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Anticorrosion application of electroplating equipment based on
passivation treatment of Q235A galvanized low-carbon steel

SUN Huake ', MAO Zhigang !, LIANG Sida *
(1. Department of Mechanical and Electrical Engineering, Henan Industrial School, Zhengzhou 450011; 2. Department of Electrical

Engineering, Puyang College of Technicians, Puyang 457000)

Abstract: The passivation treatment process was optimized and its application performance was examined to meet
the anti-corrosion needs for Q235A galvanized low-carbon steel in electroplating equipment. An electro-galvanizing
procedure was used to prepare an 8~10 um coating on Q235A low-carbon steel plate. The coating was obtained
through an acidic potassium chloride galvanizing technique following pretreatment involving alkaline degreasing,
hydrochloric acid rust removal, and sulfuric acid activation treatments. A single-factor variable method and orthogonal
experiments were used to examine the effects of potassium dichromate concentration, passivation temperature, time,
and pH on the performance of the passivation layer. The optimal process is as follows: potassium dichromate 15 g/L,
temperature 30 ‘C, time 7 min, pH 2.0. At this time, roughness of the film layer is 0.24 pm, film thickness is 2.3 pm,
white salt spray rust resistance reaches 130 h, and there is no peeling of the adhesion. Process validation shows that
the salt spray white rust resistance of the treated roller bracket increases from 40 h to 150 h, with less than 5% after
6 months of on-site use. According to economic benefit analysis, the annual comprehensive cost is 20% redaction.
Keywords: Q235A low-carbon steel; galvanizing process; passivation treatment; corrosion resistance
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FHs1,

ARk, [ A AhaA e R B T 2T
TREM, EERETIERMLERIIIE, I
AHEESTAL . S/ RIS . (HIXE T 2T
b B R AT A A TR P RE S A S S IR ER AL 22 B
W R  AATHE DIORS v R 4 A ), B
X FL B e SR AR MRS 85 T A R 45 5 77 5 T
PEPMRIAL IR TE, B T ES M2 5 TSR
MaHhE, SRZXEhATOU R R RBLH R S
STl IR —FIAMR R E R T R S
r LOLHIBEAL T2, e B IREUEE . Tt 5
G IMEREIRTE, MO8 2 RTZ AT R AR R (1 5%
SR A0,

T Q235 AT EEARBRAN Bl A AL B A L FEATL 4515
#BIE T, A CRBALG AR T RIR, 8
BLIA R S IR i R B S AU 4 5 IR A SRR 4R R
RARXHAEH, fRoues TRt s &
JINBERIT G . SR AR & SIS TR, FIA
PRBNAN R I OR AR R R AR 2 1. FETCEBlL
M PRPEAS . S5E T IBUIR T, @i AR
IR R &, AE AR IR 85 XU (14 [R] I $2 T i ekt
PERE

1 X

1.1 SRR

S0 B M 3% FH Q23SAMRBR AR, AR FLA% Ky
100 mmx50 mmx2 mm, $4NEEH A7, ARy
(R EDE)FFEGB/T 700—2006F5#E: C<<0.22%.
Si<<0.35%. Mn<1.40%. P<<0.045%. S<0.050%.
BERE R F AR T 24, B2 EE i H 7R~
10 um, B2 4088 04(0.3540.05)%. S5 T4
TooK O IR, B OR 3% T V8 V5 53 2 GB/T
9286—1998 A E =R 1121, 528 By F 44 =2 24 i AL
#1, FHAIZ0.45 umf LI IE

x1 EHHM
Tab.1 Laboratory drugs

A i AR PR
NaOH =96% 24 £ ]
Na2COs =99.8% Rafhr T A
NazPO412H>0 =98% 22 5 MR A
HCI 36%~38% 7 At
H2S04 98% i
HNO; 65%~68% iR
K2Cr207 =99.8% Fa AL
NaF =98% ]
C3H303 =99.5% iR E=s
OP-10 FLALHI b4l TEERL AR

1.2 SEIEg&
SIS FL AN B L2, AR R IR
SERREER
*F2 TLERERINEE

Tab.2 Experimental equipments and instruments

S .

piug= %
Aa\\El
E%? HH-6 FIRTEEEIR-100 °C, ¥+l C
i TR #6358 0~2 000 t/min, L2
P
pHit | PHS-3C METEE 0~14, HiE+0.01
N AMIS0L, EQG5+2) C, HhEik
m%ﬁt }—“tF o 15 55 Eh
e YWX/Q-150| & 5%, Wi% k7] 100~150 kPa,

ZUTREZ 125~250 mL/(m?2+h)

HH kS TR200 AHE%E 0.001 pm, ETEFE 0.025~
BEAX 12.5 um, FEEE£10%
JEEAL | CM8820 METEE 0~50 um, FEEF£1%
Rk QFH JIRTEIE 1 mm, RIASIR T 344
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1.3 EBENE
13.1 Ar&® Tz

(1) BEPERRM: KA IR N HNaOH(30 g/L)+
Na,CO3(20 g/L) « NasPO4+12H,O(15 g/L) F1 OP-10
(5 /LA LERIHF, 60 C T HHEALEE10 min,
T BRI ISR A A i, B e L B ToK
M S eh

(2) HCIFR 8 : KR 73 801 5% M HCHE TR =
IR S min, EAEEM RIS, R ELRTHR
AR, B EER R R

(3) HaSO4E A s FEARFR 73 H 5% T H2 SOLB T
HE A3 min, 2R B HACR T, Semm
eI 7, WS 3L B K el
132 &fsrsEaaTy

KA FA A R, PN RS, T
SBHON: pH=4.5~55(FHHCIAYY), HE25~
35°C, HMHEE1.0~2.0A«dm?, HAER 20 min.
PASEEEAR (S 1E =99.99%) NP, JEM ARG, 1)
150 mm, HPEILFEF L200 r/minik 6 FE,
W PR A 5050,

*3 YERER
Tab.3 Composition of plating solution

Hay | WE/(gLY) YEH]

KCl 200 SRR, AERPUORCT
ZnCl 70 TEh, Rt Zn T
H3BO:s 30 ZEmR), Fe e SRR AL
AN 10 RGBS E LY

R J5 1 Ze AT 30K BE:  H OR/K M2 min—
EBFIKBAE TGS min—4i/K¥%3 min); AR5 H%
ALFE . 7E-EHNO3(50 mL/L)FINaF(5 g/L) ) H Y6 A
FIRIRILT min, FFRPEZR A 560 CHE
FET1210 min, FEHIERHFKE<0.1%.

1.4 HHUAETE

K FH B R AR BT SE IR, 5 EEKCrO7 ik B
(5~25 g/L). HifLiRFEQ0~60 C). Flifbi a1~
9 min). YAWpHE(1.5~3.5) W 4ltb BRI, &
ANHRZE B ESANKT, FHLRELIR. #imH
FHEFIK,Cr07(15 g/L) FALFIHNO3(5 mL/L).
Ak W 3 AR 7 NaF(3 g/L) < bR JE 2 323F 7 H vl
(10 mL/LY4H ik, FZEFKERSELIL, F0.1 mol/L
NaOH/HNOsE W TipH E . 525677 ZE WK4, %A
FMSTARA,  HAh 2R 2 : KoCrO7 15 /L.
JLEE40 °C . I IH)5 min. pH=2.5. Blifbidfery, ¥

HEJE R S AR N, DR T R T RE
2 cm, ACFRJEHEBEFKPOEMSE, FRET

SEBR R, BAG IR R OB -t Ak
o IIANaxSO ¥ /SN o =408, A pH=
8~ 94 JCr(OH)s UL TE , 28 5 Y08 5 T R Hh 7S AN AR R
<0.3 mg/L(ji%i /£ GB 21900—2008 k), JIIEHIT4 G
JRIGALE , SCOVESTRERIN IRV FE- 1T AL BE-TA bR
HEB”

T4 HULBIEIRSE

Tab.4 Experimental scheme of passivation treatment process

PSS I 1K 2 |7KF 3| 7KF 47K 5
KoCrO7 iR E/(geL ) | 5 10 15 20 25
AL IR EE/C 20 30 40 50 60
AL 6] /min 1 3 5 7 9
VW pH 18 15 | 20 | 25 | 30 | 35

1.5 SRR 5%
1.5.1 KR = 0

ZIRGB/T 13911—2020 (& &P fik 22 ab
BIZRAETTIEY 5 F1065 OB W S Bl AL B A £
S PE B AT 2 R R SR, TEIRE
BE s FH D B R FLSL
1.52 & &P Ak

FHLRE (RN B2 {5 FHTR200BHRE FE AN, WA
mn K M SRR RS S, BCFIE, TR E
£10%17. R (TR i FHCM8820 7 ikt JE AN 7 i
fb RO KA RS s, BCPIME, 2 #8%R0.1 pm.
1.5.3 i 5K,

e 6 2 GB/T 10125—2021, L5
A5°IRE T %56, 5% NaClin il (pH=6.5~
72)ELEWE S, D X H I E 8 (ZnO) FT 4L 45
(Fe203) [T 8], ~PATMR3 AL, BCRAED,

W B A 2 R K IEGB/T 5267.4—2017, B
] & CuSO4+5H,0 210 g/L. HCl 10 mL/L. NaCl
40 /LI 2, 0.1 mLii 52 B [m) FF 5 2 T ik
T IRBRER AR B W, IR AL ATt & SR T
FEUEA A T, S D) A e e Ak L8
1.54 %450

KR :(GB/T 9286—1998), i FIQFHZ L]
FEAX R T mmx1 mm 77 k(10 10FE51), ¥R B 5
o AEME3M 610/ 7 (K& 715 N/em),  LL60° A 1R E
iR, HZISO 24094 HEVELL, 0 N4 & 1ttt
JRV&), SN ZE (BT TR > 65%)19-20,
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2 HR5WE

2.1 T ZXHEEERE MR

KoCroO73f BE X ElAL L 1 52 45 S a0 B 1w
El1(a)H, FEEKCroO7 R BN, B4k i i A A
FESC/ NG, MKoCrOK FE 15 g/ LN FL RS
/N, CFEIMEN0.25 um. F1(b)H, 5 JE | BE iR
BINLR e K, (525 g/LAe i 5 38 o4k B R RS L
T+ o KoCroO7Kk FE BRI , A BT T8 iU HBiAL IS,
IR RIRERE o IR FEIG NS — EFE L, B E R
B0, AR R A2 A AR R, MR
Tt

T P T 2 R 5 AR B T ) 5 i G I 2 Bl s

05
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) {\I\I/I/EE
= |

<

g03f
02}
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WREIQLY)

(a) HLKESL

FH PE12(a) AT L, Bl Bl AR P (384 n, FEOREDRES 5 52 2
/NG RN, 30 CI I Z B 5] MRS B
AR (0.26 pm) o FEI2(b) A, 5 il 5 B0 A I 11 39
SIS N N R A . Bl 920, 300
60 CHY, MEEIME N5, 2.2H11.3 um. 7EHAE
BTN, Hib NIRRT 2 B A
W, SECHREER S MEREA R, RSHE
R, GBI TIRRES. SRS, B
RERE: iR eI, 2 5] E = S5 M Al R Bl
AR, FECHRE & FE .

BT A ST [) 0 B A B (1) 52 i 25 SR AN 3 s . Bl
BITT L, 5 minf J6 )2 AR5 4, PS50 HEU A B A A1
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Fig.1 Influence of K:Cr207 concentration on passivation film
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Fig.3 Influence of passivation time on passivation film
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(0.25 pum). A4 (1 min) S8R E K 58 &,
JE TR 78 o B ORAP R o B B (9 min) T
DRI BES 2 3 B v e LA (0 BE B, MRS FE LT+ &2
0.31 um. XA W FES KL P, #iisS
FERMEBLRAE TS RS, S8R E SRR
LA (B 2S mink, JEZE AN R, R
ik, UERHEifLIE O 2 e TR, RENE A RURY 3R
MRIASSZ I ko
2.2 MR EEXTEE

AN A Ko CroO73% BB AN B T B il 5 st el 4
7No B E4() ] I, KoCrOAKE N5 g/LI, HIKE
AT N120 h, ZL4BETEIH300h, BT H B
B o KoCroO7ik FE I R(S /LB, PRI Z (1.2 um)
SHPTFARL, TE Q5 g/L) ) PR 2 G R 0 e
Tho BE4b)rT AT, 30 CHRFfi i, 60 CREE
SERITOR, AN R4 245 he HIRSEUEE
SEVEREAR, AT NI T 8 it A% .
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L 3 A%
300 @ 4% ]
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Fig.4 Corrosion resistance data at different K:Cr:07

concentration and temperature

it R 7 2 IR0 25 SR N 3R ST . pHON 2SI
SE I [A] B, 1R85 s, 7 HA L2 PRI Ha A 2% JE3 Tk e
o pHAE (252,51 , BRPE(pH=1.5) 8k i 4 (pH=3.5)
ZE3 5 B0 i T 4, X S BT e /esT L
B A I, RIS R A AR P

®5 MEREREERELER

Tab.5 Titration test results of copper sulfate

pH & i % 1A /s IR

1.5 50 10 s J& H I/ INAL A
2.0 70 20 s JE A £
25 85 30s JE IR AL
3.0 75 25s JE AL R
3.5 55 15s JEHBLA

23 FAaNETIRENY

AN T B A IR TRD T F4) 45 & 7 DAk &5 2R G &1 5 i
e BEIMPEERRY], BB [RDXT 45 & IR 2 U
TR, 5 min ARG K, U B2 B A6 78 4
WL )4, 56 et TR, BEER5E
IR, HEMEEAER. HEEK, R
AR SBNRN R, etEsgm, 454 7K
TR

ANFpHAE T K45 & SIS R iR ol 45
& JIBpHIA A EXFRVIE R, pH=2.5/24 5 /)
BRI FHE o A SmpHAR 2 BB 52 55 A 1) T
A, BRMRG, FEES IRE.

5

4 |

3|

WAl

Tl

0 1 3 5 7 9
ik, B [8] /min

(a) GBI BRIREE R
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o
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o
T

Jiu & THIAR & EL/%
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—
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o
T

B |_E-|
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Fig.5 Test results of adhesion under different passivation

time
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#Fz 6 AR pH ETHEE MR
Tab.6 Test results of binding force at different pH values

pHH | 4i& 5% T RO

L5 3 WAL 25 R I v
2.0 1 AT A A
2.5 0 T

3.0 1 TG
3.5 3 R IR B 2 K

24 HUAIBTZIERSWNER

BT R RS AR, i% HKoCroO7R & L 4
PRI BT E] . R pHAE N KB R 3R N
RGEMMTE, RHALGHIERZ R EITLR AN E,
3K, s R R R R ], ZRE g
FACHAE D HIREE RS 55 A EEmf ), 454
G BIRM . IEAS SIS R 3R 5K IR THTR .

®7 EXIREERSKPEE

Tab.7 Factors and levels for the orthogonal experimental

BlA AL B IEAZ S B 45 RN K 8o . H&8W]
A, ST RIsREERE R L, B EURE R B2 AIC =
0.24 um, JEJEX2.3 um, #HhE AR AA130 h,
GG ITFHHNOR M), & TR AR N seie 40
i fE. KoCroO7iREEN15 g/LIF, #h%5 (5 (]
Wi HE L 115 h, EER T 10 g/LFI20 g/LIRFEH .
W30 CHY, BRZEm M4 & I RIEMR, H
W55 25 K #h Z I 1R] 23 Ak 13081110 h, 45&
F15°80%% . EliALE [E]5~7 min. pH=2.0~2.5H,
JEZ G A 552 N0~1%, Bt EREHR
[ECREREA- P

W 50K FH I BAE & 5 9 KLCr07-NaF-H il &
HARFR, ForbH ARy BB AR R R 2 s
J2 351 S A AR g s B S 78 43 1R AT o [N T A S
AL ) T2 S HAE T R S B ) v R X ],
151 (Ko Cro 079 BE 9 s 2 42 it 78 2 1 Cr*/Cro
B R B IS TR TR SR 78 40 1HEAT , SS9 TR T3R5
P S I A, L IRIR B  0 JE- A REE PR T B

design
= KF1 | KTF2 | KF3 Bk, AL ER T2 A AR A JE 2 T JE S AL A
KoCraO7 WK /(gL ) 10 15 20 TS, B R BB T R, b
B C 0 |30 [ a0 | RETBUESAEK. ERSRE QRS
BEALIT 17 /min 3 > l ZHON: KoCrOnik 15 g/L HE30 C I ]
VAW pH i 2.0 25 30 7 min. pH{E2.0.
F8 FHUAIBT ZIERWLER
Tab.8 Orthogonal experimental results of passivation treatment process
S B /Z%FE;/ 75%&*2/ I 18]/ pH {1 KGR | BE | R A N R Loy e
(g.LH C min pm pm h

1 10 20 3 2.0 0.30 1.8 80 2

2 10 30 5 2.5 0.26 2.1 110 0

3 10 40 7 3.0 0.32 1.9 90 1

4 15 20 5 3.0 0.25 22 120 0

5 15 30 7 2.0 0.24 23 130 0

6 15 40 3 2.5 0.27 2.0 115 1

7 20 20 7 2.5 0.28 2.4 100 1

8 20 30 3 3.0 0.29 2.1 105 1

9 20 40 5 2.0 0.31 2.0 95 2

25 EBENIEEHERAHAR

EIEQ235 AR EEICAR AN B4k AL 5 ) B FH A%
F, R EUEAE AR R A TR A SR (Q235 AT B
AT T EWAE, 2R NEK. mfE LGS
TR AL ER RT3, Bldn e H E (U H L
BAURE A, AR I3 H B R 45 5 8 g
AP

g TiEs & /1R IE IR 30 & Bl &2

1TPRBN(10~200 Hz, 2 gl &) R (50 JRE =)
i, SR MEI0P7R. REFAFFENRS) 10 min/5 &
EFFERITE, vhifiE IR AR 42 hilk3)
A3 VIR 2 e 8, KL & 1 2 1R
HENETHER,

G a0 E o A s L6 o BB AR AL B
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Tab.9 Process verification results of the roller support

R0 DPESTREEHNRIMWALER

Tab.10 Test results of adhesion performance under dynamic

POBLILSS - X hE | DI 6 A working conditions
e LI P = s ; — |
& A .~ ETIDIATS shil | RPSIERR
AT 40 100 PR > (10 min) (501) (1000 %)
50% T Np—
pryTa gt OEERE D g | HARR
&é‘%: 150 350 |AEIH<5%
BT . e
FRBEBER | =100 (GB/T 13912)| =200 | FHLMEI Kb RRTE ARG | RERE
60 140 YT U
50 FAbFEE =120 % 6
1240 = PSS =100 5 *E
]'530 = 80 42
& = 60 3k
720 &y ) B
10 20 1
0 0 0

WEWER B AR
R RAR . )

(a) [HE A

BB AL B 7 ]
EALEE A

WA IBATRR SN R B
LAY

(d) AF=seR

HeAS ARA L R
(b) HEERRA

FEHLIN ) =ML N 2
A7 R IR AL R

(©) =R A

ZN
4]
o
TT T T T 71771

20 T v AR B

B 2% S
(e) MpliA

El6 ZFHMEEXLLSH

Fig.6 Comparative analysis of economic benefits

10000 PE&A&ERLE, itk TEMnpRbSRA2 o1,
N2 Jot. ARACHRVE A RUR il 5 mdndis, 4ii&
MR 5 EE67%(10 Fi7t), AT 5E33%(5 J57T).
Ab P 5 A% TR T R PR, SIS AR A G R B 70%
140%. 124 P2 22 P {E500 Jo/hit 5, RACFE &4
fZHL120h, AFRJEFEE30 h. BiALJE & TER T
%, BATRUCR M85 % IR TF 2295%, /= He i F 42
B ORI RS T T6. BT6AN H M EEAN T C,
FISCHZ 864 H o DL ESERE, @ etk kb3,
WA AR5 A R [420%, ELET Rl AS AT e 61
H PRI AT L 4 AR A PR R RN, TR A
KA AR BT A SIS 7
2.6 S5EGIEEETHHC T Z 5Tt

T AR TIERRS, WS ESERIRE
ik T 2T, R FR. LSRR
TE&H, KoCrO7# Bl 7 1 (2 H20~50 g/L),
B IR AN SA, HREBULR S

HEHEAR(GB 2190020087545 HEPR H <0.5 mg/L).
IR S IR SRR, RIRKCrnO ik A
15 g/L, L4 T2 BR%25%~70%, MIEKIED T
BETR AR A B RS SR B T RRAL B
AFEARI0% LA b o d ik K v R 2 AR B ) A
pHE, {RFHXERER SEEEM R E RS, bR KR
ISR Eh IR, R S BB, Wb TR &IZAT
HREFREBIT R, TR, 2L Nt
RPN IR E <0.8 g/L, K TS T EH
3~5 g/LEk B &, PRAK T PRIBRAL B FE
TR L RANR 128 . SESHRIRE:
Btk TZA, R4 TEAE LR S S5 LY
JEILBERIS . fERERIR R T 2Em e, &5
B JTUL R SR [ S 5 A AE SR A S 8] AL T2
(1 28 25 i PN K AF B R IR SR+, ] S RF A H AR #h
SR, HEEE SN, FHmARE T G 0.
HAERAIRSN THLT, Lahasnhd g i b i R 0
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x11 IZIMRABHRER

Tab.11 Comparison results of environmental protection advantages of the process

T2 | KaCraO7 W E /(gL Yy | R S ER 5% B /(gL ) I 2 e TERENE
fegipifL 2050 3 B (o i v S5 SR
TZ /et ) pon=r/yl |
IERZ RS,
RHLZ 15 <038 BALEES T 0 9%, TIiE
2 PR BN e
F12 ITZMEEMHLER
Tab.12 Comparison results of process performance
TEXFH 55 FIEIN [H)/h EE AR A At | ARG A
G T2 80~100 h 1~2 R (RE L) FHA>20% 12~18
AT Z 130~150 h 0 ZR(EMVE) JonT LR 6

P, Jorl WIERERRE . thst, FoRA RO B
ik, LUFREEENR .

3 4R

(1) B R RS IERSEE, e 7 Q235A%H
BB BEAL TN KaCrOik 15 g/l R
30 °C. Hf[d)7 min. pH=2.0. fEHLEAE N, HIBEFEMR
%0.24 pm, fEE2.3 um, #THEAFHRIEKIA130h,
GG 1SEYRN0G, TSRS FV S I A 40 h
FEFFE150 ho

(2) A T2 A0 BE B FE I P AL, AR R 4R
T 7 BT E) R85 5o AN ARALCE /Cro L, Tk
TIESEE AR, AR T A
i AR, WEEEEEMEE J1O0K), 1E4 2 hik
Bl K% 3R 50 Ik JE AT JC I 7 BRELSL

(3) itk T E HIK.CrO7 Hl 5 AL 48 1. 2 B AR
25%~T70%, RIS ER R B S A B AR KR T B o
ERE AR AR TF30%~50%, sha&phdi JE T
FAS SRS R 226, SEB 73R MERE S & F
Rz W R4 T
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