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Accelerating Carbonation Degree and Microstructure of Surface Layer of
Hardened White Portland Cement
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Abstract: In order to explore the effect of accelerated carbonation on the mechanical properties, carbonation degree
and microstructure of hardened white Portland cement, the contents of Ca(OH), (CH) and CaCO, were quantitatively
characterized by thermogravimetric analysis (TG), the microstructure was analyzed by electron scanning electron
microscope energy spectrum (SEM-EDS) and the mercury intrusion porosimetry (MIP). Compared with natural
curing samples of the same age, the results show that carbonation curing can significantly enhance the compressive
strength of cement paste at all ages. Carbonation for 3, 14, 28 d can increase the compressive strength by 10.7% ,
7.3% and 5.8% respectively, and the flexural strength by 17.9%, 16.1% and 14.3% respectively. The content of
CH can still be significantly increased for the sample carbonized for 14 d after continuous dry wet cyclic curing for
7 d, and the carbonization degree tended to be stable after 28 d of carbonization. The porosity of carbonized samples
is slightly higher than that of natural curing samples, and the average pore diameter is lower. The number of larger
pores of 50—200 nm is greatly reduced, while the number of micro pores less than 20 nm is relatively more; the
accelerated carbonation reaction under atmospheric pressure occurs directly on the surface of CH crystal produced
in cement hydration . The carbonation degree is the highest at the edges and corners of the CH crystal, and the
carbonation product coexists with it.
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Table 1 Chemical composition of cement

w/%

Ca0 S0, MgO SO, ALO, K,O0 CdO Na0 Fe,0, IL
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Fig.2 Compressive and flexural strength of hardened cement
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Xt L B 5 R 2 T [ SR FR PR R AL 3R B R
A P 2 PR ZE FR 47 14,28 d I A FL R B4
FHZEAN K A W58 1 4 1 oR i Rk Ak 28 d 23 B %
VG 3 A R R /K U Y B LR R B S B & A K Y
SAL B R I TG SE I, 1R SR RE (S14d A1
S28d) B - 24 FL A% W 14 | i B Ak 77 P BE (Clad A
C28d) [ - B FLAR W ook, (H AT H XA B & TR & Y
10% .43 W%t He W 3 Y 14 d A1 28 d 8l vl %0, B fk 3%
PrFE /N 20 nm W RCFLBCR 2 E SR SR PR RE
I 1A%, 17 20~50 nm B9 fFL JEHDE 50~200 nm [
BRALECG Y B 28T AR IR R Bl fb 5 20
B (1 N FL g 22005 T AR L 2D 5 SCik[32-33 1 9% 3%
B, 26 B A 09 /K T 10 35 O AR IR K D8 AT A Bl A 3 7
T IS R DR O Bl Ak e ) 2 LR LB L
K, B & A e A 1 5 A sl e 4, 5 B0 A AL B0
U/ 8 R R X AR R TR A S i, — AR 20 nm
DU BFL R JE AL, JLECE B 3 2 AN S AR T R i
J& 5 1M 20~50 nm 1 50~200 nm A FL4351 &8 T/ 3 fL
A E L, b B B Ak T LB AR AR IE T RS
JTTHE 0 K Ve A7 5 A0 I8 85 v 1 8 1 28 e J LR p
DA, T i Ak T 44 72 K U A A IR A R BT v AT S R T
e 11 . 4 RE 500 nm A F ASFLER A3 A 22 IR
TR, XA BRI AR AR s A TR
SR R S A R Bh A L (A A D R AR L
AR, B AR A A A E R BT DY

e b R BURE P R % 0 O 14,28 d A9 FL R
Hdls 5 CaCO, & Bl HEAT X L, ULIAT 6. i1 P& 6 1T
DR LB R S CaCO, & i B RBRPEAR 2+ B
W, A REJE BORE O A [ 3 A, (R B i A2 Al
B RIIAF]0.65 LA b KR A B Al Sz B H O ER
B 9 CO,, 3 CH: i 0 [ AR (AR B R 8 e
AP ATA R R L BURE R E AT 3R 1.95%0 , B A
BIF T H I B, AT MR A 1 7K 8 T 3K B B
H10% i CO,. 3 A BT 48t i 22 488 7K e 1
HRY AR i 5 80 4 ] 12 A 2 2 S HUK e
A1 LB A AR, o FC A e A 2 AR S B

36 >
32t O
4|y 86T
| R=0.6537
20 1 1
15 16 17 18

Porosity(by volume)/%
K6 fLEE S CaCO, 5 & 1BHE X 1t

Fig. 6 Comparison of porosity and CaCO, content

24 HMAIR
E 78 BERFEY(S) Fmib =51 (C) 3,14 .28 d i}



5 93]

AR, A5 R PR Bk AR A THTJZ 0 S Bk A TR S 5 ROV 45 4 973

AR SEM BB F B H Y A B .C A EDS 43 # L 4
Bral R L2 3. I 7 0] 0« 1 AR SR Bl B 18 10T 7
B, AR CH & A8 S50 A8 1515 e #1143 111, 3 d
B CH b A AR 358 e R 1 2o Y /K Ak = ) 3 5, 14 d
B E 2P B2 Rtk CH fh iR, B 28 A BEBE RI K &
SR HL IR CH A4 5 1 C3d IR 9 CH i R RR1E
W1 58 T S3d A, Bk A 25 1t B N B 5 C14d 1k
19 5tk CH f R Z LT BT A 3, SR 2 A2 31 0
2 9 B £b 5% Wi 5 C28d i3l AR 1 CHL i 1 35 T B &

(d)yC3d

(b)S14d

(e) Clad
K7 25k SEM R
Fig.7 SEM images of each sample

*3 HXEMEDSHHER
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w/%

S3d S14d S28d
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Element
A B C A B C A B

C A B C A B C A B C

C 18.15 28.11 33.12 23.01 29.25 35.44 18.09 38.24 40.40 36.06 38.26 35.91 31.76 44.19 34.67 34.32 41.19 35.85
46.56 36.88 43.28 48.53 47.34 48.17 53.29 38.42 39.12 37.33 34.76 38.51 48.21 37.10 42.34 35.45 31.89 36.04

Mg 0.93 0.06 0.22 0.09 0.14 0.11 — 0.05

0.07 0.14 — 0.14 0.08 0.06

Si 10.05 8.84 9.43 5.62 7.21 8.07 6.96 9.73 7.49 3.54 5.64 5.69 3.37 6.14 5.51 4.21 3.64 4.05
Ca 28.78 25.32 22.41 22.38 15.27 9.88 22.03 15.48 12.17 23.38 31.80 20.45 17.81 12.25 17.25 26.04 23.12 24.51

Khoshnazr % F] H X £ 6 B 7 BE S (XPS) F
% WL B Ak K U8 AR I RO 25 48, & B T ik AR 7
NTE RE T 328 20 8 A B R 25 A AR B TR . SCiHR[34-35]
K SEM-EDS #f 58 & B , I F- 1E 75 7 (4B IR 19 ik
A7 Wy 7 1 A AR 25 T A e TR B R B A PR B T | ik

oK e A7 A B AR AR R TR e AL B0 05 rp R 2 B L
Mo o3 A TR PE R K AL ¥ CH R R L C-S-H BEIE 2
] P9k, A el 3R 3 B BE B B AR T A A Y
FAAE ARAE X S8 CRE P O 75 5 e B Y 1) 7 it
iLILSIZ



974 L

MoB % )

o5 25 %

3 it

(1) Bl A 3% 3 68 25 0 11 1) 11 €6 e i 3 /K V8 A 5
B U R R LA O AR AR L eI R 3.
14,28 d Bt /K e A i B He i J3E 4 il 48 785 10.7%6.7.3 %
M 5.8%, bt 4 5k B S 4 & 17.9% . 16.1% F1
14.3%.

(2)5 A RFRPIRFEAE s e 1k 14 d i 1
Ak 2 TG IR =4 7 d 75 T B & 4 v b ) CH &
i, JF Hak Ak 28 d J5 i s Ak R FE b TR

(3) 5 [FI# W1 A 1 4R I il e A LE , ik b 77 3
14 d #0128 d I FE (Y £L B AR WA, 7 LA B R 24
10% , H H: 50~200 nm 114 % K FL £t K g ek 2> | 1
/NTF 20 nm B AL ARCE A X T £

(4)SEM-EDS 7R , I ik £ S i 1 42 & A 78
K Ue KAL) CH &R 9 2 18, 78 CH S A4 M 4b 1)
B AL B A v Bl Ak ™ ) 5 2 AR A

SE LWk

[ 1] MEHDIZADEH H, JIA X X, MO K H, et al. Effect of
water-to-cement ratio induced hydration on the accelerated
carbonation of cement pastes [ J]. Environmental Pollution, 2021,
280:116914.

[2] KIMIJS, SOOKY, LIM I H, et al. Effect of carbonation on
cement paste microstructure characterized by micro-computed
tomography [J]. Contraction and Build Materials, 2020, 263:
120079.

[ 3] ZHANG D, SHAO Y. Effect of early carbonation curing on
chloride penetration and weathering carbonation in concrete [J].
Contraction and Build Materials, 2016, 123:516-526.

[4] ¥, BREE, m/E . BRATETUKIEA WP IR R MR

WE5E[1/OL ). @5 kL 24 , 2022, 25(12) : 1-13[ 2021-11-20].
https://kns. cnki. net/kcms/detail/31.1764. TU. 20211119.
1040.006.html.
QIN Ling, MAO Xingtai, GAO Xiaojian, et al. Study on sulfate
resistance of carbonation curing cement paste [ J/OL . Journal of
Building Materials, 2022, 25(12):1-13 [ 2021-11-20].https://
kns.cnki.net/kems/detail/31.1764. TU.20211119.1040.006.html.
(in Chinese)

[ 5] BOUMAAZA M, TURCRY P, HUET B, et al. Influence of
carbonation on the microstructure and the gas diffusivity of
hardened cement pastes [J]. Contraction and Build Materials,
2020, 253:119227.

[ 6] ZHANG Y H, WANG R X, LIUZY, etal. A novel carbonate
binder from waste hydrated cement paste for utilization of CO,
[T]. Journal of CO. Utilization, 2019, 32:276-280.

[7] CHENTF, GAO X J. Effect of carbonation curing regime on

strength and microstructure of Portland cement paste [ J]. Journal

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

of CO; Utilization, 2019, 34:74-86.

FANG X L, XUAN D X, ZHAN B J. A novel up cycling
technique of recycled cement paste powder by a two-step
carbonation process [J]. Journal of Cleaner Production, 2021,
290:125192.

XIN Q, WANG J, YIF, et al. Carbon dioxide as an admixture
for better performance of OPC-based concrete [J]. Journal of CO,
Utilization, 2018, 25:31-38.

WANG D C, NOGUCHI T, NOAKI T, et al. Investigation of
the carbonation performance of cement-based materials under high
temperatures [ J]. Contraction and Build Materials, 2021, 272:
121634.

DUAN S Y, LIAO H Q, CHENG F Q, et al. Effect of curing
condition and carbonization enhancement on mechanical properties
of fly ash -desulfurization gypsum - steel slag blocks [ J]. Journal
of CO, Utilization, 2020, 38:282-290.

LPPIATT N, LING T C, EGGERMONT S, et al. Combining
hydration and carbonation of cement using super-saturated
aqueous CO, solution [J]. Contraction and Build Materials, 2019,
229:116825.

DOS SANTOS V, HENRIQUE G D T, MARMOL G, et al.
Fiber-cement composites hydrated with carbonated water: Effect
on physical-mechanical properties [J]. Cement and Concrete
Research, 2019, 124:105812.

MACIEJ Z, JORGEN S, JAN, S, et al. Phase assemblage and
microstructure of cement paste subjected to enforced, wet
carbonation [J]. Cement and Concrete Research, 2020, 130:
105990.

OUYANG X W, WANG L Q, XU S D, et al. Surface
characterization of carbonated recycled concrete fines and its effect
on the rheology, hydration and strength development of cement
paste [J]. Cement and Concrete Composites, 2020, 114:103809.
DOW C, GLASSER F P. Calcium carbonate efflorescence on
Portland cement and building materials [ J]. Cement and Concrete
Research, 2003, 33 (1):147-154.

HE Z, JIAY D, WANG S, et al. Maximizing CO, sequestration
in cement-bonded fiberboards through carbonation curing [J].
Contraction and Build Materials, 2019, 213:51-60.
KOBAYASHI K, UNO Y. Influence of alkali on carbonation of
concrete Part I - Preliminary tests with mortar specimens [J].
Cement and Concrete Research, 1989, 19(5):821-826.

LIL, CAOM, YIN H. Comparative roles between aragonite and
calcite calcium carbonate whiskers in the hydration and strength
of cement paste [J]. Cement and Concrete Composites, 2019,
104:103350.

LIU M, HONG S X, WANG Y H, et al. Compositions and
microstructures of hardened cement paste with carbonation curing
and further water curing [J]. Contraction and Build Materials,
2021, 267:121724.

ASHRAF W, OLEK J, SAHU S. Phase evolution and strength
development during carbonation of low-lime calcium silicate
cement (CSC) [J]. Contraction and Build Materials, 2019, 210:
473-482.



55 9 14 SR 45« RERR R (/K U A4 18 J2 0 o fe AL R B2 5 SO 5 975
[22] JUSTNES H, SKOCEK J, STNOR T A, et al. Microstructural for cement-based materials based on microstructure by a cement

[26]

[27]

[28]

changes of hydrated cement blended with fly ash upon carbonation
[T]. Cement and Concrete Research, 2020, 137:106192.
LOLLINI F, REDAELLI E. Carbonation of blended cement
concretes after 12 years of natural exposure [ J]. Contraction and
Build Materials, 2021, 276:122122.

FANG Y F, CHANG J. Microstructure changes of waste
hydrated cement paste induced by accelerated carbonation [J].
Contraction and Build Materials, 2015, 76:360365.

ZHANG D, CAI X H, JAWORSKA B. Effect of pre-carbonation
hydration on long-term hydration of carbonation-cured
cement-based materials [J]. Contraction and Build Materials,
2020, 231:117122.

MALHEIRO R, CAMOES A, MEIRA G, et al. Influence of
chloride contamination on carbonation of cement-based materials
[T]. Contraction and Build Materials, 2021, 296:123756.
IR BB, S, A MR N SAP IR AR IR BE 4t
WALt fE LB S [T ], MR 24, 2022, 25(1) - 16-23.
GUO Yinchuan, HUANG Zhongcai, WANG Wenzhen, et al.
Investigation of carbonation resistance and mechanism of SAP
internal curing concrete in humid and hot environment [J]. Journal
of Building Materials, 2022,25(1):16-23.(in Chinese)
KHOSHNAZAR R, SHAO Y X. Characterization of
carbonation-cured cement paste using X-ray photoelectron
spectroscopy [ J]. Contraction and Build Materials, 2018, 168:
598-605.

LIB, JIANG Z L., JIN N G, et al. Carbonation process simulation

[30]

[32]

[33]

hydration model [J]. Constructer Build Materials, 2020, 259:
120429.

DUTZER V, DRIDI W, POYET S, et al. The link between gas
diffusion and carbonation in hardened cement pastes [ J]. Cement
and Concrete Research, 2019, 123:105795.

SHAH V, SCRIVENER K, BHATTACHARIJEE B, et al.
Changes in microstructure characteristics of cement paste on
carbonation [J]. Cement and Concrete Research, 2018, 109:
184-197.

KA SIS L BRAL XK —K Y2 -CaO-MgO fib 3% 3 2
FROREE R R[], A SRR, 2017,20(6) : 854-861.

ZHANG Feng, MO Liwu, DENG Min, et al. Effect of
carbonation curing on mechanical strength and microstructure of
mortars prepared with steel slag-cement-MgO-CaO blends [J].
Journal of Building Materials, 2017, 20(6) :854-861. (in Chinese)
e, 5 T, A L BB BB OK PR AT L 2 If AL AR
SR [T ). BRI, 2005, 8(4) 1 452-455

XIAO Ting, FANG Yonghao, ZHANG Kai, et al. Effect of
carbonation on the specific surface area and pore structure of fly
ash cement paste [ J]. Journal of Building Materials, 2005, 8(4):
452-455. (in Chinese)

XIAN X P, SHAO Y X. Microstructure of cement paste subject
to ambient pressure carbonation curing [ J]. Contraction and Build
Materials, 2021, 296:123652.

QIN L, GAO X J. Properties of coal gangue-Portland cement
mixture with carbonation [J]. Fuel, 2019, 245:1-12.



