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Abstract: A kind of waterborne phosphate high temperature resistant anticorrosive coating ( grade ZK052) was prepared in
this paper, and coated spherical aluminum powder was used as pigment. The ZKO052 coating exhibited excellent anti-corro-
sion and high-temperature salt spray resistance. The electrochemical testing, high-temperature salt spray accelerating test
and corrosion morphology characterization were used to explore the high temperature resistance and corrosion resistance
mechanism of the coating on carbon steel substrate. The high temperature resistance and corrosion resistance of ZK052 and

Sermetel W water-based coatings coated on Q235 carbon

steel were compared. Results indicated that ZK052 coating

KR EE . 2020-10-29 fEEBH: 2021-01-14 and Sermetel W coating exhibited good high temperature
HE4TIH.: EXARB%E4LEHIE (41506098) ; 1 ERp resistance and corrosion resistance to (235 carbon steel.
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T PE R 5 R A T S5 TR L B I B Both ZK052 coating and Sermetel W coating could inhibit

(2020K02) both anodic oxidation and cathodic reduction of carbon steel
in 5wt% NaCl solution, and reduce the self-corrosion cur-

rent density of carbon steel in 5wt% NaCl solution by 10
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HL A 27 0 3 e - R 55 0 PR R, R 9T ZK052 IR R XS
Q235 BRI A Tt e 35 B JE BIL A, [R] X6 LA 52 ZK052
5 Sermetel W B Tt =5 L 01 b e £k 22 45 PE ééf%%%fﬁ,
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Table 1 Main materials and manufacturers

Materials Specifications Manufacturers

Spherical aluminum powder Micrometre Shandong Yingke

Aluminum dihydrogen phosphate  Analytical pure Aladdin

Bentonite Micrometre Anji Fenghong

Chromium trioxide Analytical pure Aladdin

KH560 Silane Industrial pure Nanjing Nengde

Ethanol Analytical pure Aladdin
Magnesium oxide Analytical pure Aladdin
Chromium oxide Analytical pure Aladdin
Phosphoric acid Analytical pure Aladdin

Dispersant Industrial pure Lubrizol
Deionized water Analytical pure Homemade

Leveling agent Industrial pure Germany BYK

2.2 HHHE

TEFEAR TR IR AN 50 g TC/K L BEFN 15 mL £ A L RE
Be, TERCREIOREBL TN 30 g BRIEAERY, SIfEdE 2 h,
i Z AL RERETE AR R S, BT RIS R
FE 500 mL |~ FURHOIA —E LB iR . — 48 1es% . o
RUAGR, BEPEE AR R A DT — R
ATK . EAREE, B BRI S ETRY, KRIFY
AT INEN R, BRI HE (29 60 1%/ min )
VWA M IR HTE e, R & W IR #E 55 C LA
. pHAETE 1.8~2.5 Z[A], TRIR AR E PR A,
PEREIMA S 8O0 5 3 FE, A R = Ak
B, BN, SRJE 125 pm FLARIG LD Ik, fu
P 7K MR IR it v YL JE U ek ( ZK052)
2.3 BRES&MNKRE
2.3.1 HEHE

$t Q235 BRAIM (LT 10 em x 5 cm x 1 mm) FkE
R 125 pm A A SCRPIERS RS BT Sl RS v s R I S 1 F
. FHZEE TR B ZK052 Fl Sermetel W 13K} 2 W55 140k
FE (CKGRE R 4 0 25~30 s Z00]) , R AR 25 S mE4 3
WA b, IR 10 min, 7E 190 CHEEE 1 h, HEE
(T 2 IE S LI 15 RS 550 CHUEE 2 h, BUH
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BHEE, WERSTHERH,
2.3.2 BB PRI K A 0 T SR AE

N A UK L] 72 | WS9 9051—2000 #£17,
HARS sk, A i 26.5 o/L, SALEE 2.4 o/L,
RERSE 3.3 /L, SEA4k45 1.1 o/L, EALAP 0.73 o/L, %
FREEN 0.2 o/L, VALEN 0.28 o/L, IEIRHCHI 5 I E
24 h %1,

o R -ER S A PR AR . OB U e A TR 2 AR A R
IR 450 CARIR 2 h, SRIGTE 35 °C M55 ik 16y
FETPRCE 22 h, BEFEWEWR O N T A RO K, DURERER
1.5 mL/80 cm’-h, 24 h H—EHR, &b 1 MEFIELT
IR, LSRR M2 T S TR

ZK052 V)2 M Sermetel W 1% J2 AT ok P BE PF- 4 38 4
HLAb 2 TARSR A R g 8 i, BLAJE R A CHIG60E Fi 1k
£ T AFEU AN Powersine M EAZH RN R 58, R4
AR A AR R AR R R T v R R 2
AR, T EL AR R R, S L H A R R R R
(saturated calomel electrode, SCE) FIEHFLH A, A i
SRR HCN 5% NaCl ¥, #4121 AT LA % 0
(25 °C) Filbtr, BRI EG, AR AZE TR E
LT = R TR 2/ AR IR R I AR v e, b gh
FEL AR A 1T £ 93 4 v BB A AR X T B E 47 (open cireuit
potential, OCP)-200 ~250 mV, i #E N 0.5 mV/s,
AW BT L 1E 5% 3 FL A IR B R 10 mV, SRR
4 0.01~10° Hz,

i} 7o TV 2/ B AR R 2R 114 2 49 S kol ek ¥4 3 %
R T 0 008 ( H S7 S-4800, H AR H 72N H]) 58 i,
ZKO52 1% )2 550 C mil Ak )E, RHA X 5 4 A7 4%
(XRD, D8 Advance) ¥ J2 B AT IR, 85 4% 4 1Y
TR/ B AR 1 R K I EIL( APW41037Z, B4
FEATD I 10 mm x 10 mm X 1 mm (897088 AT %L
L BB AR O AR, WU R R B S

=

MR AT BN 2 R I TS H, e ENEEY
10~15 nm, $¥EEARBEEBRILGZRMILH, g
JERFH 10 kV,

3 HREWE

3.1 FEREM AR

BMEAE 190 CFHEE 1 h SRR ISR 5 LA 1,
PEEHAR RSN K PR 2%, 2B PO B R 1 A 52 4 Ak
UE—257E 550 CHEE 2 h, BERARE T 5 &R RR kB
RN, PEAEBEIRER, BT AL,

Bl 1 190 CRIfk 1 hJ5H ZK052 TR)Z RS
Fig. 1 Surface topography photos of ZK052 coating cured at 190 °C for 1 h

&2 FIE 3 433l & ZK0S52 k)2 Al Sermetel W Ik )2 15
-0 55 3 50 17 AN IR S5 A R 10 K5 1Y R T SEM R
o - IR ET, ZK052 14 2 Y BRIE B 0 75 12
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Je PTUBDER R IR I Xt R A 1) — 7 114 4 L L 4
(Kl 2¢); Sermetel W ¥ )Z2 M R EAIR, MK
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JER RSB RN E BRI ol =, D PR TR R
PREE A, VA PN B B R 2 e TR R ARk, 1
ZKO052 ¥R)Z M Sermetel W IR JZ IR M E 4, WA B
BRI RIVE IS, UL R R 2 RE S K DT 32 =
TN ER A BT

P2 ZKOS2 YJZ A5 -0 55 SEURHT (a~ o) MRS IR-ERFHE R 10 YR (91T SEM IR (d~f)
Fig. 2 SEM images of ZK052 coating surface before salt spray test (a~c) and after 10 times of high temperature-salt spray test (d~f)
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Fig. 3 SEM images of Sermetel W coating surface before salt spray test (a~c) and after 10 times of high temperature-salt spray test (d~{)
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Fig. 4 Cross sectional SEM images of ZK052 coating and Sermetel W

coating coated on Q235 carbon steel, the film thickness is 20 wm
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Fig. 5 XRD pattern of ZK052 coating cured at 550 °C
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Fig. 6 High temperature curing mechanism of ZK052 coating coated on Q235 carbon steel
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BN WA -0.719 V Z#i A 2] 35 d Ja 1y
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JE R W MR Q235 Lk 60 um B
ZKO52 )25, Bl A 1 st (] () JE A<, LT 6 i Ao il 6
GRS, TE 5% NaCl YW iR 35 d JGIRJZ/ NIk &
RYFF AL -0. 716 V; Z5RA Q235 LIR7H 60 wm JE K
Sermetel W IEJ2)5, 2 35 d J5 142/ 6K 22 00 T 1%
PEAL E - 0.864 V, X F B ZK052 Uk J2 ] 3 il #5594 78
5% NaCl I H IR HE AL TR . ZKO52 U3 2/ R 1R &
JE T ) B LA AR X AN & AR IE RS, Ui ZKO052 TR
JETE 35 d AT I AR 2 3 ek e 0 o A PR R SRk Y
05 AR I ERYY . T Sermetel W IR )2/ BRANIA 2 1Y
TE 6 LA TR AN B B, UERA Sermetel W 432 I i
5 d FRURE BN A2 R G R, B TR E R R
DESC T A A B LB B JE ok, A 1A T 006 42 BH B DR A i o
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=B G e A RO I MEBE RN, TR Z R R B TR R
LIRS A0 22 T B (ol ™ v e I, PO 1Y) R X
TR, RRMIFREEAL R AR, B, %IRRT
T BB it 72 12 A v T B 57 2 B B 1 I8 B
XA UL Sermetel W R ZEMMRPIEHF AR E, M
ZK052 1 )2/ BRARIAR 2R AE 35 d (932 5 i rp 2 ARSI
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Fig. 7 Eqcp curves of carbon steel, ZK052 coating/carbon steel and

Sermetel W coating/carbon steel system immersed in Swt% NaCl

solution after different time

X} HCIFSE ZKO052 12 J2 1 Sermetel W i3 2 X Q235 B4R
TE 5% NaCl W ph B dr v e, SR F AL 2% T ARG 43

SR 35 d J5 0 ZK052 18 2/ B4R AT Sermetel W 15
JZ /R B AR A i £, KA SR an & 8 Bk, [
i B AL 2R Tafel X HEATHLAS 0, 193] 3 MR R
JEh AL SRR 2) . BRI, ZKO52 IR J2/k X
Sermetel W 15 2/BANK R AE 5% NaCl ¥ W IR 35 d
JEHY R o H R () 93 0N R 426050, 46.42 F
61.63 pA/cm’, Uil ZK052 IRJZFI Sermetel W 34 /Z 4K 1]
VI RCINH] Q235 MA & 1, Wi FR iR 20 Q235 i1
5% NaCl ¥ T A9 B JE il B 3 % B BE IR 10 £ &2 44
ZKO052 W3 )22/ B AN Al Sermetel W 143 2/ B 44 2 114 199 1 4%
R (=B,) A AR AL (B,) 20 TR B AL A, 15 W]
ZKO052 12 Sermetel W 1% )2 #B 1T [7] B 1 il B 4N 7E 5%
NaCl ¥ 98 r (14 BB S A0 S AN IR 8 i s oz ' 2 ]
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AT DA 5 ] 4 a8 A ok X R T ok S

— Q235 steel
———ZK052 coating / Q235
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Potential / V vs.SCE
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F 8 WM. ZKO052 IR JZ/ BN A Sermetel W I8 )2/ R MK RTE 5%
NaCl ¥ H IR0 35 d J5 B9sh e s s fe it 2k

Fig. 8 Potentiodynamic polarization curves of carbon steel, ZK052 coat-

ing/carbon steel and Sermetel W coating/ carbon steel system im-

mersed in Swt% NaCl solution after 35 d
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Table 2 Electrochemical corrosion parameters fitted from polariza-

tion curves
E.,. r/V i«nn’/ Ba/ _Bc/
System )
vs. SCE  (pA/cm?) (mV/dec) (mV/dec)
Q235 substrate -0.823 426. 50 69. 29 85.2
7K052/Q235 -0.734 46.42 123.21 106. 6
Sermetel W/Q235  -0. 867 61.63 102. 36 191.8

R LA TAERXT ELAFFY ZK052 12/ BN AT Ser-
metel W )2/ BANIKR B TE 5% NaCl ¥ 3 H IR A [ 15 E]
JEIAS BT, 45 RmE 9 FiR, PiRhR)Z1E T Wb
12124 h J5 19 Nyquist BEIHE B 2A50I0, b s g
X AT I 0 J2 L B RO 2 L2, I DX A 2 0
Xof N7 FEL 7 A A% FL BELFIOSCFEL S22 RS i VR T o T ) S
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Fig. 9 EIS curves of ZK052 coating/ carbon steel system (a, b) and Sermetel W coating/carbon steel system (¢, d) immersed in Swt%

NaCl solution after different time
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Fig. 10 Surface corrosion morphology photos of ZK052 coating/carbon steel system after different high temperature-salt spray cycles
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Fig. 11 Surface corrosion morphology photos of Sermetel W coating/carbon steel system after different high temperature-salt spray cycles

A

SERMETEL-W

ZKok2

12 ZKOS2 IRJZ/MH T | Sermetel W ifJZ/I 1 7 o k-1 55 1A 21
JE RIS T R (a) MBS B B (b)
Fig. 12 Corrosion photos after high temperature-salt spray cycle (a)
and photos of the blade after paint removal (b) of ZK052
coating/blade, Sermetel W coating/blade
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A RAF B RE .

(3)ZK052 1 J2 1 Sermetel W 142 4B 1 [ I 410 i 654K
T 5% NaCl ¥ 1 BB 80 Ak 5 I R B AR G4 5 B vy,
TRANTE 5% NaCl 3% W T (4 19 JE Tl vl 38 %% B2 B AR 10 15 /2
Fo ZKO52 15278 S HE O Sermetel W )2, SEHLTE
JEASHL B R i R
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