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Polyurea  e las tomers  a re  po lymers  con ta in ing 

r epea t ing  u rea  g roups  (-NH-CO-NH- )  i n  t he i r 

main chains, featuring multiple functionalities such 

a s  e x p l o s i o n  r e s i s t a n c e ,  i m p a c t  r e s i s t a n c e ,  w e a r 

res i s tance ,  waterproof ing ,  and  energy  absorp t ion . 

Wi t h  h i g h  s o l i d  c o n t e n t  a n d  l o w  V O C  c o n t e n t , 

they  are  widely  used  in  da i ly  l i fe ,  t ranspor ta t ion , 

i n d u s t r y ,  a n d  n a t i o n a l  d e f e n s e ,  m a k i n g  t h e m 

ind ispensab le  mate r ia l s  fo r  the  na t iona l  economy 

and defense industry. Research on polyurea synthesis 

began in  the  1960s .  In  1995,  Huang Weibo 's  team 

in t roduced  po lyu rea  t e chno logy  t o  Ch ina ,  and  i t 

w a s  c o m m e r c i a l l y  u s e d  i n  t h e  c o u n t r y  i n  1 9 9 9 . 

With  the  innovat ion of  product ion technology and 

optimization of quality for polyurea elastomers, they 

have been widely used in various industries such as 

machinery,  e lec t r i c i ty,  chemica l  eng ineer ing ,  and 

construction. This article focuses on the development 

of polyurea elastomers in recent years.

1  Research on polyurea elastomer 
materials
1.1  Development of polyurea elastomers

Polyurea  e l a s tomers  have  evo lved  in to  th ree 

g e n e r a t i o n s ,  i n c l u d i n g  t h e  f i r s t  g e n e r a t i o n  o f 

aromatic polyurea, the second generation of aliphatic 

polyurea ,  and the  th i rd  generat ion of  polyaspar t ic 

e s t e r  po lyu rea  ( a spa r t i c  po lyu rea ) .  The  domes t i c 

market  for  aspar t ic  polyurea is  experiencing rapid 

development. From a production volume of less than 

1 ton in 2009, it surpassed 4,000 tons in 2021, and is 

expected to exceed 5,000 tons in 2023.

A r o m a t i c  p o l y u r e a  i s  c o m p o s e d  o f  a r o m a t i c 

i socyana te  (Componen t  A)  and  po lyo l  and  amino 

chain extender (Component R). Due to the fact that 

the  r eac t iv i ty  o f  p r imary  amines  wi th  i socyana te 

in  the react ion system is  much higher  than that  of 

hydroxyl groups with isocyanate in the polyurethane 

s y s t e m ,  t h e  r e a c t i o n  b e t w e e n  i s o c y a n a t e  a n d 

moisture in the air is reduced, making the polyurea 

coa t ing  l e s s  p rone  to  i s sues  such  a s  bubb les  and 

pinholes. However, the high reactivity also leads to 

problems such as  excess ive ly  fas t  reac t ion  speed, 

sho r t  ge l  t ime  (3~5  s ) ,  poo r  adhes ion ,  and  sho r t 

se rv ice  l i fe .  The  presence  of  r ig id  a romat ic  r ings 

in the hard segments of the molecular chain brings 
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about  good mechanical  proper t ies ,  but  a lso  makes 

the polyurea coat ing prone to yel lowing and aging 

under  l igh t  exposure ,  and  prone  to  se l f -ox ida t ion 

t o  f o r m  q u i n o n e  i m i n e  u n d e r  u l t r a v i o l e t  l i g h t . 

Therefore, antioxidants and UV-resistant components 

are usually added to prolong its service life.

T h e  A c o m p o n e n t  o f  a l i p h a t i c  p o l y u r e a  i s 

prepared by prepolymerizing aliphatic diisocyanate 

w i t h  a m i n o - t e r m i n a t e d  p o l y e t h e r ,  w h i l e  t h e  R 

component consists of polyether and aliphatic amine 

chain extenders, without the need for catalysts. The 

second-generation polyurea exhibits  excellent  l ight 

res i s tance  and  low tempera ture  res i s tance ,  and  i s 

dense, seamless, waterproof, and corrosion-resistant, 

making i t  sui table  for  outdoor set t ings where high 

color  accuracy is  required.  The second-generat ion 

polyurea reduces  the react ion ra te  to  some extent , 

b u t  i t  i s  m e c h a n i c a l l y  s o f t  a n d  h a s  p o o r  h i g h 

temperature resistance.

The third-generation aspartic polyurea achieves 

slow reaction and tunable properties by introducing 

d i f f e r e n t  s u b s t i t u e n t s  i n t o  a l i p h a t i c  s e c o n d a r y 

amine compounds wi th  s ter ic  h indrance s t ructures 

-  p o l y a s p a r t i c  e s t e r  m o l e c u l e s ,  w h i l e  r e t a i n i n g 

exce l l en t  pe r fo rmance ,  t hus  so lv ing  the  p rob lem 

of  di ff icul t - to-control  react ion speed.  In  addi t ion, 

weather- res is tant  aspar t ic  polyurea  has  h igh sol id 

content and can achieve zero VOC emissions, making 

it a high-performance, environmentally friendly, and 

green elastomeric material. It is currently a research 

hotspot, but there are few varieties and high prices.

1.2 Synthesis of polyurea elastomers
The synthesis  of  polyurea elastomers involves 

two steps: prepolymerization and chain extension. In 

the synthesis reaction of the prepolymer, component 

A is generally a polymer, derivative, prepolymer, or 

semi-prepolymer of isocyanate.

In  the  chain-extending synthesis  react ion,  the 

R component  is  general ly composed of  polyethers , 

amine chain extenders ,  and addi t ives .  The essence 

o f  t he  syn thes i s  l i e s  i n  t he  r eac t ion  be tween  the 

prepolymer  and  the  te rminal  amino polye ther  and 

amine chain extenders. By adjusting the ratio of soft 

and hard segments in components A and R, polyurea 

materials  with different  elast ici ty,  tensile strength, 

and hardness can be prepared.

1.3 Microphase separation structure of 
polyurea elastomers

T h e  m o l e c u l a r  c h a i n  s e g m e n t  o f  p o l y u r e a 

elastomers is composed of alternating soft and hard 

segments,  forming an (AB)n-type block copolymer. 

T h e  s c h e m a t i c  d i a g r a m  o f  i t s  m o l e c u l a r  c h a i n 

s t r u c t u r e  i s  s h o w n  i n  F i g u r e  1 .  T h e  m i c r o p h a s e 

s t ruc tu re  has  a  s ign i f i can t  impac t  on  i t s  t he rma l 

proper t ies ,  mechanical  proper t ies ,  and processing, 

espec ia l ly  on  the  mechanica l  proper t ies .  The  sof t 

segment  wi th  a  lower  glass  t rans i t ion temperature 

(Tg) is the basic phase,  which has good flexibili ty. 

The  ha rd  segment  wi th  a  h igher  Tg  fo rms  a  ha rd 

phase under the action of hydrogen bonding, which 

i s  r ig id  and  can  serve  as  a  phys ica l  c ross - l ink ing 

a n d  r e i n f o r c i n g  f i l l e r ,  s i g n i f i c a n t l y  i m p r o v i n g 

the  phys i cochemica l  p rope r t i e s  o f  po lyu rea .  The 

d i ffe rences  in  thermodynamic  proper t i es  be tween 

the soft  and hard segments,  as well  as the complex 

in t e rac t ion  fo rces  be tween  the  molecu la r  cha ins , 

result in a complex multiphase system within them. 

Wi th in  a  ce r t a in  r ange ,  the  g rea te r  the  degree  o f 

microphase  separa t ion,  the  s igni f icant ly  enhanced 

tensile strength, hardness, and modulus of polyurea. 

Cur ren t ly,  t he  v i ews  on  the  f ac to r s  a ff ec t ing  the 

microphase separation structure of polyurea mainly 

f o c u s  o n :  1 .  t h e  c o m p o s i t i o n  o f  s o f t  a n d  h a r d 

segments; 2. the effect of hydrogen bonding.

1.3.1  Influence of soft and hard segments
The structural  types,  chemical  rat ios ,  segment 

s t r u c t u r e s ,  a n d  c h a i n  l e n g t h s  o f  r a w  m a t e r i a l s 

a l l  a f f e c t  t h e  m i c r o p h a s e  s e p a r a t i o n  s t r u c t u r e 

o f  po lyu rea .  When  the  con t en t  o f  ha rd  s egmen t s 

remains constant, the higher the molecular weight of 

soft segments, the greater the degree of microphase 

separation, resulting in increased tensile strength and 

impact strength, and significantly reduced hysteresis 

and creep. Currently,  diisocyanates or their  tr imers 
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are  commonly used in  the  preparat ion of  polyurea 

e l a s tomers ,  a s  s tud ies  have  found  tha t  the  be t t e r 

the symmetry of isocyanates,  the higher the degree 

of  microphase separat ion in the resul t ing polyurea 

products,  and the better  the mechanical  propert ies. 

Symmetric isocyanate monomers are more conducive 

to  the  ordered accumulat ion and crysta l l izat ion of 

hard segments in polyurea elastomers, forming firmly 

bonded hard segment microdomains internally, leading 

to a stronger reinforcement effect from fillers.

T h e  i s o c y a n a t e  i n d e x  i s  a  c r u c i a l  i n d i c a t o r 

t h a t  a f f e c t s  t h e  p h y s i c o c h e m i c a l  p r o p e r t i e s  o f 

p o l y u r e a  e l a s t o m e r s .  B y  d e s i g n i n g  t h e  c h e m i c a l 

ra t io  of  i socyanate  to  amino- terminated  polyether 

and amino-terminated polyether  to  chain extender, 

and adjust ing the rat io of  soft  to hard segments in 

polyurea, the mechanical properties of polyurea can 

be  a l t e red .  The  ra t io  o f  i socyana te  componen t  to 

amino component is typically 1.05 ~ 1.10.

1.3.2  The influence of hydrogen bonding
Hydrogen bonding is the primary intermolecular 

force influencing the internal microphase separation 

in polyurea, promoting the ordered accumulation and 

crystall ization of hard segments,  thereby endowing 

polyurea elastomers with excellent wear resistance, 

s t r eng th ,  and  an  e leva ted  mel t ing  po in t .  The  two 

act ive hydrogens in  the  urea bond of  the  polyurea 

m o l e c u l a r  c h a i n  c a n  f o r m  a  p l a n a r  b i f u r c a t e d 

s t ructure .  The double-coordinated hydrogen bonds 

formed between urea bonds exhibit stronger cohesion 

i n  t h e  h a r d  s e g m e n t  m i c r o d o m a i n s ,  l e a d i n g  t o  a 

greater degree of microphase separation and superior 

mechanical properties, as illustrated in Figure 2.

Figure 2  Microscopic schematic diagram of hydrogen 
bonding in polyurea elastomers

1.4 Modification of polyurea elastomers
To  e n h a n c e  t h e  l o w - t e m p e r a t u r e  f l e x i b i l i t y, 

high-temperature resis tance,  f lame retardancy,  and 

o ther  p roper t i e s  o f  po lyurea  e las tomers ,  they  a re 

o f ten  modi f i ed .  Cur ren t ly,  the  main  modi f i ca t ion 

m e t h o d s  f o r  p o l y u r e a  e l a s t o m e r s  i n c l u d e 

nanomaterial  modificat ion,  resin modificat ion,  and 

other modifications.

1.4.1 Modification of nanomaterials
B y  i n t r o d u c i n g  n a n o m a t e r i a l s  i n t o  p o l y u r e a 

e l a s t o m e r s ,  t h e  s u r f a c e  a c t i v e  c e n t e r s  o f 

n a n o p a r t i c l e s  c a n  b e  b o u n d  t o  u r e a  b o n d s .  B y 

ad jus t ing  the  s t ruc ture ,  con ten t ,  and  c ross l ink ing 

d e g r e e  o f  s o f t  a n d  h a r d  s e g m e n t s  t o  f o r m  a n 

a g g r e g a t e d  s t r u c t u r e ,  t h e  w e a r  r e s i s t a n c e ,  s t a i n 

r e s i s t a n c e ,  w e a t h e r  r e s i s t a n c e ,  a d h e s i o n ,  a n d 

mechanical properties of polyurea elastomers can be 

effectively improved.

F e n g  Yo n g h u i  u t i l i z e d  c o r e - s h e l l  s t r u c t u r e d 

nano -Ag@SiO 2 ma te r i a l s  t o  mod i fy  t he  p r epa red 

s i l i cone-based  po lyurea .  Compared  to  t r ad i t iona l 

s i l icone-based ant i -foul ing mater ials ,  the prepared 

P D M S - P U a / A g @ S i O 2 n o t  o n l y  e x h i b i t s  s u p e r i o r 

mechanica l  proper t ies ,  adhes ion ,  and  se l f -hea l ing 

capab i l i t i e s ,  bu t  a l so  demons t r a t e s  op t ima l  an t i -

protein adsorption and bactericidal effects when the 

nano-silver addition is 0.5% (mass fraction).

Wang  Wei feng  modi f ied  wate rborne  po lyurea 

using nano-SiO2.  When the addit ion of nano-SiO2 

Figure 1 Microphase separation structure of polyurea 
elastomer
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w a s  2 % ,  t h e  t h e r m a l  d e c o m p o s i t i o n  t e m p e r a t u r e 

o f  t h e  c o a t i n g  f i l m  i n c r e a s e d  b y  1 0 ℃ ,  a n d  t h e 

w a t e r  a b s o r p t i o n  r a t e  d e c r e a s e d  f r o m  3 0 . 5 6 %  t o 

11.12%. The tensile strength first increased and then 

decreased, reaching a maximum of 29.7 MPa, while 

the elongation at break continuously decreased.

1.4.2 Resin modification
Resin modification is a method of incorporating 

r e s in  molecu les  in to  po lyurea  molecu les  th rough 

means such as block copolymerization and grafting. 

C o m m o n l y  u s e d  r e s i n s  f o r  m o d i f i c a t i o n  i n c l u d e 

p h e n o l i c  r e s i n ,  e p o x y  r e s i n ,  a n d  s i l i c o n e  r e s i n . 

This  approach is  used to  improve the  tempera ture 

resistance, reaction rate,  and mechanical properties 

of  polyurea  e las tomers .  The method is  s imple  and 

e f f e c t i v e .  F u r t h e r m o r e ,  a f t e r  m o d i f i c a t i o n ,  t h e 

internal  s ter ic  hindrance of  the material  increases, 

hindering the reaction with-NCO. This can extend 

the bonding t ime of the coating to a certain extent 

and improve the adhesion.

Phenolic  resin modif icat ion is  commonly used 

to  enhance the mechanical ,  thermal ,  and electr ical 

p r o p e r t i e s  o f  m a t e r i a l s .  Wa n g  L i u y a n g  e t  a l . 

p r e p a r e d  p h e n o l i c  r e s i n - m o d i f i e d  p o l y u r e t h a n e /

polyurea coatings and found that when the phenolic 

res in  con ten t  in  the  R  component  o f  the  mate r ia l 

was around 50%, the tensile strength of the coating 

f i lm increased from 8.9 MPa to 13.2 MPa,  and the 

res is tance  to  s t rong ac ids  and damping proper t ies 

were improved, with Tg increasing from 12 ℃ to 106 

℃. Epoxy resin has excellent physical,  mechanical, 

a n d  e l e c t r i c a l  i n s u l a t i o n  p r o p e r t i e s ,  a n d  t h e 

epoxy molecular  chains  can be wel l  d ispersed and 

interpenetrated into the polyurea molecular chains to 

form a cross-linked network.

L iu  Fangfang  e t  a l .  mod i f i ed  po lyurea  us ing 

s e l f - m a d e  e p o x y  r e s i n  a n d  f o u n d  t h a t  v a r i o u s 

p r o p e r t i e s  w e r e  i m p r o v e d  t o  s o m e  e x t e n t  a f t e r 

m o d i f i c a t i o n .  W h e n  t h e  s e l f - m a d e  e p o x y  r e s i n 

c o m p l e t e l y  r e p l a c e d  1 0 0 0 D  a n d  D 2 0 0 0  i n  t h e  R 

c o m p o n e n t ,  t h e  t e n s i l e  s t r e n g t h  o f  t h e  r e s u l t i n g 

coating increased from 4.55 MPa to 16.63 MPa, the 

initial decomposition temperature rose from 288.1 ℃ 

to 334.1 ℃, and the glass transition temperature (Tg) 

increased from 12.6 ℃ to 90.0 ℃.

To  e n h a n c e  t h e  d a m p i n g  p e r f o r m a n c e  o f 

po lyurea  mater ia l s ,  L i  Cangang e t  a l .  used  s i lane 

coupling agent A-187 as a modifier to modify 100-

mesh mica powder  by solut ion immersion method. 

The  modif ied  mica  powder  was  then  added to  the 

polyurea damping resin. The results showed that the 

addi t ion  of  s i lane  coupl ing  agent  A-187 modif ied 

mica  powder  to  the  po lyurea  res in  could  improve 

the damping performance of the material.  When the 

addi t ion level  of  s i lane coupl ing agent  A-187 was 

4%, the modified mica powder exhibited the highest 

activation index and the largest water contact angle, 

i n d i c a t i n g  t h e  b e s t  m o d i f i c a t i o n  e f f e c t .  A s  t h e 

pigment-to-base ratio increased, the tensile strength 

and  e longa t ion  a t  b reak  o f  the  po lyurea  damping 

mater ia l  increased,  the  peak value of  the  damping 

factor rose, and the glass transition temperature (Tg) 

shifted towards lower temperatures.

S i l i cone  i s  a  k ind  o f  ma te r i a l  wi th  exce l l en t 

properties such as low surface energy and low elastic 

modulus, and it  also has good thermal stabili ty and 

oxidation resistance.

L i u  J u n r e n  a n d  h i s  t e a m  m o d i f i e d  a s p a r t i c 

p o l y u r e a  u s i n g  d o u b l e - e n d e d  e p o x y - b a s e d 

p o l y s i l o x a n e  ( P D M S ) .  T h r o u g h  a  r i n g - o p e n i n g 

r e a c t i o n  b e t w e e n  D 2 0 0  a n d  t h e  t e r m i n a l  e p o x y 

g r o u p ,  P D M S  w a s  g r a f t e d  o n t o  t h e  m a i n  c h a i n , 

followed by a Michael addition reaction with diethyl 

m a l e a t e ,  r e s u l t i n g  i n  t h e  s y n t h e s i s  o f  s i l i c o n e -

m o d i f i e d  p o l y a s p a r t i c  e s t e r  ( PA E - S ) .  PA E - S 

was  then  po lymer i zed  w i th  HMDI  p repo lymer  a t 

r o o m  t e m p e r a t u r e  t o  p r o d u c e  s i l i c o n e - m o d i f i e d 

po lyaspa r t i c  e s t e r  po lyu rea .  Eva lua t i on  r evea l ed 

that the high-temperature resistance of the silicone-

m o d i f i e d  p o l y u r e a  w a s  i m p r o v e d  t o  v a r y i n g 

degrees .  Fur the rmore ,  the  po lyurea  exh ib i t ed  the 

highest  elongation at  break when the hard segment 

content  was 12.8%, while also demonstrat ing good 

flexibility.
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H u  C h u n y a n  e t  a l .  s y n t h e s i z e d  a  s i l o x a n e -

m o d i f i e d  p o l y u r e a  e l a s t o m e r  ( S P U R )  w i t h  b o t h 

rigid and flexible synergistic mechanical properties 

a n d  r e p a i r a b i l i t y ,  u s i n g  a m i n o - t e r m i n a t e d 

polydimethyls i loxane,  amino- terminated polyether 

( po lye the r amine ,  PEA) ,  i sopho rone  d i i socyana t e 

( I P D I ) ,  a n d  n - b u t y l a m i n o m e t h y l t r i e t h o x y s i l a n e 

(S151)  as  raw mater ia ls .  Through the "prepolymer 

c a p p i n g  m e t h o d "  a n d  " s o f t  a n d  h a r d  s e g m e n t 

regulation method", and in combination with PEA20 

and  PEA9 monomers ,  they  ach ieved  a  synerg is t ic 

effect .  The tensile test  and repair  performance test 

of SPUR were conducted: SPUR4 exhibited a tensile 

s t r e n g t h  o f  5 . 2 6  M P a ,  a n  e l o n g a t i o n  a t  b r e a k  o f 

530%, and a repair rate of 30%, combining optimal 

comprehensive strength and elasticity.

1.4.3  Other modifications
Polyurea  modi f i ca t ion  a l so  inc ludes  methods 

such  as  f luor ine  modi f ica t ion ,  epoxy  soybean  o i l 

(ESO) modification, and castor oil modification. The 

strong electronegativity of fluorine atoms enables the 

high bond energy carbon-fluorine bond to protect the 

main chain macromolecules,  imparting the material 

w i t h  e x c e l l e n t  s u r f a c e  a n d  e l e c t r i c a l  p r o p e r t i e s . 

Moreover, organic fluorine can also exhibit excellent 

hydrophobic effects.

Feng Mingwei and others synthesized fluorine-

m o d i f i e d  p o l y u r e a  m a t e r i a l s  b y  u s i n g  f l u o r i n e -

modif ied  a l icyc l ic  s low-reac t ing  secondary  amine 

r e s i n  a s  t h e  A c o m p o n e n t  o f  a  n o v e l  p o l y u r e a 

system, and the B component as a prepolymer made 

from the reaction of polyester  polyol  and al iphatic 

polyisocyanate. Due to the introduction of fluorine, 

w h i c h  p o s s e s s e s  v a r i o u s  c h a r a c t e r i s t i c s  s u c h  a s 

h i g h  e l e c t r o n e g a t i v i t y,  h i g h  F - C  b o n d  e n e r g y, 

a n d  l o w  s u r f a c e  e n e rg y,  c o m b i n e d  w i t h  s p e c i a l 

formulat ion design,  the material  exhibi ts  excel lent 

ag ing  res i s t ance ,  wa te rproof ing ,  low- tempera tu re 

f lexibi l i ty,  impact  and abras ion res is tance ,  s t rong 

adhesion,  and other  advantages.  I t  can be cured at 

low tempera tures  and  i s  l ess  a ffec ted  by  ex te rna l 

temperature and humidity, making it highly suitable 

for various surface protective treatments of hydraulic 

structures.

Zhang Yuying  deve loped  a  k ind  of  u l t ra -h igh 

so l i d  content  modif ied a l iphat ic  aspar t ic  polyurea 

t opcoa t  fo r  w ind  tu rb ine  b l ade  p ro t ec t i on ,  u s ing 

f luoros i l icon-modif ied  a l iphat ic  aspar t ic  polyurea 

resin as the main resin and aliphatic isocyanate as the 

curing agent. The hydrophobicity, abrasion resistance, 

rain erosion resistance, and weather resistance of the 

topcoat  were invest igated.  The results  showed that 

the solid content of the modified aliphatic aspart ic 

polyurea topcoat reached 95%, with a film gloss of 

≤30; the mechanical properties, rain erosion resistance, 

a n d  U V a g i n g  r e s i s t a n c e  o f  t h e  p a i n t  f i l m  w e r e 

excellent, and the hydrophobicity was good.

E p o x y  s o y b e a n  o i l  ( E S O )  i s  a b u n d a n t , 

r e n e w a b l e ,  e n v i r o n m e n t a l l y  f r i e n d l y ,  a n d 

inexpensive, with good thermal stability and solvent 

resistance. After ring-opening with primary amines, 

ESO can be used to synthesize mild network cross-

l i n k i n g ,  i m p r o v i n g  t h e  m e c h a n i c a l  p r o p e r t i e s  o f 

polyurea.

H e  J i n w e n  e t  a l .  o b t a i n e d  M i c h a e l  a d d i t i o n 

products by reacting IPDA with diethyl maleate and 

then added ESO to catalyze the synthesis of modified 

polyaspartic ester (PAE). The research results showed 

that ESO-modified PAE formed a cross-linked network 

structure. The reaction temperature was controlled at 

95~105 ℃, with ZnCl2 as the catalyst, and the molar 

rat io of  epoxy groups to amino groups was 1:1.25. 

The optimal addition amount of ESO was controlled at 

6%~13%. The addition of ESO improved the thermal 

stability of PAE.

Wang  Xiao t ao  e t  a l .  added  a  ce r t a in  amoun t 

of  modi f ied  cas tor  o i l  to  the  po lyurea  component 

and  ob t a ined  ca s to r  o i l  mod i f i ed  sp r ay  po lyu rea 

e l a s t o m e r  t h r o u g h  s p r a y i n g .  T h e y  s t u d i e d  t h e 

influence of castor oil content on the contact angle, 

mechanica l  proper t ies ,  water  absorp t ion  ra te ,  and 

t e n s i l e  s t r e n g t h  r e t e n t i o n  o f  t h e  s p r a y  p o l y u r e a 

elastomer.  The results  showed that  castor oil  could 

improve the water  resistance of the spray polyurea 
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elastomer. When the mass fraction of castor oil was 

30%, the water absorption rate of the spray polyurea 

elastomer after 7 days was 0.8%, the contact  angle 

was  105° ,  and  the  tens i le  s t rength  re ten t ion  a f te r 

3 0  d a y s  w a s  g r e a t e r  t h a n  9 0 % .  T h e  m e c h a n i c a l 

properties of the spray polyurea elastomer decreased 

wi th  the  increase  of  cas tor  o i l  con ten t .  When the 

mass  f r ac t i on  o f  c a s to r  o i l  was  50%,  t he  t ens i l e 

s t rength of  the  mater ia l  decreased to  15 MPa,  and 

the tear strength decreased to 100 N/mm.

2  Application of polyurea in various 
fields

C u r r e n t l y,  t h e  p o l y u r e a  m a r k e t  i s  p r i m a r i l y 

concentrated in countries such as the United States 

and Japan, with a growing demand in China in recent 

years .  Domes t ic  po lyurea  mate r ia l s  a re  p r imar i ly 

u s e d  i n  m a r i n e  c o r r o s i o n  p r o t e c t i o n ,  r a i l w a y 

c o n s t r u c t i o n ,  a n d  t h e  c o n s t r u c t i o n  o f  i m p o r t a n t 

f a c i l i t i e s .  I n  2 0 2 2 ,  t h e  g l o b a l  p o l y u r e a  c o a t i n g s 

market  reached a value of 6.294 bil l ion yuan,  with 

China accounting for 1.823 billion yuan.

2 . 1  A p p l i c a t i o n  o f  p o l y u r e a  i n  t h e 
construction field

Polyurea is most widely used in the construction 

f i e l d ,  s u c h  a s  w a t e r p r o o f i n g  w a l l s ,  s e a l i n g  a n d 

preventing infi l t rat ion and leakage of  underground 

water conveyance systems, etc. Its wet slip resistance 

also makes i t  sui table for  large sports  venues with 

high anti-slip requirements, such as swimming pools 

and marine animal performance halls. Spray polyurea 

was  f i r s t  p romoted  and  app l i ed  in  an t i - co r ros ion 

projects in the power industry and marine facili t ies 

in 2004. After i ts application in Olympic venues in 

2008,  spray  polyurea  has  been widely  used in  the 

field of sports architecture.

As a competition venue for the 2022 Hangzhou 

A s i a n  G a m e s ,  t h e  m a i n  s t a d i u m  o f  t h e  Z h e j i a n g 

Huanglong Sports Center has seen i ts  surface layer 

of the stands age over time. It underwent renovation 

using a weather-resistant PAE polyurea topcoat. The 

A component of the material is an IPDI prepolymer, 

while the R component consists of PAE mixed with 

a n  a p p r o p r i a t e  a m o u n t  o f  p o w d e r  a n d  a d d i t i v e s . 

The paint  f i lm contains  no discolor ing groups and 

exhibits high strength, good elasticity, excellent wear 

resistance, and resistance to yellowing. In practical 

appl icat ions,  i t  maintains  high color  re tent ion and 

offers significant waterproofing effects.

T h e  2 0 2 2  B e i j i n g  Wi n t e r  O l y m p i c s  s p u r r e d 

t h e  d e v e l o p m e n t  o f  a r t i f i c i a l  s i m u l a t i o n  i c e . 

S i m u la t ed  i ce  r i nks  a r e  t yp i ca l ly  cons t ruc t ed  by 

s p l i c i n g  t o g e t h e r  s i m u l a t i o n  i c e  b o a r d s  m a d e  o f 

u l t r a -h igh  molecu la r  we igh t  po lye thy lene ,  wh ich 

offers low cost,  fast construction speed, and simple 

maintenance. However, the joints can affect the overall 

f la tness  of  the  ice  surface,  and i t  i s  impossible  to 

pre-bury markings and lines. Especially after skates 

glide across the ice, numerous burrs or plastic fibers 

emerge, hindering athletes from performing difficult 

and ski l l ful  maneuvers .  Addit ional ly,  polyethylene 

boards are prone to deformation or even ignition when 

heated, posing safety hazards and fire risks. Polyurea 

l iquid simulation ice,  being both "crisp" and wear-

resistant ,  with a simple manufacturing process and 

excellent performance, has strong wear resistance and 

weather resistance, making it the focus of artificial ice 

research.

P a t e n t  C N 1 0 6 6 3 4 4 9 6 B  h a s  s y n t h e s i z e d  a n 

a r t i f i c i a l  s i m u l a t e d  i c e  u s i n g  a s p a r t i c  p o l y u r e a , 

nano-scale  r ig id  so l id  f i l le rs  HDI and HMDI,  and 

diluent.  Compared with existing artificial ice rinks, 

the polyurea simulated ice surface exhibits excellent 

l o a d - b e a r i n g  r i g i d i t y,  o p t i m a l  s l i d i n g  r e s i s t a n c e 

coe ff i c i en t ,  s imp le  and  conven i en t  cons t ruc t i on , 

extremely rich sports colors, and meets international 

t op  env i ronmen ta l  s t anda rds .  Fu r the rmore ,  when 

the  i ce  r ink  i s  r e loca ted  o r  i t s  spec i f i ca t ions  a re 

changed, it is only necessary to re-segment or splice 

the polyurea simulated ice body, and then pour new 

liquid material  into the joints.  In addition, aspartic 

po lyurea  has  cha rac te r i s t i c s  such  as  low vo la t i l e 

organic compounds and heavy metal content, and no 

solvents, which does not pollute the environment or 
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harm the health of construction workers.

P o l y u r e a  e l a s t o m e r s  a r e  r e c o g n i z e d  a s  k e y 

mater ia ls  for  protect ing the s t rength and safety  of 

projects such as highways, rail transit,  and cross-sea 

br idges due to  their  excel lent  waterproofing,  rust-

proof ing,  and corros ion res is tance .  Their  super ior 

res i s tance  to  sa l t  spray  and  ox ida t ion  a l so  makes 

them ideal  ant i -corrosion mater ia ls  in  the  f ie ld  of 

marine and offshore engineering.

T h e  h i g h - s p e e d  r a i l w a y  a d o p t s  t h e  C RT S  I I 

t y p e  b a l l a s t l e s s  t r a c k  s l a b  b r i d g e  d e c k  d e s i g n , 

w h i c h  r e q u i r e s  t h e  w a t e r p r o o f  l a y e r  t o  n o t  o n l y 

b e  i m p e r m e a b l e  a n d  c r a c k - r e s i s t a n t ,  b u t  a l s o  t o 

withstand the high-speed and heavy loads, alternating 

impacts,  etc.  brought by high-speed trains.  Sprayed 

polyurea coating is an amorphous liquid waterproof 

mate r i a l  a t  room tempera tu re ,  wi th  no  jo in t s  and 

s t rong bonding s t rength,  which can achieve "skin-

t y p e "  w a t e r p r o o f i n g .  A t  t h e  s a m e  t i m e ,  i t  a l s o 

possesses excellent  performance,  ful ly meeting the 

special requirements of high-speed railways.

The  2006  Bei j ing-Tian j in  h igh-speed  ra i lway 

marked the f i rs t  large-scale  successful  appl icat ion 

of spray polyurea elastomer (SPUA) technology on a 

high-speed railway. In this project,  over 2,000 tons 

of SPUA materials were used, covering a protective 

area of 950,000 square meters.  Subsequently,  high-

s p e e d  r a i l w a y s  s u c h  a s  t h e  B e i j i n g - S h a n g h a i , 

B e i j i n g - S h i j i a z h u a n g ,  S h i j i a z h u a n g - Wu h a n ,  a n d 

Shangha i -Hangzhou  r a i lways  a l so  adop ted  SPUA 

wate rproof  l ayers .  Notab ly,  the  Be i j ing-Shangha i 

high-speed railway, constructed in 2009, spans 1,318 

k i lome te r s  and  u t i l i z e s  a  t o t a l  o f  20 ,284  tons  o f 

SPUA, making i t  the world 's  largest  infrastructure 

SPUA protect ion project  s ince the technology was 

introduced in the United States in 1986.

2.2  Application of polyurea in the military 
field

C o n v e n t i o n a l  m a t e r i a l s  s u c h  a s  e p o x y  r e s i n 

and polyurethane, due to their  general  performance 

in  impac t  res i s tance  and  wear  res i s tance ,  as  wel l 

a s  t h e i r  l a c k  o f  e n v i r o n m e n t a l  f r i e n d l i n e s s ,  c a n 

n o  l o n g e r  m e e t  t h e  i m p o r t a n t  r e q u i r e m e n t s  o f 

corrosion prevention and protection in the mili tary 

f i e l d .  P o l y u r e a  m a t e r i a l s  c o m b i n e  s t r e n g t h  w i t h 

d u c t i l i t y,  a n d  p o s s e s s  s t r o n g  e n e rg y  a b s o r p t i o n 

capability while also exhibiting ultra-high adhesion 

p e r f o r m a n c e .  T h i s  h a s  m a d e  r e s e a r c h  o n  t h e i r 

composite with other materials a hot topic, opening 

up a new horizon for China's military field.

C u r r e n t l y,  e x i s t i n g  p r o t e c t i v e  e q u i p m e n t  i s 

primarily designed to withstand ballistic penetration 

i n j u r i e s  c a u s e d  b y  e x p l o s i o n s ,  l a c k i n g  t a rg e t e d 

des ign  and  mul t i - func t iona l  coupl ing  research  on 

other  in jury factors  such as  blas t - induced injur ies 

a n d  t h e r m a l  r a d i a t i o n  i n j u r i e s .  X u e  S h e n g p e n g 

d e s i g n e d  a  n e w  t y p e  o f  m i c r o - n a n o  i n c l u s i o n 

composi te  polyurea mater ia l ,  PU-SiO2 and PU-HP 

modif ied  helmets ,  to  res is t  b las t - induced in jur ies . 

The research results show that the protective effect 

o f  t h e  t w o  m o d i f i e d  p o l y u r e a  m a t e r i a l s  o n  b l a s t 

waves increases with the increase of particle content. 

Compared to  PU mater ial ,  a t  the highest  inclusion 

ra t io  and a  thickness  of  12 mm, the peak pressure 

o f  P U - S i O 2  a n d  P U - H P d e c r e a s e s  b y  8 . 7 1 %  a n d 

16.77%,  respect ive ly.  The  resul t s  of  c rania l  bra in 

protec t ion  exper iments  indica te  tha t ,  compared to 

the unprotected s ta te  of  a  bare  head,  both helmets 

p r o v i d e  g o o d  p r o t e c t i o n  a t  f r o n t a l  a n d  p a r i e t a l 

measu remen t  po in t s ,  bu t  t he  p ro t ec t i ve  e f f ec t  a t 

the  occ ipu t  i s  no t  s ign i f i can t .  The  a t t enua t ion  o f 

frontal  pressure is  reduced by 44.51% and 51.74%, 

respect ively,  and the peak accelerat ion at tenuat ion 

is 55.80% and 57.80%, respectively. At the parietal 

pressure measurement point, after helmet protection, 

the  peak pressure  is  s ignif icant ly  reduced overal l ,  

and the peak acceleration is reduced to within 40.0 g.

Q i n  Yi n x i n g  u t i l i z e d  t h e  h i g h  e l a s t i c i t y  a n d 

s t rong adhes ion  of  polyurea  mater ia l s ,  combining 

them with lightweight and high-strength glass fiber 

re inforced  compos i tes  tha t  a re  re la t ive ly  weak  in 

impact resistance. He then conducted an analysis on 

the impact  resis tance performance of  the resul t ing 

polyurea-coated glass  f iber  composi te  panels .  The 
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resul ts  showed that  at  an impact  veloci ty of  18 m/

s,  the coat ing s tructure on the back-facing surface 

exhibi ted the s trongest  impact  resis tance against  a 

f lat-headed impact  rod.  The composite panels  with 

polyurea as the interlayer exhibited superior impact 

resistance mechanical properties compared to those 

with polyurea as the coating layer.

In modern naval warfare, ships and submarines 

are subject to explosion and impact damage. Yu Xia 

compounded fibers with negative Poisson's ratio and 

polyurea to obtain a polyester-carbon fiber/polyurea 

composi te  mater ia l  wi th  combined proper t ies .  The 

research results show that:

（1）As  the  w ind ing  ang le  dec reases  and  the 

d i a m e t e r  r a t i o  i n c r e a s e s ,  t h e  f r a c t u r e  e n e rg y  o f 

t he  ma te r i a l  i nc reases .  The  wind ing  ang le  o f  5° , 

diameter rat io of 9:1,  and epoxy coating consti tute 

the optimal combination parameters for mechanical 

properties and deformation, with the fracture energy 

inc reased  by  1 .6  t imes ,  1 .4  t imes ,  and  1 .1  t imes , 

respectively.

（2）The composi te  mater ia l  wi th  the  opt imal 

c o m b i n a t i o n  p a r a m e t e r s ,  f e a t u r i n g  d o u b l e - l a y e r 

w e a v i n g ,  e x h i b i t s  t h e  m a x i m u m  d i s p l a c e m e n t 

o f  24 .93  mm when  s t r e t ched  t o  c r ack ing ,  w i th  a 

maximum s t ra in  to le rance  of  2 .513 .  Addi t iona l ly, 

its energy dissipation during tensile fracture is 2.65 

t i m e s  t h a t  o f  p u r e  p o l y u r e a .  T h i s  i s  e x p e c t e d  t o 

provide a  reference for  the  select ion of  protect ive 

material systems for naval vessels and the structural 

des ign of  funct ional  protec t ive  coat ings  for  naval 

vessels'  explosion and impact resistance.  

2.3  Application of polyurea in the automotive 
industry

With the  in tens i f ica t ion of  nat ional  effor ts  to 

comba t  env i ronmen ta l  po l lu t i on ,  VOC emis s ions 

have become a stumbling block to the development 

of  the  automot ive  indus t ry.  Fur thermore ,  the  core 

component of  new energy vehicles,  the automotive 

p o w e r  b a t t e r y  p a c k ,  d e m a n d s  e x t r e m e l y  h i g h 

coll ision protection,  which simultaneously requires 

t he  au tomot ive  chas s i s  t o  ach i eve  ene rgy  s av ing 

and  consumpt ion  r educ t ion ,  a s  we l l  a s  improved 

pro tec t ive  e ffec t s .  I t  i s  necessary  to  cons ider  the 

impact strength and rigidity in humid environments, 

whi le  a lso  res is t ing  col l i s ions  and scra tches  f rom 

sharp objects  to prevent  the bat tery from violently 

ignit ing due to external forces.  These requirements 

can  be  me t  by  ad jus t ing  the  suppor t ing  po lyurea 

c o a t i n g ,  w h i c h  p o s s e s s e s  c o m p l e x  m e c h a n i c a l 

properties such as waterproofing, impact resistance, 

super-viscoelasticity,  and hysteresis characteristics. 

M o r e o v e r ,  p o l y u r e a  c o a t i n g s  a r e  s u i t a b l e  f o r 

continuous production,  saving a significant amount 

of energy and space.

Yao Xuemin et al.  studied the protective effect 

of a polyurea topcoat combined with an epoxy zinc-

rich primer on automobile chassis. When the coating 

th ickness  was  40μm,  the  sa l t  spray res is tance  and 

aging resistance reached 1,000 hours.

Wang Nan and colleagues prepared a protective 

c o a t i n g  f o r  n e w  e n e r g y  v e h i c l e  c h a s s i s  u s i n g 

s i l i c a ,  t i t a n i u m  d i o x i d e ,  s i n g l e - l a y e r  g r a p h e n e , 

and  po lyaspa r t i c  e s t e r  po lyu rea .  The  mechan ica l 

properties, weather resistance, salt spray resistance, 

and stone chip resis tance of  the protect ive coat ing 

w e r e  i n v e s t i g a t e d .  T h e  r e s u l t s  s h o w e d  t h a t  t h e 

p o l y a s p a r t i c  e s t e r  p o l y u r e a  c o a t i n g  e x h i b i t e d 

excellent adhesion, mechanical properties, corrosion 

resis tance,  and s tone chip resis tance.  After  adding 

silica and titanium dioxide, the corrosion resistance 

and adhesion of  the coating improved further  after 

a r t i f ic ia l  acce lera ted  ag ing  and  neut ra l  sa l t  spray 

res i s t ance  t e s t s ,  bu t  the  t ens i l e  s t r eng th  and  t ea r 

strength decreased. However, the addition of single-

l a y e r  g r a p h e n e  i m p r o v e d  a l l  p r o p e r t i e s  o f  t h e 

coating, especially its stone chip resistance.

Ding Minghui and others adopted nano-modified 

a l i p h a t i c  p o l y u r e a  p a i n t  a s  t h e  t o p  c o a t  f o r  b u s 

roo f s .  The  ge l  t ime  o f  t he  pa in t  i s  more  than  25 

minutes,  and the fi lm thickness achieved after one-

time spraying is 80 μm without sagging. The surface 

drying t ime at  room temperature is  10~15 minutes, 

which meets  the  requirements  of  DI type products 
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i n  Q / Z Z  2 1 0 3 9  ( Va r i o u s  C o l o r s  o f  A u t o m o t i v e 

Top  Coa t ) .  Moreove r,  i t  i s  conven ien t  fo r  l a rge -

s c a l e  a s s e m b l y  l i n e  p r o d u c t i o n  a n d  h a s  g o o d 

compatibility and adhesion with existing automotive 

p a i n t  s y s t e m s .  T h e  m o d i f i e d  p o l y u r e a  p a i n t  h a s 

been tested on bus roofs  for  one year,  showing no 

discolorat ion or  powdering.  I t  not  only completely 

so lves  t he  p rob lems  o f  co r ros ion  p reven t ion  and 

waterproofing but also has heat insulation, damping, 

and noise reduction functions.  Due to i ts  excellent 

phys ica l  and  chemica l  proper t ies  and  a lmost  zero 

VOC emiss ions ,  nano-modif ied  a l iphat ic  polyurea 

paint will inevitably gain increasing attention in the 

automotive industry.

2.4  Application of polyurea in high-end fields
With the  innovat ion of  product ion technology 

a n d  o p t i m i z a t i o n  o f  q u a l i t y,  p o l y u r e a  h a s  b r o a d 

a p p l i c a t i o n  p r o s p e c t s  i n  h i g h - e n d  f i e l d s  s u c h  a s 

electronics, medical care, and aerospace.

L i n e a r  d i e l e c t r i c  p o l y u r e a  p o l y m e r s , 

c h a r a c t e r i z e d  b y  t h e i r  h i g h  d i p o l e  m o m e n t  a n d 

d i p o l e  d e n s i t y,  c a n  m a i n t a i n  a  h i g h  d i e l e c t r i c 

cons tan t  wi th  low d ie lec t r i c  loss ,  ach iev ing  h igh 

e n e rg y  s t o r a g e  d e n s i t y.  D u e  t o  t h e i r  a d v a n t a g e s 

such as low manufacturing cost, low dielectric loss, 

high breakdown strength,  and high rel iabil i ty,  they 

have become highly promising materials for electric 

energy storage.

T h e  p r e s e n c e  o f  d y n a m i c a l l y  h i n d e r e d  u r e a 

b o n d s  i n  p o l y u r e a  e n d o w s  i t  w i t h  c o n t r o l l a b l e 

h y d r o l y s i s  p r o p e r t i e s ,  m a k i n g  p o l y u r e a  d r y  g e l 

(Po lyu )  a  ve r sa t i l e  ca r r i e r  o f t en  u sed  to  p rov ide 

high drug loading and controlled release, potentially 

b e c o m i n g  a n  e f f e c t i v e  a l t e r n a t i v e  t o  c l a s s i c 

p o l y a c r y l a t e ,  p o l y e s t e r,  o r  p o l y a m i n o  a c i d  d r u g 

delivery nanosystems.

A i r c r a f t  a r e  s u b j e c t e d  t o  v a r i o u s  e x t r e m e 

m e c h a n i c a l  s t r e s s e s  a n d  h a r s h  e n v i r o n m e n t a l 

conditions. Due to its excellent properties, polyurea 

elastomer is suitable for structural components, parts, 

and surface protection of aircraft and spacecraft.  At 

the same time, i ts good adhesion property allows it 

to firmly adhere to the surfaces of metals, composite 

ma t e r i a l s ,  and  o the r  ma t e r i a l s ,  f o rming  a  s t r ong 

protect ive  f i lm.  Current ly,  due to  the  la te  s tar t  of 

research on polyurea elastomer materials  in China, 

t h e r e  a r e  s t i l l  i s s u e s  w i t h  l o w  s t r e n g t h ,  i m p a c t 

resis tance,  conduct ivi ty,  thermal  conduct ivi ty,  and 

other properties,  which cannot fully meet the strict 

requirements of the aerospace industry for materials. 

Therefore,  polyurea elastomer has not  been widely 

used in the field of aircraft in China.

3  Conclusion
T h i s  p a p e r  s u m m a r i z e s  t h e  s y n t h e s i s , 

m o d i f i c a t i o n ,  a n d  r e s e a r c h  p r o g r e s s  o f  p o l y u r e a 

e l a s t o m e r s  i n  v a r i o u s  a p p l i c a t i o n  f i e l d s  b o t h 

domestically and internationally, with a focus on the 

discussion of modification and development in each 

field.  The polyurea material  system is diverse,  and 

research and testing methods vary. Existing research 

has  ga ined  some bas ic  unders tand ing  of  po lyurea 

e l a s t o m e r s ,  b u t  d o m e s t i c  r e s e a r c h  o n  p o l y u r e a 

e l a s t o m e r s  i s  n o t  d e e p  e n o u g h ,  a n d  i t  m o s t l y 

leans  towards  engineer ing  appl ica t ions ,  wi th  less 

explorat ion in high-end fields.  In view of this ,  the 

following directions for future research on polyurea 

elastomers are proposed:

（ 1）C l a r i f y  t h e  r e l a t i o n s h i p  b e t w e e n  t h e 

s t r uc tu r e  and  p rope r t i e s  o f  po lyu rea  e l a s tomer s , 

conduc t  qua l i t a t i ve  and  quan t i t a t i ve  r e sea r ch  on 

p o l y u r e a  m i c r o p h a s e  s e p a r a t i o n ,  a n d  e s t a b l i s h  a 

unified and systematic characterization method.

（2）The research and development of polyurea 

s y s t e m s  s h o u l d  c o n t i n u e  t o  f o c u s  o n  m o l e c u l a r 

structure design or material modification tailored to 

different application environments, service lifetimes, 

adhes ion ,  and  o ther  per formance  requi rements ,  in 

order to optimize the polyurea molding process.

（3）Polyurea  e las tomers  a re  easy  to  process , 

cost-effective, and have a wide range of applications. 

H o w e v e r ,  r e s e a r c h  i n  h i g h - e n d  f i e l d s  s u c h  a s 

electronics and aerospace is st i l l  in i ts  infancy and 

has not yet been industrialized.


