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IKYEFAM KL I BE S (1) B (5 B0, (HJ2, ey
BRI 45 B2 B K e ST R A B A9 525 22 b R &K 1)
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£ 0.3~1000.0 um Z [a], FHHAFi4E Dsp=17.81 pm;
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Table 1 Chemical composition of the BRM w/%
Composition SiO; Al,O3 Fe,03 MgO CaO Na,O K,0 SO3 P,0s TiO, Others
BRM 18.62 25.09 6.36 0.91 26.17 476 2.92 2.10 0.27 3.63 9.17
PC 20.35 5.57 371 0.87 64.66 0.36 1.13 2.30 0.07 0.98
DG 2.26 0.50 0.42 0.12 42.80 0.42 0.13 52.02 1.02 0.08 0.23
CS 2.78 2.08 0.31 0.11 91.12 0.02 0.02 1.16 0.01 0.09 2.30

w is mass fraction. BRM is Bayer red mud. PC is Portland cement. DG is desulfurization gypsum. GS is carbide slag.
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Fig. 1 Basic properties of raw materials
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Fig. 2 Pretreatment process of Bayer red mud precursor (BRMP)
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PR . SRR RN TSR
TS S AT I AR B OB T S gk 47 434 o
1) i 7 v St A3 25 A7 PR A ) STA 449 F3 [R5 34 7 #t
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1.2.3 BRMP iEPEFRENE 75 e FEEE
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BRI PR o B Y RN s 1A 1 R 1 E R 4
i, HIREN(20£2) 'C, ZIREN 96%, FEA
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¥ GB/T 1596—2005 (7K Y FITR &k 1= Hh (o
PR % BRMP [R5 HEFR B0 AT 0052

Fz2 WHRAWALLZI
Table 2 Mortar test ratio design

Mass/g

Samples
BRM Cement Sand Water

PC 0 450 1350 225
T-100

T-300

T-400

T-500 135 315

T-600

T-700

T-800

In the table, T-300 represents the test sample of BRM after thermal
activation at 300 ‘C, T-500 represents the test sample of BRM after
thermal activation at 500 °C, and so on.

T B ER FUAN RS AR 0 B AR e
PEFR B R, I T AR UE . AR IBRE AR 7 400~
800 ‘CJELEM BRMP % 3R 3 I L il 48 14 2K U
AT KA IS BRZK A =) VAR LR, 5 724 7 d
A1 28 d B SRR, BERE R E /N T 5 mm /R,
FHEL A A% O AL BN R S, IMATEK B2
JE bR R . &I G R I BT
HAATERAE N TR 24 he B85 R H T BT
RN T BRI 2 Bk /T 200 pm, % H##E47 XRD.
SEM. FTIR 500 547

F*3 HBRIWELL
Table 3 Mix proportion of paste sample

Mass/g
Samples Water-binder ratio
BRM Cement Water
PC 0 600 180 0.3
T-100
T-400 180 420
T-800

1.24 BRMP HiEVERERIERIZ IR 77 1)
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BRI IS Si fIR . 1% 07V 1 R B 7R SRR
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(bR VA VR B S8 VS eI AR 1K) EDTA. AR SEBR
5 AP 451 EDTA Bkt BAlFE R ALOs & .
ARSI DL S R R, SR R SRR RV TR
T E TR SRAGFE S T ALOs [ E & .

SR FH R TR B 2% B2 72 2STRT EDTA 33 s VKA
JIr il & FE R AR T MR AR A 2, ARSI
Wi

OFRFIE T #ERFREC 1 g #3E 1 BRMP
FE&, TN 250 mL HEFEIE A, RIS 200 mL
2.5 mol/L ¥ NaOH &, K HE T IR UAE 1 0 o+ 2%
b, R EENR TR IR B AT 20 min,
FrmE b osse, B BN IR BRI, AR
AeduE, EAF 250 mL FEMT, RN
11 SiO2 A1 ALOs V4R -

@i PR VA H R A o 75D 52 I PR 7 HH R
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2 SE AR, N7 1k e S A R SRR 5 ok
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RUK R A A 200 mL #)3#K,
Fi NaOH #ifE i €, BRI RIRLAt, FF
1t 30 s AN HB (L

OV ARV H A . R P R WA R AR
W 25 mL, I\ 250 mL FIBEHE A o5 25 mL EDTA
A VS VR FH i A 0 B R AR R I 25 B KRR R
F| 100 mL. EBIM#AE 70~80 C,MA 25 mL
pH=4.0 ] HAc-NaAc L& TR i, Ik
FF L min, BURBEMIFIIN 5 i — H EyE R,
PRERR R EF VAN €, LRI AR 4 F- ARV

i 10.1 mol/L NaOH
i 1RM1000
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‘ ——=Boiling 20 min

| ) |

o8

Xylenol orange

| «ﬂ«
< \ \

o) A .
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@ |

b
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~
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(a) Preparation of alkali leaching solution to be tested; (b1, b2) Determination of active SiO,; (c1, c2) Determination of active Al,Os.
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Fig. 3 Experimental flow chart of titration method
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b, TERADM S RER TR EE, FAA
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IR IR AT B T 25 R B, 256 &2 I A
TCREE, AT T AR T/ERIE 5 FEEE
RS AE . BAE D R & R EARHEL & L,
AARE LR 4 FioR.

126 FHEERER S RERNY Sy B e v iR
o, WERROKIKE, BECL SRR R
BI5T, ARV SR SEREAT oI N D B 4 1R K I R
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Table 4 Mix proportion of cementitious material specimens

Sample BRM m(DG)/g m(CS)/g Water-binder ratio Mass ratio of Ca/Si Mass ratio of Al/Si Mass ratio of Al/S
B-100 58(100 C) 25 17 0.6 1.93 0.61 0.77
B-700 58(700 C)

B-800 58(800 C)

B-900 58(900 C)

B-1000 58(1000 C)

i GBIT 17671—2021 {/KJe R Hb ik BEAS 36 77 1%:(1SO
7)), WX 3 AN RS A A AT B e W
EFRHEANE A, R EL I H A% 6 ANk, EDE
AR, AFANTRIN 2 B e A, e B AR AL
ETIIME, AR LR AR B 68 AR50 T3 1 bt
JE R FEAE

2 HXRE53®

2.1 XRD-IR BFARIEX.

211 HIEWBRMP AT AFNRERGE
161 BRMP [#] XRD #4414 froR. B #GE A0
JEALE 100~800 C i [l NiZ 4 =, BRMP HIH 44H
WRA TN GA . —KEA. NEA.
5 fiA A FRARE 7K R A R AT S W AR R /N B &R R A Oy
filt, BSEE A PIATHT IO, A BT E L
TRA MR, IR RIAT R K, £ 5N
BRMP H &N WA 1) H 30 S 4y A B o (RIS T DA
AHAGEIE, BRMP I YA AR £ E A TE 3

ANEE S 400 CHGEALE) BRMP /1, BRI
=K A T 5E A5 fiR. 500 C#GH{LIT BRMP
v, BRI KE A T, 800 CHGE
L1 BRMP 1, 5 B K S A0 A S 75 6 1 20 ik o

1.Cancrinite 2.Chlorite 3.Katoite 4.Gibbsite 5.Quartz

6.Calcite 7.Diaspore 8 Hematite 9.Hibschite 10.Nepheline
10

| 1 M.5 il 800 C

) P

Ww?wm,; oo d) 700 °C
N S IV
|5} H I
k| NIV
I
bl LM
LBLL
Iv i i

10 20 30 40 50 60 70 80
26/°)

K4 AFEPGEIREZ N BRMP [ XRD i
Fig. 4 XRD patterns of BRMP at different thermal activation
temperatures

R5 HIE BRMP ME LIRS HRRE

Table 5 Mineral phase appearance and decomposition temperature of thermally activated BRMP

NO. Mineral phase Molecular formula Appearance temperature/C Decomposition temperature/'C
1 Cancrinite NagCaz(AISiO4)6(COs, SO4)(OH), 800
2 Chlorite (Fe,AlLMg)s(Si,Al)4010(0OH)3 500
3 Katoite CazAl(SiO4)(OH)s 400
4 Gibbsite Al(OH); 400
5 Quartz SiO,

6 Calcite CaCO;

7 Diaspore AIOOH 500
8 Hematite Fe,03

9 Hibschite CasAly(Si04)2(OH), 400 700
10 Nepheline NaAISiO4 800

£ 400 ‘CHIEILHT BRMP 5, kA IGTHIE ¢
W RAN, X BT A R T2
THRM PR, IR T KRR AR,
RIS, = KR A PR AT S et o o v A T B ) T v B
ik, 7E 400 CHIFILIIAREH, & RIATHIER K,

RFH =KEA i Z—OH Ak 7 Bk AR, T
i 7K £5 45 7 400 °C #EAL ) BRMP o H A7 5 e ms
Fmr, HEEERGEGRER— P S, B % 500 C
PIHME BRMP f, HATH IR, HIRA HIR
AL O3 X N [T 5 U6, Wt /K A5 o Al T R R AR R T
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IR BRMP /1, HATHIESE AR, i o
R s YE AlLOs. SiO0, FHLLZ R, ATEERE
FORFRE MR, BEE TR, R
800 CHWHILIY) BRMP H\ATH IS JLT-#H 4%
o ARERA MIAT R BT ag, PTRER T SRk
PR BB R A, 8115 BRMP &80 118
T AR R AR I AR 0L, B A P LR R
B, HRRAT RIS VR T BERY . E 800 CHGEL
(1) BRMP o1, JHATSHUELT-TH 5, RE T RA 5
RIS, HETESMH. £ 800 CHUFK
BRMP 1, JKESEEMEA AT ST R A ., R
HANE A, BtHiETER) Al,Os. SiO B2, 458
AR IELE RS AR PR EES, 7E 800 CHwiE
L1 BRMP A HATEIE L 0k o REITEIX —IR &
N, EEASE, BMESEKMBRE, EREA
(NaAISIO4)B, 7547 TE BRI T H i A = R s HE v
) Si*ty APRY, b AR IR HERZ, N BRMP
AT RSO T R IER, DL F4E R, HUhib)E
1) BRMP Hfifi /K541 SR f 2 7E 500 C I 43 i,
800 C#H ki) BRMP H A0 ¥iAHTH %, k4
e AH B R En,  JE KBS AR AR A R4S B AR UL IR
FETR AR, X 2 MR 4 ff4G BRMP SR 4 322
TEPE Al,Os F SiO2, MIfiH2 1 T 2R VB & 1

212 #EiL BRMP HIH Pnfb2gsggity  FTIR
7920 L M b Rl Si—O—Si(A 43 T
BB, PR TAERA FTIR Al 7 A Rl B
TEAGJE BRMP AL 2245284k, DU B 1 Hb 73 A AN
AR B2 VS A G BRMP [iE % o 8] 5 S A [ #4i

Transmittance%
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| L |
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Fig. 5 FTIR spectra of BRMP with different thermal activation
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Extended Abstract

Introduction  Supersulfated alkali-activated binders (SS-AABs) have emerged as a superior alternative to Portland cement due to
their extensive utilization of silicon-aluminum solid waste, sulfate solid waste, and alkaline solid waste, as well as their exceptional
mechanical qualities and corrosion resistance. The primary precursors of silicon-aluminum components in SS-AABs are
predominantly ground granulated blast furnace slag (GGBFS), comprising 70% to 90% of the composition. Identifying alternative
industrial solid waste products that serve as superior precursors for silicon and aluminum can vyield significant economic and
environmental advantages. Bayer red mud (BRM) is a high-alkali, challenging silicon-aluminum by-product generated in the alumina
industry. Nonetheless, the crystal structure of unactivated BRM has some challenges in engaging with the alkali-activated process of
the gelling system, rendering it unsuitable as a precursor for SS-AABs. The BRM, following thermal activation treatment, can yield a
more active amorphous structure, facilitating enhanced dissociation and repolymerization reactions with alkaline solid waste
activators, resulting in the formation of more stable hydration products and establishing a high-quality silicon-aluminum component
precursor. The rationale of the detection approach for the comprehensive activity of silicon and aluminum BRMP in SS-AABs is
insufficient, hence constraining engineering applications. This paper was to examine the evolution of minerals during the thermal
activation of BRM, systematically analyze the characteristics of three activity testing methodologies, i.e., chemical dissolution
methods (e.g., inductively coupled plasma (ICP) or chemical titration), pozzolanic activity index methods, and microstructural
characterization methods (such as X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR)). In addition, this
paper was also to investigate the changes in activity of BRM as a silicon-aluminum precursor at varying activation temperatures and
propose some insights for assessing the silicon-aluminum activity of thermally activated Bayer red mud precursors (BRMP), tailored
for the preparation of SS-AABs.

Methods The activity index of thermally activated red mud was analyzed in accordance with the standard GB/T 1596—2005. A
specimen with the sizes of 40 mm x 40 mm x 160 mm was fabricated with thermally activated red mud, cement, standard sand, and
water in accordance with the stated proportions. It was then cured under standard conditions (i.e., (20 £ 2) C, 96% RH) for 7 d and
28 d, respetively. The compressive strength of the specimens was evaluated at two ages in accordance with the standard GB/T
17671—2021. The activity index was the ratio of the 7-d and 28-d compressive strength of cement mortar specimens incorporating
thermally activated red mud to the compressive strength of pure cement mortar specimens at the equivalent age. A specimen
SS-AABs with the sizes of 40 mm x 40 mm x 40 mm was prepared with 58% heat-activated BRMP, 25% desulfurization gypsum,
and 17% carbide slag at a water-cement ratio of 0.6. The standard curing was conducted at (20 + 1) ‘C and 96% relative humidity for
3,7 d, and 28 d, respectively. The compressive strength of the specimens was evaluated at three ages in accordance with the standard
GB/T 17671—2021. The microstructure was examined by scanning electron microscopy (SEM), its mineral composition was
assessed by X-ray diffraction (XRD), and the alterations in chemical bonds were evaluated by Fourier transform infrared spectroscopy
(FTIR). The solubility of Si** and AI* in thermally activated BRMP at various temperatures was assessed by inductively coupled
plasma-atomic emission spectrometry (ICP-AES). The leaching quantity of active Si** was ascertained by a potassium fluosilicate
volumetric method, and the leaching quantity of active AI®* was evaluated by ethylenediaminetetraacetic acid (EDTA)
complexometric titration method.

Results and discussion The result indicates that the combined analysis of XRD-FTIR can proficiently characterize the mineral
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composition and alterations in chemical structure of BRMP. The pozzolanic activity index approach yields quantitative data but limits
to assessing pozzolanic activity in cement systems and cannot differentiate the contributions of silicon and aluminum. The chemical
titration method can quantitatively assess the dissolution rates of silicon and aluminum. However, it lacks a sensitivity to variations in
ion concentration, particularly within the activation temperature range of 300-700 °C, making it challenging to accurately represent
changes in activity. Conversely, for precisely quantifying the dissolution concentrations of Si** and Al**, the ICP-AES method can
quantitatively indicate the activity changes in BRMP at different activation temperatures and differentiate the dissolution behaviors of
silicon and aluminum, thereby offering a more dependable foundation for the optimization of components in SS-AABs. The thermal
activation at 800 C significantly enhances the breakdown of silicon and aluminum components, compared to that of unactivated
BRMP.

Conclusions The alteration of the mineral phase in red mud could be constrained by the activation temperature. Katoite
decomposed at 400 °C, chlorite and diaspore decomposed at 500 ‘C, and grossular and nepheline decomposed at 800 °C. The testing
methodology for volcanic ash activity possessed specific constraints when examining the activity of BRMP. The conventional activity
index approach was constrained by the gypsum concentration (< 5%) in Portland cement (the standard GB 175—2023), making it
challenging to precisely assess the contribution of active Al20s in BRMP. The chemical titration method possessed specific
advantages in indicating the mineral activity of BRMP following thermal activation. The quantity of leached active aluminum in
BRMP post-thermal activation could be greater than that of active silicon. The analysis by XRD-FTIR indicated that at 800 C,
silicon-containing minerals could fully activate, whereas aluminum-containing minerals could disintegrate more readily. The chemical
titration method could partially indicate the activation impact of BRMP. However, the detected fluctuation in silicon and aluminum
leaching was limited, leading to inadequate sensitivity to changes in ion concentration. The dissolution rate of active silicon and
aluminum following BRMP activation by the ICP-AES method showed that the thermally activated BRMP had considerable benefits
in terms of activity. The leaching quantity of AI®* in BRMP post-thermal activation consistently exceeded that of Si**, aligning with
the leaching patterns of active SiO2 and Al2Os determined using chemical titration. At 800 °C, the activation effect could be markedly
intensified, with the leaching concentration of Si** attaining 96.4 mg/L, and the leaching concentration of Al**reaching 167.5 mg/L.
Compared with the unactivated BRMP, the dissolution of silicon and aluminum elements of activated BRMP was greatly improved by
thermal activation at 800 C.

Keywords Bayer red mud precursor; thermal activation temperature; pozzolanic activity characterization method; inductively
coupled plasma method; chemical titration method



