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Research Progress of Anti-Corrosion for Polyurea Coatings in Marine Environment
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Abstract: Polyurea is widely used in marine anti - corrosion engineering because it has the physical advantages of high tensile strength, strong
adhesion, excellent waterproof and anti - corrosion performance as well as mature construction technology. In this paper, the origin,
characteristics and development direction of polyurea coating technology were first introduced, and then the applications of polyurea coating in
the fields of concrete protection and metal protection in marine atmospheric environment and seawater environment in recent years were
summarized, respectively. Aiming at the problems of coating performance degradation and failure caused by complex environmental factors such
as temperature, corrosive medium erosion and collision during service, the research progress of new polyurea coatings was discussed, including
the research on improving the performance of coatings such as corrosion resistance, wetting and hardness with organic and inorganic
nanoparticles as fillers, and the research on new polyurea microcapsule coatings that could respond intelligently and repair microcracks
independently, and the research on the processing and preparation technology of new self - healing materials such as electrospinning. Finally,
the shortcomings and challenges of the current research on polyurea coating were pointed out, and the future research trend of polyurea coating
in marine environment was prospected.

Key words: polyurea coatings; marine atmospheric corrosion; marine corrosion; new polyurea coatings; microcapsule; self-healing

0 B = HEP G SRR A R R B B R i, T LA sk

25%~40 %1 JE R 2% | BEAF IR 22 AT LA/ 6 000 12

FETRR RS Bt B T AR 1 R v, AR T el JCHYHR R o FEA SO A5 AN B A R i A LR R

BE e S o 0 W () A LN o o 1 S N s A G 8 JE R B A B — BB S ph e R Horp RIR TR JZE

SORHE, HlRgeit, 3R ENE 7l phdi 2 2 5 4 4 TP FR MR B A5 A A AR RN 43 9 B SR A

TR A B 1731 TR B ok AR VA B 5 4R BT HADRZE , BA B r S ke Ay, H B A
[ HI] 2021 -11-08

[FETH] @B EREABRL S 9% % 5 (201965009 ) 5% Bl
GEAEEE] HLAUL(1976-) A+, @I #UZ , FBWF5E 07 17 R EREE TARE , HLi - 18660208960, E - mail ; jys130@ 163.com




Im Vol.55 No.4 APr.2022

R R E B I ERE . AL, RIRTR
JEAIE S 14 T A 1 A0 50 45 JHE A 22 b B 8 Ok 2 o 85
o I JUAR SRRV Z i T 0 S 1) B A BE LT &1k
PERE LA B U fl T B A, )42 I 4% o 8 T 34
BETRRARSURRE b, NI, AR SCZRE T RIRIRZ AR
TREAE BRI R A I 7 0, 45 1 58 SRR U = B 15 S
B R SR KR J2 B AT S BIE T HE R, I % R R MR R J= 1Y
KIETT 4R T

1 RkRZMFE I

RIMRE AR T 20 22 80 4RAX, 43 B &y T 05 &
TGN R U PAE BRI 3 SRR B . H
w55 7 TG SRR o O A S TRURR R R SR R Y
UG USRS R s 2 5 SR AL, e T LG S5 ) T
TAERE , W02 T TR BE L A H R BT K B 1 A
s, AR, 55 A R IRAE G I &) 42 8wl (0, 3 0
Hietse A ARG - I 7 SR MU vt O 7 e e U i -5 i
TR IRREIE A > 0 2R 0 i 2 i SR T AL B, A EE T
FFEWRMK, LR RSO RE VL Ryt B AL PERER T 12
FARTE B, i T IR UR JE A B 0 SN
SO IR 77 i B, AN BB 2 10 T A9 1 5 5K
UTSEAESR WK A A = AUR MR 19 2R K& A BRI (PAE)
RGP 2 W58, PAE J&— T i 05 e 95 591, 5
RGeS LR BEAR HE | A5 S SR 6 1) s o o 4% A1
B = AURIRBA B m st vk, teoh, RoEeR
JSL R A F YR T LA e e A i SN, AL A i,
THRZ B B3 I PERERIIR JZ B 1, 080 TR )27 A G,
SRR PR EE S, T RIR A L R
PR SR B ) A5 ) A A5 LA A S ) 17 7K R
JE I PERED  HARMEPER I TR A ) 2 R o

2 RbkirIZMBEETERE

2.1 RSB RIRB R IZ

TR R SR T 2 — T B2 A O 8 ok PR 35 A (A )
MR, S, A e ™ i [, 38 B 3 7
GIRBLE L TR ORI ARE 5 TP n A e 22 HL i 52 Y
A=A

BEXTICPHIE P L, AT R A < e T i By 4 4
AREZA G WP A BB A AL~ R4
G kiR A, AR R BT EOR S HL A el
R MR FBE, E 8 8 R Il — JZ ORI, H bR
S SRR IT, b7 b O 2 e 14 A A, 2 H RiTSLH]

Mateviats Protlection

o 3 1) S B 4 T Bz —

RN —Fh TG 15 Yl 1) 1 M B AR [ 1 g 1k, L
RS MRE TR O HILUR 2 00 ) 2= M fg & Ak fg
o, RIRR AR E B R E DB R AR &
R
2,11 RURREAE % B 37 AR 5 )

B S M A 7RI KRB T Y SR BRI
LM AL %71 XF Qrech -412 BB IR 16 1402 Ao i
AMERETF T ST, FTIR 1 DSC k4% 5 @R .2 i
A7 XAl U J2 3 T A A2 B T 28 (EL P T 45 4
SRR R R RS . JE 22 19 40 O SR R 56t E B, 1%
VR IZ 0 52 PR B O G L T ARG TR )2 e
FUINOREERE Wk R B S MO S5 R 4 A D5 T,
XoF SRR VR JEAE R ISR T 1 Tf S o 1k B 447 40 BT
WF5E & B . RIRIR 2 2 7 SR B WAL AT QUV $24M ik
EASE  CPERE WL R B WK A /N IR B s AR T
A R B2 IR A, B A R % B B B 44
SEARGEHE ATY R AR R B AR 4P B A . Kanwal
ST IR - 2T FAAR R T IS TE Y 3 R R
PR Mg (HDMI) i RERT SRARIIK H S ( PTF) St b4 O i
BURIZ TR Z IR Z R 304 REEPMRIETT T HLfk
2EBH IR, S50 BRI R pH {EE R T 2 A
PR R X AR B E Al 2 B B R
PTF WR)Z27E N TS K IR Hh A B4 (4 7 T PR BE
Amini 250758 1+ A RURLR I B 7T T N A R
IR 2B 73S 00, Ml T DH - 36 408 E 1 mm JE (1)
MR TR 2 X5 ok o 28 ey A e 2, 7E DL FE Al I, Rijensky
S HOK TR b N ORI Z A ST T K
TINERARES: , #7n 1 BRI JE R K5 R AR Z 1R AH 5.
YEFRR 2 . FERR B o F B SRR R E MR AR S
JKAREAE R 04— ) 1 5 2 A/ 3 B e, SR DR AT LA
A e L by D R SRR 2 i g fe . X4 bl o
FERIZUE , B MRIR 2432 B B i 4 o7 2, HLAAR B
SRGE AR R E R, BLAh, STk Y il
1A BRITARLRL AN I 3k b b X B R B, SRR LR 2 AR A W
FAREANAR AP e RE BRI Y 2R kB
D, 256 % E R A0 A7 T 3R kRN 3R S g 1 PR fE 22 5
SR NOR  TENRA T, R R Y 1 P re T R K,
BTy G, RIKW ) 1 68 & il i 3R 2
W NP TR R IR A S R SR T TS
SEPERBITSY . A5 A WoR TR R IR R R B R AT
FE45 124 BE R B 1, FLabE G T A MR 25 4 1 R
IR VBT , 77 22 o505 S s b T TR 19 7 AR o A R



Rt 5.4

P

RIKR)Z S &R I G 1598, N 2 % R
V2 TR ok P i G |t T R A G Ak B R 5
A RN ZAR 5%, HAT R G 45 W Rk L 22 Lo 7
MIPEFA, AELIRIARE SRR IBE U 5 B () S B il it T
FEREA A 5 BUEHL R AN E i S5 8 5 2R
2.1.2  BWRik B R LB 3P B R

TRBE BN HAR A |5 T 98k | R AL S
) 1 VERE SR A, B B o S A i e K oK T A
BRI W T A5 i 35 it R s IR 2 e AR
PR, TR BE T A — Rl ME PR R P hr o B AR ) £
FLESAIRPRE, FE IR A% o 2 v S T kit B b A7 21 A A
Y AR5, M5 M LA P e, RS A 2 A
IREE T RIZBHARMARICRHETT T REN A, I
T BT U R R ), 2R A
ORPERPUA B B E VR bR i, X5 5 1 75 KA R
JURIAR J2 RO TR B TR RE AT TS, SRR HAAE XY
TR R AEMFFE R Th Rk IR 2 1 & AT 7 AL
AT TRAWESE 8 o 5 a4 B S {6 B A2 46 21 AP Sl %
X BEOLR R 5 T B, o b TR IRIR 2 2
FMm S12A e RE PR e M DL Bk e RE AR fk . AR
WAL E , 2 A5 1 R MR U 2 2 B0 OG0 28 Ak
IS, SLE I 7 55 I ] 1) S0E < T3, ke o 1o AR AN 4
filfy ARG, REVHBEEEWI R IG N, FTIR 3R, &
A0S 1 SRR U J2 3 S A R L, S Rk
HERIARNAR (B2 I B TR, B IRsr T A A
HAEH 10855, PBE BRI B B AR R i A B kAR
A, RGO 732 72 B2 38 I, 4% Bl 2 il U J2 3R 1D
FURE B Sk AVE R R R 1 &8 b = e St Ak
SRR SRR ZMIE I R, R g
TELGE - THAR M A S TR AR 11 SR DR 977 18 Uk 2 it T 45 1« Wt
TR SRIDR %) ] A B (IR BRE - AR ARG 2 BEAIC, 31
BRI ; T SR MR A A A ], XoF K 3 i
U SRR R 2 RN ARG S5 ML, H TR &

25 Lk TR R XA R Ze R T, R
IRV J2 BRI M DR 47 4 T R 86 1 A4 Rk S g ik, HL
Flxir Z B E B 2= PR fbr 2 bt ae It 7+ it
TR AR DGR E A 22 BB S s2me , BRa] L
UL | R IR IBT S S B A VR 5 R AR A Y i ok B
TR AIERE INEEAVER
2.2 KB RIRBI S TR)2
221 RMRREEAE BB P AN 5

TR T AR AN Al Tl B b 48 R A 4 il T

F55% - H44 - 2022541 131

HAR AR S Re B ) 12, 7RI /K IR
SERF AT 4R =W AR SOHG A  A R 0 B g
CRCAHE P ZE, AR E TS IR v Bl 548 &
oA 4 I 0w T B, BRI SR A LR 2 5 9 VR B Y
2T 4 JE AR P Arunkumar 2510 ¥E PR IS i 4N
1S2062 F14 5052 - H32 fE ALK BFFE T RIKIR)Z X 4
JE TR G PR g R, &5 R UE M, X+ F KOH | H, SO, 1
NaCl 3 Fi A 5T, SRR 2 R 0% & T 90%, IF H 5
B A B R B RE 7, (KRR K 5 B A R R A
I, 0 T e A Jm ARl T S s R e AR
(MAO) B THERR BE R HoAth 4 & S HL A 4 i 3 1t
AR A SR AR N B R (A E X —id R, 4
JEFRIA A T R RS L, T 8 ik &5
R, AT HEEX— A, Mo & i 2B 2o A 4
BERELE S SR ER — S R BR A IR 7E MAO IR JZ R 1M
1=, R H EDS HEFI R MR AR AE MAO 23R, JF H
T 3 il A 0 D A 2 S AR R A5
FMRGZ T ARG MAO )25 K M L B P RE

UEAh Zhang %51 38 i AN AR R 3 2 A1 SR 4K
R iNSEIgE SG BV A 880, Sk m A WPUA RiIZK
PEB IR ) 45 52 A 1% 2 (SG/WPUA) Hr |, 45 EIS i1 %
B1,0.3%( Jii 4340 SG & A 1R 2 B i 6 TRl R e i
A BRI, A S50/ 7K PR
Ik (SG/WPUA) B &4 )2 16 % 2 R iy i R L T
FRBARE , Chen 251 )& R R f L TGP SR DR (S -
EPU) , BB SAERIEPER IR (N-EPU) AH L, S-EPU IR
JZ s H R e I L AR T R, AT A B S0 1 A
2RS4 B I I S - EPU HoA B4 S #4175 % fig
J1. BWRGRZE MRS &R LK RIS ae 1 51t
S BE RE I IEBE) 2 N
222 BWRR B R LR AR A

VR IRE T A SAS A B TR AP () B L S A2 &
FEH R EWNE S, BATREE 45 O 7E i g i
Wy A G A R i P AT B R AR 3 Tz N X
SR HEA L8 Bt A, AR 4% Fib 432 ol 1 2R 85 A 531)
SEMFPEASE P IR A B AR R RE A G /N, (H Rl
At R AR 3, 4R AR o (B an &k, Ak, — S AR A
AR MR ASBIRREE L2458 , FRl 2 b i, X
Al g P BOREE - JF 241 2k L i Fn Mk, 4 530
ARG B TR R B - S5 A T AP
TR ZFN SEETREE EPhEs (ACH ISR T LAR 4 Fp
PRI . (1) R B Rk (2) B AR (3) B4k
Bs R ; (4) FREIRIZD Uk, Horh R I B iR



1& Vol.55 No.4 APr.2022

Toe Ry B FL e A RO R it T SR 0 B ok S
UEHH T 2R B 3 b X 0 i TR b AT DR i B Ay
R IR B 1) ik 2 —, 9F Bk — R
7 5 1y T Ak 381 B B, AR A8 SR I v e ) R AR
F o BB AT Ry R B A AR 108 RS B RO PR
AHLIRZN EZ D REE BT 1R K R AR A AR B i
FITREE L, RIRTAMEAR TR i 5 R R A 2 31k
B 530 TR BN T LA R, 2 —FT B A O A L
AN, AR PR B R S R | s
SRR B S0 S i W PR A O HL B I B A T
JE o T A R b 1 B e I TR IR BT (W B AR LR R
RNRTRJZ [ A, R e o] B R R s k3 B 1
JE PP R (UG TR I 5K IRER ) . RIS fig
V5 S SRR B AL A W RO A B EAT TR ) R
AW, L7, BIRS SA 5x R 2R AR F AL
TR MRV AR Ao o A S SR it ot P IR SR 5 e
JETRE B 0 SO, B AL 1 o 5 e s ity 10 A0 3R 40 R 1 of
Tl Y, SRR R R 14 ke i 2 vy s e PR Ol T3
i AT IR IRV R E Y, Luthra 2570 FF & T
— TR VR R U T AR AN s I 1, - ELAS P L
TR . T SRR - e S L i PR 3 71 2%, BRI
SR TSR AT FH B N W R AR BRI 2 AT AR AT AT
JERE (REIR 2 AT SR, O AT A AR el T R
EERIEIA 6 000 wm (BUHE) TRZ, EASHHE, &
AT TR B AN SRR, R AR AR H AR IR T, tufk
AR PR T 1) [ A Fe 1o, H SO SR LA AR X By 52, HL
PR A ARG G IZ MR AR A, A TR IR
R BAF 1 TR, 28 2 3/ R FH Al i 7 A
AR 2 R AR L (8 B T ) it T e
) TR S 3T X IR 5

Vi 7K BRI 8 SR O B 8 e J2% 1) 9 T P g L Ak R
FELLF RS L (1) MRS vk 4, B B R
THUPE R U J2 B fof L R K RN £ 25 A 3 T A I T A2
E 2k — 4 HL A B T G X, Nazia %6 B
Tt ik SR 20 W e A TDT BAA & 1 i 25 — Rk 22 1
RIFFE G G B 3 R b PR B R Al ) Tl )%
K, 2% IR TR AR A A RAFIOTH 224 . (2) IR IR1E
b, WER SRRt T 5 SRR I - e BN AR R oy 8 R A
JNE, HAEH T R AL L E TR FAE F R
FRIR S o PRI VE I T I 7K o0 - N 2358 T R 2 i
o8 RE AR BT SO, (3) M., R
IR L R F 80 s | AR A P AR B HL LR i
JETE 10~22 MPa YO ARk, B 40 12 T 4E N Bl 2K A1 Ak

Mateviats Protlection

FYESR ) Zhang 25 PRIN T RS TRIBC BN AR
WRAESE T 5 A IR HLER, BE T T S [RD0R J2 460 R SR Ik
SN XA 577 SR B ) 52 ) | e 2445 Y 258 . ZE R 2L
A e R R IR A A % B S e T Y B S A 5 R
JIRV 2 0 BE AR e . i AR ST T BRI Z S AR A
KRR w9 3h R R, e B4 AR AR 2
KT i AR P B, 3 T U SR DR 4 60 R AR I B
AN TE R EE KR sheb B VR R, 3800 3R ik vk 2 5 B ]
DA R b /I SR R VA J2 AR AR BB R AR | LB B i SR R
WIZEE M2, (4) W&kl AL
TRBHE HTESEAME (UV) B G A R TR FTLAR
I T A R RIVE FH T A, o e ik B AN AN 238 1 r e | 22
B ke SE A VR i e SR A R A B P R i ELIA 2 S 880%%
RHG TR - R 2 M Sk, S 8UR i Rk JF
A o EEGE, BJR SEAYIR R R, R
T RIRLLR AL A B A 50 9 Loy Fas ke, A
e AT Ak (R SRR Z U — R ML R, 1 2241
ARG T s T IR Z N T A5 M BRI A A LB
% R aney 2 @ SRR LR 2 A0 T 2 A PRt 2 — oM,
Wang 2520 BF58 T R IRG 2 MR E G2 R N IR
R P EIE A R AE SR R T R 2 0 A R
— g AR A R RE K | 1R 2 BRI W K e R
AR L R B AR R, R 2 A AR 2 AT
T A SR, SRR TR 2 FRRG 235 5 B RNt S 25 -1k
fEfe2s,, WEEEs R M T TR BE 130 2 O AR AS S nf
— 1, TR T R TR R A 2 (] A0 R 4 i B X
T PR R A

1S ARk, RIRRRL R SRVl 2R ET T X R
IRBEB IR 2 K i 2 A an AT 75, R 24k
iy B DR B £ 1 G I A K I HURT DR S B
APPSR AR B 5 0 SRRV )2 1 A K il 2 AL A5
Lyu 255 QF - 162 IR ¥R JZ 16 M K 385 F B M gk
17 THRGY, A IRAE M KR 120 d J5,QF -162 RIKIRZ
) 12 B s A 25 A L P 30 P2 R AT T S ) T 4
% UL TR XK W B R A B PERE . Ak
I OF-163 5 QF - 165 4 B IR G 24T T 1K
RIS, 2 FhAERIRIR ZTEIR I 120 d J5hidng By
TRET 13%, WIRZEHIER = A28k, 25 R R T 4l
R AR AR IREE N RAF RO M B 450 X4l
RWRSEAT T RSB, W 5T o f v = 2R BT 214
AL 2E BB RE AF R, B 78 45 S uF sE T Hg5
R AR PE . MK PRI T R BCGR T 7 47 i Bk i
WL AR T 3K MR R 2 LA L S i R R ok



Rt 5.4

PR PR RO B RE T | R B LA T A 3 T
poR(RER N7 SUIUE e

25 LTI R 2 G LR S 0 f A58 il
MR R AR RE T e B DL S A, B T
VPRGN 4 J@ IR BE + AF A I Tl B 4 b, FEi2
iy, RS R T RIR IR Z SRS TR IR
AU, P AU F DA SO PR R S5 AL 2 E R T,
PR 2 23 bifi 25 B () HE 78T BOL 57 R O 47 Dy e 2R 3%
JAE N, SRR R JZ TR K B T X 42 @ DA SR & +
B e TR S H AR A2
2.3 BRI 2

RIRIRZER) 2 AT 48 AR EE - 55 30 10 5
T B g7 TP A R A% ek R v T I 2 b U T A B Y R
e, 4« 3 EE ARl SR PR A B AR i R | R
WRIZ T AR A, B 4 R R JE sl M T R
HERAA, FT RIR TR E A W Hh 1 i Y e A
TN R T 2R R R R B 1R )Z
2.3.1  AmAAG KB 6 RR B

38 LU TN TG HL AN KSR S5 4R S FORE, TT LUAT 80k
BRI Z I TERE

Bordbar 250 AR 44 K Uk ( Ag NPs) %50 21 5 ik
WY, WE RS TR B G Rl EIS R
B, 3B 7 Ag NPs AT DASCGE VR 2 E e, Ag NPs
T U2 67 - BH ZE 8 M 40 0T 7% ) o N 1) G SiE
TR b My oD FR i ok SRR R )2 BN B A 2
BHFEAL, Yan 25008 AL O, 83 AR Ry BURHAS I 21 28 ik
WET WS AL O, B4 5 X IR 2 1 TG B i W A
S S P e s2 e, 38 L AR 2R IR, e BB 24 AL O,
R AT LA = SRR U 2 AE B 2% E T A T S ek | 9
Hi& 1 AL O, Ky A AT L4 v SRR U 2= i A 5, 9/ i
MR, B SRV IR A, Park 25778 Fe, O, 40K
KB AT T I 00 R R 5 1Y) 49 oK i 2 v ok il 5 A
PL-TCHLZ2 L PCM JEHE , Tobl Fe, O, 44 KBk AT D3 5%
JRE e P IPEFNREYE . W TEHLFE 5| A LTS AT LA AL
PR TR B 1 2 e (HUR BT B 1R W 3
W I 2R R A N 2 2 TR i 2] | WA 241
P 5 AR ) 2 i SO 451
232 Rk E

WIZMREALFR A R v 25 5 7 AR TR AL
SRR MR B IR 2 X S B2 R AR
FEAT PR EE TR PR b, IR 2 i RSO L
LR BEHMESR 5 A T3 TR 20y | Ak
2, BERREm AT A BB MRS, IR S TR )E

F55% - H44 - 2022541 1&

A PR AT S

R YRR 22 54 kL, etk £ 2 fg 2
PRI SE PR A% A AT 4 B, Qian 260 A a3
TR R BEEREN (NaLS ) i MR e 2 , 1 LA S 49 7 i
T SEREE (IPDD) A d 18 2R A B2 RIkk 2 A
A AT R Ak 2 A M BE R kR Rl L AR
il # TRMK (PU) /A (PANI) Z 4k 56 1 55k 21K I
TSR (IPDI) 04 7 A% 1 R [ 4, WA
Won i A MBEE R RE MR ER . Mk E
A S RS BE R 2, IR TPDIL R ik 3 2 4 X
5 2SO, 08 BURT Y A PR, 12 B AT LABH Y
FEL A RS P P 5 4, AT AR T At 42 )

PEARAE > FE 5%NaCl £hA W E a5 T, 72k
5%( T4 PAMAM 6 3R IR U 22 1) PU IR J2 760
FEMF b S S S AT b L A S AR Y PAM-
AM FER IR /Y PU ¥ )2 0T LATE R 5 B AR i
B L0 @A i A AL R A RN IE B B, % 6
PN R B RS BT P BE . Gite VP AT
A ME RN A A ML ) A SR IR AR %, 7 R T A R
HRRIFGE T A B M MR 1ok ) SR IR TR PU TR Z IR B
JEYERE, WRIZ A, TR R v i vk S 4 TR SRR
WCHC & W) DR AP IR, S 3 46 v U 2 B T R M. Maia
U A T A 5% B GBIk 2 - Fi IR I
e (MBT) SRR AMURE 4 , 7E 0.5 mol/L NaCl #9804 %%
147 2024 SR 64 4k MBT @ PU-MC fHie e n] 4
J i, IR G - BEIC IR 2 X 4 S B B T
2.3.3 ABEEBRMIEE

TR S AE R RE B B U bt sl At BB S M R b gl
Z I U R e BHE F R R A WA R, R A
YIFE JE R R BT TR ANER RE I 25 0 i 54, (A5 0 2 e S
F B e A I 28 2R A, B 2 T BUSL I A R ok 454
W, AT AR R P U BT SE N R BT R
A L 25 R WL ICHLAA e R e e )

Wang 451 & L T HEMETR Z N A B Z 2, i
AT FAZEIE =8 (BTA ) FIRE P 22 B 5k 40 K 5 B 3R (MR -
) il 45 T A MU, DR SR 2 A B R
R, Sun S5 R R A R HE ] PUF 522
BB, AT 75 L R SRR i (HDD) 19 8UZ B ik
TR, TR IZ A 2B R W2 1 TS BRI 1Y
HDI 7] Lhid o 5 J&] [ Y 7K By A 20 % 210116 i 24 4%
AR T3 280 % 10 0 A4 6k B 8% 410 36 4 Al 1 g o, ()
B, RUZ (0 28 HLA (0 A IR SRk AN X R A e A LS
RS2, Ma %0221, 6 - %03 O b 52k JK i



134 Vol.55 No.4 APr.2022

T ERREE (IPDL) FUR Y R N A R T AR SR
(GO) Bho: iy WURE R IR T e 2, GO 91 K 235 44 A 50 b BHL
1k TR s ARDE G E L, Wa 0 R LT
— AT A5 I 5 5 ) 1 % A O B B ER SR IR R
(WK - W ) A BLSE AN EUR 5o AL O, 9K e bt )2
R FE I A B E R 2, v BB R TR
FEVR 2R RO S B B MR DURR Y AL O, 44K
70 5 A5 H R 2 T U B 1 IR E MR D 2 kg, R
HR O S P 700 AR A
2.3.4 AR RREEREE

FESLNE 3 [& 30 MISTONGEIPIE I
EHEAT R B R A B P BE . Abdulazeez
AU T — R TV T K PR ER A I A T R I
BH(PUCorr- 1) , 7E & A A CO, A H, BRI 8 ot
WM AT R TIR, REWAER AR LT,
FEALERE P 48 O e L 9% B, O 5 B0 1 AR AR
FH i3k A 2 W R AIL T R R e AR B AN | I i e i A
AT B 1R SRR RK S 3B R 9 M 1T, Farhadian
SEUOL B LT — R K A K IR IR R T R 2 T
(WPUU) , WPUU 544 4 IR 28 /28 Jk W 1R 1 2k A1 FR
PR HR 35 -1 Ay -5 B 0 4 TR E A D ) 3 2 7 S R 2
BRI, BERSAE ™ T ok A IR w0 e AR

HERIRZFRE R 2 F, —For e AR IERL B
WL RE YIRS SV B RR A, T DL o S
o T, AT RN S SR HE B B 4 45 Ok 18 2 it
VIS Iy R A i S o I R B A
(Blanfl e, 2F 4 sl B R2 S ) 51 A S
AR Z I XS5 88 B 2 2 i), OF HAE TR
JEWER A G iR R IR R RS, RIREE R
JOH) N TWZ A @R (H i 2
TRV K J 406 11 6 o A T B2 4 v B RO AR, I FLIR
T A S I 2058 00 SO A &
AR S AR

L2 22 2 —Fh FLIE S MR 28 7k FERARAIR,
TR BAER D) R Y9 G — B IE i 805 1Y )
% P T RIS RARCR Y R R IR Tk
L] DUk — 20 s FL Mg, U R AR T R A
FMA T, WK T H B E L, HAfRDA A
A 1 L 25 22 R i A% R AT 4 |, Tripathi > 38 1 2l 2R
KHESHAT R Y5 22 T 205 T RIRGUOK L e 2
75 H ) SRR ETF 4 FL AT IR 1 RN S 1 R, A 2 N
NG ERIE T,

SRR R Z M L, B R R R 2 R A

Mateviats Protlection

FRITIES B8 ol 1 g 2 R L SRR ) A S5 A0 S e o 32 B

TR, AT LAGR P A R 2 S iR, B

TCHLAARIFORE (AR 21 4 55 0k B TR E PR RE A

RUAR IR 2 R R SR AR T B — A Z 7 1]

3 4 ik

RMKIRJZAR R FE BT TARENH b, BE S8 A7 Rk

TEPE R LA S K T R B8 1 4 J b TR Bk o 5R

Yy, EIREATHCS I G e R e 2 AL L B g 1B

AR IR R M S 2 ) S BURCR B0 A,

MFEARERIZ BT IEPERE . AR RIRRZ B FET5 1) —

S HA B RIEUR R R IR 2 | 5 RIRIR JZ I, i 2%

RMKIRIZIT 2 G — R RES S A FAB 52 A8 B 2R

BRIRJRE, I F1 5 BRI o o A8, =i

Bt Bt 2 4 AOBT LA R IRIRZ

[ & % x ® ]

(1] DhFBH R B ARER, A5, R Il A B 42 1 SR s AT 5%
[J] PR, 2021,45(2) :161-168.

MA X M, ZHENG M,XU W C,et al. Study of corrosion cost
and control strategy [ J]. Marine Sciences, 2021, 45(2)
161-168.

(2] B CFIGEEREE L b R SRR A A IR IR R AR R =
RBFSEL D] 75 8« PR RF, 2007
LV P. Studies on the Novel Polyaspartic Ester Based Poly-
urea Coatings for Marine Concrete Protection[ D]. Qingdao .
Ocean University of China,2007.

(3] EFH, &, B, 5 e RIRET K IR T B
T AR YR E RSB K , 2020( 1) £ 16-19.
WANG B Z, GUO L, YUE C S, et al. Application of Spray
Polyurea Waterproofing Coating in Municipal Environmental
Protection Works [ J].China Building Waterproofing, 2020
(1):16-19.

(4] BB, Shmts, B e, 55 I R OEE T 2 R AR
B VRS2 ANERTTE[ ] bR F41,2013,27(6) :23-26.
HUANG W B, XIE Y W,HU X, et al. Durability Study of
Pure Polyurea Heavy Anti- corrosion Coating in Marine At-
mosphere Environment [ J]. Materials Review, 2013, 27
(6):23-26.

(5] 2=, d 0, Bhmfh, 55, R RIK TR =
T B8 P M2 RIS D). IR, 2014,52(4) £ 5-9.
LIH Y, MENG H, XIE Y W, et al. Study on the Influ-
ences of Marine Atmosphere Environment on the Corrosion
Resistance of Polyurea Coating [ J]. Shanghai Coating,
2014,52(4) :5-9.

[ 6] KANWALS, ALI N Z, HUSSAIN R, et al. Poly - thiourea

formaldehyde based anticorrosion marine coatings on type



Rt 5.4

(7]

[ 8]

(9]

[10]

[11]

(12]

(13]

[14]

[15]

304 stainless steel [ J]. Journal of Materials Research and

Technology, 2020, 9(2) .2 146-2 153.

AMINI M R, SIMON J, NEMAT - NASSER S. Numerical

modeling of effect of polyurea on response of steel plates to

impulsive loads in direct pressure - pulse experiments [ J].

Mechanics of Materials, 2010, 42(6) ; 615-627.
RIJENSKY O, RITTEL D. Experimental investigation of

polyurea coated aluminum plates under strong hydrodynamic

shocks [ J]. Thin-Walled Structures, 2020, 154,106 833.

G, B P, BB, 5F RIR- WIS S5

RIS S A FROCEHL [J]. RIRESHAR, 2021, 43
(1): 58-62.

JINHF, LV P, HUANG W B, et al. Finite element simu-

lation and experimental research on impact resistance of

polyurea -steel composite structure[ J]. Low Temperature Ar-

chitecture Technology, 2021, 43(1) . 58-62.

B, FEE, B F. BRI () A Lo

FELJ] B R SA R, 2011,38(2) :50-52.

HUANG W B, LI B J, LV P. Comparative study on poly-

urea and hybrid[ J]. New Building Material, 2011, 38(2) :

50-52.

W, SRIRAE. JIRUR B = 4E GUIAAN L R PR S AG 1Y #

BT PEREMTIEL T ] R ERb s ey - i - ROCE,

2021,51(5) :116-134.

HUANG X F, ZHANG Z H. Static mechanical properties of

three - dimensional polyureacoated lattice structures with neg-

ative Poisson’s ratio [ J]. Scientia Sinica Physica, Mechani-

ca & Astronomica, 2021, 51(5) :116-134.

X sE, WA TN A IRBE L RZ D RoRE R

PERE[J] ALTHER, 2021, 40(10) ; 5 615-5 623.

LIU J, MIAO T M, JIANG Z Q, et al. Research progress of

surface protection coatings for concrete [ J]. Chemical Indus-

try and Engineering Progress, 2021, 40(10) : 5 615-5 623.

2R T B T T DR TR B e B 4 BT R SR R PR i

WFFE[D]: 75 8.7 BT, 2010.

LI Z G. Studies on the novel polyurea material for gingdao

bay bridge concrete protection[ D ]. Qingdao: Qingdao Uni-

versity of Technology, 2010.

KEH, B F, DU IR TR EE L AR S

WRIEB P[] REEL 2021 (1) ; 20-24.

ZHANG C Y, LV P, MA M L. Failure forms and coating

protection of concrete structure in marine environment [ J].

Concrete, 2021(1) . 20-24.

AR IR - T A S Ay DL A SR R B 98 OS2 T AR

BRATLI] ZBOEST, 2021, 28(2) : 52-53.

ZHU C H. Analysis on construction technology of polyurea

anti -seepage coating on concrete face rockfill dam face[ ] ].

[16]

(17]

[18]

[19]

[22]

[23]

[24]

[25]

[26]

[27]

F55% - H44 - 2022541 1$

Anhui Architecture, 2021, 28(2): 52-53.

ARUNKUMAR T, SUNITHA S, THEERTHAGIRI J, et al.
Effect of Polyurea Coating on Corrosion Resistance Over
Mild Steel and Aluminium Substrates for Liquid Storage Ap-
plications [ J ]. Molecular Crystals and Liquid Crystals,
2018, 670(1) : 60-73.

MO Q F, QIN G M, LING K, et al. Layer-by-layer self-as-
sembled polyurea layers onto MAO surface for enhancing
corrosion protection to aluminum alloy 6063 [ J]. Surface
and Coatings Technology, 2021, 405.126 653.

ZHANG J J, WANG J H, WEN S G, et al. Waterborne
Polyurea Coatings Filled with Sulfonated Graphene Improved
Anti - Corrosion Performance[ J]. Coatings,2021,11(2) :251.
CHEN K Y, LAI'Y S, YOU J K, et al. Effective anticorro-
sion coatings prepared from sulfonated electroactive polyurea
[J]. Polymer, 2019, 166.98-107.

LUTHRA S, MARTIN F L. Polyurea coating compositions
having improved pot lives: EP93108661.5[ P ]. 1995.
CHATTOPADHYAY D K, RAJU K V S N. Structural engi-
neering of polyurethane coatings for high performance appli-
cations [ J]. Progress in Polymer Science, 2007, 32(3):
352-418.

NAZIA S, SEKHAR S C, JEGATHEESAN V, et al. Per-
formance of chemically resistant polyurea reverse osmosis
membrane in the treatment of highly alkaline industrial
wastewater containing sodium aluminate [ J]. Water Sci
Technol, 2020, 82(11) . 2 259-2 270.

CUI'J, SHI' Y C, ZHANG X H, et al. Experimental study
on the tension and puncture behavior of spray polyurea at
high strain rates [ J]. Polymer Testing, 2021, 93.:106 863.
ZHANG P, WANG Z J, ZHAO P Z, et al. Experimental in-
vestigation on ballistic resistance of polyurea coated steel
plates subjected to fragment impact [ J]. Thin-Walled Struc-
tures, 2019, 144 106 342.

LI'Y, CHEN Z H, ZHAO T, et al. An experimental study
on dynamic response of polyurea coated metal plates under
intense underwater impulsive loading [ J ]. International
Journal of Impact Engineering, 2019, 133, 103 361.
WANG H C, FENG P, LV Y D, et al. Acomparative study
on UV degradation of organic coatings for concrete; Struc-
ture, adhesion, and protection performance [ J]. Progress in
Organic Coatings, 2020, 149 105 892.

EIAET NI 25 il K AR R R BT 1R )2 1 ) 2 1
AE 5 75 A BB T AR S#4R [T ]. 2020, 51(3) : 268-275.
LI B Q, LIUX N, LI Y T. Study on durability and life pre-
diction of polyurea composite anti - seepage coatings [ J ].

Journal of Hydraulic Engineering, 2020, 51(3) . 268-275.



Iw Vol.55 No.4 APr.2022

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LYU P, LIN J, MA M L, et al. Research on Seawater Cor-
rosion Resistance of Spray Polyurea Protective Coating [ J].
IOP Conference Series: Materials Science and Engineering,
2018, 436:012 017.

OEL B T B, . SRR IR R TR KR
TERFSE[ D] IRERP R, 2018, 49(10) ; 10 071-10 074.
LIN J, LV P, HUANG W B, et al. Study on seawater corro-
sion resistance of pure polyurea protective coatings [ J].
Journal of Functional Materials, 2018, 49(10): 10 071-
10 074.

BORDBAR S, REZAEIZADEH M, KAVIAN A. Improving
thermal conductivity and corrosion resistance of polyurea
coating on internal tubes of gas heater by nano silver [ J].
Progress in Organic Coatings, 2020, 146. 105 722.

YAN J A, GAO Z, TAN Q C, et al. Study on Wettability
and Corrosion Behavior of Al,O, Doped Polyurea Coatings
[J]. Protection of Metals and Physical Chemistry of Sur-
faces, 2020, 56(5) : 965-972.

PARK S, LEE Y, KIM Y S, et al. Magnetic nanoparticle -
embedded PCM nanocapsules based on paraffin core and
polyurea shell [ J]. Colloids and Surfaces A: Physicochemi-
cal and Engineering Aspects, 2014, 450.46-51.

QIAN Y, ZHOU Y J, LI L, et al. Facile preparation of ac-
tive lignin capsules for developing self-healing and UV -bloc-
king polyurea coatings [ J]. Progress in Organic Coatings,
2020, 138 105 354.

LIHY, FENG Y Y, CUL Y X, et al. Polyurea/polyaniline
hybrid shell microcapsules loaded with isophorone diisocya-
nate for synergetic self-healing coatings [ J]. Progress in Or-
ganic Coatings, 2020, 145.:105 684.

TATIYA P D, MAHULIKAR P P, GITE V V. Designing of
polyamidoamine - based polyurea microcapsules containing
tung oil for anticorrosive coating applications [ J]. Journal of
Coatings Technology and Research, 2016, 13(4) . 715-726.
GITE V V, TATIYA P D, MARATHE R J, et al. Microen-
capsulation of quinoline as a corrosion inhibitor in polyurea
microcapsules for application in anticorrosive PU coatings
[J]. Progress in Organic Coatings, 2015, 83.11-18.
MAIA F, YASAKAU K A, CARNEIRO J, et al. Corrosion
protection of AA2024 by sol-gel coatings modified with
MBT -loaded polyurea microcapsules [ J]. Chemical Engi-
neering Journal, 2016, 283.1 108-1 117.

LIHY, MAY J, LIZK, et al. Synthesis of novel multilay-
er composite microcapsules and their application in self - lu-
bricating polymer composites [ J]. Composites Science and
Technology, 2018, 164.120-128.

WU S M, YUAN L, GU A ], et al. Synthesis and character-

[40]

[41]

[43]

[44]

[46]

(48]

[49]

[50]

Mateviats Protlection

ization of novel epoxy resins-filled microcapsules with organ-
ic/inorganic hybrid shell for the self - healing of high per-
formance resins [ J|. Polymers for Advanced Technologies,
2016, 27(12) ; 1 544-1 556.

WANG W, LI W H, FAN W J, et al. Accelerated self -
healing performance of magnetic gradient coating [ J].
Chemical Engineering Journal, 2018, 332:658-670.

SUN D W, AN J L, WU G, et al. Double -layered reactive
microcapsules with excellent thermal and non - polar solvent
resistance for self-healing coatings [ J]. Journal of Materials
Chemistry A, 2015, 3(8) : 4 435-4 444.

MA Y X, ZHANG Y R, LIUJ T, et al. GO-modified doub-
le - walled polyurea microcapsules/epoxy composites for ma-
rine anticorrosive self - healing coating [ J]. Materials & De-
sign, 2020, 189.:108 547.

WU F, LI J F, QUAN H, et al. Robust polyurea/poly
(urea-formaldehyde ) hybrid microcapsules decorated with
Al,O; nano - shell for improved self - healing performance
[J]. Applied Surface Science, 2021, 542,148 561.
ABDULAZEEZ 1, AL-HAMOUZ O C S, KHALED M, et
al. Inhibition of mild steel corrosion in CO, and H,S-saturat-
ed acidic media by a new polyurea-based material [ J]. Ma-
terials and Corrosion, 2019, 71(4) : 646-662.
FARHADIAN A, VARFOLOMEEV M A, KUDBANOV A,
et al. Waterborne polymers as kinetic/anti - agglomerant
methane hydrate and corrosion inhibitors: A new and prom-
ising strategy for flow assurance [ J]. Journal of Natural Gas
Science and Engineering, 2020, 77.103 235.

WANG W, XU L K, LI X B, et al. Self-healing properties
of protective coatings containing isophorone diisocyanate mi-
crocapsules on carbon steel surfaces [ J]. Corrosion Sci-
ence, 2014, 80:528-535.

JI X H, WANG W, LI W H, et al. pH -responsible self -
healing performance of coating with dual - action core - shell
electrospun fibers [ J]. Journal of the Taiwan Institute of
Chemical Engineers, 2019, 104.227-239.

MURPHY E B, WUDL F. The world of smart healable ma-
terials [ J]. Progress in Polymer Science, 2010, 35(1/2) ;
223-251.

WANG Q, WANG W, JI X H, et al. Self-Healing Coatings
Containing Core - Shell Nanofibers with pH - Responsive Per-
formance [ J]. ACS Applied Materials & Interfaces, 2021,
13(2): 3 139-3 152.

TRIPATHI M, PARTHASARATHY S, ROY P K. Mechani-
cally robust polyurea nanofibers processed through electro-
spinning technique [ J]. Materials Today Communications,

2020, 22:100 771. [FK.E T]



