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Abstract: Aiming at the problem of high density and low strength of traditional aggregates, in
order to realize the resource utilization of industrial solid waste and CO, after capture, using blast
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furnace slag and fly ash as raw materials, the effects of solid waste proportion, remaining
water-solid ratio, and maintenance pressure on the barrel compression strength, carbon
sequestration rate, and the stacking density of lightweight aggregates were investigated to obtain
the preliminary formulations and maintenance regimes, and the results showed that, the stacking
density rapidly decreased from 1016 kg/m? to 883 kg/m® by 13 % when increasing fly ash content
from 0 % to 60 %, and both barrel compression strength and carbon sequestration rate showed a
first increase and then a decrease of 13 %. Density rapidly decreased from 1016 kg/m® to 883
kg/m®, a decrease of 13 %, and continued to increase the fly ash content, the change in bulk
density was not significant, while the barrel compression strength and carbon sequestration rate
showed a trend of increasing and then decreasing; by adjusting the residual water-solids ratio and
the maintenance pressure, it was found that there existed an optimum residual water-solids ratio
(0.15) and the maintenance pressure (0.1 MPa) so that the aggregates could obtain the best barrel
compression strength; the carbon sequestration rate increased with the residual water-solids ratio
and maintenance pressure. strength; the carbon sequestration rate decreased with the increase of
residual water-solid ratio and increased with the rise of curing pressure. On this basis, the effects
of three different alkali exciters, sodium hydroxide, calcium hydroxide and water glass, on the
lightweight aggregate samples under mineralized curing conditions were investigated. The results
showed that 5 % calcium hydroxide optimally enhanced the barrel compression strength
performance (7.6 MPa) and significantly improved the carbon sequestration rate of the material
(5.09 %). Through XRD and SEM analysis, it was concluded that the main mineralization
products were calcium carbonate and existed in the form of calcite, and the higher maintenance
pressure was easy to lead to the appearance of fine cracks at the interface of the products; through
the MIP analysis, it could be seen that the mineralization products had a filling effect on the pore
space of less than 100 nm, and due to the exothermic reaction of the product in the early stage of
the mineralization reaction caused by the volume expansion of the product made the increase of
pore space of more than 1000 nm, and the change of porosity The change of porosity shows the
great improvement of the microporous structure by mineralization, which explains the mechanism
of strength enhancement by mineralization.

Keywords: carbon dioxide; lightweight aggregate; fly ash; blast furnace slag; mineralization
maintenance

0 51 3T

H CO, S5l = SRR R EHE T & B4R S ) @ iy @ 2, OBkl Fral K
AR AR R R, FRIFSR T COL HER /14T 2030 4ERiTIA AL, 4rHUAE 2060 4F FT LI
A H AR, CO, Ak SR FIR R IR 4 40 15 — A B N, A R S8 R R 26
MTTIEEIXT CO, FIHK AT AT . FIH CO 0 LEBMREFIRE TR R AR T2, &EH
T2 MRS 5, [FIINA B 5t 5m B TR e AN A AR . IR CO, F A A N K A
BHE. SEHLE R T B

FE T R AR AR = A R 2, o, BB BRI 7.5-10 14
W, Ak e B T IAF] 8000 £ MY, My MEA . A A T R A R R
MG, 5 CO, N A H &K BN, - PRI T AR AR 1R s 87 264 BR AT IR B R SR A 1
[ =) N 0] S AL e A

KRB mhiE R R T 26 &8, AMUEP T E KR CO,, 1 HEA
WE AT RS, BT AR CAH T 2 RN . V157 TSR] FAN A sy



EHEREREE, ERINAERK S %, —/KAE 6%, HER 2 %, FAIM 3 %%t
N, IR T HERUEE 821.35 kg/m®, {4 HEBREE 13.67 MPa [ kL. 8IS A RF 5T X £ T
ERAY Pl Op AR i8eis s € S N 71 A 5 7 9 ) WD K < 16 VA ) 1 S P B Lt Cid 4R (S
17 LA DA AR S AL, AR T4 2z e ), 8 LR BE, WM AR B 4% (a2 4 4 3
WL, FZ25 TEUANTER. MNKBRE, B3 2 DERIR SR &R S 5 Kbk
RO, YU AN S . BRIV ek R, 5B TN, B, KIS,
DA IS B, AR MS BRI E . Ivana@ g FH AN & B IS 2Bk, TR
IR AT, SR A R PR R B HE B A (R PR R AR P AT SR P

AT RFH M T EAE R E R R 3&E B 1, AH ORI 7N SO AR 9 B Rkt AT TR .
Jiang ZEMIET S T COL B LARE I 4 A0 R, A3 BMERL B 1300 kg/m®, R HRE 6 MPa (1)
7 o Morone™ PR F 6 T 2 3 P AN kL, R DU (b 403 22 i VA3 B A AT, o
G BB 15 Re AR BB B OGS « BEFER I, WA BT DAA R TR K, 2 A O
AL R BRBRES e A, TECRNRIURE 2 18] (R FLRR, ASERIORE 22 A2 M S AE— kD, AL BRAIK 7208
LB, e T BB R RS0 Kim P i Ak v A Aok, B
AL TR SR 3R T SR SRS, (HAE 0.04% ~ 100%ft) CO2 W EEVE I, ot ik o & A AN [
TR . 20 % CO, [& 1k 28 d IR 5% A 4.71 MPa, &1 HAth CO, R EE T 1450k 5% &
FITERR Eh /K e 1 BBORE TR R, (ELMERA 2% BER ST 2000 kg/m?® 25 B iR, 22 PSR AN R
JERME B R, 7R 14 KEREEIAS] 5.3 MPa, {HHERIE5E &1k 1280 kg/m®, 17t & T [E b
T 5 MPa 4% i B BHER A% B2 /N T 900 kg/m® (TSR o 7 5 P2 I s — oMy B Ik Ay J5 k)
B R, HEAR S REIA T 825 kg/im®, UEBIBMERVE AR E R, DA EDRE AT DU 2
BRARE B RO MR R, (B IR AR RE 3 d SR 2.6 MPa iz fik T El#% 5 MPa
HIEER o H T [ b kSR F il 28 TR A s e 5 1 120, ReFE REAS =, Rl H
BT AGFR T2, TR B 296 B A e, 2 H RN R i R el g
IR . Rk, FEE—IBWEIT CO, B A TR il BN 5B R ) 2 mel AL i) ) 5 17 e o
HERA B B A BB R, SERURYEE IR AN s s M R A0 AN, PR AR BRI i T, 4R
B SR G I 2N S G

A OB R s SRR, BFAE T R BCEG . Fo 4K By FR40 IR AT BRI 1
JESREE [ iR UL S HERR % BERI 2, NI SRAS 1 4120 BIBC 5 FIFR3P i B s AR o 1 &AL
B SRS L KBRS = AN [ (OB & AR B R LR SRR 3R 4P 25 IO L AR S,
HIRL T — P& B S« 4 Tl 5 B i B T, %R ) ROk B A o) 46 S (L
TR . KHFTFEREER CO, TALEEA T ES 5 S HLHI W A AR IR B B S IS Gk
MBI, A R R BRI ™ i 25 BeFE S A, A= i s BN s CCUS Pk AE Y
AR TERRML T — R A UIEE
1 | .

1.1 RIEM R

li5] 2 SR 53 ) R AR s v, At A IR g3 e S A AR . SR A K B

JRRRE AR K B IR SCEOE R BESCI B, REFE A Wk 1. JEURMH 7R X STt
G, ARy IR 2.

Forb, BHROR AT RAIRSER ) mE R | T AL RS R
SN2 E 25 B 2GR A IR A B A F= )40 B 4l (>96 %) FRRIRE S ALl S s 2
[ 245 AL ARG BR A T A P2 I 0 BT 4 (>95 %) kIR E B AbAS, KIE 2 Bl 5 Bk
BARA R TP 13 Wral 50N 3.1-3.4 (B K38 .



1 R

ﬁélfllzllil dgll/l.,l.m d0.5/p.m dolg/}lm
R 14.5 51.8 144.0
[ abi 5.1 20.7 66.3

K2 JFHEZEWERI) %

Fdh w(Ca0) w(SO;)  w(MgO)  w(Fe,05) w(Si0,)  w(TiOy)  w(AlLO3)
IR 4.414 0.791 1.226 6.440 42.640 1.996 39.071
I 34980  1.210 5.049 0.396 20.72 1.210 15.790

1.2 REEHE

B RVNERG AR (D) JFRNES: B Ll B m B AR S K 3t 3 kg 35018
4, FHEREI 450 ml K, 52 kg FEESTFRHEBRFEIUER TR0 RS 10 28521395
HIEERy, AR B R B IR T R A T A (2) il & ek : BB BN R R ER 1B 25
R P DA R0, IR &3 E kL. B i@ e & W iek 10 o%h, #Ht—0
YEIER WKy, SRJGTE 10 20 Bh N R aw 22 20 %7K 450 mil. S5 AR5 & PURPIREE S 54 N 2K
R BT AR 1 kg T3 H 1) 300 g aduis N £ P 5 A8 RO il VT 70 38 O B AN /N B
SRIGTEEE N R 20 43 Bp I SRR TR I . RS R, BEE W& RIess, /NERPH
IKAWAT AR R AR, EER TSR AL, 8 G/ Nk 5 o, S2nm B 28
m, TRAIMNG, W&EER 5 28 EInE ik (3) g AR IE 25 CHI
70 YOI FE 25 A T TRFRA R AR B R A LG, SRAT R B, TR 5 0 URLAR 73 AR 7E 5-20
mm R R INER, T R 82505 .

Pl R KK B wis Sy

W/S — Meur—Mdry (1)
Mary

X, mee TR E R R, 95 may NIRRT TR E, g
1.3 JERHECEE
AR VAR I S8 1oL T B TR A i A 45 B R AL A B R R TEE B, SRAS 28 (T 7 5
PRI, 2 PR RN AN R R SR A7 BB % 7SR S B L A A AR R I R
JEURHELHC L W3 3 .
# 3 JER

ZRZS s MR TR kg Rk kg il & KA L

BG-1 0 3.0 0.3
BG-2 0.6 24 0.3
BG-3 1.2 1.8 0.3
BG-4 18 1.2 0.3
BG-5 24 0.6 0.3

BG-6 3.0 0 0.3




1.4 CO, i k73t ie

TEAE R B ARG P HEAT — B 18] B TSR, SR 5 W i 128 J AR 2 B BRSO i A ] s B 25 2%
i, 3T CO B b FRY . CO B HWFRI KRG WK 1 P, Wb N e— PN MNEE, N
BRZAR 320 L, it B JI7E 0 21 4 MPa 28], LLHLEN ) 7 NFRAE

CO, W Fedrid e . (L) Wi 5 B BT A R BNEsH, M I B As T T2
REPAEM;  (2) 1 CO, AP, P W N as S, BEE IR
IEEEEME0.1~1.0 MPa);  (3) BT LR, 4ERFRMNESHIFRY KT, TR — B
() J5 4T Mk e (R 2 s B2 v SR A2 B 5 (4 S8R P 6 Tt 23 AR 8] 1 58

i)

. JE i
e |
> COali
: %
COP 4©i|
TG
COY3#t
e
<
1 CO it i E

1.5 fgemhit A%
HEFR 25 BN 2 2% [H S bnifE (GB-T 17431.2-2010 #2481 K HAR B 7)Y HEAT MR HEFH
R AR N

__ (m{—my)x1000

Pbu vV 2
KA, ppy— MR, kg/m3, THEREHHE 1 kg/m3; m—— A2 2 W 50

&, kg m NEEFRNFE, kg V—FE2ROEH, L.
B EREMR S (GB-T 17431.2-2010 345 RF K HARES 7v2:) HEATIR, 53RN
T R o P TR A N

f‘a — P1;P2 (3)

A, fo——HARHAO RT3 5, MPa; py—— R NIREEDY 20 mm i (#6018, N; p,——
‘{EPJ—_E*ﬁ}ﬁ%’ N; F__g()___t‘.ﬁ /E{’ mmzo
[ Bl AT PR VR SRS AR L [ B R B, e vt B A 20N

w =221 % 100% (4
mq

A o R RHAFF R R my——HE R TR ATR BT my——is
FERRAL TR 5 B
16 FRIEFEREFE

K XSS (XRE) R BEAT AL 22 A 0 o0, AEDIKAT, 70 RE AT
ANTHE, WHEEJRMRT 200 H, PFrillFts AT 29, A IIE R & A& &

A XS EAT A XRDY A A 2 7 AT D0 &, 0 et A0 S SE IS ™ 0 4 A AL RS i
FI AL 5 KA

A RS T R A (SEM)R P ) Z oW RS EAT 8, Tl S AR,



SEM HB G IIBERAE:, fEREAT SEM A3 HT AT RIXHAE Sl 2E AT 5% 4 A TR DUSE SR A ) L
4R F N 60 s-120 s, SEM FEAE UK A% #y 100-20000.

WL MIP 7RO FLER R AN FL IR 1 FLAR 7 A R LEAT 0 A, ZEAR A R RS R R
TR RATR A AT AR BHCIR [ A FE LRI BRI FLR T 0 A . FLER RS

2 HER55H

21 AEEEZBLEXTFHNEE, SEREMEEENS I

KA S s R A A E R, SR 0.3 M & /KK EL, TETEIE TR 46 h 775
3 K, IR AR X P R R /KK A 0.10~0.25, B FRYT AR A R
0.1 MPa, FEIHF(A] 4 h, WLEAN[R] [ PR 5 Lot T MERN 25 5 L i) e 5 5 0 3] e 6 T 52

AN [FA K - e Jr v 45 LG i i B HE AR 28 BE s an 18] 2 B o J8 0 TR B T4 46 1R A
X P ) A K IR LA 0,15, M HREAR LA M 09638 1] 100 %, HEARSE M 1016 kg/m® T
B3 866 kg/m®, AL 15%, FEHIEFHEIK M 0% N E] 60 Yoix KB, HEANE R 2R
B, MR TS, N 13%. 2SR FEIIIR K, HERES R R T B i R 2k -
S 18 B e FEL A ) AR R 1) B SR MR 9 B /N T 900 kgim®,  BRIEB BEAR PR L 451 KT
T 60%.

BEIREB L (%)
B 2 By i 45 Lo HEAR 3 B F R
RIS LA R, B E S 458 BG-1~BG-6, 4 AEA K (115 8K
MTRFRER 0%, 20 %. 40 %. 60 %. 80 %. 100 %. HIEAI%0, ASEHS A5 BRHE ik
B A5 T AR 7K G (R AR ARRAEAR AL, S50 25 T s /KR B s D T 3G OR, 4l K 2K B R 0.1
I, [ RIS B KM, b BG-3-40 %% i R E R AR 7K K EE Ay 0.1 I die e [T B 6
3.32 %, BG-6-100 %% H BHRALFERI A /KK HE N 0.25 I K B 3R N 1.56 %. XA
WA S = A SOy, [ 26 3 52 — AN IR AE FLIR N I B, 90 4 7Kk K EL vk
N, AFAFFLIRAKI D, S B A A AR LR Y B ek, oG T AR BT BN
fffERR 2T ik BG-4. BG-5. BG-6 %, BEEFHEKS EAIEIN, W0 E R e
AR IR A2 7K B IS 32 HR B o A 3, 3 TR g v i o B 5 (0 ek 2 2 AR TR A A
Wi, M5 RMNIEEA S BEZ, F S KIS R e, 2 S b 1T
LA 2R T RIS



35
A —u—BG-1-0% —e— BG-2-20%
-\\\ —A— BG-3-40% —v— BG-4-60%
ANNN ~ 4 BG-5-80% < BG-6-100%
3.0 N\
v S
\lx\,
= T
< J -
*;g 25 * e
i Ve e
Sy
20 F
4
e
15 1 1 1 1
0.10 0.15 0.20 0.25

R AR

Bl 3 B e 4B OGS ] B BRI 52
ANTRIFR R KR Lo i L HE R 2 2 (R i A B 4 Jiois o HX BG-4-609% it AT 6, H ]
R, HERR T BB R AR AR LG G IR b R AR KO LEAE 0.10 I HERR S EE TR B e K
KPR R CO, Ja 2 LARESE I AAFAE , [ 358 B i KN HERU 3 A Bl K,
B ] Btk 2 5 HE R P ) AR a3 — 3

890
888 - —a— W
886 [

o

£ 884

(=]

<

| 882

&

= gs0

&

878
876
874 1 1 1 1
0.10 0.15 0.20 0.25
TR AKK L

B 4 F0 427K K L Lo HEAR 35 5 s

AR IR - i s 45 L B 3 B RHE AN [R1 ) 4R /K K BT B f PR s B2 an Pl 5. BB m 40,
AN 5 LU A2 B R 7 5 5 I 4 8 A 7K K L P 73 AR AR AR, R 5 P 1 s o o5 6l SR 7K K B
AR RIS T = 5 BRI SS, JRERI K LE oy 0.15 IR R 3 de R, 33K A2 [R1 Sy BT i
RIGBREEATH, FIRKIK AL, TR, AR 2, SCEfLI. 2Tt
o P A AR 22, R st A 5 S ot 45 R A 7K K L PRI 9D T 388 o T e R 42 /K K L 0.15
FRER 0.0 LA, SREHILT R, H BG-3-40 %riA A A 5k i kN 5.3 MPa.
KRR MRS A E A, C-S-H B AR A B, AR TR 55 7 j, ik
SRS EANE RN, HEAES E RS, 15 C-S-H R LU AL KA
YR A R, A R R R R A AN N, T C-S-H IR UL AL A 5 KA = A B ek
IR, BN 5E B A R BRI o Bk R 5 LR B R TR /N T O REVE AR K AL
FEVN ST T, BRER AT 58 BE B SR I SRR, O kS48 M (AR B, & 3808
FERPE. HilfF BG-1. BG-2. BG-3. BG-4. BG-5. BG-6 A%, #ERHRM: A4 0 EEBE
FR KB B 0 3G In EISET i E BRI S, FER RIS B 40 Yol & He 5 FE I8 B I AH
KRG — P BB EE M E MR, SRR ZH) Al,Os. SiO,, =B EH
KEMEME, AlOs. SiO, fERMEHRIIIAEE T ol LIS Ca(OH), [ AR i 2 Rk AL F= P4



FrosEE . ME AR IR (R 2) FIHL, MrREEZ /D, s el —
FTRHEBL, WU ES LY, WTAERE £ C-S-H BRI IR, HmAEals
WO RIS AR K 2 SRR B I SRR o BEE A K AN I, = i LA R, A
AN BEEMEEE R R, pH ERFK,  B5ARER EL ] 4 N i RS R L AN R A, 8175
TR L IEYN - Sy N ] 2 o

CRE G REIERIEGE . [ IER R 2 i R A R s B . HERN 2 PRI [ %, 1B BG-4
(60 YoM AK-40 Yo bt MR JEURHEC Lo AC b, i) &6 /KK LE R 0.30, B AbFR4P A
P AIKIREE N 015, SR N 4.1 Mpa, HERIZ 5% )y 883 kg/m®, JE 456 TH 4L F-47 & /1.
AN TRV A ) DA R B 1 I 1) 23 AT 38 2 T IR o

6
[ IBG-1-0% [ ]BG-2-20% [ |BG-3-40%
_|BG-4-60%[___|BG-5-80%[ | BG-6-100%

5

fe 3 /MPa
: ]
]

N
T

[N
T

01 0.15 02 025 Ref.
Tl ARIKIK L

B 5 BB K- iy 15 BT £ B £ 5

22 THUFRPEHMERE, SERBENI

B R BEN L TR TR IR FR P (] A2 4k 4 B 6 AT o 384 7E 0.1 Mpa, 0.4 MPa, 0.7 MPa,
1 MPa ) S AbRR AT KR, [R5 5E F) 2.73 %, 3.02 %, 3.3 %, 3.58 %. A S)E
M 0.1 MPa #2713 1 MPa, [ERRZFIRTT 31.1 %o [FR FT AN/ N Ak 5 33 26t i 5 T F7 )
R e, BAESNENT, AR MNEITH/NT G, BRI IHZE . 75 1 MPa
T, 30 min —AALRRE R IER) 4 h BERER 79.1 %, 2 h FIFEHRFIZEE 4 h 1) 96.4 %. X
SR AR AT (8] A5 K0 R J 3K, COp TR 1R A 5 385 o [ B 70X P A W A 58
T S22 R A R L, 2 G T P E T OBEAS T CO, BIARWITY 8, BRIk [ e 22 11
T ARG ILENS . CAURA b s B 32 R AR TEE N A AR I RT P AS/NI, Re 2 BRI 1)
30 PP, BRI ARG 5 84— LT [E]28 2 h

vV v 7
N N VA————A———L A
v  A——A— o
T y AT e o o —*
‘ o 5 2w =" n—n
= I
Z oL /-/
% // —=—0.1MPa
// —e— 0.4MPa
T / —4—0.7MPa
i
/ —v— 1MPa
/
0 B /
1 L . I I
0 1 5 . :
FEPE (h)

Kl 6 COp 1™ AL T4 s 7 50] [T R 1) 2
CO, T4 IS 7 H s BE RIS an B 7 B o il o B8 ST 5 B — R4 5 )



fIYe Tt m G AR, FE R R IR SR EEAE 0.1 MPa IR 561 TiAH] 4.1 MPa, HHECT HARFRPIR
ST 32.3%. MR SAKEET R A, LR T FER] 2.9 MPa, HEEBRTRIRPUIR
o BB T IR IR R TR T SN FLIR I B, — S iy, [
i, ULME 2 1 RS 5 RN, AT S 2 BRIR S SR BE A — AR T v,
SR ELIEHT T, A8 i AR B AR UARLERE it YIRS S RS20 i 2
H S0 S0 R IR ONL IR, (A il BLACR AL, B S B4R S8, iR S0 AT 7]
INRK, BRI TR SR T I A, H A SRR R E LR RS T TR
HRFES, ANERAE SRR )
5

[ fa s

=]
4
'l — I

.l =T
s3I T I
oL
i
Hot
&

1+

0

Ref. 0.1 0.25 0.4 0.55 0.7 0.85 1

COH L7’y 571 (MPa)

] 7 CO, F7471 I 3 5ob 1 1 8 BE P S
TR0 I A0SR oy B AR sy A 1) £ i RE HER B B IA AR A L T, sl I 2K T
EFRAER . 10 H AR A S E . SEAE . KBS, AR SR BRER SRS R
DTS IO B IR Y ST A KR PR A T R BB A K RGBT, SR d
BB R IR, 133 7 SR kBT R R AR K 60 %MK, 40 %I
B FEERL 2RI 1%, 3%, 5% E KBS SELE . EEATE N
hnFsl, LA 0.3 MIZK K ELHl % g B, AR AT 3 d TRy H R K K oA 0.15, 1

0.1 MPa B =45 5 T4 2 h, [BF WFHRPRE L.

2.3 AEWMELZTIFERE. HEEERNFZ

BRI R TR 45 B R [T e 26 1) s M 1 PR 8 7 o Tk AP 1 [T ik 2 i 4 i i 75145 2 R 38 I i A
Wrie . xF TS AN R R B R, B R IRV 2.54 %3 5 S AN SN Y
5.21 %, &7t 105.1 %. X72&FNEENINA S S AW GRS R BEE, AN
FRJVS IS 75 ] e 2 ROR A v, (RIS S AR AN 2 E 1 44 % NP ) o XV i (AL IR ZK A )
TG PRSI0, AN S 2 = AR VR o 6 T I & S A I B, TR MR
I 2.54 %] 5 A B =R 5.09 %, $&TF 100.4 %. SEEMPAELL, SEAFHA
Bt o 5 AR AR R B, TR SR A SR AL R R B EA B, (A5 K B M [ B 44y mT
LA EIFLBE T, S50, (AN NS SRS AE S iR, 15 2 S AL BRE &
RO T e 2 B e, X R B T AR AL B 5 T SRS B SR 5 i T K (1R
BRI R, BAREEN IR R EEAR S ERRE T B REAENNFES, S8E2
A B o Vs e 2L, AN =2 T S8 i (R [T B R o X6 TS K B3 ) bl A, i e
MW 2.54 %3] 3 %/K I IEB R K 3.92 %, KRG FEAKE] 5 %K ILIEBE R 3.63 %. X
SRR 7K s il 55 T S SR S S, 5 Uk B SRS AR, TR B T Bk
JREEANE], AN E A S it () S AR AT DA k4 2 NG R 3 BV g TR TR B Bk
WOR 85 T A SR — D e 87 AR R B /KA = P B 55 AR R R TR, BERS A 2502H 70 T A, 4



IKBOHEIEERS, KER C-S-H B M ERURLR I, 51555 — s S S Fr BOgER R,
ARy TR RN, IR EL T [ R ) A

55

L -
o SRILES —
A K

0 1 2 3 4 5
MRS E %)
] 8 g i 45 oo 3 e fry S
BRI 77 45 B0t 8 e S FE RS2 ) 9 o o Bl SRR B 2103 n, 2 ek A~

A FEY SR FE RS I, RSN S E AL LN 1%, 3%, 5 %M THL T, B LFRy ot
SR R TFS> 50N 0.4 MPa, 0.9 MPa, 1.2 MPa, NaOH [®)s i 15[F J& ik v 58 22 i 1k
Yo W, RIS R PR A 343 BE AL, IO T 2 (S 0 R 25 IS A U R S, 3 FHIRFE
R Z WIS EMOH™ 5 bR e B, /Y T S hag KA =) . bR A AN BER
B, BE R IR SR AT I, RS EE S N 1 %, 3 %, 5 %
FILHR, WA FE 5 s 3E T+ 4% 8 0.8 MPa, 1.3 MPa, 3.5 MPa. S& A LEZEAL,
AR AR E AR S T, I T AR RV iR, AR AL Si IR
FERGE ETHFRAEBA RN, T C-A-S-H SRR, mTFAELSRERNAET
BAMES L 7y, AR T SRR I RE 7R RN 4 T8 2SR s B I RIRES , I AR
AT IR R B A T A AN, XTSRRI E R K. B KBS R, &
HRHAE AL TR A 5R B I T el NS FREE DS, KIS EN 5 %, IR TR
9 5.2 MPa. 98I0 R P 3 i TSR A A C-S-H B IR N i ¥E, —J7 T, /KIS K
BAER 7 RER) C-S-H &EiR, MAREN NI 5 5 8k N, 53—J71H, K
PSR HEE AN, TEiEX KA =0 i R RS . [RITT, AR TS S A AN A A A S 1Y
W, HTFERESINDERARY, SR NG, 8RR R .

8

7 [ Ikpm
v
6| R
Sst _ [ e B
= S L
mat
o
MLl
=
2+
1 -
0 1 1 1 1
Ref. 1 3 5

RECRFIBE %)
9 BRI BT fa] s 5 A



24 IBUMRFRIESHT
2.4.1 XRD 34t

I TR R, AEAINB RN b WA ARSI 2 Ja, BARE A R LR A
JE5R L REIL R 5 MPa DAL, 5 2 EAREER, (E2 A A A ES R AL S ROl M AR, £ 5 %
BEN, 0 IR REEET 7 MPa, &1 E AR T EsRE R 6.5 MPa 2R i
BRI R A AL, X RN 5 YRR T 1k F 21T XRD
AL

ANRBRIFCR) S SR A B A ] 10 B . ATARNEZRIRS R, H R4
WO ESILA, CaCOz IEH/D s AEANIN 5 YOI A FITRIECAZ G 65 1R A8 B (K A4
PRI, BRIRES W B R0, R BSOS R SN IS P Y — B R A
N5 BEAM I CaCO3 IR % . IX e RS A A A B AL IS L i S AR 2
AR R N R AR R EAGRE TSR, RN C-A-S-H IR MY PR AL SR BRI EE, T /K 35
ABEEAESR AR AAR, I K B Ah 7o IO RE R AR 2 B3R 5K R W 45 1 52 7 C-S-H B,
BHAS T C-A-S-H Ak, S EAES B A L fE 5 S AR AR AR 2 (i kS AL B AN —
FALEERIERE, #RSEHE C-A-S-H LUz C-S-H HIZE/, HEZAMANARIE, A
[FJ IR [ 4 R AN TS 1 AR 1 S 82 SR B B 2H 7, A S A 5 BB ORI 5 S S A
T AT

|—— Calcite 2——FEttringite
3 Quartz 4 Calcium Hydroxide
1 5——Anhydrite
2 st mEal Ref |
1
: T ok
1
Slzs 3n ot UK
= 1
2
2 l3 h
= |
- Il &=
s IE NP A 5% AL
. -
3 4 S 4
431 ’LJM 1 Lo 5% AL
1 1 1
20 40 60 80

26/(°)
B 10 R FIBRECR 7 Tk 340 R A B S

2.4.2 SEM &3#f

ANFEBER AT O SRWE 11 Frs. ATENfE BRFEYIRE T, KU mE NigE
RE C-S-H HERL, ARG TN =2 R 75 i f, (EBRERES =4 i AL AN 7 AT
FRER A —8 fERME SRR, A TEIECAK; R IE A S il
TR 2IEET, TR, PSR SR  ERIUKBES A, A SR
D[R IR B 0 B R KA = . E R AT RN, B INEE AL RE B e A 1 1 PR
e B2 Tt o



1L B R R OO T 3 5
ANFEW AT R OISR NE 12 B, AIRHETR R VBARE, KA 2 N
AFUMFIRORDIR Y C-S-H FERR $h B AR 77 il A s 40 T4 7738 %) 0.7 MPa AT 1
MPa I, HIL T BRI ffA,  [FI =P A A SO B R AR SE . X AT R R A TE &
FABRT R, AR SR TERE S S 8, RS2 BIEY,  HH I R R SR
BERE OSSR, (AR Sl AL, Bl OBk 2R, T at N R AN Tk, B3R T IRA
S TIE R sE, HE SRS RS
0.1MPa A

+ Calcite

Micro-fracture
10pm

12 H AR S5 OIS ) 5
2.4.3 FLBRLEM ST

ANEIBRIECR A FLRR o3 A B s B 13 . IR 12 (@) "%, AHBCT RS s
RAVREE, IR IR, R FLB B2 B K. MWFLBRRLIE (b) AT
FE th, 7£ 1000 nm BLR, BIABRICR T RE i, KRS T AR A MBSO 75 A AL BRI K 2R
FEAZ /N T 100 nm PIFLERIG KR T R, [FE AT DUR I, ARSI FLBR R 2K
TIRINEAAE A S AN T, 3 M 5 — 5 T IE S S A A R0 S S A T T S i ik
T C-A-S-H BERFIBRIRES A B, X FLBR =R BRI EEB e - ORI LB AR AR TE i
ISR ) G BRI, XL nT e R KAV E R s, S 808 2 BARY) IS G U . 1R &
R JE R B2 PUR AL, RISR I BT, FLBRR AR LR I T LS M B
K, R T A se o LB .



0.30 0.20 20
—— JC# I Ref ' —— TN Ref 18 —— Fe#R N Ref
025 . 500 AL —— 5% AL | —— 5% ALY
) S ok \/\ —— S o —— 5o UL
ool ‘:::'\\ —— 5%k / —— 5K I 14t | —— %K
:a » \\ & w 21 ‘\
U e /) e
x \ 5 | T osp
Eom0 AN % “ % k
- \\\\ 005 - | s NS
005 | \:\;\ Z \ M\ AN
N\ 02f Sy Ny
0.00 \xrwr’r%“"**‘\ 000 TS 0ol \\%s;:_Le‘_’ .
1 o oo o0 Toonoionooo  1anoooo 10 10 1000 02 o o000 Toooco
L2 (mm) fL4% (nm) fL4% (nm)
(a) RitfLp= (b) ARG SLER > i (0 WOKRZALBR I A
Pl 13 B A I FLBR 23 R R
# o’
3 Z5 T

1) B RIR T REAE Y B I5 ELAE 20 %-40 %6tk 5, (H i T Bkt E AR R by
R S B MR 555 18 /N T 900 kg/m?® s [ Lk FE HERA 55 B MISER B FO R 25, 6% 60 9o HK
F 40 Yolr) i b v IR [ 45 L

2) AIERIKIK LA RT3 i i R ) 1 He ot B A AL F2 97 1) CO, AR ER, Tl R/KIK L
HEaFEREREEN IR G 1R %, DB AN S s o R R R,
Pl 4K KR 0.10~0.15 ELAGE H .

3) BAKM) COL 0 A IR i F3 0] LAAG R 38E G G A e 4, v i R AR 1 7 e it
8

4) TRINEIE BRI TR JE A R T KR B e B Rk %) 7 s o B A b 3R (1 [T ik
FEAEAESIBE N 5 %I, f&EIRE AT 7.6 MPa, [EREERTTIAS] 5.09 %; W INHHIL & 7
Xof A2 B AL FL B 285 4 1) S ) 32 AR ELAE AN 7 T A= 06/N - 100 nm (R FLBR P 3E 7 /E F 5
EH T4 A s 7 T BATBCHAGE s = P R A R I A543 0K T 1000 nm PRI FLBRIE 225 R I AU AGAR
SEEMET RIS =PRI A S5 I [ 3 I 1 Sy S AR A > S R A B> 7K B o

5) AT T —FF G E Kbk p R m o i, SRS B AR K B B 60 %, s
TR 40 %, IR TS EN 5 R AT, T E LR H 28 100 %, § 775 %
15 0.1 MPa, FEdiFIE N 2 h, HEARESRE A 883 kgim®, FIEHRAE R 7.6 MPa, SIFRERKZ%E
N 5.09 %.

6 8 FH [ 5 kg S R s b v )45 4% R DA Ak /b 8 Rk & AR R K e 5
S HERCR B BV RE R, T & SRR IR R LR o (B SEAL S A i (I A 350 &)
B, RHIZ COp Wb IRy & [l R kAT R OCEN =, Rk, wEAEaBEASEA
A L ANVEAR S s B B R R ) HEO) L % COL IR FE IS 7 3 42 B R
TEMEL LR SA, MR COL B R4 4 [ IR 42 B 255 303

S E 7k (References) :

[1]Masson-Delmotte V, Zhai P, P&tner H, et al. IPCC Special Report Global Warming of 1.5 C. Summary for
Policymakers[J]. Intergovernmental Panel on Climate Change, 2018.

216 EM, K754, WERRKRE gL F A ——x S S HI07E SR 76 Jalbka B R — AUERHE YHE K
FRARE[I]. #F5, 2022(07): 13-15.

[B1ZM i, 352, XUTHERAF, S50 A Al T BR B R AR TR AL 8 FH AT B [J]. 45 2% 44k ,2022,47(04):1430-1451.

[4]Qin L,Gao X,Li Q. Influences of coal fly ash containing ammonium salts on properties of cement paste[J].

Journal of Environmental Management,2019,249(C).

BIE N, Tk, TR, F8KEENEA R AN 744 F F,2020(06):1-6.



[6]Bernal S A, San Nicolas R, Provis J L, et al. Natural carbonation of aged alkali-activated slag concretes[J].
Materials and structures, 2013, 47(4): 693-707.

(71 1. i amanh iy 2 80 A9V S e b kL O AT AN [D]. sGIURHER 7, 2018.

[8]Sajedi F, Razak H A. The effect of chemical activators on early strength of ordinary Portland cement-slag
mortars[J]. Construction and Building Materials, 2010, 24(10): 1944-1951.

[9]Lam L, Wong Y, Poon C. Degree of hydration and gel/space ratio of high-volume fly ash/cement systems[J].
Cement and Concrete Research, 2000, 30(5): 747-756.

[10]Berry E E, Hemmings R T, Cornelius B J. Mechanisms of hydration reactions in high volume fly ash pastes
and mortars[J]. Cement & concrete composites, 1990, 12(4): 253-261.

[11]Yu Q, Li C, Wang Z, et al. Study on Preparation and Properties of Unburned Ceramsite With Steel Slag[C].
IOP Conference Series: Materials Science and Engineering, 2019: 022067.

[12]Barisi¢ I, Markovi¢ B, Zagvozda M. Freeze—thaw resistance assessment of cement-bound steel slag aggregate
for pavement structures[J]. International Journal of Pavement Engineering, 2019, 20(4): 448-457.

[13)Jiang Y, Ling T-C. Production of artificial aggregates from steel-making slag: Influences of accelerated
carbonation during granulation and/or post-curing[J]. Journal of CO, Utilization, 2020, 36: 135-144.

[14]Morone M, Costa G, Polettini A, et al. Valorization of steel slag by a combined carbonation and granulation
treatment[J]. Minerals Engineering, 2014, 59: 82-90.

[15]Morone M, Costa G, Georgakopoulos E, et al. Granulation—carbonation treatment of alkali activated steel slag
for secondary aggregates production[J]. Waste and Biomass Valorization, 2017, 8(5): 1381-1391.

[16]Ma H, Tang S, Li Z. New pore structure assessment methods for cement paste[J]. Journal of Materials in Civil
Engineering, 2015, 27(2): A4014002.

[17]Cheng-Feng C, Jing-Wen C. Strength and elastic modulus of carbonated concrete[J]. ACI materials journal,
2005, 102(5): 315.

[18]Song H-W, Kwon S-J. Permeability characteristics of carbonated concrete considering capillary pore
structure[J]. Cement and Concrete Research, 2007, 37(6): 909-915.

[19]Claisse P A, El-Sayad H, Shaaban | G. Permeability and pore volume of carbonated concrete[J]. ACI Materials
Journal, 1999, 96(3): 378-381.

[20]Kim T Y, Ahn J-Y, Kim C, et al. Carbonation/granulation of mine tailings using a MgO/ground-granule
blast-furnace-slag binder[J]. Journal of hazardous materials, 2019, 378: 120760-120760.

[21]32 3. AV FEBRAG B BERD R AR (e NI B R PR RE DAL B L B BE[D]. W FE K27, 2020.

[22) VPR, 20078, XU, 2. BB X G 00k MK B RL 1L e 1) s [J]. REER FRaE R, 2022, 41(02):
506-512.

[23]Jang J G, Kim G M, Kim H J, et al. Review on recent advances in CO2 utilization and sequestration
technologies in cement-based materials[J]. Construction & building materials, 2016, 127: 762-773.

[24]1brahim M H, EI-Naas M H, Benamor A, et al. Carbon mineralization by reaction with steel-making waste: A
review[J]. Processes, 2019, 7(2): 115.

[25]9h—K, ZRZE, Iz, S5 AR AL TR 5 I AR Bk IR0 T[], i REEOR, 2021, 27(02):
237-245.

[26]Haha M B, Lothenbach B, Le Saout G, et al. Influence of slag chemistry on the hydration of alkali-activated
blast-furnace slag - Part I1: Effect of AI203[J]. Cement and concrete research, 2012, 42(1): 74-83.

[27]Criado M, Fernandez-Jiménez A, Palomo A. Alkali activation of fly ash: Effect of the SiO2/Na20 ratio. Part I:
FTIR study[J]. Microporous and mesoporous materials, 2007, 106(1-3): 180-191.



