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Research on Concrete Sulfuric Acid Resistance with Different

Types of Coarse and Fine Aggregates

XIAO Jie, QU Wen-jun, ZHU Peng
(Department of Structural Engineering, Tongji University, Shanghai 200092, China)

Abstract: In order to compare the impact of fine and coarse aggregates on concrete sulfuric acid
resistance, accelerated corrosion experiment was conducted with four types of aggregate concretes
composed of coarse and fine aggregates (gravel and river sand, gravel and marble sand, marble
stone and river sand, marble stone and marble sand) and same water cement ratio of 0. 45 and
$100X 200. The concrete specimens were kept in sulfuric acid solution with pH value range
around 0. 95, and 12 times continuous monitoring tests were carried in 194 d. The corrosion
depth was calculated based on the monitoring data. The corrosion rates of the four types of
concretes were sorted in descending by the slope. The results show that concrete with marble
aggregates rich in calcium carbonate has better performance in sulfuric acid solution than that
with inert aggregates (gravel and river sand). Corrosion depth is linear with corrosion time when
concrete sulfuric acid corrosion layer is interrupted. Moreover, the marble fine aggregate plays
more important role on reducing concrete sulfuric acid corrosion depth than marble coarse aggre-
gate.
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Tab.1 Chemical Composition of Aggregate %
R4 B w(Si0;) w(Al,O3) w(Fe; O3) w(MgO) w(Ca0) w(Nay ) w(K;0) w(PyOs5) w(CO3)
HA 59.323 14.923 4. 089 1.134 3. 487 4. 449 3.914 nd 7.831
KBLA nd nd 0.028 nd 56. 636 0.002 0.008 0.034 44,134
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Tab.2 Results of Sieving Test of Ordinary Gravel

i fL R ~F/mm | 26.50 | 19.00 | 16.00 | 9.50 4.75 2.36

St/ % 0 25 22 30 19 4

HiliiA/ % 0 25 47 77 96 100
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Tab.3 Results of Sieving Test of River Sand

JEFLR F/mm | 9. 50| 4.75(2.36|1.18[0.60(0.30|0.15| f#JE

A/ % 1 0.0 | 5.6 [10.8[10.2[17.8(44.4| 9.2 | 2.0

Eibii4/% 0.0 | 5.6 |16.4|26.6|44.4(88.8[98.0]100.0

1.18~2.36 mm,2.36~4.75 mm,4. 75~9. 5 mm,
9.5~16 mm,16~19 mm,19~26.5 mm, N T {{
FERHIAEHF AT R R — 2.8 2,36 ~4.75
mm,4. 75~9. 5 mm,9. 5~16 mm,16~19 mm, 19~
26. 5 mm Y KB A7 LT A HE B 400,192,300
220, 250 IR G R BRI A5 k. I TR
RELRD 45 8 7P 1) B — 20 4% 0. 15~ 0. 3 mm,
0.3~0.6 mm,0. 6~1. 18 mm,1. 18 ~2. 36 mm,
2.36~4.75 mm,4.75~9.5 mm WA LT &
B9.2%,44.4%,17.8%,10. 2% ,10. 8% ,5. 6 %51k
B IE B R E R
1.2 ARG RLGREEF
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IKE BT 0. 600, AL 4 R E RS KRR A
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Tab.4 Mix Proportion of Concrete kg« m™?

A4 xk ki MR | AR
C1F1 205 456 516 1149
C1F2 205 456 522 1162
C2F1 205 456 507 1129
C2F2 205 456 513 1141
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Fig.1 Arrangements of Soaking Specimens (Unit: mm)
.4 BEREVNESEMRETH
A 4 T EORME A B 12 AN TR EE L B AR
PEUEAT T R I . B o 2 — s A 1 283 (0, 6, 12,
21,25,37,52,66,80,108, 136,164,194 d) ¥ FH EL
L E A 60 C MR P 24 b5 (B 1k T
Tk 25 Tl SR A A0 18 45 5 ) ¥ 10 2 il DN [ A A
HAt. HARBCRM 0~300 mm £ 8RR, 73 HE5
7 0.01 mm, WHla SR EE R 3 ANALE B
BN B B R B AR SRR AT 6 Wl . K
BWPF 6 A ELAR I AE A9 7 S ELAE D izl 1R 1 LA
BEAE RIS 3 AR B B E AR iz A
BRI AR . (B A A 3 10 ok 9 2 4% B X
i

50,94,

. 200

200

(b) 1-187

hi=(d,—d;)/2 (D
b SRy REVEIRTRIE s »di 53 50 0 A JE b
JEE k@ 5 B AR R B B AR E .

2 RBERSHW

2.1 S MEHmER
B Bl 30 L 31 DA TR S ek v P B
Tia . HBFEFHEMES, B24H7T 4 FE



84 AHAFE TRZR

2016 5

CIEl ClF2 C2F1 C2F2

2 4RSI EEM 164 d FHE TR
Fig.2 Appearance of Four Types of Concrete

Specimens After 164 d Corrosion
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Fig.3 Appearance Changes of Concrete Specimen
C1F1 During 194 d Corrosion

2.2 BHRELSRRSH
A4 FiE R A R TR BE R B ok TR 5 S e i

IR 4 Fros. B 4 fTRUAE 25X I
Tl A AR B JE T ) 3 CO~37 ) B I il R 2
BUE L B B TR B O AR R B IR U R R B2
TG ok LA A 14 A B OR JES h Bf ) EAR R B R R
P T B8 e A 9 A BSGF JE fok 7  ( E Dh A D R fA AE
T B A 2 T X ) B3 o A AR s O R Bl
A B b A R R YR R b B R BE  RAE AR Y
F/NT RS ok B BLAR . 4 B R BE Ll fF CLFL,
C1F2,C2F1,C2F2 743t 194 d B IRJE i J5 , H:
JE MR EE 43 A 6. 04,2, 64,3, 34,2, 25 mm,

JE ok I /mm

0 SIO l(l)O léO 2(I)0
JE ke fR)/d
B4 BHRRESEMHMNEHNXR
Fig. 4 Relation of Corrosion Depth and Corrosion Time
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Tab.5 Standard Mole Enthalpy A, Hy and Entropy AS5 of Compounds

[ =5 Ca(OH) CaSOy » 2H, 0O H, SO, CaS0; 2Ca0 « SiO;
AfHS /(K] » mol™) —985. 900 —2022.629 —813. 989 —1437.622 —2 315.216
ArSH/(J s mol™!t « K1) 83.400 194. 100 156. 904 106. 692 120.792
[l 4=59 SiCOH), 3Ca0 « SiO: H.0O CaCOs CO:
AcHS /(K] « mol™ 1) —1 456.961 —2929.202 —285.930 —1 206. 600 —393.505
AsSR/(J s mol™! « K1) —500. 503 168.598 69. 950 91. 710 213.769

FP 25 BN ) A B B 1 R R AR RS R 4K B
T2 5, MK (3) s I 1) b o JBE IR K A8 AR L B FH B
AR SV RO RN
AHY =(—2X1 437.622—1 456, 961) —
(—2315.216—2X813.989) =
—389.011
A, S5 = (2X106.692—500.503) —(120. 792+
2X156.904)=—721.719
AGY =AHY —TA, S, =—389.011—298 X
(—721.719X10 *)=—173.939
lg(K®)=—A,G2/(2.303RT)=173. 939 X10%/
(2.303X8.314X298)=30. 48
fe2E FE S (2) ~ (5) ATy 22145 9 T
%6,
6 XQ2)~G)HHANFHHEER
Tab. 6 Results of Thermodynamic
Calculation for Eq. (2)-(5)

AR AHR/ ASE/ AGS/ ,\
, lg(K©)

5 | (kJ + mol™) | (J+mol™' « K71 | (kJ « mol™1)

(2) —222.74 —46. 20 —208.97 36. 62
(3) —389.01 —721.72 —173.94 30. 48
4) —684.59 —749.79 —641.15 80. 82
(5) —109.62 89. 31 —136. 23 23.88
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Fig.5 Fitting Results of Linear Model for Corrosion Depth
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Tab.7 Range Analysis Results of Parameter k in Eq. (9)

g = HLE R k=g R &
C1F1 1 1 0.032 35
C1F2 1 2 0.015 20
C2F1 2 1 0.020 10
C2F2 2 2 0.013 25

1 BB AL /MR BE 1+ Y JE R B
3 4 iE

CLO X % o sk H 139 ik 1R R TR 35E 1 PP 32 2
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