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Influence of Mineral Admixtures on Chloride Binding Capacity of
Portland Cement Paste

TANG Haoyuan, ZUO Xiaobao, ZOU Yuxiao, LIU Jinghan

(Department of Civil Engineering, School of Science, Nanjing University of Science and Technology,
Nanjing 210094, China)

Abstract: Some Portland cement pastes with different contents of fly ash(FA) and ground granulated blast furnace
slag( GGBS) were immersed in NaCl solution with different concentrations for corrosion experiments. Through silver
nitrate titration, X-ray diffraction (XRD) and thermodynamic simulation, the variation rule of free chloride
concentration in solution and the contents of various phases in cement pastes were analyzed. Results show that addition
of FA and GGBS will reduce free chloride concentration in NaCl solution and improve the chloride binding capacity
of hardened cement pastes. Addition of GGBS will result in an increase of AFm phase and an improvement of
chemical binding capacity of chloride in hardened cement pastes. Meanwhile FA can improve the physical binding
capacity of C-(A)-S-H in hardened cement pastes, the hardened cement paste with FA content of 40% has the
optimum physical binding capacity of chloride.
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Table 1 Chemical compositions of raw materials

w/%
Material Sio, ALO, CaO MgO SO, Fe,O, K,O Na,O TiO, IL
p-1 52.5 19.58 7.17 60. 65 4.03 2.55 3.80 1.09 0.31 0.34 0.48
FA 41.79 43.34 4.53 0.70 0.60 3.92 0.98 0.35 2.00 1.79
GGBS 29.10 17.30 40. 81 8.84 0.68 0.43 0.44 0.57 1.00 0.83
F2 KEWT WA
Table 2 Mineral composition of cement
w/%
C.S C,S C,AF C,A Calcite Periclase Anhydrite Lime Gypsum Amorphous
40. 60 20. 37 13.37 8. 64 3.77 4.71 1.36 0.52 2.46 4.20
x3 MIRRET WAHAK
Table 3 Mineral composition of FA
w/%
Anhydrite Lime Mullite Hematite Corundum Quartz Amorphous
0.72 0. 80 45.29 0.3 2.69 2.51 45.29

x4 HNUBSHT EHOTWAHNR
Table 4 Mineral composition of GGBS

w/%
Gehlenite C,S Spinel Merwinite ~ Amorphous
1.33 1.02 4.06 1.96 91.63

12 #RFHE528K%
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RELE UL 5. f 4 F 41 360 d i 5 & K e i
FARAF o , FH 53 FE 07 1 BOR A2 24 1.5~2.0 mm i &
B 7K e W IR ORI S A TE K S BE TR L 2 d s B
J5 L IEELZS T4 T30 CF T4 24 h, I 8 T T4
i, DL IR R g A

2 A KU v I R R i B4 R K 56 SR O
B e EE W 4y 51 0.1,0.3.,0.5.0.7. 1.0,
2.0.3.0 mol/L By NaCl¥# W ; R J5 , PRI S g &6 7K g
VSR ORE , A 20 mL A [ & NaClis Wi i 4

1) SCH P B 2L AR 5 ek R P AR B R 1 5 T A0 34 S o et 3 sl B L



VSR T W18 GORLX E R R K U K S B A R D R 273

x5 HKHHEELL

Table 5 Mix proportion of specimens

w/%
Specimen p-1 52.5 FA GGBS

C 100 0 0
F20 80 20 0
F30 70 30 0
F40 60 40 0
G10 90 0 10
G20 80 0 20
G30 70 0 30
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(a) Cement paste blended with FA
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(b) Cement paste blended with GGBS
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Fig.1 Chloride binding capacity of blended cement pastes
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Fig.2 XRD patterns and phase content of initial blended cement pastes
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Fig. 3 XRD patterns of blended cement pastes after immersion
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Fig.4 Content of Fs and Ks in blended cement pastes
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S AUAH & BB, 28 B AR m A Ak 22, X Ak 2%
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AR AT ZEME FA R GGBS B R A /KR
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M Z 0 AFm A . W AE B B 209 19 FA I
GGBSE & /KIREK T, 4047 0.29.0.47 g i) ALAH
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Fig. 6 Al content in AFm phase, C-(A)-S-H gel and
phase without adsorption
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Table 6 n(Ca)/n(Si) and n(Al)/n(Si) of C-(A)-S-H gel

Specimen n(Ca)/n(Si) n(A1)/n(Si)
C 1.32 0.10
G10 1. 30 0.11
G20 1.31 0.11
G30 1.32 0.10
F20 1.29 0.12
F30 1.14 0.13
F40 0.99 0.16
100 —
? L d L / 7 % P | Calcite
g 6o | %% %é %% Z% %% [ C-(A)yS-H gel
E i o
Rl
L
gl LHHHNR
LU U VDAV
C F20 F30 F40 Gl10 G20 G30
Specimen

K7 GEMSHEYEE R 5 XRD S 455X 1Y
Fig. 7 GEMS results compared with XRD results
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Table 7 Physical adsorption content of chloride in C-(A)-S-H gel

mg/g
NaCl concentration/(mol+ 1~ ")
Specimen

0.1 0.3 0.5 0.7 1.0 2.0 3.0
C 0.54 1.07 1.74 2.07 2.22 5.03 6.87
G10 0.52 1.21 1.58 2.03 2.14 4.79 6.75
G20 0.52 1.06 1.57 2.07 2.37 4.60 7.15
G30 0.54 1.19 1.70 2.07 2.05 4.79 7.51
F20 0.55 1.38 1.73 2.13 2.42 5.66 7.59
F30 0.55 1.41 1.79 2.20 2.49 5.65 8.01
F40 0.55 1.42 2.04 2.20 2.60 6.00 8.25
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