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CHAPTER III 

EXPERIMENTAL

3.1 Materials

(1) Epoxy resin-based coating was supplied by S.B. United Co., Ltd., (Taiwan). 
Epoxy resin is a bisphenol-A type unmodified solid epoxy resin that can be softened 
at high room temperature. The chemical structure of epoxy resin is shown below.

Table 3.1 Typical properties of epoxy resin-based coating

Properties Typical Value
Appearance Clear transparent yellowish solid
Epoxy equivalent weight (g/eq) 450-500
Viscosity (at 25 °c, cps) 6,800- 14,000
Specific gravity 1.10
Color (Gardner) 1.0 Max
Flash Point (°C) 60-70

( 2 )  E p o x y  r e s i n - b a s e d  f l o o r i n g  w a s  s u p p l i e d  b y  S .B . U n i t e d  C o . ,  L td . , ( T a iw a n ) .

E p o x y  r e s i n  is  a  l i q u i d  r e s i n ,  w h i c h  is  m a n u f a c t u r e d  f r o m  b i s p h e n o l - A  a n d

e p h i c h l o r o h y d r i n .  T h e  c h e m i c a l  s t r u c t u r e  o f  e p o x y  r e s i n  i s  s h o w n  b e l o w .
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Table 3.2 Typical properties of epoxy resin-based flooring

Properties Typical Value
Appearance Clear liquid
Epoxy equivalent weight (g/eq) 184-190
Viscosity (at 25 °c, cps) 12,000- 15,000
Specific gravity 1.16
Color (Gardner) 1.0 Max
Flash Point (°c) 150

(3) Poly(amide amine) used in this experiment was supplied by Sanwa 
Chemical (ร) Pte., Ltd., (Singapore). The poly(amide amine) is pre-reacted with a 
portion of epoxy resin. This gives the product several advantages; improved low 
temperature curing, fast cure rate and improved sensitivity to moisture.

Table 3.3 Typical properties of poly(amide amine)

Properties Typical Value
Color (Gardner) 11 Max
Viscosity (at 25 °c, cps) 5,000- 12,000
Amine value, mg KOH/g 210-250
Specific gravity at 25 °c 0.98
Equivalent weight per [H] 137
Flash Point ( °c) 33.5
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The chemical structure of Poly(amide amine) is shown below.
o  0

H2hHCH2-CH:-NH)̂ CH2-CH2-NHiC-R-C-NH-(€H2-CH2-NH^CH2-CH2-NH};H

(4) Cycloaliphatic amine used in this experiment was supplied by Capital 
Chemical Co., Ltd., (บ.S.A.). This product is used as a room temperature curing agent 
for liquid epoxy resin. It is particularly suitable for free solvent, high solid floor, wall 
coating and self-levelling flooring. The chemical structure of cycloaliphatic amine is 
shown below. 5

Table 3.4 Typical properties of cycloaliphatic amine

Properties Typical Value
Color (Gardner) 1-2
Viscosity (at 25 °c, cps) 80
Amine value, mg KOH/g 360
Specific gravity at 25 °c 1.04
Equivalent weight per [H] 83
Flash Point ( °c) 230

(5) Aminoethylaminopropyltrimefhoxysilane (AEAPS) was supplied by 
Unique Fine Products Co.Ltd., (Germany). Silane is a reactive chemical containing an 
diamino-functional organic group and trimethoxysilyl inorganic groups. Possessing 
both organic and inorganic reactivity, silane can react with organic resins and
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elastomers as well as with the surface of inorganic materials.The chemical structure of 
silane is shown below.

H2N CH2CH2NH CH2CH2 CH2Si(OCH3)3 6 7

Table 3.5 Typical properties of aminoethylaminopropyltrimethoxysilane (AEAPS)

Properties Typical Value
Appearance Colorless
Specific gravity at 25°c 1.01-1.03
Refractive Index at 25°c 1.444
Flash point (closed cup) °c >100

(6) Methyl isobutyl ketone (MIBK), xylene were used as the solvent without 
further purification.

(7) Steel panel (cold mild steel) was used as a substrate. The steel panel has 
the size of 70 X  150 X  0.8 mm.

3.2 Equipments

(1) Air-spray gun (DEVILBESS GFG JGX-502, England) is used for 
preparing film. Air spray gun with compressed air is used to atomize the paint. The 
paint is forced through a spray gun orifice onto a surface in a diffused, directed fog, 
which is suitable for most liquid spray finishing and surface coating application.
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A -A ir  N o z z le  
B -F lu id  N o z z le  
C -N e e d le  V a lv e

E -F lu id  C o n t r o l K n o b  
F -A ir  V a lv e  
G -P a t te rn  C o n t ro l  
H -G u n  B o d y  ( o r  H a n d le )  
I -F lu id  P a c k in g  N u t

Figure 3.1 Air-spray gun

(2) Elecometer 345 (Elecometer Instruments Ltd., England) measures the 
thickness of non-magnetic coating on steel or iron, measuring the distance from the 
film surface to the substrate.

Figure 3.2 Elecometer 345

3.3 Methodology

3.3.1 Preparation of Steel
3.3.1.1 Steel cleaning
Oil or grease may be presented at the steel surface either as a temporary 

protection against rust or as a contaminant. The low-energy surface only will prevent
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proper wetting by the coating and subsequently act as a weak boundary layer between 
the metal and the coatings. Aromatic cleaning solvent is mainly used to remove fats, 
oils, wax and other organic materials from the steel surface. The process was repeated 
twice to remove them through cleaning of the steel. Finally, the steel was dried at room 
temperature and sanded by a sand paper No. 1000 .

3.3.2. Preparation and Application of Epoxy Resin
3.3.2.1 Epoxy resin coating on steel substrate
A typical coating formulation was prepared by ingredients in Table 3.6.

Table 3.6 Epoxy-coating composition

I te m In g re d ie n t W e ig h t ,  g , o f  s a m p le s

C o n t r o l 1 2 3 4

1 E p o x y  re s in  (E.E.W . = 475) 4 5 .0 4 5 .0 4 5 . 0 4 5 . 0 4 5 .0

2 M I B K 2 7 .5 2 7 .5 2 7 .5 2 7 .5 2 7 .5

3 X y le n e 2 7 .5 2 7 .5 2 7 .5 2 7 .5 2 7 .5

4 S ila n e  (A E A P S ) - 1.0 3 .0 5 .0 7 .0

5 P o ly ( a m id e  a m in e ) 1 3 .0 1 3 .0 1 3 .0 1 3 .0 -

T h e  c u r in g  a g e n t  w a s  c a lc u la te d  b a s e d  o n  a s to c h io m e t r ic  r a t io  o f  e p o x y  r e s in  to  a m in e  h a rd e n e r  

(a s  d e s c r ib e d  in  A p p e n d ix  B ) .

Procedure
(1) Items 1-3 were added and mixed together until homogeneity for 20 minutes.
(2) Item 4 was mixed for 30 minutes. Silane (AEAPS) could be hydrolyzed and 

copolymerized further to produce inorganic crosslinked networks.
(3) Item 5 was then added and mixed for 10 minutes. Epoxy resin,a crosslinking
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agent, co u ld  undergo a c ross lin k ing  reac tion  w ith  p o ly (am id e  am ine ) to fo rm  an 

o rgan ic  c ross lin ked  ne tw orks.

The coa ting  m ix tu re  was s tirred  in  a sm a ll beaker. The hom ogenous so lu tio n  

was app lied  on to  the cleaned steel substrate us ing  the a ir-sp ra y  gun. V a r io u s  f i lm  

th ickness o f  25, 50, 75 and 100 pm  were prepared. The  coa ted samples were then  

cured at ro om  tem pera tu re  fo r  24 hours.

3 .3 .2 .2  E po xy  res in  f lo o r in g

A  ty p ica l f lo o r in g  fo rm u la tio n  was prepared b y  ing red ien ts  in  Tab le  3.7.

T a b le  3 .7  E p o x y - f lo o r in g  com pos itio n

Item Ingredient Weight, g, of samples
Control 1 2 3

1 Epoxy resin (E.E.W. = 190) 40.0 40.0 40.0 40.0
2 Polycarboxylic (wetting) 1.0 1.0 1.0 1.0
3 Polyether (defoamer) 0.8 0.8 0.8 0.8
4 Bentone (anti-setting) 0.2 0.2 0.2 0.2
5 Titanium dioxide 3.0 3.0 3.0 3.0
6 Barium sulfate 20.0 20.0 20.0 20.0
7 Silica 25.0 25.0 25.0 25.0
8 Benzyl alcohol 10.0 10.0 10.0 10.0
9 Silane (AEAPS) - 3.0 5.0 15.5
10 Cycloaliphatic amine 17.5 17.5 17.5 -

The curing agent was calculated based on a stochiometric ratio of epoxy resin to amine hardener 
(as described in Appendix B).
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Procedure

(1 ) M a te r ia l item s 1-8 were m ixed  and s tirre red  u n til h om ogene ity  fo r  1 hour.

(2 ) Item  9 was then m ixed  fo r  30 m inu tes. S ilane (A E A P S ) co u ld  be h yd ro ly zed  

and copo lym e rized  to  p roduce in o rgan ic  c ross linked ne tw o rks .

(3 ) Item  10 was m ixed  fo r  10 m inu tes . E p o xy  res in , a c ro s s lin k in g  agent, cou ld  

undergo a c ro ss lin k in g  reac tion  w ith  cyc lo a lip ha tic  am ine to fo rm  an o rgan ic  

c ro ss lin ked  ne tw o rks .

The  flo o r in g  m ix tu re  was s tirred  in  a sm a ll beaker. The m ix tu re  was app lie d  on  

a cem ent substra te . The specimens w ith  m any f i lm  th ickness was app lie d  to  tes ting  

th e ir m echan ica l p rope rties , hardness (A S T M  D  2240 /S ho re  D ), and com press ive  

s treng th  (A S T M  c 579).

3 .4  C h a ra c te r iz a t io n  and  T e s tin g

3.4.1 E po xy  resin-based coa ting

3.4.1.1 Heat Resistance

A l l  p a in t f i lm s  w ith  va rious th ickness o f  25, 50, 75 and 100 pm  were  cured at 

d iffe re n t tem pera tu res o f  200, 250 and 300°c fo r 20 m inu tes . The p a in t f i lm  was 

ana lyzed b y  F ou rie r T rans fo rm  In fra red  Spectroscopy (F T IR ) to observe fu n c tio n a l 

groups such as, silane. A  co lo r im e te r was used to measure c o lo r  o f  the f i lm .  The  

the rm a l s ta b ility  o f  the coa ting  was de te rm ined us ing  the rm a l g ra v im e tr ic  ana lysis  

(T G A ). Each cha rac te riza tion  on heat resistance was as fo llo w s :

a) F o u r ie r T ra n s fo rm  In fra red  Spectroscopy (F T IR )

F T IR  spectra were ob ta ined b y  N ic o le t F o u r ie r T ra n s fo rm  IR  Spectrom ete r  

(M o d e l 400  Im pac t, บ .S .A .). T ransm iss ion  m ode was used w ith  32 scans and 

re so lu tio n  8 cm  '. Potassium  b rom ide  (K B r)  pe lle ts  was used fo r  in ve s tig a tin g  the  

fu n c tio n a l g roups b y  IR  techn ique.
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b) C o lo r im e try

Ch rom a M e te r (M ode l C R -300 , Japan), a genera l purpose com pact tr is tim u lu s

co lo rim e te r fo r  m easuring  the re fle c ted  c o lo r o f  sample surface was used. The b u ilt - in  

l ig h t source and doub le -beam  feedback system  ensure u n ifo rm  illu m in a t io n  o f  the  

ob jec t fo r  a ll measurements, and the data can be ca lcu la ted  acco rd ing  to  C IE  S tandard  

I llu m in a n t D 65. The C IE  standard ized D 65 based on na tu ra l d a y lig h t at a co lo r  

tem pera ture o f  6500 K  is now  the m ost w id e ly  used standard ; its  energy d is tr ib u t io n  is 

from  320 to 780 nm .

c) T he rm a l G ra v im e tric  A n a ly s is  (T G A )

T G A  data were ob ta ined b y  Netzsch (M o d e l T G  209 , G e rm any). W hen  the 

coa ting  decomposed on heating , i t  loses v o la t ile  m a te ria ls , w h ic h  escape fro m  the 

sample causing a decrease in  sample w e igh t. Each coa ting  was heated at a rate o f  

2 0 °c /m in  under a n itrogen  f lo w , at tem peratures fro m  100°c  to 600°c .

3.4.1.2 C o rros ion  Resistance Tes ting

Va rious  f i lm  th ickness o f  epoxy  coa ting  and s ilane (A E A P S ) were tested fo r  

the co rros ion  resistance b y  exposure to sa lt spray ( fo g ) (Sheen Instrum ent Co., Ltd., 

(E ng land )) fo r 500 and 1000 hours. A  standard sa lt s o lu tio n  was prepared fro m  the 

ana ly tica l q u a lity  reagents. The sa lt s o lu tio n  was com posed o f  the fo l lo w in g  reagents:

Sod ium  ch lo rid e  (N aC l) 26 .50  g

M agnes ium  ch lo rid e  (M g C l2) 2 .40  g

M agnes ium  sulphate (M g S 0 4) 3 .30  g

Potassium  choride  (KC1) 0.73 g

Sod ium  hyd rogen  carbonate (N a H C O j) 0 .20  g

Sod ium  b rom ide  (N aB r) 0 .28  g

C a lc ium  ch lo rid e  (C aC l2) 1.10 g

D is t ille d  wa te r to 1000 m l
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The test cond itio n  in  the sa lt sp ray cham ber (A S T M  B  117) is as fo llo w s . The  

exposure zone o f  the salt spray cham ber was m a in ta in ed  at 35 ° c . The compressed a ir 

was supp lied  to the nozzles fo r a tom iz ing . The sa lt s o lu tio n  was free  o f  o i l and d ir t  and 

the spray ing pressure was m a in ta ined  between 69 and 172 kP a /m 2 (10 and 25 psi). 

In  add ition , the fo g  was co llec ted  in  each c o lle c to r fro m  1.0 to 2 .0  m l. F in a lly , the 

panels were checked fo r  the rate o f  b lis te r in g  and ru s tin g  acco rd ing  to  A S T M  D  1654 

(as described in  A ppend ix  A ).

a) E va lua ting  the co rros ion  rate (A S T M  G  1).

The eva lua tion  o f  co rros ion  b y  mass loss d u rin g  the test was dete rm ined . The  

average co rro s ion  rate cou ld  then be ob ta ined as fo llo w s :

C o rro s ion  Rate =  (K  X  พ ) / (A  X  T  X  D ) (3 .1 )

พ ! !  ere:

K  =  a constant 

T  =  exposure tim e  in  hours  

A  =  area in  cm 2 

พ  =  mass loss in  grams 

D  =  dens ity  in  g /cm 3

3.4 .1 .3 A dhes ion  Tape Test

The adhesion tape test is the m ost c om m on ly  used q u a lita t iv e  adhesion test 

m ethod. These test methods cove r p rocedures fo r  assessing the adhesion o f  coa ting  

f i lm . The selected area, free o f  b lem ished  and m in o r surface im pe rfe c tio n s , was cu t 

pa ra lle l as fo llow s : The la ttice  pa tte rn  was cu t b y  2 m ill im e te rs  apart and s ix  cuts were  

made b y  a cu tte r kn ife . A  pressure sens itive  adhesion, ce llophone  tape, on i t  was 

adhered. I t  was rub  b y  a eraser to adhere com p le te ly  the tape on  the pa in t f i lm . The  

adhesive tape was then rem oved, the supe rio rity  o r in fe r io r i ty  p ro p e rty  o f  the substrate
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o f  pa in t f i lm  was ca re fu lly  exam ined . The eva lua tion  o f  the pa in t num be r is shown in  

A ppe nd ix  A , and the eva lua tion  o f  p o in t num bers spec ifie d  in  the standard , and 

sample, (as described in  A S T M  D  3359 ) was compared.

3.4.2 E po xy  res in-based f lo o r in g

3.4.2.1 Hardness Test

D u rom e te r D  from  PTC  Ins trum en ts  (M ode l 475 , บ .S .A ) was used fo r  

de te rm in ing  the in den ta tio n  hardness o f  a pa in t f i lm . The th ickness o f  a the specim en  

was at least 3 m m  (0 .12  in ), 76.2 m m  (3 in )  in  leng th . The surface o f  spec im en was 

fla t. The spec im en was p laced on a hard p la te , the durom eter was he ld  in  a ve rtica l 

pos itio n  w ith  the p o in t o f  the in den to r at least 12 m m  he igh t. The in den to r was then  

pressed in to  the specim en. M a k in g  sure tha t i t  was pa ra lle l to  the surface, the presser 

fo o t was app lied  to the specim en as ra p id ly  as poss ib le  w ith o u t shock. The scale 

reading was taken w ith in  one second o f  a f irm  con tac t w ith  the specimen, (described in  

A S T M  D  2240 /S ho re  D ).

3 .4 .2 .2 C om press ion  Test

The com press ion  m ach ine  (Sh im adzu , (M o d e l U H M  200A , Japan)) was used. 

Specimens are in  fo rm  a c y lin d e r shape 1+ 1/32 in  (25 ±  0.8 m m ) in  d iam e te r and 1 +  

1/32 in  (25 ±  1.6 m m ) h ig h  was used as a tes tin g  specimen. The rate o f  lo a d in g  was  

app lied  con tin uous ly  w ith o u t shock  to  the sample. The test rate is 6000 p s i/m in  (41 

M P a /m in ). C om press ive s treng th  is tested fo r  a degree o f  cure, load bea ring  ca p ab ility , 

and m ax im um  stress at the m om en t o f  c ra ck ing  o r b reak ing , (described in  A S T M  c 
579)

Com press ive s treng th  can be ca lcu la ted  as fo llo w s :

ร =  (4 พ )/(7 โ  x  ว 2)

ร =  com press ive  strength , psi ( M P a  )

(3 .2 )



พ  =  m ax im um  load , lb  (N )

D  =  d iam e te r measured (m m )
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3.4.2.3 C hem ica l Resistance

The epoxy f lo o r in g  systems were eva luated fo r  chem ica l resistance us ing  an 

im m ers ion  test method. The epoxy  f lo o r in g  cu ring  co n d it io n  is co nd itio n ed  fo r  7 days 

at room  temperature be fo re  tes ting . Specimens are in  the fo rm  o f  bars, 76.2 m m  (3 in )  

in  length , 25.4 m m  (1 in ) in  w id th  and 3.18 m m  (0 .13 in ) th ic k . Shore D  hardness was  

measured on cured flo o rs  p r io r  to  chem ica ls im m e rs io n  and the surface o f  f i lm  was  

observed against tim e . A f te r  7 days o f  im m e rs ion , the reagents were rem oved  by  

wash ing , and the surface was w ip e  d rie d  w ith  c lo th . Shore D  hardness o f  each sample  

was re-measured and percent hardness re ten tion  was ca lcu la ted .
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