area, pore volume and pore
diameter of red mud and pigment

BET surface pore volume pore diameter

Table 11. Physical properties of red mud and pigment

Specific Mean

Material gravity diameter of Fex03 Igloss

pH

" Q Q
Material o ¥g)  (cm/g) (m) (@/em®) particle () 00 ¥
Red mud 28.03 0.15 19.06 Red mud 255 29907 5303 1060 117
Pigment 6.82 0.03 16.86 Pigment 449 3171 98.99 1.35 29

90, d=mse gavE: 28 £40 ¥4
3 Aol® A2 ¢ + Uk Fig 304E d=HE
o 9awEe] XRD 4L Uehd Aoz ART

zo) Hol7t Sl AL & % AUtk Fig. 45 d=v
=o BavlEe) FI-RE 23% 02 dsr=
o] E7go] ¥l etk



AQH7|E denicg AL 284 2 2aE Ao #g AFH 47
5 5
10 20 30 40 50 80 70 80 10 20 0 40 50 80 70 80
2Theta [deg ] 2Theta [deg.]
(a) red mud (b) pigment
Fig. 3. XRD analysis of red mud and pigment.
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Fig. 4. FT-IR spectra of red mud and pigment.
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Table 12. Details of crack widths, lengths, and areas
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08 4 32
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NN\
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Fig. 9. Details of mold used for 94 mm thick slabs
(unit: mm).
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Fig. 10. Typical cracked slab.
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Fig. 12. Color analysis by color difference meter Minolta
CR-200.
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Table 13. Color characteristics of plane concrete
ROW C1 C2 C3 Range
1 57Y 7.2/0.7 54Y 7.0/0.7 56Y 7.2/0.6 54~56Y 7.0~72/06~0.7
2 57Y 7.2/0.7 54Y 7.1/0.8 57Y 7.2/0.7 54~57Y 71~72/07~08
3 57Y 7.3/08 57Y 7506 57Y 7.2/06 5.7Y 7.2~75/06~08

x Hue value/Chroma

Table 14. Color characteristics of color concrete(red mud 15%, non coating)

ROW C1 C2 C3 Range
1 33YR 54/49 3.2YR 5.4/49 33YR 54/48 32~33YR 54/48~49
2 33YR 54/5.1 3.3YR 5.3/50 34YR 54/49 3.3~34YR 53~54/49~51
3 35YR 5.3/47 35YR 5.3/49 35YR 5.2/45 35YR 52~53/45~49

* Hue value/Chroma

Table 15. Color characteristics of color concrete(red mud 15%, coating once)

ROW C1 C2 C3 Range
1 3.1YR 5.1/4.9 3.1YR 5.2/49 31YR 5.1/49 3.1YR 51~5.2/49
2 32YR 5.1/56.0 3.1YR 5.1/5.0 3.0YR 5.1/48 30~32YR 51/483~50
3 31YR 5.1/48 3.0YR 5.0/4.8 3.1YR 5.0/49 30~3.1YR 50~51/48~49

* Hue value/Chroma

Table 16. Color characteristics of color concrete(red mud 15%, coating twice)

ROW C1 C2 C3 Range
1 3.1YR 5.0/4.9 3.1YR 4.9/5.0 3.1YR 5.0/49 3.1YR 4.9~5.0/49~5.0
2 3.0YR 5.0/5.0 31YR 49/5.2 3.0YR 5.0/49 30~3.1YR 49~50/49~52
3 3.2YR 4.9/49 3.2YR 49/51 3.1YR 50/5.0 3.1~32YR 49~50/49~51

* Hue value/Chroma

Table 17. Color characteristics of color concrete(pigment 3%)

ROW Cl C2 C3 Range
1 99R 5.3/42 100R 53/4.2 100R 5.3/4.1 99~10.0R 5.3/4.1~42
2 100R 5.1/4.1 100R 5.3/4.2 100R 5.3/4.1 100R 5.1~53/4.1~42
3 99R 5.1/45 100R 5.4/4.3 96R 5.3/4.1 96~100R 51~54/41~45

* Hue value/Chroma

Table 18. Color characteristics of color concrete(pigment 5%)

ROW Cl C2 C3 Range
1 9.0R 4.8/5.3 9.1R 49/5.1 84R 5.0/4.7 84~9.1R 48~5.0/47~5.3
2 92R 4.8/5.3 89R 49/5.1 90R 4.8/5.0 89~92R 48~49/50~53
3 9.1R 48/5.1 8.8R 4.9/4.8 8.8R 4.9/5.0 88~9.1R 4.8~49/48~51

* Hue value/Chroma

Table 19. Color characteristics of color concrete(pigment 10%)

ROW C1 C2 C3 Range
1 87R 4.3/5.9 86R 4.4/6.2 838R 4.2/6.0 86~88R 4.2~4.4/59~6.2
2 87R 4.3/6.1 89R 43/6.1 87R 4.3/6.3 87~89R 43/6.1~63
3 7.3R 4.6/5.3 87R 4.3/59 8.0R 45/5.8 73~87R 43~46/53~59

* Hue value/Chroma
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Table 20. Color characteristics of color concrete(pig-
ment 10%, efflorescence)

ROW Cl C2
1 88R 4.7/52 65R 4.8/40
79R 4.9/4.3 79R 4.8/4.3

* Hue value/Chroma
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Fig. 13. Photos of specimens((a)plain concrete, (b)color

concrete(red mud 15%), (c)color concrete

(pigment 5%)).

. 7]

5 F 9

Mo
A

gul

A A 23S Z o2 Aoz gudrh 17
T ) olFEEE Y~YRAZF 24 olF1,
Z9) WAL Y~YRAES FZAHOR o]Fo)A Yo
oz YeEveg AMEE Ze Z3E HA7
AAARE 23E F olFE RoE ATEH
T3 Y=vjs Ao 2ATEE FUAARE €
Foza A WErrp ozt wopdE AAY F
m ZE uE 357 F7) d45H YEIE 4R Y
golAle AFHE PRt 88, AU)e] BAW
3ol w2 Ao W3l B FAT FF
28 Ao pod

-
i
fu

=2 L=

e =g FadEY HATEENT, oJF °]
£8 Ae 2aYEY AE 54 A4, 7] AxF
Z 43, g3 AR A9, 959 22 AES
Aok

1) B=mcg) BaREE g¥e] fAlst &
of g PR YA, ElA 54 54 A
Beo & aolr} Yk wehA, HEMES FIAUE
2 otk £AYUE HAAZ AR o, o
OHEE AMES et EaYEY A dEAES
YT BE ZaHES waste] FlH IF
o A 1, dEr=E AMRE ZE 3
E9 A%E de=mEg AlgHo] S &+ F, &
AT/ QT golAe A4S UEAT oA
gomse] YAgde] g3l 7Agd B9 &
Zo| wolg 7] wWEolty. weA, AR U2
3 ABAL mRE A$ E-AUMENIL golAA
=

it
>
=,
ul
T

AEHl B 2o TANES A9, 2
) AzpEe) 9% FE hedel AT @A
o] gtk & Ao FIEA 4l sy, Hew
o) gl M 5 LY kel
e Aoz vegd. ¥, FE Ao 5o
PVA AfrE AHEe 4§, 7] 3255 22 Al

o Hgg Aoz ATHIAT

3 der=g JaHES 48 &
Ze 2AYEV) S2EXF EEE A}
Ao WP &e =M= Fte @9 A

=1
im

5% Welel Wert HPe Aoz BAHIG

4 Y=H=S AHES ZE 2AYEE YR AS
o) WAz EHE/FAEE veplo] B} oln]A|
2 Azt Agd 199 FELo] FE o
g fAteith et FHe) 2IYE =2 IR0l
gd DaWES A ZE ZIYE E2EFF

938



=%

AGHNE HEHs g ALSE

?l

9] olu|R|g} Hlwdle PT3 5 A
< Yehith

5 A7 AF ANE AlgoE HEHEE AE
g Ze ZAYEE FAET AFA gl 2006
dx 3 o] g2 10,000 m® HAHY 22 AL A
g Ao, dF 48 Fo FHAHE Ax 4
APA dg3d 5 Jde FEIF EYUFH 54
Vet dagl 49 =233 A i
ol¢ yIsditty #dHAY &%, den=E A
43 Ze ZaEY AYXMo] o3 MFe] Wl
o} izl o Ay)AH) MAFRMe] Pedhy F
Ags 549 2& WA 4 o] FUF A7

=3
54

ol & Ao AR
CERS
D 2744, lAE, b3, S0, wiAE, 2000, 4
UZ o] g8 2783849 Az 37353

A}, 22(11), 2085-2095.

2) WAL, BA4, 1998 +54 49 #He¢ Ags
A% Aue o] &AT, dFHHAFT A, 20(4),
543-556.

3) Pera J., Boumaza R., Ambroise J., 1997, Deve-
lopment of a pozzolanic pigment from red mud,

A%7 22 FagE )

939

Bo] B AYH A7

49

fud)

Cement and Concrete Research, 27(10), 1513-
1522.

4) Maneesh S., Upadhayay S. N, Prasad P. M,
1997, Preparation of iron rich cements using
red mud, Cement and Concrete Research, 27(7),
1037-1046.

5 3%, A", £39, LEF, 2007, d=r=

9l FEu|E A1 8e Zdet TAYESY AH &=

T4 244 B A8 47, gHddn Ay

Agdrd =83, 2(1), 212-232.

4F4, FF, 937, 2005, A £9E # 2

o] Wzlo] W 44 PVA AHR% Z3E

o) 98ty A5 2 27| 5 78 B4, HIE

238tg =53, 25(1), 133-141.

Balaguru P., 1994, Contribution of fibers to crack

reduction of cement composites during the initial

and final setting period, ACI Materials Journal,

91(3), 280-288.

8) 7AAZ, 1994, 2AYE FE9 99, d=xF3Y

ET3 537, 6(4), 6-16.

AAY, 1993, F3ADY AFER AARHA

g AAZAF 2 24, AR, U, F

i}
.

6)

9)



