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Abstract: Realizing green and low-carbon development will be a new requirement facing the coal industry. In order to ad-
dress this problem, this paper proposed a method of preparing foam concrete using a supercritical CO, phase change foam-
ing technology, and a Portland cement-based supercritical CO, foamed concrete with both high pore structure and carbon
sequestration capacity was prepared. The effects of supercritical CO, on the dry density, pore structure and carbon sequest-
ration capacity of the material and its mechanism were investigated. The experimental results revealed that the supercritic-
al CO, phase change foamed concrete preparation process is a temperature-pressure dynamic coordination process consid-
ering Portland cement properties and its reaction properties with CO, mineralization. The mechanism of Portland cement-
based foamed concrete prepared by the supercritical CO, phase change foaming technology may be divided into four
stages: CO,-cement slurry coexistence, CO,-cement slurry co-solution, supercritical CO,-cement slurry co-solution, and
unpressurized foaming. Increasing the experimental pressure can increase the CO, concentration in the supercritical CO,-
concrete system and reduce the dry density of supercritical CO,-foamed concrete, which varies from 787.14 to
993.52 kg/m’ with a range of 8.28% to 19.20%. The development of porosity of supercritical CO, foamed concrete was af-
fected by the diffusion-dissolution behavior of CO, in the supercritical CO,-concrete system, and its porosity was
47.87%—89.79%. Increasing the experimental pressure and optimizing the holding time are the development direction for
preparing supercritical CO, foamed concrete with high porosity. The supercritical CO, foamed concrete has uniform, regu-
lar and independent circular pores with approximately the same pore diameter of 0.2 mm. Increasing the experimental
pressure can promote the degree of CO, mineralization reaction and effectively optimize the structure and distribution
density of the pores. Each tonne of supercritical CO, foamed concrete has a carbon sequestration capacity of
6.32%-10.36% in the skeleton and 0.98—2.27 kg in the pore, which has obvious carbon sequestration potential, but the
preparation process and parameters still need to be further improved. The results show that the supercritical CO, foamed
concrete is expected to be developed into a functional material with near-zero-carbon for mining, which is of great signi-

ficance for realizing the carbon reduction at the source of coal power integration base.
Key words: green and low-carbon; supercritical carbon dioxide; mineralization and storage; foam concrete; mine ma-
terials
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Table 3 Experimental plan for supercritical CO,

foamed concrete

T S5 H F1/MPa B[] /min
7.3-0 0
7.3-5 73 5
7.3-10 10
7.5-0 0
7.5-5 75 5
7.5-10 10
7.9-0 0
7.9-5 7.9 5
7.9-10 10

P AT A R, 51 R M 54K, i
BRI R, SZUGRE, eI A Co, &
HLRTRBE AR &R T

(1) MR, 5 B TR e TR A K A R B -2~
4 COKTIREE AR B T ABTIR ), 15K
RS BRI, BN 4, AR5 R
INE 33 °C, SR IR -

(2) HRH . BRI S K T PRR A, &
Je e B A, BT KR R, IR PR A ARy
5 min, F # 50 r/min, (R FE Al 2 2S IRA) . ¥
e E 4 R B T RO A8 T, 5 L RORMARR 2 R v R
SRR 173,

() FEAEE . KN B E A B HES, 28
—0.03 MPa; i iz A Ry 248 22 18] 9 1 220 CO,
HEARNEE, RN ZHr R S50 E K
MR (& B2 9 0.03~0.04 MPa); 4% 8 % 5L
WEETEA, BB ALE 1 CO, TEA RN, H &R
ES et )i

(4) IO . ARG NIy B E PR RN E] 0., 5.
10 min, ¥R I CO, B ERK B H, TE S A
K&,

(5) EHUER . FTHFEUERIT, kR =%
AFasE, IWITTE B ARG 5 CO, A% 1L IR TR

e s B, R IR TR BE L AR TR Y, JAE, FR 47 .
1.5 WX SRIEFE
(1) THE.

T8 B JG/T 266—201 1 (I IRTREE L ), XF
FYR ] 28 d Y LEE (100 mm>100 mm>100 mm) #f
i, B FR4 28 d B IR TR BE LR O e
F 105 C THEFE P HET 72 h, ()57 4 h FRE, 24 4H4B
2 KPR EAN G 1 g AR . AR R RS

fERGE, 3 il & O S ME LU BR IR 22 o B 3 il
H—2, WO AR T B

(2) HWALE R 53 HT .

HFLIES: SR 3D B AUB I IR 5 CO, Mk
TREE T fLIES, #15 3DM-HD228S,

TR 5 )« 3 155 1288 o A2 D T Ah A7 g )
TR, T 10 mmx 10 mmxS mm 1 HERAE 5 08 4
MBS, SR A F R R AT I FLAOUR I S LN, 785
TESCAN VEGAA4,

FLBR, FLBRZR K 4] BSD-TD-K 4 H 1 HL % K
FLBRA AT A . W B ZU, A )
29 0.40 MPa, BE % B 0 3 44 ol 4 0 3R ot o
J TR EFER TSR, WHEAO T o222 5 mm,
B2y 30 mm BRI,

(3) PAEE ML

()t B 22 o e e o 8 DU i, FH 3
WFERAI SRR i, AP 5 B AE Sl A 45 pm ) 5 FLI,
132 A A RE i F T I . B ) 5 [
TA A w1 Q500 FAHE 43 o BRIRFRILL 1 g 14
ARFE AT TR LA W R AR AT
PL 15 C/min AR IR THEE] 900 °C. — Bk,
Bl 550~800 °C R A R BR IRAS 4 3>

2 BlEHR COo, KiRELHFHE

(1) CO, MyAfL

Z PR T RERRER K VR Il 85 4518, 5 R CO, IR
S ESE L S A2, OR TR B CO, TR
LT EEA . CO, MR ALSE IR F CO, il & i 72
5 CO, AR S —3F, KR EFLE CO, EA
W, DR R N SRR B R S . RN AT
5 CO, SR IR 5, T B I 3 H 508
WA CO, AR, LIARI SRS E s S, —f%
FENIEREETE 24 °C 247, HAEH Y CO, iR
AR . SRR R R A CO, 158 T
A, ANAENTAE B IR AT BR BRI, 3 2 A AT e I Al
HAETE— S LB B B AR TR, LA AS /KA B TAE IR ik
FNFF, FHERE N CO, R b, IR A
TAEIREE | R IR AR S an el 2 FIis .

(2) SO0 & A ]

S0 48 Y AR AT AR FT 8 1, LA KIS AARTE
RNV A SRR IA] . 2ot 2 VARG, e iy 28 T
TR KOV L 2 63 min, X LT 2L N 28 T LA
BEEIRE . BRILZ A8, T KU A A BRI, S
SIRBES P FFE 495 C o4, Ak —RETES
P A8, TR R AN AT RS2 .



4226 # %

F #®

2024 4F55 49 4

BALRE P

B2 bR Rk

Fig.2 Temperature calibration and temperature loss

52 4 TR J2: 7 1 il R R AR 5 L T ) SR A2 1Y)
EEHHI . S AR, IR CO, HEA RN R IR 22
7L i B BRI ARG, LI h T CO, R A RIVEH],
B g e IHRER 2Tt e, SR RS K O B IR
Y E I, SO 48 Ty AR T v, XA RO 42 T ) T8
EMERRER] o R, S PRIE IR A5 B, (8]
S 2 AT, SOV AR T i A A SRR AP R

&1 3 GRS CO, TGS X B2 b 48 N it
FERYFEN . W] LA, BN 48 Hi B2 e D TR
JEAIX N T, Fa b B, BRI A
PEE R TARRBG R . HeAh, 12 S 28 Fk 5 K e
KA S A LT T, S0 48 (AR B i 2 e T
TR B, 3 A 2 a0 W e A0 T A
DL S e AR i i o CO, ZE A2 14548 A R 32 %
SRIEARG, SR8 N 42 1l B8 e 4 RE A8 A 155 A5 - A7, 15
L R AR 5 S 14 s 7 (R R AR S AN ml A, TR I 22
HEAT B A8 T g 4a il S B ] e e AR Y s O i R

P
W#ACO,
Tr BN 2 pyi8 prahAds = 1 60 155
) ? ,_“?,W!”ﬂl:f@:uﬁ{f@\_ﬁ;wgﬁ
6 o }—ﬁ%?ﬁ/ﬁi 150 150
: — IR
s 5 ; 445
$°) {40 &
5 N R v AR 140 8
NI AR e g uc]
o2l b Sppaudyaghg, 430 =% | >
€3 mneeni 1P E
ol {20 {30 T
L A COo, 195
— 3ligigE 10
. 420
0 4 8
N 5)/h

B3 gl AR f AL

Fig.3 Temperature variation law of reaction kettle

(3) S 28 kS o

B0 48 e g 4 il 2 S B i Bt CO, PRBE A T 2L
— 3. 4R T SO A R TP AR P R AR A
M. AT LUR I, e BB IR 5 CO, PRIFERY I g
o, RO ) SRR B TR, SRR PR BT, fe e
GG b IR S BRI R . R T RER B

I 22 5 IS, R 23 20 SO 48 il 22-0.03 MPa
P E AR . P b TR B SO A5 i R
VARV ST S W) N 72 9 SR A A WA BB & /1 WA WA K =
29 0.5 MPa, % [ Bt o £ i 2 1 48 et 5 19 38 8T ok o
P T R R 2 3 s A8 TR AR AL, CO, 2 AL
RS R SACRAS, X T A BN B T 22,
R 2N 2s B 0.01~0.05 MPa [ & 1/, & 112
1% LI BORRA CO, AR, M B W 42 N
N8 LI, EABCRPOR TRA G, EARNKE
BT CO, WALRREE, W] UL CO, WAL TR B B 15 1
TR, TEHEIER B, %M B 48 N g P
TR, R R PR R, O Ak CO, Fi ik R
AW IRGE L . R R EZY 2.45 MPa
B, R T I A B4R, i X — IR Y S T R
1 e B /N K A 2, TR AR S R A ) BT,
WAl RESEIR R T K TP Y CO, it i i A ETt.

30

————————— EAWE
AR
AR

B

IR BL

EARIE J1/MPa
N

2+
UBIE kA
B i
L —— AR
0 1.5
I TH)/h

B4 o2 IR il i e vt e As A ML
Fig4 Temperature and pressure changes during pressure control
process of reactor

(4) PRI (]

PR RESEBR b T ) 5 R Bl 2P ) i
PR IS T B 42 ) 32 58 52 /K PR WIBER ] B 52 ) o A 5
Rk FE b, R T R 2 R BUK IR AR R REE, CO,
AL 253 K D AR L BE . PRIk, S S A I
[F] i S 2 i £ 120~ 180 min, fft s IR 1] 9 F4 il £
0~10 min 5[ N MK IR BAT R 1) sl

(5) HIEAE

0 s A i) 572 PSR B AR o o AR A 2D
o TERTm s R b, S PRIE SO 22 N Y T A3
J A R, 5 I 2 WL SO 2 A A s 7R Ak,
FHABEIRT, PEATHIE . fERONZEN CO, IR EI I 5
AR 8 8 i T AT R, RS PR .
R AN L P, A5 02 70 28 A AR VK, SR Kk
MR



%10

MRS A5 G 5 CO, A iR i - ] 5 B [ Bk REWT ST 4227

3 #R5iTiE

31 &BlIg5 COo, KRBT TEESFN

5 o TS5 R X IR A CO, kiR EE -
TR, fE S aTAL IR CO, A ilikEEt
{725 BE (16 1B Ry 787.14~993.52 kg/m®, FH &l 5 7]
DL, BE SE56 5 S B3, B A CO, MR IR %
+THE B TGS SR I 7.3 MPa 34
#| 7.9 MPa, T3 [EMK T 8.28%~19.20%. &KX
— G AR R 0 REA 2 D5 1. — 7 I, T B SZ I
L CO,—IREE TR R CO, W JE R, FEE S5 7
BRI FR R CO, MBI, MR IR R TP
CO, A, T I e Al 0 o 4 R RE st ke, A ik
L2 AR, BOAZ 7 s 3, A AR I A CO, KR e
+ AL EE R, EIE A CO, KR EE - T % %
P 55— T, WLAFAE A9 BREA, vl LA H,
X2 PR A AL B A K T BOK TR IS I LA R
YRS, (ARG, M. X — IR
FEAE TR IR EE T A R0, BRI G M, 3 hm
SR AT DL KR I B CO,—IREE LR R H iy COo,
WP, B Im 5t CO, AR BE -1 T5

1100
[CJ0 [E5 min [ 10 min
1000
‘.E 900
<
P 800
i+
700 +
600
7.3 7.5 7.9
X5 & 71/MPa
K5 Se i ) S R i im 5 CO, kiR EE 1
T B
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supercritical CO, foamed concrete
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Fig.7 Pore size distribution characteristics of supercritical CO, foamed concrete
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Fig.9 Microscopic characteristics of supercritical CO, foamed concrete pores
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Fig.13  Schematic diagram of mechanism of supercritical CO, foaming portland cement
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