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Deterioration Behavior of Low Heat Portland Cement Paste under Sulfate Attack
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Abstract: Low heat portland cement is widely applied in hydraulic concrete, where much attention should be paid to its performance of
sulfate attack. In this paper, the evolution laws of physical and mechanical properties such as porosity, sulfate ion distribution,
expansion rate, compressive strength and Vickers hardness of low heat cement—based pastes were determined through the full immersion
test of sodium sulfate solution, as well as the compared ordinary cement pastes. Based on which, their sulfate attack deterioration
behavior and damage mechanism were also analyzed. Results show that compared with ordinary portland cement, low heat cement has
better resistance to sodium sulfate attack, and adding 30% fly ash could also improve its anti—corrosion performance. The corrosion
section of low heat cement paste can be divided into degraded zone, strengthened zone, ingressive zone, and sound zone from the

surface to the inside. Vickers hardness could better characterize the time—varying behavior of cement paste under sulfate attack.
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Table 1 Chemical composition and mineral composition of cement /' %
IKIe Ca0 Si0, AL, O, Fe, 04 MgO SO; R,0 = C5S C,S C;A C,AF
LHC 58.74 22.82 3.55 4.28 4.99 2.43 0. 39 28.7 43.9 2.1 13.0
OPC 62. 83 20. 50 5.61 3.84 1.70 3.07 1.31 48.0 22.9 8.4 11.7

: R,0=Na,0+0. 658K,0
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Table 2 Physical and mechanical properties of cement
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Table 3 Mix proportions of cement pastes

R LA BRI/ /min 225 PURSRE/MPa
/(g/m®) /(m*/kg) PidE gk PE 74 28d 90d
LHC  3.21 332 233 343 4Ok 25.4 53.6 69.8
OPC  3.22 356 125 277 A% 415 57.1 65.3
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FEh 0.4, BHEKIBE N 0. 30% MR HOK R i it
fF, FRECH] T K e AR AR S X R, LR 3,
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L-30F 0.4 70 0 30
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Fig.1 Schematic diagram of Vickers hardness test
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Fig. 2 Porosity and its loss rate of cement pastes under sulfate attack
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Fig.3 Linear expansion rate of cement pastes under sulfate attack
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Fig. 4 Content of sulfate ion in cement pastes under sulfate attack
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Table 4 Ingress depth of sulfate ions in cement pastes

. TR TR /mm
30d 90 d 180 d

OPC 2.63 4. 08 4.75
LHC 2.27 3.30 4.19
L-30F 1.88 2.79 3.83

2.4 RERE

ROFERB 0, 30, 90, 180, 36071 540 d Ff Ay
PO R B R R AN R 5 PR, IR AR ER
IKIRZEFEH 90 d J5 BT He 5 B = AR R BE & b
HWAKUE, B A 30% B MK 5 H o B A I REAIC,
OPC ., LHC fl L-30F =21 F 4T 5k B B = 1 B ]
AR FL A AR —30 ) B 180 d PNA7L R 3 J3E Fifi 5 V= 1L
AR IR MG N, Z 5 R BEAL, o opC Kk
A7 PR e 8 B R AT e ol B i RS Y R B —
TR KIEFFZKAAE IR 2R, B 32200 e A2
PR AR S0, AR B ) AR L B LA S ik AR ek
WIBE ST RIS ARFLBR 25 4, b 3G o T H 2
Rl Bl B R k42 Th S T 1) 45 52 kA AR ol 7 4 1Y
AN BN, LI K N ) A e K e A W BR b o B
FHOMRETF 2L V5 DL Som B O, DR bt skt s
AL, E5 (b) A H0 R 5 Rk ] T
X, 3 U BT R 5 G R AE 90 d Z ATy
JfE, HAKEVMEK N LHC, 1L-30F, OPC, HfI
38 7K Yo B T e iR B G K R e IRBUK IR IR Z,

50.0

EEO0d EE30d 904
45.0 1180 d 1360 1540 d

40.0

- - M

)
e
j==}

-

YU/ MPa
o 8
[=) (=)
]

OPC LHC L-30F
S

(a) MEEE

—s—OPC
25.0t —e—LHC

HUESRBERIR %
>
(=]

-10.0
0 60 120 180 240 300 360 420 480 540

i )/d

(b) FUEBEMRKE
E5 mBHEMEFHTRKEARERERERKE

Fig. 5 Compressive strength and its loss rate of cement pastes
under sulfate attack
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Fig. 6 Vickers hardness of cement pastes under sulfate attack
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