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Abstract

The corrosion behavior of corrosion-resistant steel bars with different Cr content was studied by
means of cyclic immersion test and semi battery electrochemical test. The corrosion resistance of
corrosion-resistant steel bars with different Cr content in chloride ion environment was evaluated.
The microstructure and rust morphology of the samples were observed by optical microscope and
scanning electron microscope. The critical chloride concentration of different steel bars was ob-
tained, and the corrosion resistance index of steel bars was calculated. The results show that the
alloy element Cr makes the steel surface form a dense and stable inner rust layer, and it blocks the
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material transport of corrosion reaction. At the same time, it prevents chloride ion from corroding
the steel base. Controlling the content of MnS inclusions can effectively prevent pitting, so as to
improve the critical chloride ion concentration.
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Figure 1. Life analysis of steel corrosion in concrete
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Table 1. Serial number and brand name of test reinforcement
%= 1. RENHFSRES

B Cr ikt e
o# I HRB400
1# 0.30% HRB400C
24 0.35% HRB400C
3# 0.40% HRB500a
4% 1.5% HRB400C
5# 5% HRB500C
2.12. ERS

RIGIL E R 02 2 FoR, ATCAE I 14, 2#, 3#MFR T cR S EME TR SRS, HE
TEBEWEAR, TR EN0.30%/ 4, 0.35%74 47 F1 0.40% 447, 4RIC 5 &840 H N 0.30% 4 44,
035%7r 45 F1 0.50% 7 47, 5 A4 = T A AAH 2

445 SR O B S AN 2 RO, E R A B HIRAK S A 0.005%5 0.004%, A

N
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A, SEANELEWHLES. fSESNN 04%ELHE 03% KA, MAEE. EEN 0.20%5
0.15% 4 47, A AHNTHE &

Table 2. Chemical composition of test steel (mass fraction)/%
= 2. MM E R (FRE 7 8)/%

i 5 C Si Mn P S Cr Ni \V/ Cu Mo
0# 0.243 0.456 1.370 0.020 0.023 0.001 0.002 0.047 0.013 0.004
1# 0.210 0.380 1.370 0.030 0.027 0.290 0.320 0.071 0.014 0.003
2# 0.180 0.34 0.99 0.028 0.022 0.36 0.34 0.008 0.015 0.003
3# 0.200 0.360 1.200 0.072 0.028 0.420 0.490 0.057 0.210 0.003
4# 0.148 0.694 1.049 0.014 0.005 1.562 0.185 0.049 0.410 0.006
5# 0.054 0.241 0.187 0.014 0.004 5.094 0.140 0.018 0.312 0.010
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Figure 2. CCT curve for controlled rolling and controlled cooling of 1.5% Cr corrosion resistant steel
2. 1.5% Cr it i $M AR 12 %L 1204 CCT fhZk &

M 2 FA LA W, & Cr i sh4R 5 Acl = 819°C, Ac3 = 870°C. 445 7E 5°Cls LA FIF, 4K
LI, DT RAR 2 2. A EAE 5°Cls LLUFIF, 4127 LR 44m U1 AR 9 .
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RHEE zwick 15 100 $7/7RIEHLGT 6 Fhifi kAN 5 7124 e AT IR UE ;s FI H AR Olympus 45
N GX51 KRB 4T SAHH ISR ; KA $ET FEI Republics.r.o #4517 5y QUANTA 250 FEG it
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Figure 3. Electrochemical test sample and test process
B 3. BieF MR RREEE
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JEFE, PidisR g AE 565~590 MPa JuFE, WE{HRLE 29%~31%E . 3% 5#4N JE Ik 3 ¥ 7F 550~565 MPa ji
FEl. 2 BH R 0 15 &30 00 22 PR RE A & 4 4, GBIT 33953-2017 HITH 14X 155 712 1tk BE A 2 [5]

Table 3. Mechanical properties of test reinforcement
= 3. I IRAET F Mk Re R

s Hiks ReL/MPa Rm/MPa Al% Agt/%
0# 16 430 580 29 15.6
1# 16 420 570 30 14.8
2# 16 425 565 31 15.9
3 16 550 690 28 135
44 16 445 590 30 15.4
5# 16 565 700 31 15.8

Table 4. Standard values specified in GB/T 33959-2017 (not less than)
%% 4. GB/T 33953-2017 M EMFRAEBECT/NF)

= ReL/MPa Rm/Mpa Al%
HRB400 400 540 16
HRB500 500 630 15

S FL) 6 U 2 B TS i DL R SR, A iR AT A E AR, S RIS R IR bR
BS4449:2005 [ ERHEATIRKE, SR A 75 Hz, FRIEA 200 MPa, B /jEEN 0.2 [6]. X568 45 R332 P H
JIRIE 57 HERE SR o
3.2. &HALR

6 T T A 10 < AHZH 23N 1 4(a) B 4() B : MBI AT BAE H & AN 3 2 Bk R iR 5 Btk B
Jo— 58 1) DL ERAAZE RS, SH 8 A5 1) o B85 itobr )RS5, 038 R B N/ o BT 400 21011 (O#, 1#, 2#, 4#)
WAL MR BIIMK IR R 4%, 2#, 1#, O#, &RiEN 85, 9, 9.5, 9.5. XFELATA 500 I8 /i diki
FEH 5#'5 78 10, 3#4 9.5, Jf H S#HIBIHRIA S BEE D . NOTFLERHL N RS, HHANZERE/N.
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Figure 4. Metallographic diagram of reinforcement
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Figure 5. Relational trend chart of corrosion potential of reinforcement and chloride concentration
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LF) 5%, HABLFMmHTE, 25K NaCl il EESR =0y 7%, S#EM A 1 A W S (0 rAG 7 S 82, Ui ] 5#
A A PRI S SRS TR BE R I 7911, AT SR R PR R N ISR AR e, W T OB S AT LR

3.4. B
A5 FH 13 FEBE S 25 RPN A R RS = M AT R A B DL 45 B

c:\edax32\genesis\genmaps.spc 20-Apr-2016 14:41:27

c:\edax32\genesis\genmaps.spc 22-Apr-2016 15:47:48

LSecs: 14 LSecs : 36
1.0 e [0 39+ 14
0.8 3.1 Fe
Fe
0.6 2.4
IKCrit KCrt
0.4 1.6
(e}
0.2 0.8
Fe o 6: € Sf;
Si Na Ca
Na Ca C Cl Cr
T T T T T T T T T T T T 00 v 1 T 1 U T T T
00 1.00 200 3.00 400 500 600 7.00 800 9.0010.0011.0012.00 13| | 000 200 400 600 800 1000 1200 1400 16.00
Energy-keV nergy-keV
@) (b)
c:\edax32\genesis\genmaps.spe 22-Apr-2016 16:07:25 | [c\edax32\genesis\genmaps.spe 22-Apr-2016 15:33:45
LSecs: 15 LSecs : 25
1.3 24 1.7 34
1.14 144
e e
0.8 1.0
KCt KCrft
0.5 0.7
O (¢}
0.3 0.3
Fe : Na
Si F Cl Ca
Cl € . M
cff™ e Ca  r ¢ si cro
0.0- 0.0 T T T y T T T 7 7
1.00 200 300 400 500 600 700 800 900 1000 11.00 12 | 000 100 200 300 400 500 600 700 800 9.00
Energy-keV Energy-keV
© (d)
DOI: 10.12677/meng.2022.91005 33 ek


https://doi.org/10.12677/meng.2022.91005

Mridi, B

c\edax32\genesis\genmaps.spc 20-Apr-2016 15:50:05 ci\edax32\genesis\genmaps.spc 20-Apr-2016 15:19:54
LSecs : 41 LSecs:20
12 Fe 9801
0.9 784
Fe
071 583+
0 Cl
KCitog €l
.5 3921 Cr
024 [ha 196+ Ca
Si Ca Cr \ Cu Si H Cu
0.0 T T T T T T T T y 0 - T - - - T ¥ 3 7 + T y T
000 200 400 600 800 1000 1200 1400 1600 1800 200 400 6.00 800 10.0012.00 14.00 16.00 18.0020.0022.00 24.0026.00 |
Energy-keV Energy-keV
(e ®

Figure 6. Energy spectrum of corrosion products of steel bars
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Figure 7. Section of rust layer
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7(b) N 5SS B I AN, JLIE PR ARON BCE TR IR AR B R AL B A R AR A T L2
FIAH U AEE AR
3.5. [BFENITR
KR sz it . ISR (YBIT 4367-2014 ARG S T30 55 8 hike J7v3:) AniEidi4T. 4]
VAN 2% (W) NaCl ¥, VA& N 30 L, pH {E7E 6.5~7.5 G . *MABNZE TK. SZIRE
FEFEHIEE 45°C £2°C. FATIEIEIA A 60 min, IRIBHTEA 12 min, T Ay 48 min. X536 E WM 72
ho 3645 L% 5.

Table 5. Results of cyclic immersion test

F 5. FRBIMLEER

HEA AR J& g = (mm/a) X T ok 1 1 (%)
0# 8.09 1.0000
1# 7.56 0.9344
24 7.18 0.8875
3# 7.16 0.8850
4 6.59 0.8145
54 5.18 0.6403
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PAK W =150 kg/m®. K C = 300 kg/m® (W/C = 0.5), /K& % h = 200%H9R%E L A6, B0 A AT
AR B LA P A S T E B A SR E L A S TIRE, BEI R T

1) YL

TR A AR AN ALIA TR p (%: ABEL) ATARIE K& W (kg/m®). 7KV & C (kg/m®) /K /KAl
R h(%)HEAT T .

W —Cxh
~ 71000
p = (150 —300x0.2)+1000 = 9.0%.
2) HBES FIREMITHE

TRE L P B S TIRIE Cy (kg/mP) ATARYE S AL AR B A AL L p (% B BEL) BASALVAB o
CIKE a (%: Jii )T it5.

3) B HITRIRE A
LB HITRIRIE any (%: AKIBFRLL) VEE TR S5 AN ERRETIHE,
a,,, <0.358 1 a; =4.74xa,,
a,,, >0358MF a; =0.240xa,, +1.615

mob
Amop N EFKE T AE FEREME S ELL, AT eI R i) SRS IR B 35 B0 A
W
Aoy =AX—
C
4) EEEFIRERITHE
TR LA 14 & FE TR Crx (kg/mO)ARIE LS & EUCRIREE an SOKVEE C HHATIHE.

_CX afix

Cfix
100

5) B TIREM I

EERBE TR MEE TIRE S 6 A B TIRE R REEL 2 E B TR R R
Ctot = Cv +Cfix

6) BRI S IR

7 ER AN EEE TIRE, 45/ 6.

Table 6. Critical chloride concentration of sample

6. MHNIERRETFRE

RFEG 5 1% 7+ NaCl wt% Cl% C, Crix Coot
o4 1.1 0.7 0.6 5.1 5.7
1# 2.5 1.5 1.4 5.4 6.8
24 2.9 1.8 1.6 5.4 7.0
3 33 2.0 1.8 5.4 7.2
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Continued
44 6.3 3.8 35 6.0 9.5
5# 8 4.8 4.7 6.4 11.1
e 13 7.8 7.7 7.7 15.4
RIVEHAE FIRE
20 12.1 12.4 9.2 21.6

FEMFPERR S, VR LRI AT R S5 AL R X R B A, — R R IXERAE, 25, RIRIX 8
Hio GEARZE[TISWI AT, 16 SERIHERRID Lk, FEEpRIR A+ i R T 45 TR A 0.6% (Wt); 37 PURLSS
TARR R 5 22 25 [8]4R S RE 2 T 408 TR B I B s {408 0.58% (Wt)o DAL, s+ R E T
WP R RIA K T 0.6% (WH)H & B, YRR+ % HX 2400 kg/m®, 4% 0.6% (Wit 58, RIMETRIKEN
14.4 kg/m®, X 9 VARG ALARVR FE A 12% . #Rs manif Js0, S04 BOR I6k b 3 VA b S AL B vk
FE 13%. A3 BRI A 1458 NSZS W3 7.

Table 7. Estimation of corrosion resistance index of reinforcement when the concentration of sodium chloride in concrete
surface solution is 13%

7 ORBIRERRDEMNIRE S 13%HHRET HEE e R EE

WS TufTio TarlTao NSZS
0# 1.00 1.0 2.00
1# 2.2 1.0 3.2
2# 2.4 1.0 3.4
3# 2.6 0.8 3.4
4# 8.6 0.8 9.6
5# 75.3 0.8 76.1

M AR AN IR G B 2 X, AN % HRB400 [ NSZS 4 2. @il # KA SANE R &S 1T
WEETFR NSZS, #i: % NSZS > 4 I8N FRVEM ThaX 7, #F NSZS > 6 AN AR 1E s ihaN iy . %
FHK Ve &0 T IR BE 1148 NSZS, 23: ¥ NSZS > 3 (AR RRVET 4N %5, % NSZS > 4 AN Fr A
e R L 5

4, 4Eip

1) fE Ni TRIIE S N Cr JCHRAE R AR IR w] LR 0 B AL IR OR3P 80 77 o 3 3o FH 1 E 580
FIE— P RAABIE . T EAE Ni JTRIIEL S T Cr Jo R & S s vl itk e ORI
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