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Effect of Neutralization of Red Mud on Arsenic Stabilization in Soils
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Department of Environmental Engineering, Mokpo National University, Jeollanam-do 58554, Korea

ABSTRACT

Since the amount of red mud, generated from aluminum smelting process as a by-product, has increased worldwide, the
recycle and metal resource recovery from the red mud is becoming more important. In this study, in order to recycle the
red mud as a soil stabilizer to remediate arsenic contaminated soils, neutralization of red mud was investigated. Red mud
was neutralized by washing with distilled water and NaCl, CaCl,, FeCl;, and HCI solutions and heating at 200-800°C, and
arsenic stabilization characteristics in soils were evaluated with the neutralized red mud. Although washing with distilled
water was not effective in neutralizing red mud, the application of the washed red mud to soils lowered the soil pH
compared to the application of untreated red mud. Among NaCl, CaCl,, FeCl;, and HCI solutions, washing with FeCl;
showed the most effective in lowering pH of the red mud from pH 10.73 to pH 4.26. Application of the neutralized red
mud in soils resulted in quite different arsenic stabilization efficiency depending on soil samples. In M1 soil, which
showed relatively high arsenic stabilization efficiency by untreated red mud, the neutralization of red mud resulted in little
effect on arsenic stabilization in soil. On the other hand, in M2 soil, which showed low arsenic stabilization efficiency by
untreated red mud, the neutralization of red mud increased arsenic stabilization significantly. Soil characteristics such as
clay minerals and pH buffering capacity seemed to affect reactions between red mud and soils, which resulted in different
effects of the red mud application on soil pH and arsenic stabilization efficiencies.
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AFIE 7ieR B A 2ol o M7F Ha 1
T TEEOE oY By AE e IR 3
TH(Basta and McGowen, 2004; Kumpiene et al., 2008).
A== (red mudys HIARIE FEANA GFrlFS
AEI F WS A FRAEE ALOs%} Fe,0; 5=
o ekl vk A AlAIF e w glem=e] ol
7K w} gerERRY I35 A 34 9 A
o] dagdo] HAF FRSIAAL glem, olE S8 =
=F o83 EY ¢ Hr T 55 A8 S 22
Eres @343t H8ske A7t JdgEe] a1 3
TH(Garau et al., 2007; Gray et al., 2006; Lee et al.,
2009; Lombi et al., 2004). =m0 ¥3 tizko
A ABIEL A ¥ o] FEE S2) agFo
2 A=HEg o)gd A5 F &Y FH L FaS
24 EY A3t A8l deres PSR E8ske
A7t o]Fo)x YTt Garau et al, 2007; Gray et al.,
2006; Lee et al., 2009; Lombi et al., 2004). 3}A|%F
demse Snky 2R AEE Fashie
FNaOH) & 3l 4224 (pH 12-13)9] 545 7}

A3 glo] AHow Hevi=g ABEtr) Aste] ¥
Solso) 28 pHE WHE 35} 94yl Basit. A
Eg F8sb) gistel Ade, At 8 A B
7(10 EU]- 7HE]: U}-Olzgl- Hg-l]:t}o] XLQ_Q z,: o]ol:r:] =
3 ¥ dl=rse] $34 ogRAd Y §2 wgol
7k A¥7F BarE itk Altundogan et al., 2000;
Geng-Fuhrman et al., 2004; Li et al., 2010; Pradhan
1998; Zhang et al., 2008).

2 dFeMe dernEs EY PSR AjE-8-5t
HIAE QdE EQRS st awiol s Astehk= Tl
o] Hlemsd S8 BEY 5 B4 Fgslel wX=
FEFS Lotrazt sl ol fsl 8 ATelM=
NaCl, CaCl,, FeCl;, HCl, SR/5E ©]83 A3 whix
1 2 WS olgslel YErisg TR F Pmr]
=0} o) 3jehy 54 Wlska tlRd F8h s
245 H=rl=E olgsle] QYRR AWF T B
% vlde] obgs} £ WS nsieh,

et al.,
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2.1. E ¥ gEmE
B A7) s 9t Al Bk dEpdE 9
T Az e $XE T2 FLR1 @24 78
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2mm AZ olH AAS F T 2FL FASIh
B Aol A1§E Yerlss dEhE KC Sl
ABE A=rl=S At AR SAste] demi=
£ 7 F UL ol§dle] ol 75 um AR AR
5 AMgsigt

2.2. 22| -3FE Y §4 B4
EY pHE BT S75E5 1:5(wiw) HIEE 431 3
AIRE &2t 2EgE & AEdS #8 ¥ pH meter(Orion
star series, Thermo)2 SA3IN o EY Alg F #7]
E3FE 105°CollA 1AxE AIEE 750°ColA] A1kt &
S G S A A9 A FA A o83t
A3

I >
ofs
E

AT B A8 I et EY W BlA H
TEHY g SHslAl SEs st B
A& 1goll 9<=(HNO;:HCI=233mL:7mL) 9.33mL

=1 7}0}04 70°ColM 2413 71EF & F2E ] R
A 2 FEE5S AR ZE(CFC filter)2 H75}o]
%E}iﬂ} AAPYZE537] (Inductively Coupled Plasma-
Optical Emission Spectrometer, ICP-OES, Arcos, Spectro)
2 Bt Bkl 9 BEX= Y= E2X97](Laser
Particle Size Analyzer, Master sizer 3000, Malvern
Instruments Ltd.)Z o]-&3le] BAslHom BEe2 %
AL o5 XA 3EEA7|(Multi purpose  X-ray
Diffraction, XRD, EMPYREAN, Malvern PANalytical)
= Wit der=e] g E2F 54 3 3)st
A 24E dolHy] fsk] vlaadESAEA (Brunauer-
Emmett-Teller, BET, Surface Area & Pore size Analyze,
BELSORP-max, Microtrac BEL Corp.), TH52] XAl 3]
A E4(XRD), XA ¥8F4 X-Ray Fluorescence, XRF),
Axios Minerals, Malvern Panalyticalys <=3J3}it}.

23. dlEME F5F I AM%2|
?ﬁ}zﬂ Z5l w= ]E.‘IHE. &J3kS- QoK 7| 23 Eﬂ
tHE9l ZEH4, 0.0M FeCl, 0.1M HCL 0.1M

NaCl, 0.1 M CaClL2] &9& 120w/w)eZ 3F 25°C
o] Al 2AIZE Bt XEAIA AAgE 3 AR 7]elA
4000 rpm o2 30%7F P43k & 105°CoA 244]7F
7zxsl] ARSSIATE SR ME Sl mE glEr=
o] FEkS Yoly| Sl FHRTE 83 25°C, 24
7F B3t 1, 2, 638 JBAIA AHeia. geHEe] 2
A/gAel e FE golry] fet] =7Rell 10g
o] PlE=mEE ¥al 200°C, 400°C, 600°C, 800°CollA] 2
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ARE 53 GAEE T HAACTEN A3 o Afel Al FEE g, 3) vARA dskeel A9E FE, 4)
AH&8SiTt. 244 skEe] A3t e, 5) FekE 2 frleel 2
T Feljot RdeR TRl EApEoR FE5]
FIem 432 Al F& 2232 Table 19] UERH

o, o
N

2.4. EQF F H|A OMME}

B 2 EY T HIARY st AEE fsl EY At TEE 29 EY 10 ©AE 8 25mLE ¥
AlZ 10 goll thale] 2m%94 FlEmes T4 o gk o] FE35F £ 7000 rpmell A 1087 YRS & #e
o7 &3 Arisigor, 83 £ T AEE 20% H A5HE 045um PVDF Syringe Filter2 oI}t 3,
o] RS HIKEl] 150 pmeE 3AI7F TS 7 '6‘}711 ICP-OESE o]83l] 858 Hla ¥ F359 555 &
st PFgstE et & 65°CollA] 24417 Bt A Attt 2 AgelM f71E T ES T Hl* 2 ZF
3tk HEmEE o]8sle] EF HYst A + =5 F5, A EX) e B4 2 AR tiste] 3
& 5 Hl *fﬂ g3t &8-S wrtelr] sl kst Xiil WS Fagste] Hghks Btk
H EYS TCLP && AlgS o|83lo] EYF 5 HlAY
4= —;"é% H7}5199c}. TCLP 83418 USEPA SW- 3.3 ¢ nE
846 method 1311(USEPA, 1992)°1 2J5) oFds) B 1g

of 8-ll(Acetic acid, pH 2.88+0.05) 20 mLE ¥l 150 3.1. EYo| Y
pmOZ 18AIZF FQF ke & 7000 rpmell A 1071 B ATl ARRE M1 M2 B vla H S5
QAR & Hed A58S 045 um PVDF Syringe Fxo) B9 318 EAIS Table 20 YERNQITE M1t

Filter2 33t 3, ICP-OESE ©|-83}] 8549 vH]& 2 M2-4 HlA4 A 8RS 212 14,000 mg/kgd} 3,720 mg/kg
TEHY TEE % gttt 8= Al olF <83t & o7 F EY BT EYed 98 7IF 25 mgkes A

&= ARk Sl vl s ARSI zd%o}ﬁioﬂﬂ EY T H, 7, oY v 9 9
(€. -C) 7S 23l 2R FH Eqe] HlA H FE&0
Stabilization efficiency (%) = (OCO) x 100 €)) 2 A7V 29E9] 9)\% AL Fo1g = Q). EQka]
pHE MIL 52, M2& 5982 F EQF BF oS ‘%

A7IA Cot CE Pl 4 A% EY] &9 F Epfilon = EF B t’l/‘}‘*E(Sllty loam)®] E7
H]A9] FEo|t Rtk 718 g3 M1 M2 ESA 242} 2.04%,
1.02%= YesiTh EY T HlAe] &4 e AuE7]
2.5. EY & H|A EX el At sl AEFES Fsle] AHRE Fig. 19 Ve

Wenzel(Wenzel et al., 2001) $I&F=1Hol| 23 EQF Ytk M1 B 4% 19A4I7F 0.5%2] 3 ¥1E8S
H| &0 Z4) e BAe 1) olewst e, 2) A3} Hol,| 2HA 54%, 3T9A 60.4%, 4HA 3.7%, STHA

Table 1. Sequential extraction procedure

Step Reagents Extraction Conditions
1 0.05 M (NH,),SO, 4 h shaking, 20°C
2 0.05 M NH,H,PO, 16 h shaking, 20°C
3 0.2 M (NH,),C,04/H,C,0,4, pH 3.25 4 h shaking in the dark, 20°C
4 H,C,04 + 0.1 M CgHgOg, pH 3.14 30 min, 99°C
5 Aqua regia (3:1 HCI:HNOs3) 2 hr, 70°C

Table 2. Physical and chemical properties of soils

o e FE EF A EE%) Tad FE(mgke)
° (%) =) A AE As Pb Cu Zn cd Fe
Ml 2.04 52 39.78 54.24 5.98 14,000 749 218 748 2.61 26,300
M2 1.02 59 25.88 67.56 6.56 3,720 361 228 766 1.76 17,100
Korea Concerning ) i ) ) ) 25 200 150 300 4 )
Level
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Fig. 1. Sequentially extracted arsenic fractions from soils (F1:
non-specifically sorbed, F2: specifically sorbed, F3: associated
with amorphous iron oxides, F4: associated with crystalline iron
oxides, F5: residual, organic matter bound and sulfide).

7} 30%% Holal glo] vIEAA LlslEol A3t el
HlE0] 7P =2 Z0=2 7= M2 EYY A5 1
AL 0.1%, 224 4.1%, 3DA 482%, 4TA 7.3%,
STAZE 403%S o] HIAAE LlsbEe] At Feet
slE 9 f7Edd AFE FEO vlgo] =2 AeR
H7h=] At

g Ee] XRD A3} (Fig. 2) F EY EF o
WK o 2 EQlA Bo| TSEE quartz(SiO,), muscovite
(KAL(AISi;010)(F,OH,)), kaolinite(AL(OH);Si,05)7} 8
FEE EAlBR As ERIF & AT vlRe] w5t
=& Ml EXR] 79 vlA 2181E9] arsenolite(As,O3)7F

AEH A

=}
54

3.2. HEMHES| 5y

derets e 9ede) B derise) e,
sy AL 2oy A BYe) weh Depdn
(Brunori et al.,, 2005; Geng¢ et al., 2003; Liu et al,
2011; Snars and Gilkes, 2009; Taneez and Hurel, 2019).
#g=m=o] XRD 427} (Fig. 6) Hl=r=olA drky
©F Yehd= Sodalite(NagAlgSicO,4Cl,), Hematite(Fe,0;),

Table 3. Chemical composition of red mud analyzed by XRF
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Fig. 2. XRD patterns of M1 and M2 soils.

Bochmite(AIO(OH)), Goethite(FeO(OH)), Gibbsite(AI(OH)s),
7 FE FERZ EAske 2E ERIE § At H=H
=o] sk 24s Tetelr] flete] ¥ XRF 4
A7 (Table 3) & AellA AR HlErEs o 43
AT Ao} FARBIA thEe] Fed} ALCE o]Foix] 3]
om o]9ef| Si, Na, Ti, Ca 59 A4S 7I A=
A=A

33. MX £ 2|l=HE9| pH HSt

Table 4= T}IRE F3AIE o183k M2 & Peumso)
pH ¥3}s HojFth SHSDIWE AlFE gl=mse)
pHE A% 315 71X pH7F 0.1~0.4% 72310 )
=r=9] pH7F AE A 107914 SRR 68 A1H &

10302 7H8l5th. S/ AR o= pH 049 A
HoFRlon}h o3 w2 gZAEAs Jeillo] SH

ARro g YemEe] F3lo ErFo)R] S & 5
AN}, o)A AGH(Geng-Fuhrman et al, 2004; Geng et
al, 2003)°l4 F=EHEES FIlslr] fl8k g ol&-
gk AFH o] AijtEo] ghom B Aere 3]
FH 98 AEQ NaCl CaCLE 0|83+ F3 WS
H7ks| BAth 0.1 M NaClEF 0.1 M CaCl,E ©]&3}e]
PuEm=E AZ & ger=9] pHrt 1029 898 F

Composition (%)

Fe203 A1203 SIO'_) NaZO T102 CaO SO3 ZI”OZ
RM 419 19.5 15.4 12.3 7.65 1.83 0.45 0.36
Table 4. pH values of the untreated and treated red mud
RM DIW 1time DIW 2times DIW 6times 0.1 M NaCl 0.1M CaCl, 0.1 M HCI 0.1 M FeCly
pH 10.7 10.6 10.3 10.3 10.2 8.9 8.7 43
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34. HEMES BRT MA 350l 2|5 Agk

SHTE A Ferse ot B F vlae] oY
slol| SRS AIA 3149] JFS Yol S8l SRS
20, 1, 2, 63] AHg HEHES o83l HIAR @
¥ B Hgsls st Fig 32 SR Al
23}t PleneS olgsle] M1 M2 Ee] <3} %13

|

A

F 2R5 AN 350 BE EF F vike 9 &
83} gst F £ F pHE BelEth A A o

o83 B T A9 Y3 &8 MIZ M2
BN 2t 74%9) 38%F YE O] M2 Ee] 5
THEo] ot HlAe] Pgs) Jgo] v WS &
ol Ee] B sy 54 EY F Hl
Ao EA) Fert glem=e] slel IA JFs =
AL Uitk M1 M2 Ee] 7 B3 o]
pH7F 523} 592 °RFES Yehfilon glerez oF

T o=

AslS NP3 o)Fol pHY} 828} 9.782 A F7I5}]
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[ Stabilization Efficiency
—o— pH
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Fig. 3.

EG T vl g3t 54 w7t

pH
As Stabilization Efficiency(%)

69

VIS UERISITE M2 ESS] pH S7PF M1 EY
o vl ZA YeRile™ M2 B =& pH $H759)
Al H v)ae] okt Aoz QlE| EY T HlAd]
ols/do] F7Isle] W2 QFgs) B8-S UEhd 302 o
AR}, SRR AAE Herse ot EY T A
o] K3} GE-L AlF Bl gt AjolE YeRA] &
Atk M2 EYR] B SHTE 63 AIXES w Al
7 K} G80] 38%lA 41%=E HH|EE FTHE BT
AR, A Fo] oFYs} 8ol JIAS FA] e AOE
AAXI o AelA] glEmEo gt SR5 AlF S5
7} oA H=m=9] pHE 10.7(03])0llA 10.3(63))
o7 sk 3te BTtk Table 4). AlH3g Hle=w
=2 o3l & ®oko] pHE MI B 7% 8.2(03))
oNA 7.563)% AR M2 B 7% 9.7(03))
oA 8.5(63)2 7HAadle] FTm=o] AFHo| PErEZ
g3t & Eoke] ¢AEsE A e dEs vER
At

35. HEMES| S5 SRl Het

HEmso ot BEY F HAe] QHgslel F3hAl] o
S Yolr ] 98l FHSE, NaCl, CaCl,, HCI, FeCl;
2 A YEmEE o]8sle] HlAR 2w E¢e] <
A3ls et st SAZ AHS ger=Es
olg3ste] M1z M2 Ee] M43} X8 & EF 5 M
29] 2Hg3l 83 HgE & EY T pHE Fig. 490
eI M1 EC] 75 T3 A2l dl=rse| <
3l o3} & Eoko] pHr}F 82004 7.5-5.52 fHAdhe
AL BT} gerEed BEY 5 vlae] Qs &
82 Z3} A 74%014 CaCLE F3}5199:S wloll 78%E
oRF T FeClL2 F3l819S 68%= 743}

M2
100

[ Sstabilization Efficiency
—e— pH

@
S

@
S

pH

IS
S

n
S

0 1 2 6

Number of red mud wsahing with DIW

Arsenic stabilization efficiencies and pH of M1 and M2 soils applied with distilled water-washed red mud.
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d=m=e] F3 M1 BEY F 8149 oFYEl a8 2
FEE FA BT

A M2 B - F3h AEE slerse] 790
oaf kY3t Bk pH7F 9.7914] 8.5~6.1F A3}
M1 E) vlws) F8iA| F56 uet B¢ pivt &
Zo = Wiyt glerso) o8 Egk 3 H|Ao] oF
A3} 82 HCIE F3Iet A9E5 A8t EYe] pH
7} A o Srkele AR BoFslon 53]
0.1M FeCLZ 3319 wo] Hgst a8 71%=
A 7kl A%E BAFIT M2 ESS] 45 Ml
Ek Hlusl glers 2ol ofs EF pHrt 24 5
7181901 =& pH SO E Qlale] Wo H|Ae] ok
3} B85 Yepidloy S8l gems 390 o5t B
&S] pH ®IsPr} w49 <F83t && STl s +
ZoF BRIt webr] Ee] FRd wEt e B
pH 25 580] Fole d=rmsol 93 B F pH ¥
slol] FIFS 1 olzjgt WsPrt HlAe] g3t F-&o
FES = Aow HrlEdh

3.6. 12 20f 2lgt BlEHE S5t

A8y AelA] HEHEE oeet 250l A Al #l
oHE W G Aol sty Hlem =] 39
2 F7IE Q& "HERES F3Ede] BiEAt
(Altundogan et al., 2002; Li et al., 2006). & <]
A 2 2730 o3t FlEmEe] Falans golry)

Table 5. pH values of the untreated and heat-treated red mud

As Stabilization Efficiency(%)

M2
100

[ Stabilization Efficiency
® pH

pH

~

S
s

-

N
S
L

ré
T T 5
HCI FeCl3

RM DIW NaCl CaCl2

Arsenic stabilization efficiencies and pH of M1 and M2 soils applied with neutralized red mud with various reagents.

Asle] FAE] F=m=2 200, 400, 600, 800°CoA] 2
A7 Bk 1.8 2433 § o ger=o] EA wslel B9k
T HIAS] MYs) &8-S WUl Holth &4 2% w
E g=r=9 pHe &4 A F=m=e] pH 10.7914
24 Lx7) 20000914 800°CE ZF71gHol| whe}t pH
1212 F7ste e ds vehlo] M3 At vk
tje] s YRSt Table 5).

A3 A1 (Altundogan et al., 200204 d=H=e] 11
2 A4 Al €4E1Xd9] Cancrinite(NagCarAlgSigO24(CO;),)
9} Katoite(CasAL[SiO4]5), Sodalite(NagAlsSisO»Ch)e] peak
ke Aol BEHJY. AT B ATtllA 800°Col)
A 278 glEr=e] XRD ¥4 Adb(Fig. 5) A3 o
T} 28] Sodalite®] peake] 23|18 F7Isle] #l=H=2]
32 Ade) ofsf ] Aol SRsIe™ o= <l
a4 ¥ HlErE9] pHrt 718 0 oA

A 259 FTk wE FEME BIEEHS 24.50
m%/g oA 400°CoA] 29.64 m¥/g7HA] F7F8IRAINE A4
2571 600°CE F7HS wFHe 3HZo] HAdie
800°CollA] 9.33 m¥/gl & H|EHZ o] A 7hasidth. &
AT A= A Ao PErEE 2 24T FE-
7ol =29 Fdo] I8 S7F AIA HIFEHEHe] &
7VeHAEE, 257F SRS HIsEH A 0]
A ol HEMES] Ad 5502 I

ACHLI et al., 2006). T=SF 800°CellA] /38 Bl=
H=o] XRD ¥4 ZAuk(Fig. 5) goethite?} hematite®} 7+

ZE A5}

g b Y

Q)
=
al

RM 200°C

400°C 600°C 800°C

pH 10.7 10.6

10.7 10.8 12.1
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Fig. 5. XRD patterns of (A) untreated red mud and heat-treated
red mud (B) at 400°C and (C) at 800°C.
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< 24 AisEe] 939 TP ASFHU=T
37 A}
[e)

oA & Al FMlEmE ) ¥A8d AkslEe] 444
SHE = HElsPEA] Bt 7HAv) o]Foizl
o=z oA,

Fig. 6& 2% #enz=e o8 B4 5 pH
HIA QPE3) 385 HATTE M1 EYe] 7%
d=r=2 Qg3 Xg] & BEqRe] pHrF &4 257}
oA WA HEHES] pHYF S7IRE AR R A 2
7t STV QFgst & EoF pHYt 82014 8IE A
I aske A HAFAL os &4 o) d=
HE9] pH F7PF A gk Pgs) Al FemEe}
B Ul FEd 5] daEkgol o8 EYe] pHoll 3
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EG T vl g3t 54 w7t

71

.

tlo wo

HEmEe] 2 257 FolESE ke BES
Rom E3] 800°Colx] a3gt HlErHESE el
24 A 74%00A 84%E HP3EL d-go] S5 A
4= Stk olfdt Aafk=s A8 Al 24 L) wo
AFE a5 S5 §80] iske A9t e Ak
HoFH(Altundogan et al, 2002; Li et al., 2006).
Altundogan et al.(2002)2 400°Col|X 4433 Fl=m =9
As(Ill) &3 58] 7FF =2 ¥ 400°C oPde] &=
oA 23 PlEm=e] A9 As(Il) S20] Hasle 2
H= RHoJFEX 0™ Yanzhong Li et al.(2006)2] 37-ollA]
700°C ool A3 glemee] 14k F3Eso| 7
adlE AE BAAFITE 2 A70A 600°C o] &%=
oA st FEmEe 7 vlsEdAo] IA A
o BEY F HlAe] s 582 23] ST
240l o8] dl=m=o] HFEHAo] 7hAaslgARt HleH
T FARE 2 pH TY 54 WHiPt ESF W) BlAY
g3t &8 STl 71od AoE AR M2 B
A9 o3l 3 BEY F pHe M1 EY 23} fAls)

57} Z7VsPAA pH 979014 9.30= ot 7+
220 w2 g=HE 2H1Y] pH S7H) tE E
el dEr=E H7is B P88t &8
HE=mE 28 571 600°C7HA] S7H Wi7kA] FY
3} &80 Thh 7HAsld ot 800°ColA gk #l=r
E A7b Al QPgsl Bgo] 41%% 44 7 38%9F FA
3k kY3l 82 YeERQITE M1 EQelN &4 L7}
EoAEA BlA QHY3l G8o] o IV A g
M2 EGO] 739 800°Colx A/dst HeEmEe BeE

L}
il
=

-

-

7.0

RM 200°C 400°C 600°C 800°C
Specific surface area (m?/g) 24.50 24.60 29.64 15.93 9.33
M1 M2
100 10.0 100 10.0
[ Stabilization Efficiency [ Stabilization Efficiency
—— pH —— pH

| F95 F95
—~ 804 S —~ 80
2 ] S
= ] =
o o
; F9.0 E} F 9.0
S 60 S 60
i i
S (85 & 5 Les T
© ®
N 40 o=l . P N 40
}3 F 8.0 g 8.0
w w
w w
<< 20 | << 20 A

F75 75
0 0 T T T T T
RM

T T T T T
RM 200C 400C 600C 800C

Fig. 6.

200C 400C 600C 800C

Arsenic stabilization efficiencies and pH of M1 and M2 soils applied with heat treated-red mud at various temperatures.
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