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Fig.1 Process of Accelerated carbonation reaction 

 

Table.1 Chemical composition of White cement (%) 

Sample CaO SiO2 Al2O3 MgO SO3 Na2O Fe2O3 
White  
cement 64.87 22.82 4.55 1.13 2.87 0.06 0.19 

 

Table.2 Material proportions 

Sample Cement 
paste 

Sodium 
silicate 

Ca/Si 
(mol) 

CO2 

(week) 
Carbonation 

period (by Fig.1) 

None � - - - - 

None_1w � - - 1 before repair 

None_4w � - - 4 before repair 

CP1.0 � � 1.0 - - 

CP1.0_1w � � 1.0 1 after repair 

CP1.0_4w � � 1.0 4 after repair 

Pre1w_CP1.0 � � 1.0 1 before repair 

Pre4w_CP1.0 � � 1.0 4 before repair 
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3. 1SI: 
3.1 � #�E*&�K)7>���=Q*?3 

(1) XRDI:��� CaCO3�A4FN 
� ż�ČĻ�ĹƩ ,u�;ãƼ?ģƘ�;!5ǅFig.2
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�'�;)Ů�9<ǅCa(OH)2) C-S-H (-ĹƩ �­

Ĉ,ƤŹ�'�;)Ů�9<;
 

CaCO3 -Łð,Ʋ�'ǅCP1.0_carbonation -Á¬ǅ

CP1.0_1w - 18.54%ǅCP1.0_4w - 22.65%(	None_1w

- 5.81%ǅNone_4w - 6.00%8:Ç��)�őƍ�<'
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Fig.2 XRD Patterns (None and CP1.0) 
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Fig.3 29Si MAS NMR chemical shift (None and CP1.0) 
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10) ǅ11)

�-Ľï(.ĹƩ �;ƶ, Ca -ĵ���Ƥ�<;ª
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12)ǅ13)ĐŎř-ŦĖ(6ǅ�-8
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(2) NMRI:��� Ca-modified SiO2�A4FN 
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9�ĕ?Ź$!
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; 29Si � 8 / 27Al NMR - Ŧ Ė ? Ŕ � 
�

None_carbonation- 29Si NMR-Á¬ǅQ1) Q2- C-S-H

Ʋ�-]pJ�ĹƩ ,8$'ċ6ƫ¬�! Q3) Q4,

+$'�;�)�őƍ�<;
CP1.0_carbonation -Á¬

6ǅCP1.0_1w -Nn_k( Q2-]pJ�Õ�ƂĲ�<

;�ǅ�ŴŇ, Q1ǅQ2�8/ Q2(1Al)-]pJ� Q3ǅQ4

,ƫ¬�'�:ǅĹƩ ,8$'Łð�<'�; SiO2

. Ca modified SiO2(
;)Ů�9<;

12) 
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Fig.4 27Al MAS NMR chemical shift (None and CP1.0) 

 

 

Fig.5 Comparison between None_4w and CP1.0_4w (29Si NMR) 

 

� None_carbonation- 27Al NMR(. XRD-ŦĖ-Ơ:

,ĹƩ ,8; Al[6]şº- AFm]pJ-ıÕ�őƍ�

<'�:ǅ55ppm -ă��]pJ�Ě��<'�;
 

CP1.0_carbonation(6 Al[6]-]pJ-ıÕ))6,ǅ̧

ƻ�)�' C-S-H,ŭü�<'�! 2)Al[4]şº- 74ppmǅ

68ppm-ıÕ�8/ 57ppm-ă��]pJ�Ě��<;


��(ǅĹƩ ,8$'ă!,Ě��<; Al[4]şº(-

]pJ� None ) CP1.0 (æÉ,�<'�;�)�9ǅ

Al �Ê½�'�;²:-Ĝơ�Ņ+;�)�yí�<

;
14) 

� 2!ǅFig.5,Ŕ�! None_4w) CP1.0_4w- 29Si NMR

-ŦĖ�9 Q3,Ñ�; Q4-ŊÑŇ+ģľ?Nn_kƱ

(ģƘ�'3;)ǅXRD -ŦĖ�9őƍ�! None_4w

- C-S-H ) CP1.0_4w - C-A-S-H (- Ca -ĵ�.

CP1.0_4w-Ą�Ç�,6��>9�ǅ29Si NMR ŦĖ(

 
Fig.6 23Na 3QMAS NMR chemical shift (CP1.0) 

 

. CP1.0_4w- Q3�ŊÑŇ,ǃ�ŦĖ�őƍ�<!
�

<. CP1.0_4w-Á¬ǅC-A-S-H( Ca�ĵ��;ĈǅCa

8:Ŧ¬����ļƕ� SiO2 ,Ŧ¬�'��ªűë�

Ů�9<;
�-~Ǝ,Ñ�'ǅW. Nocuń-Wczelik15).

NaCFn�Ê½�'�;ŀÃ(ǅNa+� C-S-H,�:ƙ

3ĜơŇÅ ?6!9�ªűë,%�'ùþ�'�:ǅ

2!ǅsƈ,ƒƐ�! C-A-S-H(-ƹŶ\inPŧø,

¿&�'Ů�'3;) 10)ǅĹƩ ,8; Ca -ĵ�,8

$' Ca� Na) Al,ŭü�<ǅN-S-H�8/ N-(A)-S-H

,+$'�;ªűë�Ů�9<;
16) 

 2!ǅFig.6,Ŕ�! CP1.0_carbonation- 23Na 3QMAS

-ŦĖǅĹƩ �'+� CP1.0(. Site(I)) Site(II)-]

pJ�Ě��<;
���ǅCP1.0_1w(. Site(I).ŧø

�<;�ǅSite(II)-]pJ. Site(III)ǅSite(IV)ǅSite(V)

)�'Å �<ǅNa�Ʋ��'�;Ĝơ�Å>;�)�

őƍ�<;
�-Å ,Ñ�'ǅNa�Ʋu�'�; Tronaǅ

N-S-HǅN-A-S-H +*-Łðªűë�yí�<;�ǅĢ

ő+]pJ-�ĕ,Ñ�'ƞ�Ŏř�èž")Ů�9<

;
16)ǅ17) 
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Fig.7 XRD Patterns (Pre1.0) 

 

3.2 =Q*�	
� #�E*&�K)���*/C.
* 

(1) XRDI: 
� Fig.7 , � Ƥ Ĺ Ʃ   ä ǅ ż � § ê ? Ź $ !

Pre1.0_carbonation - XRD ŦĖ?Ŕ�
2!ǅģƘ-!

5ǅ�ƤĹƩ ��!22- None_1wǅNone_4w- XRD

ŦĖ6¬>�'Ŕ�
 

� qŴŇ+ż�Nn_k)­��ǅż�,8$' AFm

-]pJ�ıÕ�;�)�őƍ�<;
2!ǅCa(OH)2

]pJ-ıÕ�9ǅż�đ) Ca(OH)2- Ca �§ê�'

C-S-H Ţ-ĥ´ļ?Łð�'�;�)6yí�<;
�

�(ǅCaCO3-]pJ6ıÕ�'�;�ǅ�<. Ca(OH)2

-Ca"�(.+�CaCO3-Ca6ż�đ)§ê�'�;

)Ů�9<;
 

(2) NMRI: 
� Fig.8, Pre1.0_carbonation- 29Siǅ27Al NMR-ŦĖ?

Ŕ��ǅPre1.0_1w�8/ Pre1.0_4w(­��®ë�őƍ

�<!!5ǅPre1.0_4w-VpS-3Ŕ�
ģƘ-!5ǅ 

None_4w-ŦĖ6Ô��!
Pre1.0_4w- 29Si NMR(Ü

��Ù�<; Q2�9 C-S-H ,ƛ�ĥ´ļ-Łð�őƍ

�<;
���ǅFig.3 - CP1.0 (Łð�<; Q1�8/

Q2(ð; C-S-H ). 16)Ĝơ7Ťð�Ņ+;�)�yí

 
Fig.8 29Si and 27Al MAS NMR (Pre1.0) 

 

�<;
2!ǅ27Al NMRŦĖ�9sƈ 3.1-ŦĖ-8�

, NoneNn_k- Al[4]]pJ).�<'�;�)�9ǅ

Al ¸ƻ�-Ĝơ6Å �'�;)Ů�9<;
��(ǅ

Łð�<; C-S-H Ţĥ´ļ-Ĝơ�8/Ťð,%�'ǅ

ĹƩ ,8; pH -�t�Ʋu�'�;)Ů�9<;


qŴŇ+ 2Ġ�Ĝơ-ƀ�Ň+ C-S-H. 11.5~12}s-

ǃ� pH (ŧø�<;�ǅĐNn_k(.ĹƩ ,8:

pH�¢���+;
�-Ľï(ż�đ)-§ê,8$'

Łð�<; C-S-HŢĥ´ļ.ųń+Ĝơ?ø#ǅż�đ

- Na�8/ AFm�9- Al�Ŧ¬�! C-(N, Al)-S-HĜ

ơ?ø%ªűë�Ů�9<;
13)ǅ16) 

 
4. IO 
� ĐŎř(å9<!ōſ?}t,ƈ�
 

(1) ż�ČĻ,8; XRD-ŦĖǅż��!Nn_k�

ż��'+�Nn_k8:ǅCa(OH)2-īƔƬ�Õ

+�+;qĄ(ǅCaCO3-ŁðƬ�Ç�+;�)�

őƍ�<!
CP1.0-Á¬ǅCa(OH)2�ż�đ)-§

ê,8$'ıÕ�ǅ <,�$'Ä�! C-S-HŢĥ

´ļ�9 CaCO3�Łð�<!)yí�<;
2!	

C-S-HŢĥ´ļ,°Ō�<! Na�Ʋu�;ĹƩ 

Â-Łðªűë6Ů�9<;
 
(2) ż�ČĻ,8; 29Si NMRŦĖ?ģƘ�'3;)�N

n_k( Q1ǅQ2-]pJ� Q3ǅQ4,ƫ¬�'�:ǅ
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