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Abstract: [Objective| Steel structures are susceptible to corrosion in harsh environments, while traditional organic
coatings and metal coatings suffer from poor durability or environmental pollution. This study aims to develop a
high-performance and environmentally friendly potassium silicate-based inorganic anticorrosion coating, addressing
issues such as high brittleness and unclear long-term protection mechanisms through a composite modification strategy.
[Method] A silicone-acrylic emulsion was used to hybridize potassium silicate for improved flexibility. Two composite
filler systems were constructed: one based on flaky muscovite/zinc powder and the other based on spherical zinc
silicate/aluminum powder. The application performance, mechanical properties (including adhesion, hardness, and
impact resistance), microstructure (characterized by X-ray diffraction, Fourier-transform infrared spectroscopy, scanning
electron microscopy, and thermogravimetric analysis), and corrosion resistance (including alkali resistance, acid
resistance, saline resistance, and electrochemical testing) of the two coatings were systematically evaluated. [Result] The
Zn-muscovite modified potassium silicate composite coating demonstrated superior overall performance, with an
adhesion strength of 2.43 MPa and impact resistance exceeding 50 cm under 1 kg load, significantly outperforming the
Al-zinc silicate modified potassium silicate composite coating (1.37 MPa, 40 cm). This improvement is attributed to the
“brick-and-mortar” structure formed by the oriented arrangement of flaky muscovite, which enhanced mechanical
interlocking and stress dispersion. Microstructural analysis confirmed that the zinc—muscovite composite coating
possessed a more compact, more ordered lamellar barrier, and higher thermal stability. Electrochemical tests revealed that
both coatings exhibited extremely high impedance modulus (>10'° Q-cm?) in 3.5% NaCl solution; however, the Zn—
muscovite composite coating showed a more balanced and durable protection mechanism due to its superior physical
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barrier effect and moderate cathodic protection. [Conclusion| Silicone-acrylic emulsion modification effectively enhanced

the impact resistance of potassium silicate coatings, while the composite system of flaky muscovite and zinc powder,
through physical barrier and interface enhancement effects, constructs a protective coating with both excellent
mechanical properties and long-term corrosion resistance. This provides a promising technical solution for efficient and
environmentally friendly protection of steel structures.

Keywords: inorganic anticorrosion coating; potassium silicate; muscovite; zinc silicate; synergistic modification;
mechanism
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Table 1 Main filler contents in Zn—muscovite paint and Al-zinc silicate paint
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Figure 1 Microstructure of bonding interface between coating and steel substrate
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Figure 2 X-ray diffraction patterns of Zn—-muscovite coating and Al-zinc silicate coating
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Figure 3 Fourier-transform infrared spectra of Zn-muscovite coating and Al-zinc silicate coating
orin
= = BRI RERR R AT IR 2 B IR 5 5o A th 2 an 18] 4 P o ARG JZ I #T 87E 30 ~ 500 °C
WAFTE—E 25, HIET) 3 NEEREMB: 50 ~ 150 °CIX ] 3= ZE Ry ik J2= Hh A ER B 7K 7 B B 5 28 s
250 ~ 350 °CIX.[F] X N2 Fek R A o e 45 A4 7K P B B ek P LB B VD 20 s 350 ~ 450 °CIXC TR I 5 Fek R 5k X 4%

2.3

BB ER. F-A o tHRR R A E 2RI 95, SRR (D) 5.2%) BE R TR
100 TG 7 04 100 TG 102
’ — o £
~ 403 B "
90 N e | {0.1
L — {02 A '
] T - o T
X 80 ! i 101 %) = | @)
R o % < ‘ {00 <
N ! i S =S P o N
. L 100 < VAN 4 1 o =
70 b ‘ i b % b 60 DTG \u‘\‘ 2 -
DTG ! 1 {-0.1 1\ 1018
EA
| I
60 - Irg LV
i i : i ! 40 1 1 1 1 ‘0.2
u&; . 100 200 300 200 500 gw 100 200 300 400 500
t/°C t/°C

(a) H—A = BHR)E

(a) Zn—muscovite coating

(b) HA-FERREEIR)Z

(b) Al-zinc silicate coating

Bl4 FEZREMNKRE(TG) 5HHSHE (DTG) Bhtk

Figure 4 Thermogravimetric (TG) and derivative thermogravimetric (DTG) curves of different coatings

70

/



B by FE AP I AL A T B 40 VB PR A B kbR B 2026 VVol.45 No.4

W (4] 8.5%) , RUHMFEMETER, Fr&#AREd s E D . B0 BRI B R R B 0 B i
FE s mfE ) 15 °C, HAEEANNNAX AIRIH ERM R ERE R XRE, RO BHERAMYE &
MFEMER R, HAERE P IS0 BRI S5 08 8] T 3 R AR R 4 R M = i S A
LR USCAR o X TP R BB SRR A Z 0 2 AE #ar o KU = TR A B T e B A B O RR 4 W s 8, A i
DRI AR ) S BRI A o TN T4 FERRERRJE, FLBRRIERMA 50 UL g2 [R] 5545 24 1470 22 BEL RS 9 44
AL #AR S PEARN B A . IR SO RE T NRAT N A IR SE, - = BHA R B BRI R e
XA AL R AT I B A AR T Ak
2.4 RBERE

B o B SER-TERERE NS —F S R, A8 (3 087 +35) mPass, J5# A3 158 +
43) mPa's, B TRMEE P EAERE .. HIRBEREDHN P75 “CPREOLE” , R
B RIFMAPE S RO &, &MY, rTHSRR. BRS 12 . REHMM ARG ERES, HiE
MECTAL, T IR AR M REARIT . BT L, RERRE LRI AR MR R PR R SRR, Rk
PSRRI 55 L g6 L RE BE s A PR, XA IR R AE AR DhRERE I B[R, B AR = 0 T 20&E R o
2.5 NEiEgE

= o BERES —RERREE AR Z 10 7122 MERE AR 45 SR W3R 2. 3 AR AH 2 (28 6H) , HEE—
H = BHREIEME 1 Stk B BARR . ZIRENME 5 & TR R E Y 77%) , it
1 kg Mtk BB EEAL . B = BHRER R0 1 2# G0 H T 1R B = BEFE USRS (€ [ HES ),
R “RE—R” SRR T IR 2 SRR PINUR TS R B AL R, BRI 2 R I ERIREE R
SRR DA s e A, X SRS A B s AR RS . R IR IR T T AR 2 R NI S
PITE, (HFEE J100 5% 2 5 R KA IR A T S . B s B P 77 RE A R DR R B N g 51 kR i
BCRITE, RRKABT ok, Kk, 8- BRI E R s A, TEE A TR R A

+2 B ACB5RERERENNEMEEE

Table 2 Mechanical properties of Zn—muscovite coating and Al-zinc silicate coating
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Table 3 Application performance of Zn—-muscovite paint and Al-zinc silicate paint
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Figure 5 Surface morphologies of coatings after immersion in saturated Ca(OH): solution for different time
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Figure 6 Mass losses of Zn—muscovite coating and Al-zinc silicate coating
after immersion in HCI solution (pH = 4) for different time
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Figure 7 Surface morphologies of coatings after immersion in 3.5% NaCl solution for different time
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Figure 8 Potentiodynamic polarization curves of Zn-muscovite coating and Al-zinc silicate coating in 3.5% NaCl solution

LG WS T, F-A AR IRA S BN “i-e” SMABIER T CI'y 02 HO %%
MY AL, W9 1 BEREIERE . SRE R AR PR AR L BRI R AR ORI e g, (EHLER
RIFDEL I A1 AN B SR T RE 51 AR BRI Ik, U HAER IR b R etk e IR . 2R b, B - B BHA
JRAE R BBV E BE R DI, SR — S BAM GRS, TR B ORI AR AR 7009 . %45 R
AL 2 BEE— SRS T OS5 MR RE 2 B RN ERR R, AR T A IRIFORHE M BTN B
JE ISR

Br—H o B R I AR IR EAE 3.5% NaClyE R A Ak 2 Byt i & 9 fon . REHRFEIEIR,
PIANGR RS BB EORR A4, HOR IR 9 SR e, R JLIE o B 32 22 ohy Ay e A% i A%
i, WREALS B bR T AR EE— PR, ERIX (0.01 Hz) PFHERJZ I RS TRE ik 21
10" Q-em® B4, BT AR NI T ECER, IESK —F IR gt sUB i B b 4. AR
BHOUREAR 2, (H PR IE BARAL AR AR X (1 ~ 100 Hz) fFAEZE 5 . 8% —H o BHR R AR AL A
By e 22, Ha ORI B v, SRE LA s B e i PRAE U 8, SR 17 BE N3 ST B B 45 44 o
X R RS B B 2 B BB R 8 O i BE A P I LT HES N E DIAR G . R P AT B ) 0
TEERR AR I O USL e 7 A 1 s ZU ) T LT A RN, A 353 1 e a4, AT I 1 BE D 58 38 B B
B UEA, RUIRE  BEECR I BRI AR S R I I PR AL i, SRR 1 T2 1 S i
SERNE o XA S A ELAE A Otk 7S s 0, R AL T AR I X R AR I, IR R
L B2 5T ) F AL S

100 - o H- P E NSRRI AR 120 z -6 I
* R RN AR o o H-AnBHNMRERMEARE 170
“ 100 %, * o E MR AR
_ O
% 160
o & N 80F « OoO
* * Q 4
g Al ° * * g W“a = » >
c . g O 0 2
3 ® " o) - % o) T ==
Z 40+ Nl S§ ASY
oy [ ) * * = L i I
N : Yo N
I 20} S X
0 i 1
0

2 4 6 8 10

7'/ (GQ-cm?) lg(f/ Hz)
(a) ZZE W OR L

(a) Nyquist plots (b) Bode plots

B9 #-AxB5R-HEBRIEART 3.5% NaCl FRPHBLZBHE

Figure 9 Electrochemical impedance spectra of Zn—muscovite coating and Al-zinc silicate coating in 3.5% NaCl solution
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