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Migration of Chloride Ions in Cement-based Materials in Carbonic Acid Solution Environment
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(1. College of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China;
2. College of Chemistry and Materials, Nanning Normal University, Nanning 530001, China;
3. College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: When the groundwater contains a high concentration of carbonate and chloride ions, the corrosion of carbonic acid solution
on underground concrete structures will lead to a faster migration of chloride ions in concrete. Migration characteristic of chloride
ions in mortar exists in carbonic acid solution environment. The corrosion products and microstructure of paste under the attack of
carbonic acid solution and chloride ions were analyzed by X-ray diffraction (XRD), thermogravimetric analysis (TG-DTG) and
scanning electron microscopy-energy dispersive spectroscopy (SEM-EDS). The results show that in the early stage of carbonic acid
water corrosion, calcium hydroxide and C-S-H gel decalcifies to form calcium carbonate filling the pore structure of the mortar, and
inhibits the migration of chloride ions in the mortar. At the later stage of corrosion, the dissolution of calcium carbonate and the
conversion of C-S-H gel with a low calcium-silicon ratio into amorphous silica gel lead to the increase of mortar porosity and the
acceleration of chloride ion migration in mortar. Carbonic acid water corrosion results in the decomposition of Friedel's salts and the
decrease of the adsorption capacity of C-S-H gel for chloride ions. Reducing water-cement ratio can increase the corrosion resistance
of mortar to carbonic acid water and reduce the migration rate of chloride ions.
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Table 1 Chemical composition of cement W/%
Si02 A1203 Fe203 CaO MgO SO3

Na,O(eq) LOI

20.78  5.08 3.29 63.46  2.30 2.15 0.56 2.12

w—DMass fraction.

1.2 R EHIF

#1147 KIKEE A 0.40. 0.45. 0.50, KRPEE A 1:
3 M. Hl% T RS 40 mmx40 mmx
160 mm A TP s B I, #1457k
¢ 100 mmx50 mm FIIRBH TR MRS . S K
FE AR RIS, 4% 7KK A 0.50 (14
Faktk, WF RSN 40 mmx40 mmx40 mm, AT
SEM-EDS. XRD PLK TG-DTG FIMllit. K4 #E4f
KPR AR pes B B, B EIRS G EARE.
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AR 24 h JEHFIEE, PRBLE 1 E T 20 CAHI
95% AN E PR HEFR I A 7597 28 d. FETTIRIR
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B& 1 ¢ 100 mm [ TG A1, 0] T RS T 3803 b B SEUAR
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PRI ARG o
1.3 RMEE

N T B R K R R R K - TR TR
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il o KM pH HI AR SEIN M 42 VR S T pH {E, 221
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K1 BRIRKE RN s A

Fig.1  Diagram of carbonic acid water reactor

®2 B CO,HETHREKFR-SBEFRARKN pHE

Table 2 pH values of mixed solution of carbonic acid water
and chloride ion under different partial pressure
of CO,

Partial pressure of CO, pH value
0 MPa 4.5
0.15 MPa 4.0
0.30 MPa 3.8

1.4 (RAIEEIT

NARREAR R R, @K CO, o i PR BRIR
I pH H . B4 /K &0 Tl ok 5 Tl
IKNAZ, B 3 I 7E 3.5%NaCl % His X 0.3 MPa
(1] CO, 73 He SRl 8 Wi /K VA V- TRV, TR
BV pH (RFFAE 3.7 224 BbAh, T HUF/KIR
B o R L A M 2 52 BAMUER K R T IVE A, 45
SERG NI R K AR b B R AR . &
PiZENHBAHE 0.3 MPa [f] CO, 73, FIH/K 5544
PSR4 0.3 MPa [IERKIE 71, XS 4MEK
RN EIBIE, X ATRES IR 7 fe. A
AT 7 E S IR 2H(3.5% NaCl )@ A 0.3 MPa

175 e (G I 2 e LN ) SR R 5 PR 558K R 1A ]«
W HNRIAE L —E TR MA H). BRERKIE
M- TARUB 1) BFPAS F PRI, ik
3 FR. TR R KR R ACIRES, & 15 d
B 1 IR MBZEN PR EER(Z 120 L), HiE %
BRI A A A HY 1 Ca™ IR A B 30 d.
60 d. 90 d J HUH AT AH DG SE LG .

*x3 RURREERES
Table 3 Soaking solution combination and number

Sample No. Soaking solution combination
Group A 0.3 MPa Air pressure +3.5% NaCl
Group B 0.3 MPa Partial pressure of CO,+3.5% NaCl
1.5 7%

1.5.1 BRI Pk 2% 0% 1 5 1
FLRPRIIYIFE, B b Iy BV A i e A A L
18 S9i Aol A e W 452 T THT I 4 10 MRl
B, BOLPIENE N R AR IR

152 $iJk 9 E Wk = W5 e CB/T
17671-1999 (/KIRI b2 EE M T %) . 4 40 mmx
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40 mmx160 mm FIWP IR IECH,  HPRAR R
IR EAT 4, 0 AT P SR A

153 AEFRENE  FEFR KRR R
U B JE A8 PR e o) 2 B R ML T 2 2 HURE, BE1R
P 0~10 mm #% 1 mm % ZEUFE, 10~20 mm 3% 2 mm
Gy IZHURE RV SR A RE SR 0.2 mm (T e E T
60 C I B 25 AR A Hh T J 2 0 A o AR [ A
HE GRE P EE T2 EAME) JGUT
322—2013)I e AbH A ) E B IR AL A
T FRELS g MoRFEME Thestd, AmEE
TUREEMEINAN 100 mL 287K, SEE TIKE
WEMZIA 85 mL £ & F/KF1 15 mL IRIEREE
B, EbFHRE 24 h 5T 9. S mL 8
1THE, KH ZDI-4A T H 3 AL & SO 2 18
WSS IR, AR A AR A T T BRAR VTR

HARAR, HEHEAE TIRE. S TRER T
Xt
C x0.03545%xV
Cur = ~E V; : (5
W x -2
Vi

e Cor W H A TIREE, %; Cypno, NIHIR
BARERIREE, mol/L; W ARPIRFER &, g
Vi NEERE, mL; Vo i€ I SR IR IR R,
mL; V3 i E I FE AN IR HR VAR, mL.
154 RWSERT R ERAR R 0~3 mm (1)
X I Ad RS 25 DIEIMLIE % 3 mm>x20 mmx40 mm
PAFE, X H AT ESINE®EK 6 h, ZEfH
MesoMR12-060Y-T 24 4% i 4 73 A A7 L5 A I
o K CPMG ikt 7 51100 7 i A AR o (1 A6 1 5t 74
W] Ty 734 43200 Ty S0 ATARYE N U s i
PR B R FLAE 2 A B -

1 1 S
__m__zmﬁg _Fx2 (©)
T2 T2,surf \Y pore r

e To K AR TR 18] s T g A2 HHE T S0 72
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LRI F & UM RE, ST R, JL
il RECH 2.0; r WL KN
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ML B R i U oF, A 4 7 B (SEM) WL
SRR IR R X IO TE S . 4 FH e i
A (EDS) s F A A B S T T BT R S
1.5.6 X F{EATH T BURERRSE AT K
LR 20K 4L, BER R 0~4 mm YO %

1 mm 73 JZHURE, KR R SN 60 C 25 TR A6
W R T R E, PR RESA 0.045 mm T 57 L
MRS T BT X FHERATH 0T, KA Cu 2
Ko 28, HLEA 40 kV, HN 15 mA, H#EEN
5°~65°(260), FAHEHEZNA 2 (°)/min. {FH Rietveld J7
LTI RSN, WA 20% (&40
TiO,.

1.5.7 #HESH A& E XRD 4, FREL
20 mg 75 A RE SN S5 B [R5 38 A4S R gk 47
o WEEERSRSATLL 10 C/min FIFHEE R &
20 CF+% 980 C.

2 EREH®

2.1 RIMRE

N MR IR 7K T VA B B 0 17 /K e A R
TR, ERRIE T BRIRK VA M- F B TR R b
WM . B 2 J9 0.5 AKIR L IR S AE B R 7K
-3 TR R rhig B s & o MR e AR
b, RPSARIRIXIR T3 3 2 BHRIZD). BRALZD)
DA AARZ I Z D), 556 RTHE T BRI /K VA R AR
IR P B R ) B AR R AR, X T
PR /K C-S-H I i A 8 (1) T s ARSI s
[E] i o] ATERD J R R MR B AL, X R Z ]
TR R TR UG, NI =4 T A,
A ZADS, BT AN CAgHEFE, RN
pH {EFEAK, DR BRI J5 AL 2 N To . H it
J2 2 R AY 2 TR FEAE N AR IR . ASFIZK K LG
WP IRAEAS [ IS A N R R ] 3 BrvR. |
BT 3 RO, A0 PR bt P o o Y2 R S ) 8 v
s KK LERRAR AP S AR IR P N, 3 5 56 BT
FePO S 8, X TR KK L R RD 35 AT 4
NIRIURFLBREE M, PURRIR K I AR T RE ) T 58
22 MERE

A AN B D IKAEAS [ 1ok i 3 470 He 52 i
Bl 4 fion, Hrpod RoRbrds 28 d JEHREL, A-0.5
FoR AR 0.5 KIS . B 4 FTLLE H,
BT KV IR - S TR Ik AN [F) ZKOR B J P e i
T A2 T SR 0 38 I sk ) 32 F TR b B R
I T AEMNAES, 5 C-S-H RPBAERTGE
RUEHRS, MM SERD R MRLOT RS,
BRI TR —E S TR TR R MU
SRPELE 90 d P BE A L7, XnRe R TFRE F5K
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IR T LG, (R RERA E.
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B2 0.5 KA EHRD S 1R ik 7 i ]

Fig. 2 Diagram of corrosion depth of 0.5 water-cement ratio mortar

B3 BRIER IS TRk T D SRR TR
Fig. 3 Corrosion depth of mortar under carbonate water -
chloride ion corrosion

K4 AN B AR IR R R BT 55 5
Fig. 4 Compressive strength of group A and Group B mortar
at different corrosion ages
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No RIS HIIEE] 60 d #1190 d B, [FSFRE T
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RERWCAE = RS, SRR ST RS EFLR
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(a) w/c ratio=0.50

(b) w/c ratio=0.45

(c) w/c ratio=0.40

5 AWM B AR E B TR
Fig. 5 Distribution of free chloride ion concentration in group
A and Group B mortar
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TE 30 d B0 AT #0 A2 BRI R S O 2 itk — 2D
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SIRALBEAS T /K Je Ak & T 1A, KR
AR P ET A AE B T BRIRES, HAS T LB, BHAS
TEETHILE, 25K S S FIEB M
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C, =(a@-1C; + /3 (10)
IRV B & B 1456 71 R #E SO
R=a-1 (11)

Ko AMHMBAKIKEAETYT BRE
Fig. 6 Chloride ion diffusion coefficient of group A and Group
B mortar

25 SBFHEEHEN

RN E 2 B RS RS A &R
THEZEGER, (B856& B 15— % Ml LU%
N EBERE T, Fhg A& 8 7K R
AE TP BEEREERM. HH TEANFER M
RSB TS AR 1. RV B
HNEAHETEECRAHARFEENEEEE T
SRS, ma(@)FR:

C,=C; +C, 8)

R SCHRE, B T4 AR T KSR
HHABTHEREE TR R, @EW LM
KZ, W (9)FTR:

C,=aC;+f 9)
Horb o 1 pRH A, ad I ORIl S E s AT ek

PR T2k T RD 2R B R TR R
AETIREZ ML E RELE 4, £ A-0.4
Fon A HF 0.4 KK I . 3R 4 T DU 3
Wz v B A TR R B T IR B T O
ARG HRMIEG. BEMEAE T4 E 7,
TR KIER-E S FRM T, WERNEETEE
REAHEBRTHEE-SETFRIMTIARTFES
e/, H B R MAE FE AR IbEE R
e 00 184 0 T 3R AT Rk /1 o 3K 3R P Bk TR 7K S VAR ok
KTWRNEAE TEERES . TEKIEEME, Kik
P AFm 23 5508 TAL 45477 Friedel’s #51°Y,
XA R T FLER B S S T &= BTk
PR K AR T R T S AAAS, 5 B0 ALV )
pH ffi FF%, T1fj Friedel’s sh7EBAKK) pH 1 F <4
D2, R B R K AR T S B T D Ak e
JIM R BeAh, BEEE MR, Rk K
EWR M4 S5 C-S-H BRI B, T C-S-H
Ji 45 2k /b C-S-H 5 FLIE WU B WL EEL J2 R &
BRI AL, 530 C-S-H Bk X S T B LY,
B 7 R B3 , R I, BRIER K I VAR ™ A
THMR IS T4 A RE 1. IR 7 3B 7] DL &2 31K
KE 0.5 FIRP KA B R KIS S T4 G671, 1X0]
REJE BT /KK EE 38 I $2 iy 7 b KA B, 1
T C-S-H BRI & B, WM T 8 2 a s 7,

F4 WRAHTEHRSBETFRESEESETFRENESMHUMARY

Table 4 Linear fitting coefficient of free chloride ion concentration and total chloride ion concentration in mortar samples

A-0.4 A-0.45 A-0.5 B-0.4 B-0.45 B-0.5
Time
o R’ o R? o o R’ o R o R’
30d 1.145 0.999 1.147 0.997 1.165 1.053 0.991 1.069 0.993 1.048 0.996
60d 1.152 0.999 1.140 0.998 1.163 1.010 0.992 1.013 0.995 1.024 0.992
90 d 1.135 0.995 1.158 0.994 1.179 1.005 0.975 1.011 0.996 1.007 0.996
2.6 RIMXFLEESTHT WhHRAE 30 d IHFLBRIZRIR/DN, KK LK DS AE
FH 2.1 15 R TR K- S R R 30 d BFALBRRIS AR, IR R T Re 2 T,

IR FRIA S 7 2.527 mm. RIS A "H-A% L
P T IRAER IZARZ XK 0~3 mm [RIFLEEFIARAL
BB TRNA )RR KIS - 505 1R (B
) T RD IR AR b [X AL 236 o £ b s 1) ) 28 A AR
8 7. HiK 8a WL, B-0.4 Fl B-0.45 [MIFLIRRpEHE
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Fig. 7 Chloride ion binding capacity of group A and Group B
mortar
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Fig. 8 Distribution of porosity and pore size in the mortar corrosion area of group A and group B
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Fig. 9 Microstructure of the erosion zone
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Fig. 10 SEM-EDS test results of different layers
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(c)90d (d) Phase contents
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Fig. 11 XRD patterns of clean pulp samples at different erosion ages and their phase contents
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Fig. 12 TG-DTG curves of paste at different depths
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