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Performance and Carbon Footprint Evaluation of Cement-Based Materials
Incorporating Carbonated Recycled Fine Powder
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Abstract: Using CO, gas carbonation treatment to recycled fine powder to replace cement to prepare cement mortars
samples, the influence of recycled fine powder on the hydration and performance of mortar under different replacement
ratios was investigated. The results show that when the replacement ratio is 20% , compared with the untreated
recycled fine powder, the compressive strength of carbonated recycled fine powder mortar at 1 day and 3 days
increases by 66.7% and 17.6% , respectively. The main components of the carbonated recycled fine powder are
CaCO, and amorphous silica gel, which can react with the cement hydrates, thereby exerting the volcanic ash effect.
The fine quartz sand in the recycled fine powder exhibits nucleation effect, accelerating the early hydration process
of cement and significantly improving its early mechanical properties. During the accelerated carbonization process,
the carbon sequestration of the recycled fine powder can reach 10.0% of its own mass. After preparing the mortar,
its average unit compressive strength can reduce CO, emissions by up to 18%.
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Table 1 Chemical composition of cement

w/%

CaO Si0,  ALO, Fe,0, MgO SO, 1L

63.15 19.61 7.33 3.32 2.54 2.13 2.97

3 0.50~300.00 pm, H LA 2.00~80.00 pm 1) i 4 f&
% ,80% By Wik D<C30.00 um, HOF ¥k 48 D., Ky
13.08 pm.

1.2 BAERSHMERL

K FH 0 w5 Ak ) T B A B FE AR fORY . Ah B AR
Hy e A ML S A 2R T 8X10° Pa,
SRIGHEA CO,SMR (MR EE R 0.044 mol/L) , AR F5 Ak 1k
ZEJTES5X 10" Pa, H 284k 96 h. fifk fb 22 iK # ik &
AT KCLE R, DLR R (60 5) Y0 Y f A3 A0 X 1 5 o
O R P2 R 1 e Ak
1.3 Wik A%

I FH B Ak T2 0k (CMP) F0 K Bk Ak 528 30k
(NMP) 53 5] il £ 7K e b 3 Fn e 3 7K Je b 3 1 i
G WL AR 2. K VR D H A HE X 5 J5 BE S AE 40 mm X
40 mm X 40 mm By 57 J5 IR B b FERRE S F T 3747
FI)AH N I 1, # BB GB/T 50081—2002¢ 3% 18 18 %t +-
125 B8 I8y v bR AR RS ) AT P SR £
D AR AR 3 vk, 45 B 34914

il 8 K K b R 0.4 (R /K P g, B AR Ok R AR R
a MK R 5% . 10% .20 % .30 % . F 25 I P ke il it
B i B4 R R SR L X B AT S A (XRD)
FAE 73 W (TG-DTG) FRAEF A 08 ik Ak 11T I 1) AR
SyAR Ak A R OB (SEMD) A 284 i 19 SO0
S5RG WL AT I AN R4 16 SHOUE TR 36

F2 KRWEMHRAL

Table 2 Mix proportions of cement mortars

Mortar Cement CMP NMP Sand Water
Cco 1.00 0 0 3.00 0.50
C0.05 0.95 0.05 0 3.00 0.50
C0.1 0.90 0.10 0 3.00 0.50
C0.2 0.80 0.20 0 3.00 0.50
C0.3 0.70 0.30 0 3.00 0.50
NCO. 05 0.95 0 0.05 3.00 0.50
NCO. 1 0.90 0 0.10 3.00 0.50
NCO. 2 0. 80 0 0.20 3.00 0.50
NCO. 3 0.70 0 0. 30 3.00 0. 50

2 #HRE5WiE

2.1 CMP5NMPHIRIE

CMP I NMP ) XRD E i & TG-DTG i £k I
K1 1Ca) /] UL . NMP (8 32 B9 A & CH AT SIO,;
FeomAbE , CHEE A & B, CaCO,fiT 5 W A (@ 1 5k
X B NMP A ) K38 43 CH 7E Bk £k o 72 o 2 22 0
CO, & W A il CaCO,. I 1(b) o TG-DTG £ 9
O3 A AT, B FRZE A K (CH L CaC O, 1Y 4 ik I 1X ]



55114

SRR A5 < AL T A O K R R AR Y P i R H B S R T 1209

439 A 50~200,375~450,450~800 °C. i 1 1155 15
PN i 25 R LR 3 B 1(b) K 30 I -
NMP 7£ 450~800 °CZ [a] 1 B /b i ot it P 2%, 3X 42 fH
T H SR RAL BT IE R CaC O, 43 i T 80 ; CMP
P 375~450 C2Z [A] FH 3040 i 1) o £ 461 2%, 3 156 B

I—Portlandite 2—Quartz 3—Calcite
4—Alite  5—Belite
2 2 2 2
2
222 2
4
u A3 I I % 3 2| 2
2 W i L‘
2 2 CMP
2 2
) 2
2
1 y 2 )
embobi || L 1 |
o L
NMP
10 20 30 40 50 60 70
260/(°)
(a) XRD

CMP 1 CH & % 2 ; CMP 18 450~800 “C2Z [a] i T
ek B 1 7= ) CaC O, 1 43 i, 7= £ T 10.0 %0 1 i
W L8 1, TG-DTG X Fi A ok B AL FiT IS 14 B 243
Brét R 5 XRD 4 Hr 45 R — 30, 1.0 g B4 ol K29k
T 0.1 g CO..

100

95 -

90 -

85t
80 F

75 F

Rasidual mass ratio/%

70 t — NMP

65

0 200 400 600 800 1 000
Temperature/°C

(b) TG-DTG

E1 CMPHINMP ) XRD K% K& TG-DTG [l £
Fig.1 XRD patterns and TG-DTG curves of CMP and NMP
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Table 3 Contents of each component obtained from
analysis of TG-DTG

w/%
Fine Physically bound . . .
CH CaCOy, Cco,
powder water
NMP 1.1 3.3 5.5 2.4
CMP 1.8 1.9 24.2 10.0

2.2 BEMBX KRR IR E R0

JK e RD H BT IR 55 R DL AT 2. fly P 2 R DL A
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Compressive strength of cement mortars
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Fig. 3 Unit cement heat release rate and heat release of cement pastes
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Fig.4 SEM images and EDS patterns of quartz sand particles of CO. 2 and NCO. 2 mortars after 6 h hydration
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Table 4 E,, of mortars
1d 3d 7d 28d
Mortar
Absolute Relative Absolute Relative Absolute Relative Absolute Relative
COo 3.70 1.00 2.46 1.00 2.13 1.00 1.59 1. 00
C0.05 3.60 0.97 2.82 1.15 2.03 0.95 1.72 1.08
CO. 1 3.59 0.97 2.32 0.95 2.00 0.94 1.63 1.02
CO.2 3.67 0.99 2.14 0.87 1.94 0.91 1.51 0.95
C0.3 5.84 1.58 2.28 0.93 1.74 0.82 1.39 0.88
K 8 R 1000 kg B, R = (1) 7180 75 5 %5 kEMAES 1000 kg B8R COHME

Table 5 CO, emission of mortars at a cement

use level of 1 000 kg

WA CO,HER &, 45 R ILFK S i 2 5l UL, Bl %
CMP & A3/ 3, 2R 7 w0 0 HE iy CO, 3% ¥

Index CO C0.05 CO.1 CO0.2 CO0. 3
VAN
N NN \ CO, emission/kg 500 470 440 380 320
U CMP AR E Sy 20 % I, — 77 11 0] LAAE 7 ’
Reduction ratio 6% 12% 24% 36%

SV B B AF VRV L 5 — 7 T CMP Ay P28 e 5
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