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Abstract

With the increasing global emphasis on carbon reduction and sustainable development, carbon se-
questration cementitious materials (CSCM) have emerged as a promising solution for reducing car-
bon emissions in the construction industry. This study focuses on the effects of combining coal
gangue, carbide slag, and calcium oxide (CaO) with different sulfates—(calcium sulfate (CaS04),
desulfurized gypsum, and phosphogypsum)—on the phase composition after high-temperature cal-
cination. X-ray diffraction (XRD) was used to analyze the sintered products and to identify mineral
phases formed at calcination temperatures of 1200°C, 1300°C, and 1400°C. The results indicate that

sulfate ions (SO ) promote the formation of calcium silicates (CaSiO3) and sulfate minerals. How-
ever, impurities such as chloride (Cl-) and phosphate (PO;") ions inhibit the formation of target

mineral phases, thereby compromising the structural integrity of the materials. This study provides
a better understanding of the role of sulfate regulation in optimizing CSCM composition and sug-
gests potential applications in industrial waste utilization, waste management, and carbon seques-
tration.
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BE A TR DRI R S, A A DL A B SRR =4 0 R AR HE A A B U A 558 43
T R R . X IR AT E SR AR SIS AR TR AL S, SRR i & B R PR AT 5
BRI, AL EES B ARIAEEE F1, & n] st g b 3 gEE 0 R R IR 1] [2].

FE R SRS 5T, TR R bk D) Re A1 S PE RE AT RLSZ BRI 2 1) 07T . i Bse e —
B ST B, & n] AR SR 454, (R BhvE E VG VEAH AT G, AT e IR P [3] [4] ©
HFREY, ABRY AR % o IR R AR B 1, T e iR A5 0 W i AE A AR
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Yuan [9]5F RALER T WA B IRALPRIB e 5 2 fRATLER, Fi HH 2% 03 285 7 5 M A8 2850 23 AR = A0 ity A D %
HEPH 2 . Ababneh [10]45 38 o 28 VR BGe V25800 T WA B 1 s 0o, $R HA AR O 5 SRR IR WAC AT 1R
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HCBHRARAR, AR B TR B T 38R SCRF . 7230 /122771, Ghoroi [15]F 7R BH, 2450
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Figure 1. Sample figure. (a) Coal gangue; (b) Carbide slag; (c) Desulfurization gypsum; (d) Phos-
phogypsum; (e) Calcium sulfate; (f) Calcium oxide
Bl #RE. () BFA; 0) BAE; (o) BHRAE; () BAE; (o) WiiS; () &k

Table 1. Chemical composition of coal gangue, carbide slag, and desulfurization gypsum (wt.%)
=1 BEFA. BAB. BRASHERS (W%)

JERH Si0.  AlOs Fex03  CaO MgO R20 Na20 K20 TiO2 SO3 Loss
R 5962 2082  3.73 0.67 1.75 1.86 0.18 1.68 — — 11.55
A7 3.23 1.08 0.24 67.9 0.12 1.23 0.13 11 0.32 — 25.88
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iR k=1 5.23 2.33 — 39.63 1.18 1.02 0.79 0.23 0.12 49.35 1.14

JIL =

W: RO Forini g B A S B (R0 = Naz20 + K20). Loss Fonfikesk .

Table 2. Chemical composition analysis of phosphogypsum

®2 BMABUERS N

FE b 5 1T (%)
_Si Al Fe Ca Mg Ti Na K S F P Cl Sr Mn
BEHE
5.587 0.501 0.553 54.66 0.288 0.141 0.297 0.443 33.342 3.083 0.774 0.106 0.126 0.099
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Figure 2. XRD patterns of coal gangue, carbide slag, and desulfurization gypsum
2. AT A. BAE. REAEHN XRD &E

HIZe 1 ATEL 2 J0, JEAT A 3 B 2 A7 94 (Quartz) IR A (Kaolinite) AT — i 5 7 A0

(CaCOs), iR itiEE® 2,
LA )R A AL 5 (Ca(OH),), B ss, RELE MR T2 SEEMR MR E I M [19]. BEhi A £

W WIN K418 (CaS04-2H,0) . 7E s FiZ B /KA R KA B S TKAE, 25T L (AFt #)

A TE B T N SR A FER I E A RE(SIO) FTE AL R (ALO3) [18]
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2.2. REg&E

S EAL(PEFL00 x 600, YLV 4E v 2 EFRi k3 & A R AR /K156 B (SM500 x 500, A6k
FARIAA A IR AT HELHIFERBENL(DF-4, LEMIESE R ) FaEPU(SYP-15T, M/ A
AR R A PR A 7)) mErid (NBD-M1500-501T2F, % EL AR RHE A R A F]) . KVE 32 3 EL(NI-
160 A, Jdb KZ RIS ARA A, X BFERATHAX BT 5 (XRD)MA K A H A2 2 /3 7] (Rigaku)
Smart Lab 4 X SHEATHIY, Cu Ka & 5F(h = 0.15406 nm), 1H45EH 20 = 5°~80°, K 0.02°, FH#HE
4°/min).
2.3. RIEECEL T

it & EER B8R (Cm) &80 EL (P) A EE LE (N) =R &1 AR EE [ 21] . (D) ~@) Firs .
a)(CaO)

M= (5i0,)+ w(ALO, ) @
~ o(AlL0,)

" (S0;,) ®
_w(AlL,0y)

~ o(Si0,) @

o, Cm FoRTEKVEHRIHTE BT T I R RS 1 78 £ . Cm H KT 1 Fo) CaO i, FEEE
HEAENTE CaO, IXTE/KIRAEF AR . M, CmEKT 1 F£xR CaO A2 LUl LA E R . 4
R tb(P)H1 AlLOs 5 SOz I EL Gtk e » Uik P B 3.82, MIZEIEE AFt MBS SOz R EL(N) 2 Sk
FEAA P OCEE R 2R, XK Ve BRI T B R S

Table 3. Mix proportion design of composite cementitious materials
3. EEREMRIELE SR

JE AR (g) 5
55 —— : o LA I
WA MEBAE  maE BRSO BAE AN (%)
N-AO0 59.4 24.7 15.9
N-Al 51.3 - 35.6 13.1
N-A2 40.6 - 23.7 - 35.7
0.3 H 4R
N-A3 48.6 - - 21.5 - 29.9
N-A4 55.6 - - - 5.6 38.8
N-A5 42.1 20.6 - - - 37.3

24. BREMFTIAEYE

AR ] 26 1R) [ B I A R A O 32, FHE A A, CaO, CaSOs, B A A H =
Hlk, BEAREC &I 3 fizn. N-AO. N-Al. N-A2. N-A3. N-A4 fil N-A5 [¥] 6 LA L)% 1200°C .
1300°C 11 1400°C #te ORI 60 min, HARXRH R =R, o058 Rk, LUK 0.3 il 20 mm x 20 mm
x 20 mm 7RG PR TR 24 /N RS, BARSRAE T IR

S
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2.5. MEREMIR B RAE

FERPIRP e i, R PR A AR AT B F F JE /K ZBHRIE 1h ZbkAk, DANIER 5 0k 1:4 19
EL B %A A, RIS XRD RTS8 {247 XRD #9470 #r

3. ZRENH

AR BT AFENRE T PRSI RAR b UA K J 2 M e g 3L, 6 SEEGFF dh 1 25 04 5 1 Re 3 AT
T ARG M. @ik XRD 70471 T A BB IR FE(1200°C + 1300°C « 1400°C) N £ At LR AE I M AR s AL FU
BT TIRER IR AP 2R e B X RERR £y . BRAL TR 2R 4% 3 EE MEAR AR s, AL EE S T2 S B 0t
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3.1. FRIRE THRE = IHETEN

3.1.1. 1200°CH5#7

3 A 4 ek 7 AE 1200°C BB )E E AR IR XRD E 1 52 &0, 78 1200°C KIBRIRE T,
BRER A AER I T ARt AR AR, RIS HH] 1 FR R = F5(CsA) RITE R il B A Bt AR i ARt A, 1
T MR RSB . A IS PR AR R Cao, {2 T ARt MUK, {H CaO (¥ )= I 5 &) it il
2 Ca0 HHE, MIMREHIRE T ARt FIELE . IhAh, BEAE I LA @5 (P.0s) 5 ALOs 455, T
T B4 (3Ca0-P.0s),  FIHH| i £ AR 45 (3Ca0-Al03-CaSOu) A B, P T AFt AH I ELH
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Figure 3. Qualitative XRD analysis of the sample calcined at 1200°C
B 3. 1200°C Kk /m B XRD E 534
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Figure 4. Quantitative XRD analysis of samples calcined at 1200°C. (a) NA-0; (b) NA-1; (c) NA-2; (d) NA-3; () NA-4; (f)
NA-5
4.1200°C KR FE Y XRD EE 2. (a) NA-0; (b) NA-1; (c) NA-2; (d) NA-3; (e) NA-4; (f) NA-5

3.1.2. 1300°CH &R

5 A1 6 Eow, 1300°CHBRE G 2 IE LA A B2 2 5 . N-A3 #1, CaSO4 SR A1+ [ SiO2. AlO3
S NEE FRRERR = 45(CaS), %M R T 45 A N-AO F1 N-A5 w1, Bt £ 8 1) CaSO, #4373 i N CaO,
5 SiOp )R WA FSIERR —F5(CoS), A B T HTEARLEE . N-A2 Al N-A4 1, POS 5 CaO 5 e 80 AE B
FRE5, 7R T CoS. CaS MILERKIX, [FIlF SOZ 5 POY 5444 CaO, iR E: - i E &4, 55 CS
TERCE A, PRARRERR SRARIARE o X LB AH P REFEARAD R B AR ) 2R . N-AL Hh, A E T
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Figure 5. Qualitative XRD analysis of the samples calcined at 1300°C
[ 5. 1300 C /5 HY XRD E M 77
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Figure 6. Quantitative XRD analysis of the samples calcined at 1300°C. (a) NA-0O; (b) NA-1; (c) NA-2; (d) NA-3; (e) NA-4;
(f) NA-5
& 6. 1300°CHIE/FHI XRD EE S 1. (@) NA-0; (b) NA-1; (c) NA-2; (d) NA-3; (e) NA-4; (f) NA-5

3.1.3. 1400°CH 4R

[ 7 F0E 8 KB, 1E 1400°C R T, WRERERFIBEAE S B I35 . N-A3 , TR & 5 BT A
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Figure 7. Qualitative XRD analysis of the samples calcined at 1400°C
7.1400°C 1Bk fR B XRD ZE M5
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(d)

(e) )

Figure 8. Quantitative XRD analysis of the samples calcined at 1400°C. (a) NA-O; (b) NA-1; (c) NA-2; (d) NA-3; (e) NA-4;
() NA-5

[ 8.
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