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CASE HISTORY

Amine Blush in 
Epoxy Coatings

GEORGE D. MILLS, George Mills and Associates International, Inc., 

Bell Buckle, Tennessee

Carbonated amine material, often called amine 

blush, is the reaction product of the amine 

functional curatives in epoxy paint with carbon 

dioxide (CO
2
) and water vapor. T is article 

explains the formation of amine blush and discusses 

factors controlled by the applicator and those 

controlled by the paint manufacturer.

P
aint is often said to be the “fi rst line 

of defense” in the fi ght against cor-

rosion of steel. An in-depth knowl-

edge of the controlling laws of 

chemistry and physics, irrespective of 

how “esoteric” they may be, will impact 

success in meeting the desired engineered 

design life of a painted structure. Whether 

one formulates and manufactures the 

paint, writes the specifi cations for its use, 

applies the coatings, or investigates fail-

ures after the fact, every bit of knowledge 

will help in reaching one’s goals. 

In this case history, an investigation was 

conducted to determine why a urethane 

coating delaminated on the outside of a stor-

age tank. Samples were analyzed in the lab 

microscopically and chemically. The results 

of the analyses indicated that the primary 

cause of the delaminating topcoat urethane 

was amine blush at the interface. This 

phenomnon was caused by the application 

of the urethane over a thin layer of carbon-

ated amine from the epoxy curative.

Causes of Amine Blush

The most common source of carbon-

ated amine material is the reaction 

product of the amine functional cura-

tives and accelerators in the epoxy paint 

with carbon dioxide (CO
2
) and water 

vapor from the air. CO
2
 is the fourth 

most abundant gas in the air. The com-

mon names given to this thin but inter-

fering coating, which develops on top of 

the fi rst applied coat in cold weather, are 

“amine bloom,” “amine blush,” “amine 

sweat,” or “amine carbamate.”

Most practitioners assume that cold, 

damp application conditions allow the 

amine at the paint’s surface to react with 

the ambient CO
2
 in the air. While some 

will be from this source, there is more to 

it than you think. There are other sources 

of the carbonated amine that should be 

considered. 

This mode of failure is very common 

to epoxies cured by alkaline amine func-
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tional curatives under certain conditions 

and is caused by several factors that allow 

production of the carbonated amine and 

its eventual accumulation at the epoxy 

interface. The basic cause of the delami-

nation failure lies in the fact that the 

urethane topcoat had been applied over 

a thin layer of “non-curing” material 

that forms a “weak boundary layer” 

(WBL) over the epoxy base coat. This 

WBL coating may be only a few mole-

cules thick or it can be thick enough to be 

seen and felt as a yellowish grease-like 

layer. Unfortunately, it is not readily 

soluble in itself (the epoxy matrix forming 

the fresh wet primer fi lm) or the subse-

quent coat of urethane to be applied over 

the carbonated amine. 

When this layer exceeds that which 

the urethane can tolerate, various de-

grees of adhesion problems will prevail. 

There will not be suffi cient adhesion to 

the base coat to tolerate the inevitable 

shrinkage stresses that will develop upon 

curing of the urethane topcoat. The 

second coat (the urethane in this case) 

cannot attach to the cured base coat since 

it must sit on a thin WBL composed of 

the carbonated amine. When present, a 

small amount of this material may stick 

to the backside of the urethane. Figure 

1, taken through a microscope, shows the 

release of CO
2
 after application of a drop 

of acid solution to the backside of a de-

laminated coating chip. 

The rate of the intended chemical 

reaction between the epoxy resin and 

amine curative slows considerably as the 

ambient substrate temperature drops. 

The speed of the competing reaction 

between the amino-functional curative 

and carbonic acid (CO
2
 and water) from 

the air, however, does not slow very 

much even at cold temperatures. Acid-

based chemical reactions such as this are 

typically relatively fast, even at cold 

temperatures. 

It is generally assumed that the source 

Microscopic view through a drop of acid solution applied to backside of peeled 
delaminated coating. This test identifi es the presence of carbonated amine. Note 
gas bubbles of CO

2
 released that were trapped during initial application. The 

excessive carbonated amine forms on the surface of the epoxy primer in cold, 
damp weather. 

of the amine blush is only from the CO
2
/

moisture reaction that occurs on the 

surface just at the time of application. It 

is true that much could be generated from 

this source if the amine-epoxy curing 

reaction slows considerably because of 

cold temperatures. But any that might be 

in the mixed paint prior to application 

will immediately start to exude to the 

surface since it is not very soluble in the 

wet mixed and uncured epoxy paint or 

the cured paint after becoming a solid. 

For this reason, when possible, the envi-

ronment is controlled by maintaining 

proper low humidity during the applica-

tion process. In open atmospheric condi-

tions, this is not possible. 

Unfortunately, some of the amine that 

has been carbonated prior to application 

will exude to the surface. Additionally, 

along with that, amine carbonate formed 

on the surface after application will de-

crease the quality of topcoat adhesion. 

The published recoat window (maximum 

time before overcoating at a given tem-

perature) is closely related to the develop-

ment of this WBL on the surface to be 

overcoated. All of the factors that affect 

the amount of the blocked amine curative 

on the surface of the base coat will affect 

the actual true recoat window irrespective 

of published data.

Factors Allowing Formation of 
Amine Carbamate

To fully appreciate the scope of the 

potential problem, one should be mindful 

that the amine in the epoxy curative may 

be carbonated, not only after application, 

but also at any time that moist air is in 

contact with the converter or wet paint 

mix. There are occasions during the life 

of the liquid paint, from its manufacture 

to its end use, that allow the formation of 

the oily amine carbamate. These include 

those usually assumed to occur during 

application as well as those not controlled 

by the applicator.

FIGURE 1



54 MATERIALS PERFORMANCE November 2008

C O A T I N G S  &  L I N I N G S Amine Blush in Epoxy Coatings

Factors Controlled by the 
Applicator

Mixing of the A and B Components 

of Epoxy Just Prior to Application

This will happen if a vortex is formed 

in the can by a high-speed mixer and air 

is drawn through the paint. All or much 

of the CO
2
 that is in this air will be ex-

Backside of paint chip from the tank lining.

Chip from Figure 2 after applying a small drop of acid solution. Carbonated 
curative is vigorously liberating the trapped CO

2
 gas.

FIGURE 2

FIGURE 3

tracted by, and will react with or block, 

some of the amine curatives. Most paint 

product data sheets fail to mention this 

problem. The product data sheets for 

some epoxies require a sweat-in time dur-

ing which the A and B components of the 

epoxy paint mixture become more solu-

ble in each other. This helps to minimize 

the amount of free amine available to 

become blocked. This short in-can reac-

tion time might be appropriate when the 

paint components are warm. When fi rst 

mixed, the A and B components are not 

fully soluble in each other and, if cold, 

may require up to 45 min or more with 

some polyamides to become intimately 

incorporated (dissolved) into each other. 

During this time, the mixed paint will rise 

slightly in temperature because of the 

chemical reaction between the epoxy and 

curative. 

Figure 2 shows the backside of a coat-

ing that was chipped from an epoxy tank 

lining. The amber material appears to be 

unreacted and insoluble (potentially car-

bonated) curing agent. Note the small 

voids or bubbles in the paint matrix. This 

will occur when catalyzed paint is vigor-

ously stirred and air bubbles are whipped 

into the paint. These air bubbles are 

compressed into the paint when sprayed 

by airless application, but pop out of solu-

tion after exiting the airless spray tip. This 

strongly suggests excessive stirring.

Figure 3, a close-up of Figure 2, shows 

the insolubility of the carbonated amine 

curative. Here the lump of insoluble car-

bonated curative caused a surface imper-

fection that was easily seen and allowed 

chipping a sample from the tank. Figure 

3 also shows the vigorous liberation of the 

trapped CO
2
 gas after applying a small 

drop of acid solution.

The concentration of unblocked 

amine in the freshly mixed paint is much 

greater initially and will start to react 

(cross-link) with the epoxy resin upon 

mixing if the CO
2
 has not blocked the 

amine in the B component. The curative 

slowly becomes more soluble in the mix-

ture as there is an increase in the A-B 

products of reaction. In cold weather, if 

the cans of coating material are not 

stored in a heated environment, the time 

required to reach true solubility between 

the A and B components is considerably 

longer. Any amine carbamate formed 
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during this initial on-site mixing of the 

paint essentially blocks that particular 

reaction site of the converter molecule 

during the subsequent desired curing 

reaction with the epoxy in the A compo-

nent. Once formed, amine carbamate 

cannot react readily with an epoxy resin 

to effect a cross-link of the system. Being 

non-soluble in the curing epoxy paint 

film matrix, the amine-CO
2
 reaction 

product will slowly be exuded to the 

surface as the epoxy cures and during its 

lifetime. The amine will be blocked until 

a stronger acid forces the CO
2
 out, or it 

is driven out with heat, in a baked system. 

This is the basis of the test used to check 

for trapped CO
2
. When mixing and ap-

plication is done in a non-controlled at-

mosphere, the amine carbamate that 

forms is greater than when mixing in a 

controlled atmosphere. 

Application

During roller and spray application, 

some free amine available on the paint 

surface will react with available mois-

ture/CO
2
 to form amine carbonate on 

that surface. This includes not only the 

applied wet paint film, but also the 

surface of any droplets formed during 

spraying or worked up during roller 

application. Much of the amine carba-

mate becomes embedded within the 

paint matrix and will slowly be exuded 

as the epoxy cures. This exudation 

process can lead to delayed loss of adhe-

sion as the oily contaminant develops 

under the applied topcoat. This may be 

the reason that delamination was first 

seen on the side of the tank facing south, 

since this side is exposed to more sun-

light than the other sides. The rate of 

exudation is a function of the coating’s 

temperature. If the temperature is 

warm during application, as in summer 

months, the curing reaction between 

the epoxy and amine will be faster than 

in cold temperatures and thus lead to 

much less amine carbamate being 

formed from this source. 

Factors Controlled by the 
Manufacturer

Introduction of CO
2
 and Moisture

CO
2
/moisture may be introduced 

during the manufacture of the epoxy 

curative (typically the B component of the 

epoxy system). If pigments are included 

in the formulation of the amine functional 

curative, these must be incorporated into 

the converter. This often occurs in an 

open tank in contact with air. This 

manufacturing procedure, if not blan-

keted with nitrogen, will allow CO
2
 to 

enter the converter and cause behavior 

similar to that developed during vigorous 

mixing of A and B components by the 

applicator at the time of catalyzing the 

epoxy. In this case, the applicator is buy-

ing the amine carbamate that could 

produce delamination of subsequent 

coats even if he were extremely careful to 

avoid the amine bloom from normal 

sources. 

Most people who have applied epoxies 

have seen that a vacuum tends to develop 

in a sealed, half-fi lled can of the amine 

curative. As we crack open the paint can 

lid, we hear the inrush of air. This occurs 

because the CO
2
 that was in the can when 

fi rst closed has now been extracted by the 

amines, leaving a partial vacuum.

Testing for Carbonated Amine

A GM Acid Test† has been developed 

to determine the presence of carbonated 

amine in the unmixed epoxy curative. A 

small amount of the curative is placed in 

a test tube and a small amount of alco-

holic hydrochloric acid (HCl) is injected 

at the bottom of the test tube. Any car-

bonate present will liberate bubbles. 

Water-based HCl will work, but the water 

tends to remove the resins from solution 

†Trade name.

and render the curative diffi cult to see 

through. Any CO
2
 present will still es-

cape, however. This test assumes that no 

carbonate fi llers have been included in 

the formulation since they should not be 

used in these types of paints. 

Another source of the carbonate is 

storage in unblanketed tanks at the paint 

manufacturing factory.

Purchase of Carbonated 

Raw Material

The paint manufacturer may purchase 

amino functional raw material that con-

tains carbonated amine to be used in the 

manufacture of the B component of the 

paint. Generally, this is not a signifi cant 

source of the amine carbamate since the 

raw materials are usually excluded from 

air. Some paint manufacturers have qual-

ity control raw material tests to determine 

the amount of carbonation present. 

Conclusions

From this example of a delamination 

failure, you can see that there is more to 

the process than you think. The source of 

the carbonated amine is not just that 

which forms during the application of the 

paint. The source may have been the 

paint manufacturer. You may have even 

stirred it “too well” and depleted all of the 

CO
2
 in the air whipped into the paint.
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