%535 2 W WOk ML 2025 4E 2 f 1

doi:10.3969/].issn.1005 — 0329.2025.02.001

ézﬁtzaéﬁ%?%:
SUHESRERERBEALFZEMITATR

BN BRI 2, g V2 IR Y AR O B Lok B
(LA AT 2B VUM 22111652, R LK BN T 5 BRI M R
AR 22111653, TIIRPRERERHE R RATIR A, TEFR M 221000)

i E N TSRS E R A S A e U S R TR A AR S AT ok, SR FH Tafel #i Ak A fAb2#BHBTIL (EIS)
MR B lePERE , FEFRIH SEML EDS, XPS IR 57, SR E T00 R I 8 Tee St 1o b . 4553880, 3011 NE54K
T R AE HCL BR5E R Dl 8, B AL R ZR I A R A BAL X, Bl VA VROR BE SR RE AT, 1 M ok L 3 2 B 3 A, b2k e
R AN RS R X T F I A R BUR M L 90 °C HCL VA N (Y L6 RS FL B A 3.682, AA 50 CH Y 6.7% , JES A,
BN 1.258x107 Alem?, J2& 50 CHTIY 3.94 i, S T4 HGH AN CL 15 40 082 B85 b ™=y v i e AR A A RS
FETMELUIE WAL, 25 5 SECREE I s i K A o WSS 5 50 T M B IR I A T g o F o A e HR MR fn 2%

SEEIR WA s R HCL VAW B AR s S i

E 45 TH323;TG174.3 TERERERD A

Research on electrochemical corrosion behavior of diaphragm in hydrogen chloride diaphragm pump

CAI Fengyi',CHEN Yinghua'+?, LI Haisheng'?, CHEN Jukai'?,ZHANG Jingliang®,ZHANG Xun',ZHANG Zheng'
(1.School of Chemical Engineering and Technology , China University of Mining and Technology, Xuzhou 221116, China;
2.Key Laboratory of Coal Processing and Efficient Utilization of Ministry of Education, China University of Mining and Technology,
Xuzhou 221116, China;3.Jiangsu Zhongneng Silicon Industry Technology Development Co., Ltd., Xuzhou 221000, China )

Abstract:In order to investigate the electrochemical corrosion behavior of hydrogen chloride diaphragm pump membranes in
high-chloride and high-temperature hydrogen chloride environments, Tafel polarization method and Electrochemical Impedance
Spectroscopy (EIS) were employed to analyze the corrosion resistance of the membranes. The corrosion samples of the membranes
under different operating conditions were analyzed by SEM,EDS,and XPS testing methods. The results indicate that 301L
stainless steel membranes suffer severe corrosion in hydrogen chloride environments,with no stable passivation region observed
in the polarization curves. With increasing solution concentration and temperature, the self-corrosion current density increases,
leading to a decrease in corrosion resistance. The stainless steel membranes exhibit high sensitivity to temperature. The charge
transfer resistance in a 90 “C HCI solution environment is 3.682,which is only 6.7% of that at 50 °C . The corrosion current density
is 1.258 x 1072 A/em?, which is 3.94 times that at 50 °C, and the ion diffusion rate accelerates. Competition for ClI™ adsorption makes
it difficult for oxides in the corrosion products to maintain stability, hindering the formation of a passive film on the surface, thus
leading to the occurrence of pitting corrosion in stainless steel. These findings provide a basis and reference for the study and
design of corrosion—resistant membranes for diaphragm pumps.

Key words: diaphragm pump; diaphragm ; HCI solution; electrochemical corrosion; corrosion behavior
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Tab.1 Chemical composition of test material %

JL&E  Fe Cr Ni Mn Si Co Al V P Cu
B 72.20 18.10 7.39 1.15 0.74 0.16 0.09 0.08 0.04 0.03

TSR FHZK VA AR T 2o ) P ot Py R
J 50 °Co Adi A4l NaCl #1 1 mol/L HCL B,
A3 LR CL- W 1.0,1.5,2.0,2.5,3.0 mol/L )
HCLIEW, A BT NS5 MR R A e Sl 85 v ) g ik
FEPE o K IS 1 mol/L HCL ¥ R &
PR¥FFE 50,70,90 °C, MK AEA )R EE N AN N
R . o B EAT HE AR BT B Tafel # 4L
i, RS R PREE T AR AL HLBEL | Tl
Ui BE 4 Tafel A Ak th 2 341 5 el 007 75 el
+150 mV (vs OCP) , LA FHEE N 1 mV/s; Hifk
PR BT (EIS) 43R5 F o 1072~10° Hzo ffiFH
TooK 2P LA 5 R, SR A TESCAN-
VEGA H$5HLBE (SEM ) , WEARAE 6 1l s A fouE
JE 555 1 FH Escalab 250Xi X 41 28 )6 H 7 fig 1% Y
(XPS), 3 Mr & Hi45)Z Fe,Cr LR LS A, b
& b = A 2

2 #R5iTiR

2.1 R 6 JRARAT AR AE

R A AE & 1.0,1.5,2.0,2.5,3.0 mol/L CI-
1 1 mol/L HCl ¥ H AR A th £, H: 3= B bl S
N SN 2 Fis .

*2 FEREARRE CrKER HCl AR BRI MSE
Tab.2 Electrode reaction parameters of the membrane

in different CI~ concentrations of HCI solution

CIm ¥ JZ / (mol - L") Loon!/ (Asem™) Eeon!V
1.0 3.194x1073 -0.338
1.5 3.732x1073 -0.339
2.0 3.915%x1073 -0.341
25 4.389x107° ~0.343
3.0 4.754x1073 -0.349

& o FL AN — R AR AR B 1 KT, N
Iy 2 PR R 0 1 S i AR S . R 1 R
RN A AE 1 mol/L CL™ ¥k B vh (9 | )68 1ok vy
B Eeore T (=0.338 V), JEE 1ol FEL I 5 B 1o S TIR
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*3 EREARRE HCI A RHFHBERRESE
Tab.3 Electrode reaction parameters of the membrane

in HCI solution at different temperatures

T/°C Lo/ (A*em™) Eoon !V
50 3.194x1073 -0.338
70 1.0x1072 -0.336
90 1.258x1072 -0.333
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2 mol/L B, B R THIB /™ H IR, SRR AN T3
L 092 R RR ) LT, 7 A B ) A B 5 5 2
CI" VR FEA 3 mol/L B, R AR E— L8 Ak, it
(%5 I 1 L B TN, KA
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Fig.1 SEM images of diaphragm after electrochemical corrosion at HCI solution with various contents of C1~
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Fig.2 Diaphragm surface [Fig.1 (a) ,1(c¢)] energy spectrum after corrosion
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Fig.3  EIS of stainless steel membrane in HCI solutions
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Fig.4 Electrochemical equivalent circuits of the stainless
steel diaphragm in HCI solution
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Tab.4 EIS parameters for stainless steel diaphragm in HCI solution with various contents of CI~

Clm#JE /(mol- L") R/ (Q+em?) R,/ (Q+em?) CPE-T/(Q7' <em™ +S") CPE-P R;/(Q:cm?)

L/H Rp/(Q'cm2>

1 10.460 54.89
5.723 27.93
3 2.660 16.73

2.70x107* 0.856 127.10 17290 3833
3.05x107* 0.889 56.59 23.67 18.70
4.50x10~" 0.897 31.41 10.86 10.91

AN AEAN R T B 1 mol/L HC ¥
W Y EIS MRS i 3 (b) M 5 fiw. 1l
DLF R, Bl 3G U 0 T e i 0N, B rh
FPUINAL s e A R . 7E 90 CHEE T,
L o7 4% B HL B R, B AIK, M 3.682 Q-em?, 3 B
A A IS R 3 T 0L R 2 45 ) T ) | O RS e

AP, TP T AN B A S R R A 3R T I e B
355 A o 2 e e ot e Y % R K A AR A
—F, 90 CHIEF B R, 290 50 CF Y 6.7%,
TE i S5 T U AR D N RCR B L, 13
AN 0 TS AE o I PR B R UE DL ORIE R 4F Y it
Juiia o
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Tab.5 EIS parameters for stainless steel diaphragm in HCI solution with different temperatures

7°C R/(Qrem®) R,/ (Qeem®)  CPE-T/(Q'+em™-8")  CPE-P R/ (Q:em®) LM R/(Q-cm?)
50 10.460 54.890 2.70x107 0.856 127.100 172.900 38.33
70 4.594 15.860 4.02x107 0.873 39.670 9.320 11.33
90 3.860 3.682 1.80x107* 0.843 9.099 0.821 2.62
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Fig.5 XPS of passive film of uncorroded film
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Fig.6 XPS of corrosion products of electrochemically corroded stainless steel diaphragm (Fe )
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