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INFLUENCE OF CHLORIDES ON SCALING DETERIORATION OF
HARDENED CEMENT PASTES

Be b EL* . B H 5 R
By Takashi FUJI and Yoshio FUJITA

This paper describes the scaling of hardened cement pastes subjected to freezing and

thawing in salt solutions such as NaCl, CaCl,, MgCl, and sea water, The various

factors affecting to scaling such as salt solution, concentration, drying and air

entraining were investigated in connection with the microstructural features. The

severest scaling was observed on the non AE pastes in NaCl, CaCl, solutions and sea

water caused by the damage of Ca(OH), and the collapse of CSH. The rate of scaling

decreases with freeze-thaw cycle on the non AE paste in MgCl, solution and on the AE

paste in CaCl, solution and sea water due to the dense layer formed near the surface.

However very porous portion was observed at adjacent to the dense layer. The cavities

in dried AE paste are filled with new compounds and the shell of air voids becomes

denser and thicker, Consequently the dried AE paste is much more resistant to surface

scaling than non dried one,
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Table 2 Propertics of cement,
Chemical composition %
1g- loss]insol [5i02]Al 203 [Fez03[Ca0 [Mgo]sos [&at [1.ca0
0.4 | 0.1]22.6/ 4.9 [ 238 [sa-5]1.6]2.0[v8.9] 0.3
Coumpound composition %
€35 | €3S | C34 [CqAF| €T
48 | 20] 8 [ 8 |3

Physical properties
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3 days| 71.,,‘ zgaml Bdnys[ 7daysl 28dsys
4.3 6.6 |12.7]22.2| 39,5 |

i | setting
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3.16] 3100 [3-05[4-10] 3.0
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fo. HplEEAE 20mg S UREEMEICE « TIV I 20
mg &% F7. EEE % 20°C/min & LT, ERL S
850 ~900°C F cAwm L. X< {4 7aT7+ 74
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JHu, DB E 250 kV, SBBEREZHAETRTIL1.4
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-7 Y —F ) (3Ca0-Al, O;-CaCl,-10H,0) #54E 1%
LTWVWAONHH HNA. RIBRD CHEMRERZ %

Table1 Outline of experiments.
Specimen Test
No.
Initial sotid phase
Vso (W/C) % [AE ICuring®pp |Drying Solution Tenperature® | Duration Measuring item
et (W), 3% (S)) NaCl 3% (N3)) | et
5540545 Non (N) water \"/ 3 gater 24cyce | wWeight loss ,SEM,EDXA,
1] 3T AE 210 NOB | CaCl, 3,6,10,209% (C3~C20) | +5~-20 P
(70,56, 45) <Y MECL3,6, 10,209 (H3~MR0) 36¢yc- | XRD » DTA
T CL T Fresh Sea P [
35,40,45  |Non(N, vaier (M) Yalee (S), NaCl 3% (N3) 24cyc.
2 " @1 210 ey [Cac158, 616,209 (CB~C20) | #5~po | SoYOT | et toss, SEM, EDKA,
(70, 56, 45) AE (8) MgC153, 695 M, M6) 36cyc. i XRD » DTA

Remark 1.Vsq35,45% and duration 36 cycles were performed for ooly MgCly solution.

2.The mark for specimen is A+B or AB*C in vhich A, B and C indicate solution

(S, N3 etc.),AE(Non : N,AE ! A)

and F-T cycies (6,24 etc.) respectively.
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Fig.1 Change of hydrates due to F-T in salt solutions (XRD).
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Collapse of CSH at surface
portion in NaCl 3 % sol.

Photo 1

ollnd?
(a) Densc morphology of {b) Porous state at around

1 mm from surface.

Photo4 CaCl, 3 % solution.

surface portion.

(a) Dense state at surface (b) Porous portion adjacent

portion to dense layer.

Photo5 MgCli, 3 % solution,

(a) Dense state at surface (b) Damage of CSH, Ca(O Vs

portion at inner portion

Photo Sea water.
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Fig.6 F-T cycle~scaling amount relationship
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Fig.7 F-T cycle~scaling amount relationship

(concentration of MgCl, sol. ).



Bt A Y bR=2 DR =) Y SR RIS TR OHE

L6cycedbeyc.  w8cyes " Non Dried
15 T 24cyc.\\ \\ --a-Non AE
! \\ \ —&— AE
\
Y \ Vso=40%
\ (/ C=56%)

Scaling amount mg/mm2

0 5 10 15 20
Concentration of CaClg sol. %

Fig.8 Concentration~scaling amount relationship

(CaCl, sol. ).
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Fig.9 F-T cycle~scaling amount relationship (effect of

drying).
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{a) Compound in cavity (b) EDXA spectrum of the
compound

Photo7 Cavity filled up with compound at surface portion
(V=40 %, MgCl,3 % sol. ).
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Fig.10 F-T cycle~scaling amount relationship
(difference among chlorides).
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L CSHoBEBEEM S NS, HNEE (6~8mm) D%
B ISR B L O RRRRO E B E L ThB Y, £
DS TTE (Photo10(b)) 1, FI3H L < Eh2h Ca,
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(a) Dense layer at around 0.5 mm (b) EDXA spectrum of the dense (c)

from surface layer

Air void shell filled up with new

compound

Photo8 Dense layer and air void shell at surface portion ( Ve=35 %, MgCl,3% sol, ).



(a) Compound filling up cavities (b) EDXA spectrum of the

at surface portion compound

Photod NaCl3 % solution.

TR

(a) Compound filling up cavities (b) EDXA spectrum of the

at surface portion compound

Photo10 CaCl, 3 % solution,

gt

(a) Compound filling up cavities (b) EDXA spectrum of the
at surface portion compound
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Fig. 11 F-T cycle~scaling amount relationship

(difference due to concentration of CaCl, sol, ).
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Fig.12 Concentration~scaling amount relationship

(CaCl, sol. ).
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3%, Non AE 6% W08, Rl anigsy
@ CaCl,, MgCl, iz ® AE & L 0 CaCl, 5 # @ Non
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