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 E. mih AR SERE R R R FLIAT pH B, RS TS RER SRS M. @R 1 LRI,
WFSE T FRERIRE (20 CHI 60 C). FLIAW pH 18 (12.55. 12.15. 11.75)FfE 1B FA2&(Cl. SO Al CIm. SO~ H&)FLFR1EM
T, A A I 5B IR B R AR AT . G5 IRER . SRRk, JEFEN 60 C. pH{E>N 12.55 HIME AR EE L5
W, RS R I AL IR N 0.04~0.06 mol/L; 4 pH {EFEARE] 12.15 F1 11.75 B, BHALIERRE M N IE, 15 FAE S TR
% B&#AI 2 0.03~0.05 mol/L 1 0.02~0.04 mol/L. i F& L2 R i i 85 tis S T, I N 60 C. pH (AN 12.55. 12.15 i,
X P R BRAR I P BB A 24K, 7E 0.06~0.08 mol/L 2 [A]; 24 pH HFE(EE] 11.75 B, BRERAR B T BE N 0.05~
0.08 mol/L. iR - SHINFLIAR ' Ca(OH), M BiAE A B, 7 o6 704N R EDW AN i 85 i e 2B, IR S pH A
Xt SO,2 5| AR T R B 5/ o CIPL SO 2 B A E A R, SO2 2 HE R W2 s MR T ¥ CIT, Jf5 Ca®* B & CaSO,,
B AEAN R AT R, 8 TR s E . pH (A8 12,55, 12.15 I, SO, 4> #IiEH] 0.03 mol/L A1 0.04 mol/L i
Xif CImB A8 /5 i o EL A 2k R T, ARTAT 24 pH {4 1175 IF, SO,2 % CIFB i 40 5 75 b TG 22 b A
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KB, K. WEEREE DN, XX RIS TRemERsl, SEOREL PR
TR BN, BEIE P 10 ER P ke e ), AR, 2 SRS R A BN i 2 T n R Ak
BT Il R R S ik 50 C, Ik Skl FRAOERIT MR Arrhenius EAE, #pERa 0
BEIE A IR A 69.2 Co I R K& WONIERERT I 10 C, S EARI 1 1%, H
Z R o 240, IpaE e AR s iR R K FeoOs MU > TAS M A X F2 5, FeOOH i #7E
SO.2 4 ik 800 mg/L, CI &k 1000 mg/L®, 7  200~300 °C LA bA % A FR 3k b 45, bR ik i o ot
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R R AN AT o SRR . B S
RIUGA RS R A F s T B S B A A el
AR (R Db B, X A A P B e R P LA T
BINENL. g5 LATA, B, RUERAR SR
TR HP A S0 2 T R 2 i vy M AP B VR
TN AT R, (HEHIZEERESIERT
e b AR HH R B T A T S DL 5 R e i
TIRFE R B RGRN IR -

& F& R [FIEE (20, 60 'C). ANIF pH 18 (12.55.
12.15. 11.75), PARASEMRBHE ¥ (EE T BRERR
BT HABE MR, SRR R LA
R TGS AT AT AT, SIS S TN A
HLAL (Ecorr)~ AR AX FELFHL(Rp) -5 65 1ok FEL I 25 JEE (1 corr) D36
AR, WA T b AR R T AR 4 T D I
TR, JEREA T SR TR 5 S ROW 2 K
B 5 25 SR ] Sy v b A 358 o 7 VR e S PR AR 5 R
Pk R AR R R AR o

1.1 E#R

KB 10 mm FIREIE AN, X5 % o= A
BT 7 #0 : 0.20% C, 0.028% S, 0.026% P, 1.42%
Mn, 0.55% Si, && AN Fe. KA KERA L1
NaCl. Na,SO,; & Ca(OH),, NaCl 5 Na,SO, 7 #r4i
FE¥N 99.9%, Ca(OH), & & >95.0%, (FMM<
0.002%, Hifk#E<<0.005%); KAFRHEM S 5A R A
#7477 ff) NaHCOs. NaOH, M1 NaHCO; &8>
95.0% (& 1k <<0.001%, HiMzih<<0.002%).
1.2 XHEFE
121 WEHREE  E R L& UIEINLY)
FIRREE 5 mm B)/NE R, WK 1a s, SeHANE
HE IR AT B, B — e 6 G R HL 0
JERBMVRES « AN B— T IR S48, 5
— TR R ARG, KI5 F A R A4 5 o
R A M E (PVC)E [ E, B N TLAEm, TAE

ST s

——® PVC tube
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XXXXL

AL XX
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Copper conductor

(a) Reinforcing

@ Copper conductor

@ Epoxy resin

® Working face

(b) Reinforcement electrode section

HA T AN b Biom o ) R 1 4 5 A
1c FioR, {3 B IPRE MR SR 5 B 7 SRS b o JE DT,
SN AR A A BT U AR FL VA W (pH=12.55) % i
Btk 10 d fH e TR BB BB, aniE 1d
B, P BN R e e A 2 2 b, L
T (T A 0.785 cm?) 5 TRk 0L AL A i 121k
BT AR, RAIBEE 3 A TATIREE, R
54 /4,
122 ZMEEHR & RHA Ca(OH), Kol AR
k- BFLIE W (pH=12.55), FI¥IR NaHCO3 i1
AN AR pH E & 12.15. 11.75, FCHIIAWR
IR £ B T K. RUE T CIM SO% 45t
NaCl. Na;SO, 124, #— CI'. SO K BRI
(5, HELRIN 0.01 moliL, 4F 24 h 7in 1 B,
R 45 S By BR 85E A R AH 56 STk & E m iR AN
60 CBE3, f /K #3422 G i 0L vt Hh AR 83
JE o RPRIEIRIG I VR LA pH [Erfae,
FI pH M AL pH AE - NaOH i T Bl
pH P, FE7E R RIS INR I B T 5 B e B TR
B . E AR, LA 0.1 mol/L ) CI's
0.01 mol/L f¥] SO4%, Fif$ 24 h ZZ¥sN 0.01 mol/L
SO (RMHFRBE 5 MRES I 1 Frs.
1.3 B

HL A 2 S 00 A 28 D DR R A % TR
uli, A58 CS1350, HIiEFE 2 pA~20 A, fHHL
PEAzH L A+10 Vo B 220k = AR 1A
Z, AN (B2 R 10 mm, S8 T FH 0.785 cm?)
E N TAE M, 1A A% (20.0 mmx 20.0 mmx
0.1 mm)fE At B AR, 2 b E R R o RO R A i A
(CSE). i i JF % H A7 72 (OCP) M a8 fif 1) Ji8 ok Fi
B (Ecorr)s MRS R TAE BRI NBERIE, 4N
J&§ ol LA AR JE T AR AR, PR HEAT MR Ak
(LPR) W 5 1 b0 0 i 28, 43 A 609 75 5 et oL 98 235
JE (leorr) S5 M AL BB (Rp) 24K, Ecorrs leorrs Rp EHX
AT IRFE S 0 4H

(c) Rebar Electrodes

(d) Electrode passivation

1 AR AL
Fig. 1 Working electrodes profile and rebar passivation
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Table 1 Erosion environment and test age
Specimen pH Erosionion lonic concentration/

number  lemperature e type (mol-L7-d™)

C20p12.55 20 C 12.55 cr 0.01
C20p12.15 12.15

C20p11.75 11.75

C60p12.55 60 C 12.55

C60p12.15 12.15

C60p11.75 11.75

S20p12.55 20°C 12.55 S0~ 0.01
S20p12.15 12.15

S20p11.75 11.75

S60p12.55 60 C 12.55

S60p12.15 12.15

S60p11.75 11.75

CS20p12.55 20 C 1255 0.1 mol CI” 0.01
CS20p12.15 1215 4S04

CS20p11.75 11.75

CS60p12.55 60 C 12.55

CS60p12.15 12.15

CS60p11.75 11.75

Note: C is CI". S is SO, CS is CI"+5S0,%. p is pH.

1.4 AN

X HHEEAT S (XRD) M AL 5 A Rigaku Miniflex
600 %4, Cu #(K,, 2=0.154 06 nm), L{FHJE 40 kV,
TAEHA 15 mA, HHJEHE 5°~85°, F#H &
4 (°)min. & BN A2 1 2 B AR e, AR
FTF AT B R R 3 400 H i, 60 ‘C 2 T15: 48 h,
BT HT

S AT
2 HXR 59t
21 AEIRES pH & TS ETFRE NG MY

A

X155 E S T HLAT Ecor B CIT 8 SR ALK 50 a0 1 2
B o AR AE RIS ALL FLIA MR (pH=12.55) H 4L, 10
d 5, Ecor 4EHF7E-180 mV %£-220 mV JulEp, #
BAN A AL T BEACAIRAS o WIARIT B, CITR B 218 i 3%
BRI IR, RS MR, Eonr (A28
B BEE R CIIIFLR, TR K IAR—/NBH
W Econ FFUA SUR T B, 2 BH AN i35 2 ThT 11 Bl A0 IS
24, T R AR AR R, SRR 20 °C, pH
{EN 12.55 I}, Eqon 7E CITIA £ 0.05 mol/L H 4R 5%,
M HEF) 0.07 mol/L B Egon 1 9-543 mV, F[%
74.04%, LT EN T AR R AR S ks T IR FE T v E
60 ‘CHY, Ecorr £ CITHE N 0.04~0.06 mol/L B R[4,
H Econ M N-512 mV, 2 BR800 555t B4k,
RAFAL N TEAIRZS XS RL CIIAR FE BB R . RN
R I CUfL 5, RIS E 2 CI,
IR S ER EUR BLE R, 33 Eor B AR P
TN 60 'C pH {EFEM Y 12.15 1 11.75 B, Ecorr
7E CI7# 24 0.03 mol/L F1 0.02 mol/L B} F 4G5 %,
Iy HIAE CIKEE N 0.05 mol/L A1 0.04 mol/L i Ecor

{EEEIE-500 mV, 3 B 175 A B 1l 1) CITEs -3k B2 I pH
{E BRI RN 03X 2 RO B Y 32 22 R 73 FesOyn
Fe,03. FeOOH £ X 7E BRI IR 4 fe e e 72 AE R,
A7, pH EHF RSN mREATERS S
CI &5 & A S FIEOIRES , BRI E T
4 38 g B 45 5 s

-150
—200F § —+C20pH12.55
—O—C20pH12.15
B —/A—C20pH11.75
-250 - CGOEHIZ,SS
-~ C60pH12.15
-300- Csong 1.75
E -350r
= 4001
o
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—5501- Y
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Fig. 2  Evolution of self-corrosion potential of steel

reinforcement with CI™ content

2 N AL FLBE Ry BE CIo P38 N 254k
IR 20 °C, pH {4 12.55 I, Ry A 346.22 kQ-cm”
RGN, #E CIVREE 0.05~0.07 mol/L I R,
H 260.20 kQ-cm® FEIKZE 21.60 kQ-cm®, TR T
1 104.6%, AWtk Ak L E R AR B /)y, SR
Pl X 35 P A 2 A BT 1) BEL 9 Vs /S, T ok LR
7 B BE/IN B 8 o [X 3 o 0 B, S Sl B
2. R ETHE 60 CHRY, Ry EII/NTHREEN 20 CHY,
2 BF A A5 A0 A P L 35 RS2 v T R0, IR Tkt
() H fer A RS R 22, BN A BB Tl B AR . pH BN
12.15 B, Rp #E CIKEEy 0.04~0.06 mol/L A
263.40 kQ-cm? FEEZE 10.68 kQ-cm®, BLIN il i
TRHH K LI B R, 3 U A B AL T AR R
P B 2 pH {EFEKE) 12,15, 11.75 I,
Rp 73l 7E 0.03~0.05 mol/L % 0.02~0.04 mol/L ‘£
TEEBIEN, R pH I8N 2 FEARAN 5 J6 il X
B LA EL RS BE 7 o (RIS TE M VS Y, X R Eore
ERAE T IR FEAG.

R 3 ok LY 35 L core R CIIAR B2 10 AR A A 450, 200
K 3 fim. MR 60 C, pHIEA 12.55 I, 7£ CI-
W PE 9 0.04~0.06 MOI/L, leorr {EL M 0.224 pA/em® H K
F 2.10 pAlem?, HKT 837.5%, HILIKEZTERN
Ecorr U/ T 74.04%, R, M 263.40 kQ-cm® (FEE
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10.68 kQ-cm®, = WI7E LI T 6 Fl N B kA R
Ak, T AR 5 S A FE R 80 55 T U 475 ok ) s
BTFIRE . AR ARIERAE I AR E TR R
3 I, S A ) SRS T BE SRR BE[CI SRR R
6=60 ‘C. pH fH 12.55 FIEN IR A& TR A
0.04~0.06 mol/L, [F] pH & =20 ‘CH}, IfFGE Tk
J£{# 0.05~0.07 mol/L, &AL FE T v HLAN A 85 il 7
AE IR BME R 2 F%. F[CIY[OH REEAE pH
1 12.55, RN 20, 60 CHRMA Il F 43 TRk
31N 1.42~2.00 A1 1.14~1.71, I 505 TR EEBE TR
FETFEME N . 0=60 C, 4 pH {HFEMKA 12.15 Al
11.75 Bf, [CIIRERBEHE pH ER /D FEILA
0.03~0.05 mol/L #1 0.02~0.04 mol/L, FH[CI'J/[OH]
SKRAEI I S S TR A 2.14~3.57. 4.00~8.00,

b pH A PTG K .

Fz2 WMUHEMAS CIIRENTL

Table 2 Variation of resistance polarization with CI”
concentration
Ry/(kQ-cm?)
lonic C20 C20 C20 C60 C60  C60
concentration/ 15 55 11915 p11.75 pl255 pl2d5  pll7s
(mol-L™)
0 34622 28820 254.20 276.00 24810 220.26
0.01 32520 305.60 24610 28240 25820 236.58
0.02 288.60 30230 240.10 268.10 260.16 228.4
0.03 32520 266.70 23222 25420 24024 84.30
0.04 27320 27320 49.80 26340 10856 12.36
0.05 260.20 14370 1235 13200 11.20 12.56
0.06 7480 11066 892 1086 1042 11.82
0.07 2160 1072 1016 896 11.02  11.60
0.08 1226 1236 980 912 1072 1122
0.09 1062 1076 826 865 986 1152
0.10 1210 1238 886 7.90 988  10.86
4.0
—-C20p12.55
35F  —o-C20pl2.15
——C20p11.75
30L -~ C60pl2.55
Cami s
25t Pl
£
S
<
=
\:
5
1 1

0 0.02 0.04 0.06 0.08 0.10
Chloride content/(mol-L™")

L3 B T o L VA o BE B CIMIAR BE (AR 4h
Fig. 3 Evolution of corrosion current density of steel
reinforcement with CI™ content

#3 ARAAFRTERAHENIGRIEFRE
Table 3 Different ways to characterize the critical chloride
concentration of a specimen

Specimen No.  [OHJ/(mol-L™)  [CI"]/(mol-L™) [CI'Y/[OHT]
C20p12.55 0.035 0.05-0.07 1.42-2.00
C20p12.15 0.014 0.04-0.06 2.86-4.28
C20p11.75 0.005 0.03-0.05 6.00-10.00
C60p12.55 0.035 0.04-0.06 1.14-1.71
C60p12.15 0.014 0.03-0.05 2.14-3.57
C60p11.75 0.005 0.02-0.04 4.00-8.00

22 AREIEES pH ETHRERRE FIREXTREH
sap=A)

AR S T F AT Ecorr B SO, IR BE I IR 224K,
i un & 4 fis. SEI0 CIY Egor AL AN,
SO MRIMMER T, Econr 2218 FREIMII A K, K]
SO 4N 5 R REEL A B ALAE T (B ik B R T
cIri® 1, o, 2t 4% ik S s KO, gk
SO.7 2 5 HAMALAE FIAE B Fe?* A i FeSOy, FeSO,
BB (AN R T L 55 )2, BHAS B AE fim
TEBRER EhAR 4 XRD % rf &2 2147 B FH AR
SO & SR Ca® RSiE K CaSO, T A F
fRIE . (22 SO/ TERIFE IR EI, Econ thi= A58
B, 32 ONBE SO, IR BE IR SN, 45k S B Y
BT, SRR KR FeSO, B R IE S A E
R, SOZ BB MBI, 4 ek BE e .
HEREN 20 C, pHE A 12,55, 12.15 i, Econ %
BR¥I7E SOZMKREE 0.07~0.09 mol/L, T2 60 C
iF, pH {E>A 12,55, 12.15 [ Egor 7 0.06~0.08 mol/L
[¥) SO, VK3 B 5 35 FAAR, R WTIRETH i, A4 517
AR LY SO IR L I FRAK . PRI T,
SO AL S AR, T o ) o A 25 I8
BRo IREEN 60 C, pH RGN 11.75 I, 1E SO~
W SZ 2 0.05 mol/L I FFUE 7R, #£ 0.08 mol/L I [
£-520 mV, I pH EX} SO =1 FAN 5 E & i
HLAL Egorr ARA0 T 25 520

N TR AR R AR et B X A A K S, A
I 35 P TS 35 S ok e A7 B AS [ B - 1 g AR 4k
K 6 Fi7r o CITR MK Ecor Hh 2R 2B H 5 BENS I T 4
e R S R K = RS I ) e oy B ]
HILT CI, SO RMESMEK, HEEER
WEARETIE Econ MR E TR By CIIEAR(2Y
0.18 nm)#iEt SO, M2E4%(£) 0.28~0.32 nm)EE /),
S B B sE Y, TR 5 s M R T
Sl P R A 250 0 55 2 T o R 57 475 o e 92
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-150 J% 4 0.05~0.08 mol/L if M\ 243.26 kQ-cm’ FEIEZE
200} s 9.84 kQ-cm®s B 60 °C, pH fEy 11.75 [k FE 41,
ol @ Rt HACURBEA B A L R, £ SO,V 1 51 0,06
ool S mol/L 2 B9 TEH A . WA 20 C, pH fiy

o 12,55, 12.15 i, Ry {EE SO 0.07~0.09 mol/L
Chaget S Y 5% T RS, A BIEE 1186 kQ-em? A
& 4000 10.25 kQ-cm®, pH {4 11.75 54 60 'C, pH
450} 4y 1255, 12.15 MIXFEM Ry HIJ7E 0.06~
500 0.08 mol/L ) SO R I &A= K B & I/, Ry
sob o e (A 5 Eoor (LI — 5L
' 0£§lphateoé(:itenﬁz)ﬁlocj'L")OAOS " 3@_4 . MMEEBEI_H SOAZ_WEF,‘J#X'.:'“: . o
Table 4 Variation of resistance polarization with SO,
B4 A5 E e AT B SO,% WK 1781k, concentration
Fig. 4  Evolution of self-corrosion potential of steel _ _ Ry/(kQ-cm’)
o e o ot oo o
—1507 0 363.22 35224 324.42 320.28 31854 328.26
‘200f;?“;3 - :ﬁ:gggg}%fﬁ 0.01 358.20 34852 328.86 310.08 300.28 316.20
-250¢ S fgfégggiigg 0.02 362.80 360.24 316.48 298.42 31224 284.66
300k o ’Q”smﬁ%?§§ 0.03 34320 328.62 282.28 283.36 288.6 278.42
- 350l 0.04 326.20 3062 260.42 285.24 27652 282.20
52_400; 0.05 318.20 298.60 284.46 262.60 256.24 243.26
= . 0.06 320.22 31224 275.06 258.42 269.70 80.34
—0r 0.07 280.22 30125 46.30 4520 3872 20.28
—>00F 0.08 5332 4840 824 932 1028 9.84
550+ 0.09 1186 1025 884 910 983 882
600 L . . . . L 0.10 363.22 35224 324.42 320.28 31854 328.26
0 002 004 006 008 0.0
Tonic content/(mol-L")
(@ 6=20 C leorr B SO, WK 4N A AL T 6 PR W]
-150 AR BOR T L Lo FIEHIR AL . HREN
200 o Coomias 60 ‘C, pH ik 11.75 % MF R, 4 B SO,2
250 ffgggﬁ.'%?? JEF] 0.05 mol/L B, leorr BT 0.60 pA/em? i1 &,
300f . " Seopi173 SO.2 3% %1 0.08 mol/L J& M %1 2.65 pA/cm?, Mk
E%SO- JEF Ecor M Ry FIFERAB KA, SO R1MAE
3_400' ﬁq—F leorr E@ﬁ{t%%*ﬂ Ecorr& Rpﬂ‘ﬁfﬁ‘, éﬁé\%mgﬁ
4501 HJE i rL AL L AR A R EL A5 38 4 0 75 45 et ) R TR AR
=500 WL BE AN [A) 7 SR AE BURE B B PR AR I 2 R 1
=550 WL 5 fim. 20 °C, pH{EA 12.55 Al 12.15 f14%
—600p , TN B ERAR < B B E >y 0.07~0.09 mol/L; 60 C,

1 1 1 1
0 0.02 0.04 0.06 0.08 0.10
Tonic content/(mol- L")

(b) 6=60 C
I 5 R RGN A0 A5 I 6 ok S B 8 TR BE PR AR £
Fig. 5 Evolution of self-corrosion potential of steel reinforcement
with ionic content at the same temperature

5 4 AN SRR AL L BELBE SOL2 Uk B2 189 i i1 38 4k
WA 60 °C, pH fE M 11.75 I, R, fEHAE SO K

pH {E°A 1255 Ml 12.15 HIFERAR IR RME A
0.06~0.08 mol/L; pH {8 11.75 [ FE SO WK
18 A 0.05~0.08 mol/L. FeSO, B#HES5HEE
TE A 55 2 THI S B0 45 Tl i 18 R 1E D S 80 pH (B X
SO, W ¥ BB IS A/ o 24 I [SO,” J/[OH 3K
RAL NG AR B 7 E R, [SO,”)/[OH]BE pH
AEL Y3/ T 38 K
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r ——S20pl12.55

3.0 ——=S20pl1. A o
-~ S60p12.55 Vo= A=
- S60p12.15 S
25+ S60p11.75 -

o/ (A-cM?)
. - ~— b
N (=) W ()
T T T T

=
(=
T

1 n 1 L 1 " 1 L 1 L 1
0 0.02 0.04 0.06 0.08 0.10
Sulphate content/(mol-L™")

B 6 A o LI 2 B SO, WK FEE 18 Ak
Evolution of corrosion current density of steel
reinforcement with SO,%" content

#5 ARAAFRMERHENTREIRKEHE
Table 5 Different ways to characterize the threshold of
sulfate concentration in specimens

Fig. 6

Sample No. [OH]/(mol-L™Y)  [SOZJ/(mol-L ™Y [SO2)/[OH]
S20p12.55 0.035 0.07-0.09 2.00-2.57
S20p12.15 0.014 0.07-0.09 5.00-6.43
S20p11.75 0.005 0.06-0.08 12.00-16.00
S60p12.55 0.035 0.06-0.08 1.71-2.29
S60p12.15 0.014 0.06-0.08 4.29-5.71
S60p11.75 0.005 0.05-0.08 10.00-16.00

23 ARIBES pH ETESE FIREXTMET R
:opAln

W AR SR A2 7 By
Re WFERN 20 CH) 3 MRAFE Egon BHIHZNT 2 4
BB, WIUEMT B Econ 2RI CIHIMRALAE F SR
&A%, pH fHA 12.55 MIREE Eeon H7E SO 3L F
0.03 mol/L i HH B FEAe 4 o5 1 J 4k 523 SOL%
Ecor [HZERFE-450 mV £ 4, SO~k 0.1 mol/L
B Ecorr {H A-432 mV, FEEILIBE AR T2 . pH H
N 12.15 5, 7E SO,2 W % %) 0.04 mol/L HFLAHL,
A : 24 SO.2 34 F] 0.1 mol/L I, Ecorr {8 7E-488 mV
A, WMmARAESM. AL E SO fES CI
VU L SRR, X RN SO BAT R
Bt e AR, HRMRER AR -, HER O
B 7E B MR R TR 1) CI, 177 SOL% 040 i i il RS 17559
T ZE T S8 TN AR B sl %2, HE AR
B XRD WA A B, BT S04
55 Ca®* [ N4 i CaSOy, FE MM 1M i 25 )2 »
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Extended Abstract

Introduction The corrosion of steel bar in tunnel lining concrete under high geothermal environment is the result of the combined
effect of temperature, pH value of pore solution, and erosion ions. In this paper, the critical ion concentration and corrosion behavior
of steel bar under the combined action of ambient temperature (20 C and 60 ‘C), pH value of pore solution (12.55, 12.15, and 11.75)
and erosion ions (CI~, SO,*, and CI-, SO,*~ composite) were studied by simulating concrete pore solution. The results show that the
critical chloride concentration of steel corrosion is 0.04—-0.06 mol/L in the saturated concrete simulated solution with temperature of
60 C and pH of 12.55 during chloride corrosion. The stability of the passivation film decreased when the pH value decreased (12.15
and 11.75), and the corresponding critical chloride ion concentration also decreased (0.03—-0.05 mol/L and 0.02-0.04 mol/L,
respectively). The corrosion induction period of steel bar becomes longer when the steel bar is eroded by single sulfate. The threshold
value of sulfate ion concentration is between 0.06—-0.08 mol/L when the temperature is 60 “C and the pH value is 12.55 and 12.15, and
it becomes 0.05-0.08 mol/L when the pH value decreases to 11.75. There is no significant difference in the sulfate concentration
threshold of steel corrosion, because the gypsum covers the steel surface and delays the steel corrosion which formed by the reaction
of sulfate with Ca(OH), in the simulated pore solution. Therefore, temperature and pH value have not significant effect on the
corrosion concentration threshold caused by S0,%. Under the combined action of CI~ and SO,*, SO,2 will repel the CI7, and it
reacts with Ca®* to form CaSO,, which covers the surface of steel bar,densifies the passive film, and slows down the corrosion rate
of steel bar. When the pH value is 12.55 and 12.15, SO,*" reaches 0.03 mol/L and 0.04 mol/L respectively, which can inhibit the
corrosion of steel bar caused by CI”. However, when the pH value is 11.75, S0, has not inhibition effect on the corrosion of steel
bar caused by CI".

Methods The electrochemical experimental instrument was Wuhan Koster electrochemical workstation, model CS1350, with a
current range of 2 pA-20 A and a constant potential control range of +10 V. A three-electrode system includes working electrode,
counter electrode, and reference electrode, was chosen for electrochemical testing, that is, the steel bar sheet (10 mm in diameter and
0.785 cm? of exposed area) as the working electrode, a platinum sheet electrode (20.0 mmx20.0 mmx0.1 mm) as the counter
electrode, and a saturated copper sulfate electrode (CSE) as the reference one. The corrosion potential (Ec) of the steel bars was
tested by the Open Circuit Potential Method (OCP). During the test, the working electrode was immersed in the simulation solution,
and the test began after the corrosion potential of the steel bar was stable. Then the polarization curve of the steel bar was tested by
linear polarization method (LPR), the changes of corrosion current density (lc,) and polarization resistance (R) of the steel bar were
analyzed. The corrosion products of steel bars under different erosion ions were studied by X-ray diffractometer.

Results and discussion In this paper, rapid corrosion tests of steel bars in concrete simulated pore solutions under the combined
effect of different temperatures, erosion ions types and concentrations and pH values were carried out. The critical chloride ion
concentration and sulfate concentration thresholds for the steel to start rusting in different temperatures and pH values were clarified.
Moreover, the corrosion products generated by steel corrosion under different erosion ions were investigated by XRD.

Conclusions The results showed that the critical chloride ion concentration of steel corrosion was 0.04—0.06 mol/L in the saturated
concrete simulated solution with pH value of 12.55 at 60 ‘C. When the pH value reduced to 12.15 and 11.75, the stability of the
passivation film decreased at the same time. The critical concentration of chloride ion also reduced to 0.03-0.05 mol/L and 0.02-0.04
mol/L. The corrosion induction period of steel bar becomes longer when the steel bar is eroded by single sulfate. The threshold value
of sulfate ion concentration is between 0.06-0.08 mol/L when the temperature is 60 ‘C and the pH value is 12.55 and 12.15, and it
becomes 0.05-0.08 mol/L when the pH value decreases to 11.75. There is no significant difference in the sulfate concentration
threshold of steel corrosion, because the gypsum covers the steel surface and delays the steel corrosion which formed by the reaction
of sulfate with Ca(OH), in the simulated pore solution. Therefore, temperature and pH value have not significant effect on the
corrosion concentration threshold caused by S0,%. Under the combined action of CI~ and SO,*, SO,% can inhibit the corrosion of
steel bar caused by CI~ when the pH value is 12.55 and 12.15, and the corresponding concentration of SO, is 0.03 mol/L and 0.04
mol/L. However, when pH decreased to 11.75, S0,%had not inhibition effect on steel bar corrosion caused by CI".

Keywords high geothermal environment; corrosion of reinforcement; high temperature; pore solution pH value; chloride and sulfate
complex interaction



