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ABSTRACT 

 

  Skim latex, a by-product of concentrated latex production process, has a  

particular  potential to enable the development of adhesive for packaging applications.  Typically, 

skim latex has very low quality and quantity of  rubber content.  In the present study, a skim latex 

adhesive developed by creaming process and tackifier additives was studied in order to improve 

surface adhesion properties for using in corrugated board production process.  There were 4 

types of tackifiers including coumarone resin, gum resin, mixed petroleum resin-coumarone 

conducted.  It  was found that tackifier  emulsions could improve skim latex adhesion properties 

more efficiently than tackif ier dispersions; a stronger bonding but a lesser amount of tackifier 

was observed.  Coumarone resin offered the best improvement of adhesion properties of skim 

latex adhesive.  As the additional of coumarone resin content increased, the better adhesion 

properties were obtained.  The skim latex contained 20% total solid content (TS) with 5 phr 

coumarone resin provided slightly better shear  strength and peel resistance of  Kraft paper than 

tapioca adhesive.  Furthermore, cohesive failure or  adhesive-cohesive failure was observed from 

the adhesion failure of the skim latex adhesive compared to f iber  tear failure of tapioca adhesive.  

In addition, as the total solid content of  skim latex increased, the better  adhesion properties were 

obtained.  There was no statistically signif icant difference of  adhesion properties: shear strength, 

peel resistance and pin adhesion test of corrugated board between skim latex contained 20%TS 

and 25%TS at the same coumarone resin content (5phr).  By far the skim latex contained 25%TS 

and 15 phr coumarone provided signif icantly stronger adhesion properties than the tapioca 

adhesive especially the pin adhesion test value of corrugated board in lab scale   However, in 

semi pilot scale the corrugated board prepared from the preceding skim latex adhesive had 

signif icantly much poorer pin adhesion test value than the tapioca adhesive (p<0.05).   
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The following improvement of  skim latex adhesive was then conducted.  It was found that the 

skim latex adhesive prepared from 25%TS and 5 phr  coumarone mixed with tapioca adhesive in 

the ratio of 50:50 offered the adhesion properties and mechanical properties of corrugated board 

closely to the tapioca adhesive.  In production process, the temperature and the machine speed 

affected significantly on the properties of corrugated board prepared from skim latex adhesive 

(p<0.05) and the optimum conditions were 150°C and 150 m/min .  In addition, the storage 

conditions of  corrugated board at 30°C, 70%RH affected predominantly on the decrease of pin 

adhesion test values (p<0.05).  In contrast, lower pin adhesion test value (p<0.05) and slightly 

lower ECT and bursting strength of the corrugated board prepared from the skim latex adhesive 

mix were indicated in pilot scale compared to tapioca starch.  Therefore, the machinability  

of skim latex adhesive mix is needed to be further refined.  
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Figure 1. Molecular structure of natural rubber model   cis-1, 4 polyisoprene.  

:   (2549) 
 

 
 

Figure 2. Molecular structure of natural rubber model   trans-1, 4 polyisoprene.  

:   (2549) 
 
      (Natural rubber, NR)  

 30- 40 pH 6.5-7 
0.975- 0.980 12- 15 

 (DRC) 
  45 % 1-1.5 % 1 %  

 

Table 1. Compositions of latex. 

Compositions Percent (w/w) 

Total Solid Content ( TSC) 
Dry Rubber Content (DRC) 

Protein 

Resin 

Ash 

Sugar 

Water 

27 - 48 

25 - 45 

1 - 1.5 

1 - 1.25 

Up to 1 

1 

add 100 

:  Blackley (1997) 
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        ( , 2546)                
        

1.     

 

  (cis-1, 4 polyisoprene) 0.92    
200,000-400,000  

   0.04- 4  Figure 3   
 

 (Skim latex)  

 

 
 

Figure 3. Characteristics of particle of natural rubber. 

:    (2546)   
 

 2. (Protein)   
25  

( -globulin  hevein)   
1 %    

  3. (Lipid) 

-lecithin    

( 0.6 % ) 
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  1. 1.02   

1% (Quebrachitol)   
 2.  

3. (Lutoids)  

0.5 3  
pH 5.5   

0.5 %  

 

 (Concentrated latex)   

 

      
55- 65 

25-30  
 ( , 2542) 

   

   

2    

1.  60% (Concentrated latex)  0.7%  

0.2%   

2.  (Skim latex)  NH3  H2SO4  

    

 

(Skim latex)  

 

       

60-65  
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3-6  ( ) ( Non-rubber 

constituents) 
 60 %   

4-8%  

       (2548)  

white paraffin wax hydrogenated rosin 

 10 % 

 white paraffin wax 1,500 phr 

 hydrogenated rosin 100  200 300  400  500  phr 

 
 hydrogenated rosin  200 phr 

 

Table 2. Compositions of latex, concentrated latex and skim latex.   
Compositions Latex 

100 g 

Concentrated latex 

50 g 

Skim latex 

50 g 

DRC 32.5 gm 30 g/ 60% 2.5 g/ 5.0% 

TSC 36.0 gm 30.75 g/ 61.50% 5.25 g/ 10.50% 

TSC-DRC 3.5 gm 0.75 g/ 1.5% 2.75 g/ 5.50% 

Mg++ 200 ppm of latex 120 ppm 80 ppm 

Serum 64 g 19.25 g/38.50% 44.75 g/ 89.50% 

Total 100 g 50 g /100% 50 g/ 100 % 

: Morris, (1984)   
 

      2 100 DRC 32.5  

60%DRC 50  5.0% 50 

 

  

(Preserved latex) (Colloid emulsion)  
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 6 

(Creaming agent)   
       (Creaming agent)    (Hydroxyl 

Propyl Methyl Cellulose, HPMC) 

190-220 °C 

 

 suspending agent, thickening agent, emulsifier  

stabilizator, gellant  dispersing agent  Figure  4   

 

 
 

Figure 4.  Structure of hydroxyl propyl methyl cellulose. 

: (2552) 

 

      (2007) 

water-soluble biopolymer flocculants 

N, O-carboxymethyl chitosan hydroxyl propyl cellulose  
flocculants 

flocculants flocculants 
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90%    
 (2552) 

source 1 4 cellulose ether   
5% 30% 

tensile strength %elongation at break   

 Table 3 4 

 
 
Table 3. Properties of skim latex before creaming process from different sources.   

Properties Source of skim latex 

Source 1 Source 2 Source 3 Source 4 

Total solid content (%TSC) 7.4 + 1.1 8.0 + 1.4 6.2 + 0.7 6.3 + 0.9 

Dry rubber content (%DRC) 4.2 + 0.3 5.1 + 0.4 2.7 + 0.2 4.4 + 0.2 

pH 10.1 + 0.4 9.1 + 0.5 10.0 + 0.7 9.2 + 0.6 

Alkalinity (as NH3) (%) 0.29 + 0.10 0.10 + 0.06 0.23 + 0.04 0.14 + 0.07 

Average particle size (µm) 0.128 0.222 0.130 0.134 

: (2552) 

 

Table 4. Properties of skim latex after creaming process from different sources. 

Properties Source of skim latex 

Source 1 Source 2 Source 3 Source 4 

Total solid content (%TSC) 33.1 + 1.1 27.7 + 0.8 28.1 + 1.1 32.9 + 1.3 

Dry rubber content (%DRC) 32.2 + 0.3 25.2 + 0.2 26.5 + 0.3 31.5 + 0.4 

pH 9.9 + 0.5 8.7 + 0.2 9.2 + 0.4 9.0 + 0.1 

Alkalinity (as NH3) (%) 0.20 + 0.08 0.09 + 0.03 0.17 + 0.10 0.13 + 0.04 

Average particle size (µm) 0.142 0.273 0.130 0.153 

: (2552) 
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 Figure 5.  Cohesion and adhesion between adhesive and substrate. 

 (  AB and CB is adhesive forces and      B is cohesive forces) 
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(Type of adhesive) 

1.  

1.1  

 

1.2  

(Prepolymer) 

 

1.3  

 

 
2.  ( , 2543)   
2.1 Solvent adhesive   

(Wetting) 

  

2.2 Hot melt adhesive  
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2.3 Reactive adhesive  

hot melt 

, 
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2.4 Pressure sensitive adhesive (Tape)  

, 

 

2.5 Emulsion adhesive    

 ,  

 (Components of adhesives) 

1. (Polymer)  

 

1.1 (Vegetable gum) (Dextrin)  

 

1.2  

1.3  

1.4 Thermoplastic resin cellulose ester alkyd acrylic esters  

polyamide  

1.5  neoprene nitrile  polysulphide  

2.    (Activator)  

 

3. (Catalysts/ accelerators)  

 

4.    Curing agent  

5.    (Miscellaneous components)  

5.1 (Antioxidant)  

 

5.2 (Surface active)  

 

5.3 Stabilizer  

(Ethylene glycol) (Glycerol)  
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5.4 (Pentachlorophenol)  

 

5.5 (Sodium benzoate) 
5.6 N-hexyl alcohol, N-octyl alcohol  

 

5.7 antimony trioxide 

5.8  
6. (Plasticizers)  

(Crack) 
 

7.  (Solvent)  

cure (Diluents) 
8. (Tackifier)  

(Ability to stick)  
 

 (Adhesion mechanism) 

 

       

 

1. (Mechanical bonding)    

 (Mechanical interlocking)  
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Figure 6. Mechanical bonding. 

 
2.   

(Adsorption or thermodynamic theory) (Van der Waals forces) 

   

 

 

 

 

 

 

 

Figure 7.   Bonding with adhesive force between molecules of material. 

 

3. (Electrostatic theory)  

 (Electrical interaction) 

 

  
 

 

 

 

 

 

Substrate 

Adhesive Adhesive 

Mechanical interlocking 

Substrate 

Van der Waals 
interactions 

Adhesive 
Polymer 
chains 
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Figure 8. Adhesive force with force electricity. 

 

4.  (Diffusion theory)  

 
(Interdifussion of chain) 

) 

Plasticizer, Tackifier 

 

 

 

 

 

 

 

 

Figure 9. Adhesion and diffusion of combined molecules. 

 

5.  

(Chemical bonding theory) 

 

 

 -  -  - -  - 

 +  +  +  +  + 

 -  - 
 - 

 - 
 - 

Adhesive 

Adhesive 

Substrate 
Interdiffusion 
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Figure 10. Adhesion by chemical bonding. 

 

 

 

       

(Chemical bond) (Physical bond) 

1.  (Chemical bond)  

- (Covalent bond)  

 Lennard  Jones 

U         =      -A/2(2/r6 - r6/ r12)   

   U   (Potential energy) 

r   ( ) 
    potential energy 

potential energy  

-  (Ionic bond)  2  

  Na+   Cl-  

Uionic      =      q+q-/r6  

Fionic       =       q+q-/r2 

   q+q-    

               r     

 

Adhesive 

Substrate 

nm
 -

 µ
m

 

Chemisorption 

Chemical 
bonding 
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2.  (Physical bond)  

 

- (Hydrogen bonds)  

  
- (Van der Waals forces)  

  

      
 

  
  

 
 (Lazarus, 2000) 

  Mechanism of bond formation 

  

 (Adhesion) 
 cohesive strength 

 (Lazarus, 2000) 

 
1. Loss of carrier carrier   

(Absorption)  (Evaporation)    
 

 
water-based 

 solvent-

based  

2. Loss of heat   (Molten adhesive)  

 (Cooling)  
 

 (Molten adhesive) 
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 (Remelt) 

 
3. Chemical reaction  

  

  
 (

) 
Method of bonding (Lazarus, 2000) 

   2 

 (One-stage)  
(Two-stage) 

1. One-stage   (Wet bonding)  

 hot melt  
2. Two-stage   

(Cooling)  carrier 

 
 

 heat-seal 

heat-seal  

2  
- Contact bonding ( )  

 
carrier  

- Pressure-sensitive bonding ( )  

(Tack) 
 carrier    

   cohesive strength  
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Failure of adhesion 

 

       

  
 

 

  
 

3 adhesive failure ( )  cohesive failure 

( ) adhesive-cohesive failure (

) (Christer, 2007)     fiber tear 

 
 

 
 
 
 
 
 
 
 

 

Figure 11. Failure of adhesion and fiber tear. 

 

Christer (2007)  ( )  

carton board  seal 

  

Adhesive failure Cohesive failure Adhesive-cohesive Fiber tear 
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 Y-peel  

  
force  elongation curve 

 Y-peel 

 

 

 
(Testing of adhesives) 

 

       

  

 3 quality control method   
performance testing adhesive bond testing (Franking et al, 2000) 

  Quality control method  

1. Viscosity ( )   

  

 

2. Total solid content   

 

 

 
 

3. pH   -  

pH    

specific gravity, softening point grit analysis 
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Performance testing 

1. Open time   

open time 

   open time hot 

melt open time 1-2 4-5  

2. Thermal stability   

   
hot melt  thermal stability  

 

Adhesive bond testing 
  

 (Franking et al, 2000  , 2546)  
1. Tensile strength  

 

2. Shear strength  

    (Shear strength)   
 

 2o 

 25 . 
 

3. Peel strength    

    peel strength 
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4. Cleavage split strength  

 

 

 

 

 

                                          

                 

Figure12. Forces used in adhesive bond test. 

 

5. Tack    

   

 
  final bond   

 

 (Factors affecting adhesion between adhesive 

materials) 

                               1.  

  

 

 

 

  

                               2. Wetting ( )  
 wetting 

(Wettability) adhesion force cohesion force  adhesion 

force  

Tensile Shear Peel Cleavage 
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cohesion force 
 

  
(Capillary effect) wetting wetting 

    (Contact angle) 

 

  

 (Contact angle)     

    

   

 

  

 

 
 

Figure 13. The four classes of surface wettability types of surface based on their interaction with    

    aqueous droplets. 

: Koch  (2008). 
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Table 5.   Contact angle and water wettability on surface of material.  

Contact angle ( ) Wetting ability 

Close to 0° Super-hydrophilic 

10 - 30° Highly hydrophilic 

Up to 90° Less strongly hydrophilic 

>90° Hydrophobic 

As high as 150° Highly hydrophobic 

150-180° Super-hydrophobic 

: Shafrin  Zisman (1960). 

 

      Table 5 Figure 13  

0-10° 

(Super-hydrophilic) 
90° 

(Hydrophilic)  90 - 150° 

(hydrophobic) 150 - 180° 

(Super-hydrophobic) 

(Shafrin Zisman, 1960; Koch , 2008) 

 

 

 

 

 

 

 

 

 

Figure 14. Wetting behavior of high-viscosity and low-viscosity adhesive. 

 : Layfield (2000) 

High-viscosity adhesive 

Adherand   surface 

Low-viscosity adhesive 

Adherand   surface 
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(
)  

  

 

 

 

 

 

                                                           < 30o                      = 90o                      ~ 180o                 

            very good                                  good                      insufficient                      no 

 

Figure 15. Wetting forms of liquids on surface. 

 : Layfield (2000) 

 

  

Figure 15   
(Contact angle, )   

  30o (
) (

)  
3. (Surface energy)  

 
surface tension    

  (Surface tension)  
( ) 

( )  
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( ) 

  

  
(Surface stress) (Surface free energy) 

4.  

 

 

 

 (Application of latex adhesive) 

 

      ( Blacklay, 1997)  

 

                                

1.  

2.  

3.  

4.  

5.  

6.  

 

                                

1.  
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2.  

3.  

4.  

5.  

6.  

7.  

 ( ) 
 

(Mechanism of adhesion of latex adhesive) 

  2 
(Wet - bonding)  (Dry - bonding) 2 

(Little tack) 

  tackfier resin  

 

self- adherent   

  
(Double bond)  

(Net work) 
   

1.  
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Glass transition temperature (Tg) 

 

 

      

 (Cohesive strength)  

      latex-based 

 
 (Blacklay, 1997) 

2.  

 

 

  (Tackifier) 
 

 

 

(Tack life) 
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2.1 (Rosin derivatives)  

abietic acid esterification 

polyhydric alcohol hydrogenated  dimerrized disproportionated 

ageing (Heat stability) 
 

                                                     CH3 

 
                                                                                              

                                           

                                               

 
                                                 

Figure 16. Molecular structure of abietic acid. 

:  (2540) 

 

2.2 - (Coumarone-indene resins)  

 indene styrene, methyl styrene, methyl indene 

indene coumarone coal coke oven light 

oils 

 

 15-25 phr ( , 2540) 

 

 

 

 

 

H 
COOH 

CH3 

H3C 



 30 

 

 

 

 

                                       Indene                                                          Coumarone 
 

Figure 17. Molecular structure of indene and coumarone. 

:  (2540) 

 
    2.3 (Aliphatic petroleum resins) 

cracking crude oil 

 

( , 2528) 
 

                               2.4 (Terpene oligomers) 
rosin, terpene, terpene-phenolic, tall oil derivatives, pine tars, gum rosin 

wood rosin  

(Gent, 1992) wood rosin 

( , 2544) 80 phr 

wood rosin 30 phr 

 

                                
( , 2543) 

AEROSIL200 4 
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cohesive failure adhesive failure 

 

                               2.5 (Pheno-formaldehyde resin) 

 

                               novalak resin 

alkyl-modified  

phenol-formaldehyde resins (Octyl group) ( t-butyl group) 
(Tack) 

 

2.6 (Starch) 

       (C6H10O5)n  

anhydroglucose unit   -glycosidic linkage 

1 4 

anomeric carbon (C1) 

 (Reducing end) 

 reducing end 1 2  
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Figure 18.  A- and B-type polymorphs of amylose.  

: Wu  Sarko (1978) Tester (2004) 

 

      3 

 A (

)  B ( ) 
A (Wheat, glutinous rice) B (Potato) C 

(Tapioca) 

   (Amylose)  

1,000  6,000  -1, 4  glycosidic linkage 

(Hizukuri, 1985) 

   

 22-30%  

18-24% 105 

106  

 degree of polymerization (DP)  

DP 1,000 6,000 DP 

200 1,200  

(Retrogradation)  (Hizukuri, 1988) 
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Table 6.  Amount of amylose in different starches.  

Starch Crystallinity 

(%) 

Gel point 

(¯C) 

Amount of amylose  

(%) 

Wheat  

Glutinous  

Rice 

Corn  

Potato  

Tapioca 

36 

37 

38 

40 

38 

38 

63.5 

64.5 

70.0 

71.3 

67.3 

66.0 

23 

- 

17 

27 

22 

18 

 : Oates (1996)  

 

  (Amylopectin)  

 -1, 4- glycosidic linkage 

DP 10 60  -1, 6-

glycosidic linkage  -1, 6 glycosidic linkage 5% 

 1,000 

107 109  

   

 

       

 
(Gelatinization)  

(Gelatinization temperature) 
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   Gel point  (Gelatinization temperature) 

gel point 160-170 oF (71.1  76.7 oC) 

 gel point (Caustic 

soda) 
140  147 0F (60 - 63.9 oC) 

conventional corn gel point 143-158 oF 

(61.7 - 70 oC)  high amylose corn  gel point  153-176 oF (67.2  80 oC) 

 8-

10 oC  (Morrison  Laignelet, 1983) 
 

   (Viscosity)  

 

 

 pasting temperature 

(Peak viscosity)  

  

 

 

 

 (
)  

  

setback (Retrogradation) 

 , , shear rate 

  

   
- (Cooked starches)  
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- (Uncooked starches)  

3. (Plasticizer) 
    

 

4. (Crosslink agent) 
                              

50  
5. (Filler) 

                               

 

-  

-  

-  (Total solid content)  

-  

-  

- heat-sensitive  

 

6. (Thickeners) 
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, 
, 

  
7.  (Other chemicals) 

                                

- (Antioxidant)  

  

-  

-   

-  

-  

-  

-  

        -     

 

 

 

 Natural latex adhesives    
stabilizer, wetting agent 

   

      (Sadhan, 2003) 
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 2 

  

  

1.  (Self-seal envelope)  

 

 

Table 7 

 
Table 7. Self-seal envelope adhesive. 

Chemicals Parts by weight (wet) 

60% Natural rubber latex 167 

10% Potassium hydroxide solution  2 

50% Aqueous dispersion of  ZDEC 1 

: Sadhan (2003) 

 

2.  (Quick-grab adhesive) 

  

 Table 8 

 

Table 8. Quick-grab adhesive. 

Chemicals Parts by weight (wet) 

60% Natural rubber latex 167 

Toluene 3-5 

50% Aqueous dispersion of  ZDEC 2 

:  (2549) 
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3. (General-purpose latex adhesive) 

 

Table 9 

 
Table 9. General-purpose latex adhesive. 

Chemicals Dry weight (phr)  

60% Natural rubber latex 100 

Coal-tar naphtha 10 

Pale ester gum 2.6 

Wood resin 0.46 

Oleic acide 0.32 

Anionic surfactant 0.5 

:  (2549) 

 

4. (Pressure - sensitive adhesive tapes) 

Pressure sensitive adhesive   
,  

   

Table 10 

 

Table 10. Pressure - sensitive adhesive tapes. 

Chemicals Parts by weight (wet) 

Natural rubber latex 100 

Ester gum (tackif ier) 175 

Lanolin 25 

Antioxidant 1 

Zinc oxide 50 

Solvent (toluene, naphtha)  400 

: Sadhan (2003) 
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 (2543)  

coumarone indene resin 

50% dispersion  

poly vinyl alcohol  KOH pH 

 
shear strength cleavage peel strength 

cleavage peel strength

 

(2544)  

wood rosin wood  rosin  

80 phr pH  

12.5 12.6 

4  wood rosin 30 phr 

shear strength  ASTM D2330   

cleavage peel strength  ASTM D3807 

coumarone indene resin wood rosin 

shear strength cleavage peel strength 

  
  (2544)   wood resin  

  wood resin   

 pH    4 

     wood resin 

  40-70     

wood resin  60  

(2548)  

6, 7 8 phr 

8 phr 

TOA -



 40 

TOA -

 

  (2548) 
(Tack)  

(Peel strength) 

5 

(Tack) (Peel strength) 

(Tack) (Peel strength) 
150  phr 150 phr 

 

    (2548)  
 350,000-700,000 

40% hydroperse 0.3 phr 70 oC 24   
( Wood resin, Coumarone resin, 

Structol Koresin)  

shear strength 

peel strength 
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Table 11. Natural latex adhesives. 

Chemical Dry weight (phr)  Wet weight (g) 

NR Latex(60%HA-type)  100 167 

40% Hydroperse 0.3 0.75 

50% Sulfur  2.0 4 

50% ZDEC 1.0 2 

20% Potassium oleate 3.0 15 

10% Bentonite 3.0 30 

50% ZnO 2.0 4 

15% CMC 3.0 20 

50% Wingstay L 1.0 2 

Tackif iers 0, 10, 20, 30, 40 0, 20, 40, 60, 80 

:  (2548) 

 

 (Corrugating adhesives) 

 

   Corrugating adhesives   
  single face, single wall double wall 

 (Brittain , 2000) 

    
Stein-Hall Minocar 

   Stein-Hall process  

(primary liqiuid) 10  25% 

primary alkali ( )  

 primary starch 
(Starch paste) 

alkali     secondary 

starch 75-90%  

   Minocar Stein-Hall 
primary starch 40  60% alkali 
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    one-bag-mix  

(OBM) pre-mix  

 

 

 

 

 

 
 
 

Figure 19. Structure of corrugated board. 

 : Brittain (2000) 

 

      
70-80% 4-7% 14-22 % 

Table 7 

carrier system 

  

    

(Brittain, 2000) 

    

 

 

 

 

 

      Liners  
Adhesive Flute medium 
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 Table 12. Tapioca starch adhesive for corrugated board. 

Compositions %  

Water  70-80  

Caustic soda  <1  

Borax  <1  

Carrier starch  4-7  

Raw starch  14-22  

 : Brittain (2000) 

 

   (Compositions of corrugated adhesive) 

    

   1. (Water) 

( ) 
   

( )  carrier starch 

(Cooking) 

 

   2. (Starch) (
)    

( ) ( )  

 (Initial bond Green bond) 

(Corrugators)  

      

3 1 ( ) 
2 ( ) 3 
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   3. (Caustic soda)  
 

 

(bite)  (Wetting action)  

   4.  (Borax)  

0.4-0.6%  

                                - carrier starch 

                                -   setback 
   fiber  tearing bond  

                                - raw starch buffering agent 

 

                                -  glue roll 

elasticity  

 
 
   

 

 

 

 

 

 

Figure 20. Bonding dynamics. 

 : Brittain (2000) 

 

 

Application Wetting Diffusion Adsorption Raw starch 
gelatinization 

Green bond 
formation 
 

Drying 

Pre-adhesion dynamics 
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                           Figure 20  
1. Application 2  (Single face)  

carrier starch 

2. Pre-adhesion dynamics (Wetting)  

carrier starch ( Diffusion) 

(Absorption) 

3. Raw starch gelatinization  

(Cohesion) 

4. Green bond formation carrier starch  

(Cohesion) fiber to fiber bond 

cohesion  

5. Drying  

final bond 

      Daub (1990) 

pin adhesion 

(Adhesion force) 

single 

face board pin adhesion  
 ,  

pin adhesion  

      Jack (1995) 

2 
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 wet steam 

 

Joseph (1992) green bond  

single face 

liner board  medium ( )  induction time 

green bond 

 

green bond  

 
   
 
        

 

 

  

   (Corrugated structure) 
   

(Liner) (Flute) 3   

   2 (Single face) 1 

1   

   3 (Single wall) 2 

1 

   5  (Double wall) 3 

2  

 

 

 

 

 

 



 47 

 

 

 

1  

 

  

 

Figure 21. Single wall corrugated board. 

 

  

80 ( , 2542) 

 
1.   

1.1 KI  

125, 150, 185  

1.2 KA   

125, 

150, 185, 230   

1.3 KS  KW   

  

2.  (Corrugated flute) 

CA  

  CA 

105, 125, 185  

 

 

      Out- liner board 

      In- liner board 

           Corrugated medium 
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(Corrugated medium Corrugated flute) 

  

 

 

  1. A   35  41  1 

4.0- 4.8 

   

 

                           2. C 3.61-4.00 

41-43 1 3.2-4.0   

 

      3.  B 2.46-3.00      
49-52 1   2.2-3.0  

 

      4. E 1.14-1.60 

93-96 1 1.0-1.8 

 

                            5. BC 6.07-6.80 B C   
C B 

RSC 

 

Table 13. Specification of corrugated flutes. 

Flute type Flute pitch Flute height 

B Flute- Fine flute 5.5 - 6.5 mm 2.2  3.0 mm 

C Flute- Medium flute 6.8  8.0 mm 3.2  4.0 mm 

E Flute- Mini flute 3.0  3.5 mm 1.0  1.8 mm 

 : (2542) 
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(Web) 
 

  

 Forward roll kiss coater Figure 22   
  

 

 Newtonian fluid behavior (

) 
                            Reverse roll coater 

Figure 23 

 

 

 
 

 

 

 

 

Figure 22. Forward roll kiss coater. 

: Layfield (2000) 
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Figure 23. Reverse roll coater. 

: Layfield (2000) 

 

        

single facer double facer 

Figure   24 
Table 9 

 

    Pr inted paper                                             Pr inted board liner  

 

 

 

 

Double faced corrugated                                Single faced corrugated 

 

Figure 24. Laminating. 

: Layfield (2000) 
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Figure 25. Double facer board mounting. 

: Layfield (2000) 

 

double facer Figure 25  
printed paper liner adhesive coater 

nip rolls paper liner 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Printed paper liner feed 

Adhesive coater 

Applicator roll 

           Suction conveyer 
Driven belt compression section 

Nip rolls 

Coming station 

Double facer sheet feed 

Delivery to stack 

Metering roll 
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Table 14. Adhesives for solid board laminating. 

Adhesive Type Solid Setting speed Uses and comment  

Starch Natural solution <25% Very slow Simple paper substrates. 

Rarely used for laminating. 

Poor stability and ageing 

character istics. 

Dextrin Natural 

(modified starch) 

solution 

20-60% Slow Has the advantage of higher  

soild, higher tack and long 

open time, but shr inks and 

becomes brittle on drying. 

Moisture sensitive. 

Polyvinyl 

alcohol 

(PVOH) 

Synthetic solution 

(dispersion if f illed)  

<28% Slow-medium Can achieve lower coat 

weight than dextr in. 

Water resistance therefore 

suitable for f ish box board. 

Fair adhesion versatility. 

Good hold out  

Polyvinyl 

acetate 

(PVAc) 

Synthetic emulsion 

filled 

40-60% Fast Greatest versatility in terms 

of adhesion and formation. 

Very low coat weight 

achievable. 

Excellent layf lat, rigidity and 

ageing character istics 

Sodium 

 silicate 

Solution 30% Slow Inexpensive. But hazardous 

to use (caustic) hence 

uncommon. Dries like glass, 

very brittle. Poor layflat. 

: Layfield (2000) 
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1.  

2.  

3.  

4. PVOH 
 

5.  
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2 

 

 

 

 

1.    

       

      
 pH (shear strength, peel 

strength pin adhesion)  
 4  

 

 
pH 

 
 
2.  

 

2.1  

 

20 % 

200 -260 / 2 
30  

shear strength 

 ASTM D1002-72  peel strength t-peel test 

 ASTM D1876 -72 ASTM D3330-81 
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Table 15 
 

Table 15. Skim latex adhesive for type of tackifiers study.  

Chemicals Dry weight (phr) 

Skim latex (20% TS)  100 

Tackifier  

- Coumarone  resin or 

- Gum resin or 

- Petroleum resin or 

- Coumarone mixed gum resin  

1, 2, 2.5, 3.5, 5, 7.5 

50% ZnO dispersion  2 

50% ZDBC dispersion  1 

50% Sulfur dispersion  2 

 

 

(2548)  

  

2.2   

 

4  7.5, 10, 15 

17.5 phr  shear 

strength  peel strength  (KA150) 

 Table 16 
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Table 16. Skim latex adhesive formulations for tackifier contents study. 

Chemicals  Dry weight (phr) 

Skim latex (20 % TS)  100 

Tackifier ( Coumarone resin )   7.5, 10, 15 and 17.5  

50% ZnO dispersion  2 

50% ZDBC dispersion  1 

50% Sulfur dispersion  2 

 

3.   

 

 

2  

(% Total soild) 5, 10, 15, 20 25 % 

2 
shear strength  peel strength  (KA150) 

Table  17 

 

Table 17. Skim latex adhesive formulations for total solid study. 

Chemicals Dry weight (phr) 

Skim latex (5, 10, 15, 20 and 25% TS)  100 

Tackifier (Coumarone resin)  5 

50% ZnO dispersion  2 

50% ZDBC dispersion  1 

50% Sulfur dispersion  2 
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4.    PVOH  

 

 4.1   PVOH  

  20% PVOH (Polyvinyl alcohol)  

20% shear strength  peel strength 

 (KA150) 

Table 18 

 

Table 18. Skim latex adhesive mixed with PVOH study. 

Chemicals Dry weight (phr) 

Skim latex (20 % TS)  100 

50% ZnO dispersion  2 

50% ZDBC dispersion  1 

50% Sulfur dispersion  2 

20% PVOH  25, 50, 100 

 
 4.2    

(  25%  

5 phr) 3  
1 20 %  

70:30 50:50 30:70 

20 100     

  50 - 60 OC 15-20 ( ) 
2 20 % (  

14 %) 70:30, 50:50 

30:70 ( ) 20 

100 ( )  
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50-60 OC 5 14 %   (
0.01 100 ) 2-3  ( ) 

   3 
70:30 50:50 30:70 

 

      -  single facer  

double facer   
      - CS 110  

KA150  

 
 
 
 
 
 
 
 
 
 
 

Figure 26. Preparing corrugated at double facer machine.   
 

  double facer   
      - 2  (Single face) KA150/CS110  

  KA150   ( )  600x600 . 2 
      - KA 150  

 0.2 100 x150 .2 B 0.5 

C  
      - KA 150 

double facer Figure 25 

 

 
 

Double facer 

Liner board 

Adhesives 

Board direction 

Felt blanket 

Hot plates 
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      - 150  170  

      - 150  170 o C     
4.2.1  double facer  

 120, 150 165 o C   
100 /  

4.2.2  double facer  

 120, 150 180 /  

160 - 165 o C 

4.2.3  

 double facer 120, 150 /  

160 - 165 o C   %RH , 55 % RH (25 o C)  

70 % RH (30 o C) 

 

5.     

 

  

 pilot scale 

80 

 

- single facer double facer  

glue roll ( ) 
- 100  

- 160  170 o C     
 
6.  

 

 

1.  - pH meter 
2.   
3.  contact angle 
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4. (Drying time, DT) 
. 521-2527 

 
7.  

 

 7.1  
7.1.1  Shear strength ( 1521- 

2541  ASTM D1002-72)  shear strength 

 

- 75x160 .  

 

2  75x80 .2 1  

0.005 15x15 .2  

 

 

2  130x15 .2  
shear area 15x15 . 2 

 

                                                   15 mm 

 
                     15 mm 

                                                                              130 mm 

 

 
 

Figure 27. Shear strength test. 
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- 24  

15x130 .  
- Universal Testing Machine  

20 + 5   

cohesive  

adhesive failure  

 

- . Shear strength  

 (  

)  5  

 

7.1.2 Peel strength (T-peel test)  

ASTM D1876 -72 ASTM D3330-81  peel strength 

shear strength 

- 75x80 .  
2 0.03 15 x  

65 .2   

15 .  

 2  

65x15 .  

15 . 
-     24       
      15x80 . 65 . 
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                                                                   65 mm 

 

 

                                    15 mm                                                                                    30 mm 

 

       
 

 
 

  Figure 28. Peel strength test.  

 
-       

254 . /  Universal Testing Machine  

    

cohesive adhesive failure  

   
( ) 5  

- peel strength ( initial peak) 
  

 

 7.2  

7.2.1 Pin adhesion test    

 (TAPPI T 821) pin adhesion 
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- 
 ( B 

30x100 ., C 50x100 .) 

- 24  

- Pin adhesive holder  

Universal Testing Machine 12.5 /  

5  

 

                   
 

Figure 29. Pin adhesion test. 

 

7.2.2 Bursting Strength (  

Tappi T810 om 98) Bursting Strength 

 

 

 

 
- 100 x 100 .  
- 3  

-     Mullen Bursting Strength  

       Tester   
-      (N / cm 2)  
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7.2.3 Edge Crush Test ECT (  

Tappi T811 om 95)  Edge crush test (ECT) 

  

  
- 25 x 100 .  

        ECT  

        

-  12.7 . /  

        

-  

 

        
 

Figure 30. Testing Edge Crush Test  

 

8.      

 

      Completely randomize design 
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1.  (Skim latex)  5 %       

      (1982)  

2.   A702    Hercules Tianpu  

     Chemicals 

3.    
 -     22 %   

   50 %   

- 22 %   

   

- 22 %   

   

- Polyvinyl alcohol (PVOH) BP -20 (  99,000-104,000)   
    

  20 % 

4.     
-   ( ) 
-  

-  (NaOH) 
5.   

-  (ZnO) 50 % dispersion  

  - (S) 50 % dispersion   

- ZDBC    50 % dispersion  

6.      
-   (C18H34O2)   Fluka   
- (KOH)  
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- Merck 

-  (C6H5CH3)  
7.   KA150    ( ) 
8.   2 (Single face)    KA150/CS110   

     ( ) 
 

 

 

1.   Stirrer IKARW 20 

2.   2  Sartorius 15025  
3.    pH meter pH 510 EUTECH  
4.   Ball Mill 

5.    (Hot air oven) Memmert   
6.   Mullen Bursting Strength Tester GOTECH GT-7013-AD   

7.   Hot plate HTS-1003  Magnetic stirrer  

8.   HDPE 15  
9.    (Universal Testing Machine) LLOYD  

      LR 30K  

10.   Contact angle OCA 15 EC Data physics  

11.  Pin adhesion ECT   sample holder  

 

 
Figure 31. Stirrer mixing unit . 
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Figure 32. Hot air oven. 

 
Figure 33.  Mullen Bursting Strength Tester. 

 
 

 
 

Figure 34. Universal Testing Machine. 
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Figure 35. Contact angle machine. 

 
 

 
 

 

Figure 36. Pin adhesion sample holder  
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3 

 

 

  

1.     

 

 1.1  

      
pH 11.02-11.24  

gel point  58-65 OC (
80 OC 

) 

retrogradation  retrogradation 
  

 

 crystallite  
 

Table 19  Table 20 shear strength peel strength 

pin adhesion  
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Figure 37.  Tapioca starch adhesive.  

 

Table 19. Some properties of tapioca starch adhesive. 

 

* All values are reported as mean (N > 5). 

 
Table 20. Adhesion properties of corrugated board and kraft paper using tapioca starch adhesive. 

Adhesion properties Value * 

Pin adhesion ( N/cm )   Flute B 

                      ( N/cm )   Flute C 

178.25+0.50 

322.50+9.26 

Shear strength (N/mm2) 0.45 +  0.03 

Peel  strength  (N/mm) 0.29 +  0.01 

* All values are reported as mean (N > 5). 

 

       

2 1 (KA150) 
 shear strength peel strength 2 

(KA150/CS110/CS110, B  C) 
pin adhesion  

Property Value* 

Viscosity (cps) 190.2 + 3.12 

Gel point  (OC) 58-65 

%TS 18.54 + 0.34 

pH 11.13 + 0.11 
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  Table 20  

shear strength 0.45 / 2.  peel strength  0.29 / .

pin adhesion B  178.25 / . C   322.50 

/ . Jack  (1995)  

single facer single face liner 71.1 OC  127 OC 

137 /  93.3OC 
 121.1 OC B pin adhesion 102.0 /  ECT 

42 /  fiber tear 

90%  adhesive failure  10%  (

) pin adhesion 

 

single facer 160OC 170 OC 
180 /  

 
 1.2 

   

4 , , 

 

 

 
 

50:50 

 
50:50 ball mill 

 ( ) 
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Table 21. Some properties of tackifiers. 

Tackifier Appearance  % TS 

Coumarone resin emulsion Yellow,  very viscous and fetid 50.08 

Gum resin emulsion 

 

Creamy, yellow with large viscosity 
and fetid 

48.12 

Coumarone+ gum resin 

emulsion 

Yellow,  very viscous and fetid 49.23 

Petroleum resin emulsion Dark yellow, very viscous and fetid 51.20 

Petroleum resin  

(50 % dispersion ) 
Yellow, viscous and fetid  52.44 

             

         
                                           a                                                                        b 

Figure 38. Tackifier emulsions (a) coumarone resin and (b) petroleum resin. 

 

 1.3  

 

 
(DRC)  

 36.52 % 
 (2552) 30%   

10, 15 

20 25% 

-  Table 22 
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Table 22. Total solid content and pH of skim latex, concentrated skim latex and diluted cream  

    skim latex at 10, 15, 20 and 25% TS. 

Type %TS* pH* 

Skim latex 6.05 + 0.62 11.03 + 0.21  
Concentrated skim latex 36.52%TS 36.52 + 2.67  11.13 + 0.31 

Diluted cream skim latex 10%TS 12.79+ 0.60 10.97+ 0.20 

Diluted cream skim latex 15%TS 16.04 + 0.44 10.79+ 0.14 

Diluted cream skim latex 20%TS 19.63+ 0.34 11.02+ 0.21 

Diluted cream skim latex 25%TS 24.25+ 0.35 10.98+ 0.24 

* All values are reported as mean (N > 5). 
 

 

 
 

Figure  39. Concentrated skim latex and serum water from creaming process.  

 

 

(  ) 
 (pH ) 

 Figure 39  

  
 

 

 

Conc. Skim latex  

 

Serum water  
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 1.4  

  1.4.1  

 

shear strength  0.005 

 ( ) 
 Table 23 

 
Table 23.  Drying time of adhesives. 

Formula DT (minute) 

20% skim   

20% skim  + 5phr  Cor  

15-20 

10-15 

20% skim  + 17.5phr Cor 9-12 

25% skim  + 5phr  Cor  10-15 

Tapioca starch adhesive 20-30 

Remark:  Cor = coumarone resin and Skim = skim latex 

 

   Table 23  

 

15-20  

  ( double 

facer) double facer 

 
retrogradation 

heat roll hot plate 
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  1.4.2   

(Wetting)  

 (Contact angle) 

 

 

 

5 ,  25%,  

(  25 %  5 phr),  (

 25 %  15 phr)  (

 25 %  5 phr) 50:50 

  0, 1, 2, 3, 4 5  

3-4 µl  Table 24 

 

Table 24. Contact angle of adhesive at time 0, 1, 2, 3, 4 and  5 minutes. 

Formula Contact time  ( minute) Rate of contact 

angle reduction 

% min 

0 1 2 3 4 5 

Tapioca starch adhesive 100. 5 0  86.3 0  82.7 0  80.4 0 78.2 0 76.2 0 19.74     

Skim latex  25% 95. 9 0  94.2 0 92.7  0  91.3 0 89.6 0  87.8 0  4.78 

Skim 25 % + Cor 5 phr 96. 2 0  94.1 0 93.2 0 91.7 0 90.1 0 87.9 0 4.80 

Skim 25 % + Cor 15 phr 92. 1 0  89.4 0 87.5 0 85.5 0  83.6 0 81.6 0 6.58 

Skim 25 % + Cor 5 phr 

mixed with tapioca starch 

adhesive 

103. 3 0  101.8 0  100.6 0  99.2 0 97.5 0 96.20  4.24 

                               

  Table 24  Figure 40 - 45  

90 0 (  > 90) 90 - 150° 

(Hydrophobic) 
 ( 5 phr) 25% 
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( 15 phr) 
 

Table 24 

contact angle 19 %  

  
 

 

 
  

Figure  40.  Contact angle of adhesives at time   0, 1, 2, 3, 4 and 5 minute 

(A) Tapioca starch adhesive (B)  Skim latex  25%  (C) Skim latex adhesive 25 %  

    (coumarone resin 5 phr)  (D) Skim latex adhesive 25 % (coumarone resin 15 phr) and     

    (E) Skim latex adhesive 25 % (coumarone resin 5 phr) mixed tapioca starch adhesive. 
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          0                        1                    2                      3                        4                      5  

 

Figure  41. Contact angle of  tapioca starch adhesive at time 0, 1, 2, 3, 4 and 5 minutes. 

 

 

 
             0                             1                          2                         3                            4                       5 

 

Figure  42. Contact angle of  skim latex adhesive 25 % at time 0, 1, 2, 3, 4 and 5 minutes. 

 

 

 
              0                        1                       2                         3                        4                      5  

 

Figure  43. Contact angle of  skim latex adhesive 25 % (coumarone resin  5 phr) at 0, 1, 2, 3, 4 and  

                     5 minutes. 

 

 
           0                         1                       2                          3                          4                         5  

 

Figure  44. Contact angle of  skim latex adhesive 25 % (coumarone resin  15 phr) at time  0, 1, 2, 3, 4  

     and 5 minutes. 
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                             0                        1                       2                         3                            4                      5 

 

Figure  45. Contact angle of  skim latex adhesive 25 % (coumarone resin  5 phr) mixed tapioca  

    starch adhesive at ratio of 50:50  at time  0, 1, 2, 3, 4 and 5 minutes. 

 

 

Figure 41-45  
 (Contact angle, )   

 90o 
, , 

 
 

2.  

 

, 2544  

 

50%  

 polyvinyl alcohol  KOH 

pH   

   pH  

 4   benzene ( )
benzene 

(

)   

shear strength peel strength   ( KA 150) 

( ) Table 25 
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( , 2548) 

pH 
 

 Table 24  

 

( 1 2 phr)    ( 1, 2.5 3.5phr) 

peel strength   
peel strength  

shear strength  

 ( 100 phr)   ( 1, 2 2.5phr)   

  ( 1, 2  2.5 phr)   
shear strength  
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Table 25. Effect of tackifiers on adhesion properties of skim latex adhesive compared with tapioca  

   starch adhesive. 
Component Skim latex 

20 % solid 

content 

Petroleum resins Coumarone 

resin 

emulsion 

Gum resin 

emulsion 

Gum resin  + 

Coumarone resin  
(50:50 ) 

emulsion 

Shear 

strength 

 

Peel  

strength 

 dispersion emulsion 

Formula dry 

(phr) 
dry 

(phr) 
dry 

(phr) 
dry 

(phr) 
dry 

(phr) 
dry 

(phr) 
(N/mm2) (N/mm) 

1 100 25 - - - -  x 

2 100 50 - - - -  x 

3 100 100 - - - - x x 

4 100 - 1 - - - x x 

5 100 - 2 - - - x x 

6 100 - 2.5 - - - x  

7 100 - 3.5 - - -   

8 100 - 5 - - -   

9 100 - 7.5 - - -   

10 100 - - 1 - - x  

11 100 - - 2 - - x  

12 100 - - 2.5 - - x  

13 100 - - 3.5 - -   

14 100 - - 5 - -   

15 100 - - 7.5 - -   

16 100 - - - 1 - x x 

17 100 - - - 2 - x x 

18 100 - - - 2.5 - x x 

19 100 - - - 3.5 -  x 

20 100 - - - 5 - x x 

21 100 - - - 7.5 - x x 

22 100 - - - - 1 x x 

23 100 - - - - 2 x  

24 100 - - - - 2.5 x x 

25 100 - - - - 3.5  x 

26 100 - - - - 5 x  

27 100 - - - - 7.5 x  

Remark:    means properties of shear and peel strength equal or higher than  

              tapioca starch adhesive,  x means properties of shear and peel strength lower than  

              tapioca starch adhesive and  means not add ingredient of adhesive. 
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3.5 phr  

3.5 phr shear strength peel strength 

 

 

 2.1   

 50%   

1, 2, 2.5, 3.5, 5  7.5  

phr 

25, 50 100 phr  Table 

26 Figure 46 shear strength peel strength 

100 phr 

  (Blooming) 

( )  25 50 

phr  shear strength 

(p>0.05) peel strength 

 25, 50  100 phr  
 

Table 26. Effect of dispersion petroleum resin concentration on adhesion properties of skim latex  

   adhesive. 

Petroleum  resin 

phr 

%TS* pH* Shear strength* 

(N/m(N/mm2)m2) 

Peel  strength* 

m(N/mm)) 

25 23.19+0.57 10.80+0.11 0.45+0.03b 0.27+0.01a  

50 25.70+0.42 10.58+0.19 0.46+0.05b 0.25+0.02a 

100 26.23+0.53 10.20+0.09 0.40+0.02a  0.18+0.01b  

* All values are reported as mean (N > 5). 
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(a) shear strength                                                  (b) peel strength 

 

Figure 46. Effect of dispersion petroleum resin concentration on adhesion properties of  

    skim latex adhesive (a) shear strength and  (b) peel strength. 
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(Franking, 2000)  Table 27  Figure 47a  
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 shear strength (
20%)   

shear strength 

 7.5 phr shear strength 

 3.5, 5 

7.5 phr shear strength 

(p>0.05)  shear strength 

shear strength 

 
 

       peel strength  

shear strength  
( )   Table 27 Figure 47b  

peel strength shear strength 

 (  20%) 

 peel strength 

7.5 phr peel strength 
 peel strength 

 
 

( )  Table 27 

( 50 :50) shear strength peel strength 
 

( ) 2, 2.5, 3.5, 5 7.5 phr peel strength 

 shear strength 3.5, 5 7.5 phr 
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Table 27. Effect of emulsions tackifier contents on adhesion properties of skim latex adhesive. 

Bonding 

properties 

Tapioca 

starch 

adhesive 

Skim latex 

( 20%TS) 

phr 

 

 

 

Tackifier concentration 

Skim+ Pr Skim+ Cor Skim+ G Skim+G+Cor 

(50:50 ) 

Shear strength 

(N/mm2)* 

0.45+ 0.03 0.27+ 0.01** 1 

2 

2.5 

3.5 

5 

7.5 

phr 

 0.35+ 0.02a  

0.39+ 0.03 a 

0.44+ 0.03ab 

0.45+ 0.02b 

0.45+ 0.02b 

0.46+ 0.04b 

0.42+ 0.02a 

0.37+ 0.02a 

0.43+ 0.02ab 

0.48+ 0.03b 

0.51+ 0.04b 

0.50+ 0.03 b 

0.35+ 0.03a 

0.33+ 0.03a 

0.41+ 0.03ab  

0.47+ 0.03b 

0.41+ 0.02b 

0.40+ 0.01b 

0.35+ 0.02a 

0.38+ 0.03a 

0.41+ 0.02ab 

0.46+ 0.03b 

0.39+ 0.02b 

0.36+ 0.03a 

Peel 

strength 

(N/mm)* 

0.29+ 0.01 0.24+ 0.01** 1 

2 

2.5 

3.5 

5 

7.5 

 0.24+ 0.02a 

0.26+ 0.01a 

0.31+ 0.02ab 

0.33+ 0.02 b 

0.30+ 0.02ab 

0.33+ 0.02 b 

0.30+ 0.02a 

0.31+ 0.02a 

0.32+ 0.02ab 

0.33+ 0.01b 

0.34+ 0.01b 

0.33+ 0.02b 

0.25+ 0.02a 

0.25+ 0.03 a 

0.30+ 0.02ab 

0.30+ 0.02ab 

0.27+ 0.02ab 

0.27+ 0.02ab 

0.26+ 0.02a 

0.30+ 0.03a 

0.29+ 0.02ab 

0.31+ 0.02ab 

0.33+ 0.02b 

0.33+ 0.01b 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

       G+Cor = gum - coumarone mixed resin 

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05). 

 

  

 ( , 2548) 

 

 PVOH (Polyvinyl 

alcohol) PVOH  

 
 peel strength 

5 phr   
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(a) shear strength

 (b) peel strength 

Figure 47. Effect of tackifier emulsions on adhesion properties of skim latex adhesive  

     (a) shear strength and (b) peel strength. 

Remark:    Control = tapioca starch adhesive   Skim = skim latex (20%TS)   Cor =coumarone resin    

      G = gum resin   Pr = petroleum resin and G+Cor = gum resin mixed with  

        coumarone resin. 
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shear strength peel strength 

 

 
  

  

 
 

3 cohesive failure (

)  adhesive - cohesive failure ( )  adhesive 

failure ( )   fiber tear 

 (Christer, 2007) 

shear strength peel strength 

( )  Figure 48 -50 

shear strength  peel  

strength   cohesive failure  

shear strength  

peel strength 2  cohesive failure adhesive - 

cohesive failure cohesive failure  

( )  

cohesive failure Figure  48 
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 Figure 48 load - elongation (a) peel strength  

 (

) 
( ) shear strength  

elongation (
)   

 Figure 49 peel strength  

2 

cohesive failure adhesive - cohesive failure adhesive - 

cohesive cohesive 

 

 

shear strength  peel strength   fiber tear Figure 50 

 

 shear strength 

 load - elongation (c)  extension 

peel strength  

 ( ) 
 extension shear strength test 

elongation  extension  

 

 



 88 

              

       
a                                                                            b 

 

Figure 48.   Cohesive failure of the skim latex adhesive (a) peel strength and (b) shear strength. 

 

              
 
Figure  49.   Adhesive - cohesive failure of the skim latex adhesive  after peel strength.  
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                                             c                                                          d  

Figure  50. Fractures of tapioca starch adhesive  (c) peel strength  and (d) shear strength. 
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Table  28. Effect of tackifier content  on adhesion properties of adhesive. 

Formula %TS* pH* Shear strength* 

(N/m(N/mm2 )2) 

Peel strength* 

(N/mm) 

Pin adhesion* 

(N/cm) 

20%skim +5phr Cor 20.44+0.39 11.26+ 0.09 0.45+0.02a 0.32+0.03a 130.80+6.38a 
20%skim +7.5phr Cor 22.47+0.41 10.73+ 0.07 0.57+0.02bc 0.29+0.02a 149.20+5.21b  
20%skim +10phr Cor 24.10+0.18 10.66+ 0.14 0.52+0.03b  0.43+0.02b  168.80+3.63c 

20%skim +15phr Cor 27.28+0.63 10.27+ 0.24 0.62+0.03c 0.39+0.02ab  167.60+3.58c 
20%skim +17.5phr Cor 28.49+0.38 9.28+ 0.08 0.62+0.02c 0.42+0.03b  167.00+3.67c 

Remark: Cor  = coumarone resin 

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05).  
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(a) shear strength  

 

(b) peel strength  

 

(c) pin adhesion test  

Figure  51. Effect of tackifier  content  on adhesion properties of adhesive  (a) shear  strength  

   (b) peel strength and  (c) pin adhesion test . 
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fiber tear  Figure  52b 
 cohesive failure  

Figure  52a  
 

 

                 

                            a   Cohesive failure                                                  b   Fiber tear  

 

Figure 52. Fractures of  samples after pin adhesion test (a) Skim latex adhesive and                         

    (b) Tapioca starch adhesive. 

                      

   Table 28 

 

 

3.  

 

 2.  

5 phr shear strength peel strength 

 5 phr 

 

  5, 10, 15, 20 25% 5 phr  

Table 29  
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shear strength  peel strength 

25% shear strength  peel strength 
5% 

 25 % 

  shear strength 13%  peel strength  17 %  
 

    
(a) shear strength                                               

 

(b) peel strength 

 

(c) pin adhesion test 

Figure  53. Effect of solid contents of skim latex on adhesion properties of adhesive    
    (a) shear  strength (b) peel strength and  (c) pin adhesion test . 
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Table  29. Effect of solids content with skim latex to properties of adhesion properties of  adhesive. 

Skim latex pH* %TS* Shear strength* 

(N/mm2) 

Peel  strength* 

(N/mm) 

Pin adhesion* 

(N/cm) 

5%skim +5phr Cor 10.56+0.18 7.58+0.96 0.11+0.01a**  0.09+0.02a**  38.60+6.02 a**  
10%skim +5phr Cor 9.93+0.13 11.95+0.67 0.26+0.01b** 0.18+0.02b** 69.40+10.16b**  
15%skim +5phr Cor 10.51+0.13 16.67+0.41 0.38+0.02c 0.28+0.02 c 101.60+11.13c 

20%skim +5phr Cor 11.26+0.09 20.44+0.39 0.45+0.02d  0.32+0.03cd  130.80+6.38cd 
25%skim +5phr Cor 10.67+0.10 24.59+0.52 0.51+0.02d  0.34+0.01d  143.20+8.41d  

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05). 

 

( B)  

 pin adhesion  Table 29 Figure 53c   

 pin adhesion  
20 % 25% 

 25 % pin adhesion 

  pin adhesion 

20 % pin adhesion 

  5 10 % 

( ) 

 

   
shear strength   peel strength 

cohesive failure Figure  54 
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   a                                                                         b  

Figure  54.   Fractures of the skim latex adhesive  (a) peel strength  and (b) shear strength. 

 

 pin adhesion  

 

 25%  7.5, 10 

15 phr Table 30  
 

Table  30. Effect of coumarone resin content on adhesion properties of adhesive. 

Formula Shear strength* 

m(N/mm2)2) 

Peel strength* 

(N/mm) 

Pin adhesion* 

(N/cm) 

25%skim7.5 phrCor 0.60+0.02a 0.37+0.02a 160.60+3.27 a 

25%skim10 phr Cor 0.62+0.02a 0.40+0.02ab  178.40+2.97 b  

25%skim15 phr Cor 0.63+0.01a 0.48+0.02b  248.80+14.70c** 

Remark:  Cor =coumarone resin 

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05).  

 
 ( B)  pin adhesion  

10 phr  pin adhesion  15 phr  
pin adhesion  
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 double 

facer ( )   

  

25% 15 phr 

 pin adhesion  ( B) 
double facer 

(KA150) 2  
(CS110/KA150) B  plate 

100 /  150 o C  
pin adhesion  ( 64 %) 

74% 
24 

 

 

30 55 phr double facer  

pin adhesion  
(p<0.05) Table 31 Figure 55a 

 

Table 31. Effect  of coumarone resin content  on adhesion properties of adhesive at double facer. 

Formula Pin adhesion 

(N/cm)                Fracture 

                      mode  

Bursting strength* 

kgf /cm2  

Edge crush test* 

kg /  cm 

Tapioca starch adhesive  178.25+0.50d**   fiber tear 9.4+0.14b      40.30+0.60b       

25%Skim+15 phr Cor. 62.60+3.78a        cohesive 9.0+0.14a       35.68+1.08a      

25%Skim+30 phr Cor. 75.60+2.51b        cohesive 8.8+0.17a    36.18+0.49a        

25%Skim+55 phr Cor. 141.80+4.97c      cohesive 9.3+0.17b       38.92+1.05b      

Remark:  Cor =coumarone resin, * All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05).  

 

 



 97 

pin adhesion test  

 ( )  cohesive failure 

 fiber tear 
( ) 
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fiber bond cohesion 

 

 final bond (Brittain, 2000)  
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24 pin adhesion 
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cohesive failure ( ) 
  

  Figure 55a  pin adhesion 

25 % 55 phr 20% 

(Blooming) 

 

 
       a 

       
b                                                                            c  

Figure 55.  Effect of coumarone resin content to adhesion properties (a) pin adhesion  

     (b) bursting strength and (c) edge crush test. 

Remark:     Cor = coumarone resin 
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(Edge crush test) Figure 55c 

 25 % 15 30 phr 

  

  

 cure ( )  
24  

 ZDBC  ultra accelerator ( )  
115-125 o C   (

double facer 160-170 o C) reversion ( cure 

) cure 125 o C ( , 2528) 

 

4.    PVOH  

 

 4.1   PVOH (Polyvinyl alcohol)  

PVOH 

5, 10, 15, 20 25% PVOH 20% 

PVOH 

Chang Chun PVOH 

18%  

20% PVOH  

 Table 32  Figure 56 shear 

strength  peel strength  PVOH   20% PVOH 

100 phr shear strength  peel strength 
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Table 32.  Effect of polyvinyl alcohol 20 % on adhesion properties of skim latex adhesive.  

phr %TS* pH* Shear strength*  

(     /(N/mm2)m2mm2) 

Peel  strength*  

(N/(N/mm) 

25 19.97+ 0.16 10.56+ 0.13      0.57+0.04a 0.32+0.01a 

50 20.05+ 0.27 10.14+ 0.22      0.61+ 0.03ab 0.34+0.02b 

100 20.50+ 0.36 9.36+ 0.16      0.64+ 0.02b 0.34+0.01b 

* All values are reported as mean (N > 5). 

        
      (a) shear  strength                                            (b) peel strength  

 

Figure 56. Effect of polyvinyl alcohol 20 % on adhesion properties of skim latex adhesive  

    (a) shear strength and (b) peel strength. 

Remark:    Control = tapioca starch adhesive    
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shear strength CD    Figure 57  
                                

       
 

Figure  57. Fractures of skim latex mix polyvinyl alcohol. 
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(Rancidity)  
   

25 %  

5 phr  3 , 
 20% 20% 14% 

 70:30, 50:50 30:70 

25 % 15 phr 
15 phr 

25 % 5 phr 
3 shear strength peel strength  

shear strength   
peel strength 25 % 5 phr 

70:30 peel strength 

50:50  

 

Table 33.  Basic properties of the skim latex adhesive mixed tapioca starch. 

Ratio  

skim latex : tapioca 

starch  

%TS* pH* Shear strength 

(N/mm2) 
 

Peel strength/ 

(N/mm) 

Pin adhesion* 

(N/cm) 

70:30 

A 

B 

C 

 

18.52+0.36 

20.34+0.42 

19.01+0.23 

 

11.09+0.06 

11.02+0.05 

10.68+0.12 

 

- 

- 

0.46+0.02 

 

- 

- 

0.31+0.02 

 

99.00+3.08 a     

95.20+3.56 a     

190.80+3.11b**    

50:50 

A 

B 

C 

 

19.83+0.51 

18.71+0.43 

20.75+0.54 

 

10.64+0.19 

10.55+0.15 

10.64+0.16 

 

- 

- 

0.46+0.02 

 

- 

- 

0.27+0.02 

 

102.00+5.79a     

163.40+4.56 b   

197.80+3.42c**     

Remark: A = mixed tapioca starch gel   B = mixed tapioca starch gel +NaOH 14 % and   
 C = mixed tapioca starch adhesive  

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05).  
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double facer 100 /  150 o C ( )   
B  pin adhesion 

pin adhesion 50:50 

Table 33  Figure  58  
  (

, +NaOH )  30:70 

 Figure 60 
 

 

 

 

 

Figure   58. Pin adhesion of  skim latex adhesive mix (A) Tapioca starch gel (B) Tapioca starch gel  

     +NaOH 14% and (C) Tapioca starch adhesive.  
 

pin adhesion  

B  Figure 59 
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Figure 59.  Fractures of skim latex mixed tapioca starch adhesive 50:50 after pin adhesion. 

 

 
 
Figure  60. Degeneration  of skim latex adhesive mixed tapioca starch (30:70). 

 

       
                                   Before                                                                  After  

 

Figure  61. Inclined crushed f lute defect of  corrugated board. 
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double facer 

( 25% 5 phr) 
70:30 50:50 C    

B  double facer  Figure 61 
 
  4.2.1  double facer  

 ( )   
 

( C)  120, 150 165 o C   100 /  
Table 34 Figure 66 50:50 

 150 o C  pin adhesion 

165 o C   pin adhesion 

( ) 120 o C  pin adhesion 

 

 
Table 34. Effect of temperature of double facer machine at speed of 100 m/s on pin adhesion. 

Temperature Pin adhesion (N/cm)* 

Ratio 70:30 Ratio 50:50 

120 o C 44+6.68a**     36+6.16a**     

150 o C 182+9.49b**    364+14.28c    

165 o C 

Control 

192+8.04c**     

325+3.92d    

355+15.45c    

325+3.92b    

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05). 

 



 106

 double facer  

 
 

 
 

Figure  62. Pin adhesion of skim latex adhesives mixed tapioca starch adhesive  at 120, 150 and  

    165oC. 

Remark:    A = ratio 70:30   B = ratio 50:50   and    Control = tapioca starch adhesive 
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Table 35.   Effect of temperature of double facer  machine on mechanical properties of corrugated  

     board. 

Temperature  Pin adhesion* 

(N/cm) 

Bursting strength* 

kgf /cm2 

Edge crush test* 

kg / cm 

150 o C 328+16.06a 10.0+0.16 a   37.4+0.68 a   

165 o C 334+9.97b 10.8+0.16 b   43.3+0.67 b   

Control  325+3.92a 9.8+0.18 a   40.2+0.61ab   
* All values are reported as mean (N > 5). 
** The different superscripts in the same column indicate the significant differences (p<0.05). 

 

  4.2.2  double facer  

 ( )   
4.2  

 50:50 double facer 100 /  

 120, 150 180 /  160 - 165 o C  
 pin adhesion, ECT bursting strength 

double facer Table 36 Figure 63 

 
Table 36. Effect of speed of double facer machine on mechanical properties of corrugated board. 

Speed 

 (m /min ) 

Pin adhesion* 

(N/cm) 

Bursting strength* 

kgf /10 cm2 

Edge crush test* 

kg /  cm 

120  296+5.72b 10.8+0.21c 40.1+0.69c 

150 339+9.70d 10.8+0.16c 38.2+0.62b 

180  

Control 

149+10.23a** 

325+3.92c 

8.6+0.16a 

9.8+0.18b 

32.7+1.08a 

40.2+0.61c 

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05). 
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( C) 150 /  pin adhesion 

180 /

 pin adhesion 

pin adhesion  

180 /   

 pin adhesion  ECT bursting strength 
50:50  

 

 

 

Figure  63. Pin adhesion of skim latex adhesive mixed tapioca starch adhesive  at machine speed of  

    120, 150 and 180 m/min. 
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 double facer 1 ) RT   

pin adhesion  ( C)   Table 37 Figure 

64  pin adhesion 

70% RH  pin adhesion 

7 30  

 

Table 37.  Effect of relative humidity and 7 days storage time on pin adhesion of corrugated board. 

Storage 

condition 

Pin adhesion (N/cm)* 

Tapioca starch 

adhesive 

Skim latex adhesive mixed with  

tapioca starch adhesive  ( 50:50) 

120 m / min 150 m/ min 

RT, 1 day 297+7.44c 296+6.02b 339+8.81c 

RT, 7 days 276+5.56b 282+5.89a 294+6.48b 

55 %( 25 o C )  , 

7 days 

270+6.48a 282+7.72a 277+5.32a 

70 %( 30 o C )  , 

7 days 

279+5.42b 301+4.32c 294+10.8b 

* All values are reported as mean (N > 5). 

 

Table 37  

7 pin adhesion 

7%   (120  / ) 5%  

pin adhesion  (150 

 / ) pin adhesion 15%  
( pin adhesion ) 
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Figure  64. Pin adhesion of skim latex adhesive mixed tapioca starch adhesive  at relative humidity  

    55%, 70 % and room temperature 7 days. 

 

Table 38.   Effect of  relative humidity and 30 days storage time on pin adhesion of corrugated  

                  board. 

Storage 

 

Pin adhesion (N/cm)* 

Tapioca starch 

adhesive   

Skim latex adhesive mixed with 

tapioca starch adhesive  ( 50:50) 

150 o C 165 o C 

RT, 1 day 315+3.74 258+9.20b  317+4.08b  

RT, 30 days 301+3.56 272+9.31c 326+4.79c 

55 %( 25 o C ) , 

30 days 

- 275+4.55c 327+5.35c 

70 %( 30 o C ) , 

30 days 

- 248+5.32a 290+7.16a 

* All values are reported as mean (N > 5). 

Remark: machine speed = 150 m/min 
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30  

150 o C 70 % RH (30 o C)   pin adhesion 

165 o C  Table 31 
55%RH (150 o C) pin adhesion 5 % 6 % 

 (165 o C) pin adhesion 3 %  
70 %RH  (150 o C)  (165 o C)  

 pin adhesion 4 % 8 % 

 

 

5.  (pilot scale ) 

 

(  

25% 5 phr)  

50:50 

 5.88 / . 
 ( 25% 15 phr)  

13.28 / . 2  

4   

 
double facer  

160-165 o C  
100 /  B  

24 

 pin adhesion  ECT  
bursting strength pin adhesion 81.33 / . 

Table 39 4.2  
ECT bursting strength 
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Table 39. Adhesion properties of adhesive after pilot scale test. 

Formula Pin adhesion* 

(N/cm)                  Fracture      

                              mode 

Bursting strength* 

kgf /cm2  

Edge crush test* 

kg /  cm 

Tapioca starch adhesive 178.25+0.50b     fiber tear  9.4+0.16 a      40.30+0.60a  

25%Skim (5 phr Cor.)+ 

tapioca starch adhesive 

( 50:50) 

81.33+7.59a**    cohesive 9.3+0.16a      39.07+0.93a     

* All values are reported as mean (N > 5). 

** The different superscripts in the same column indicate the significant differences (p<0.05).  

 
 

         
                                         a                                                                    b  

Figure  65. Corrugated board bonded by skim latex adhesive in pilot scale test (a) Skim latex  

    adhesive in tray of double facer   (b) Corrugated board peeled off after pilot scale test. 
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4.2  
4.2 5 (Glue roll) 

4.2 

4.2 manual (

double facer) 
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4 

 

 

1. 
 

 

 20 %  

 5 phr 

  

   

  
 

cohesive failure cohesive-adhesive 

fiber tear  

 

2. 

20%  

pin adhesion   

25%   (p<0.05) pin adhesion  

 
    
25% 15 phr 

 pin adhesion 

 
pin adhesion (p<0.05)    
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   cohesive 

failure fiber tear  
 

 bursting strength ECT 

 

 

3.  

  
  PVOH 25, 50 100 phr  

 

 

50:50 

double facer  
(p<0.05)  150 C 150 /

30 C, 70%RH  
pin adhesion  (p<0.05)  

pin 

adhesion test (p<0.05)  ECT 

bursting strength    
    

cohesive failure fiber tear 

 

4. 

50:50 pin adhesion 

(p<0.05) ECT bursting strength    
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70 + 2 o C 16 ( ) 
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       A    =    

       B    =    

       C    =    

3 1  

 

1.3  20  

100 50-60 OC 15-20 

( )  

 

1.4 PVOH (20 % ) 
PVOH  20 %    

20 water bath 80-90 oC 

30  

 

2.  

( )  
                         

                                200-260 /  

( )                                                  ( 2 )  
50% sulfur dispersion                                           200-260 /  

50% ZDBC dispersion 

50% ZnO dispersion                                                      30 ( ) 
                     

             

 

 



 126

3.  shear strength, peel strength pin adhesion 

     

 10 x 15 cm 

 Table 40 

 

Table 40. Amount of  glue to the area. 

Sample test Shear Strength Peel Strength Pin adhesion 

Flute B Flute C 

Tapioca starch adhesive 0.0063 g 0.0187 g 0.1931 g 0.3477 g 

Skim latex adhesives 0.0044 g 0.0190 g 0.1955g 0.3667 g 

 

4.  

 

Table 41. Cost of Tapioca starch adhesive. 

Item 

 

Price /kg 

 

Amount 

(kg) 

Cost 

(baht) 

Tapioca starch  13.30 0.20 2.66 

Borax 30.40 0.01 0.30 

NaOH  

  

16.50 0.01 0.16 

total 0.21 3.12 

Remark:  Tapioca starch adhesive  ~ 3.12 baht/kg. 

 

 

,  

Thai Tapioca Starch Association (TTSA) 
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Table 42. Cost of coumarone resin. 

Item 

 

Price /kg 

 

Amount 

(kg) 

Cost 

(baht) 

Coumarone resin 95.00 0.20 19.00 

Toluene 65.00 0.21 13.97 

25% KOH 420.00 0.003 1.07 

12 % PVOH 125.00 0.05 6.00 

Oleic 2500.00 0.004 8.75 

 total 0.48 48.79 

Remark: coumarone resin ~ 48.79 baht/kg. 

 

25/11/53  

120   

 

25 %  ( 5 phr)  
 

Table 43. Cost of skim latex adhesive (coumarone resin 5 phr). 

Item 

 

Price /kg 

 

Amount 

(kg) 

Cost 

(baht) 

Skim latex  (25%TS) 6.01 1.00 6.01 

Coumarone resin  48.79 0.04 2.21 

Sulfur 40.00 0.004 0.16 

ZnO 55.00 0.004 0.22 

ZDBC 120.00 0.002 0.24 

 total 1.06 8.85 

Remark: skim latex adhesive (coumarone resin 5 phr) ~ 8.85 baht/kg. 
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25 %  ( 15 phr) 

 

Table 44. Cost of skim latex adhesive (coumarone resin 15 phr)  

Item 

 

Price /kg 

 

Amount 

(kg) 

Cost 

(baht) 

Skim latex  (25%TS) 6.01 1.00 6.01 

Coumarone resin  48.79 0.14 6.65 

Sulfur 40.00 0.004 0.16 

ZnO 55.00 0.004 0.22 

ZDBC 120.00 0.002 0.24 

 total 1.15 13.28 

Remark: skim latex adhesive (coumarone resin 15 phr) ~ 13.28 baht/kg. 

 

( 5 phr) 50:50 

 

 

Table 45. Cost of skim latex adhesive mixed with tapioca starch adhesive. 

Item 

 

Price /kg 

 

Amount 

(kg) 

Cost 

(baht) 

Skim latex  (25%TS) 6.01 0.50 3.01 

Coumarone resin  48.79 0.02 1.11 

Sulfur 40.00 0.002 0.08 

Tapioca starch 

adhesive  
3.12 0.50 1.56 

ZDBC 120.00 0.001 0.12 

 total 1.03 5.88 

Remark: Skim latex adhesive mixed with tapioca starch adhesive ~  5.88 baht/kg. 
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 PVOH (25 phr) 

 

Table 46. Cost of skim latex adhesive mixed with PVOH (25 phr). 

Item 

 

Price 

/kg 

Amount 

(kg) 

Cost 

(baht) 

Skim latex  (25%TS) 6.22 0.03 0.21 

ZnO  55.00 0.0001 0.007 

Sulfur 40.00 0.0001 0.005 

ZDBC 120.00 0.00007 0.008 

20%PVOH  125.00 0.08 10.40 

 total 0.12 10.64 

Remark: skim latex adhesive mixed with PVOH ~ 10.64 baht/kg 
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Table 47. pH of adhesives. 

Formula/ No. 1 2 3 4 5 SD X 

Tapioca starch adhesive 11.11 11.20 10.98 11.24 11.18 0.11 11.13 

Skim 5% 10.77 11.28 11.01 11.21 10.92 0.21 11.03 

Skim 10% 10.97 11.02 10.77 11.27 10.8 0.20 10.97 

Skim 15% 11.01 10.69 10.86 10.74 10.67 0.14 10.79 

Skim 20%  11.13 10.84 10.89 11.35 10.91 0.21 11.02 

Skim 25% 10.98 10.95 10.64 11.33 11.01 0.24 10.98 

Skim 20%+ 25phr Pr 

(dispersion) 

10.79 10.80 10.93 10.88 10.63 0.11 10.80 

Skim 20%+ 50phr Pr 

(dispersion) 

10.55 10.89 10.42 10.44 10.58 0.19 10.58 

Skim 20%+ 100phr Pr 

(dispersion) 

10.33 10.18 10.22 10.09 10.21 0.09 10.20 

Skim 20%+ 1 phr Pr  12.19 12.36 12.03 11.94 11.55 0.30 12.01 

Skim 20%+ 2 phr Pr 12.13 11.88 11.59 12.01 11.71 0.22 11.86 

Skim 20%+ 2.5 phr Pr 11.80 12.02 11.66 11.74 11.58 0.17 11.76 

Skim 20%+ 3.5 phr Pr 10.86 11.27 11.06 10.99 11.04 0.15 11.04 

Skim 20%+ 5 phr Pr 10.84 10.90 11.31 11.09 11.25 0.21 11.08 

Skim 20%+ 7.5 phr Pr 11.04 11.11 11.08 10.85 11.13 0.11 11.04 

Skim 20%+ 1 phr Cor  11.79 11.88 11.90 11.77 12.06 0.11 11.88 

Skim 20%+ 2 phr Cor 12.01 11.85 11.92 11.47 11.98 0.22 11.85 

Skim 20%+ 2.5 phr Cor 11.72 11.61 11.39 12.10 11.80 0.26 11.72 

Skim 20%+ 3.5 phr Cor 11.30 10.96 11.31 11.28 11.26 0.15 11.22 

Skim 20%+ 5 phr Cor 11.29 11.29 11.08 11.44 11.22 0.13 11.26 

Skim 20%+ 7.5 phr Cor 10.88 10.76 11.24 11.06 11.21 0.21 11.03 

Skim 20%+ 1 phr G  11.90 11.92 12.08 11.63 11.89 0.16 11.88 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and 

     G+Cor = gum  coumarone mixed resin 
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Table 47. pH of adhesives cont. 

Formula/ No. 1 2 3 4 5 SD X 

Skim 20%+ 2 phr G 11.87 11.85 11.62 12.01 11.93 0.15 11.86 

Skim 20%+ 2.5 phr G 12.13 11.67 11.47 11.78 11.54 0.26 11.72 

Skim 20%+ 3.5 phr G 11.50 11.22 11.17 11.10 11.12 0.16 11.22 

Skim 20%+ 5 phr G 11.26 11.27 11.09 11.37 11.29 0.10 11.26 

Skim 20%+ 7.5 phr G 10.98 10.76 11.22 11.03 11.15 0.18 11.03 

Skim 20%+ 1 phr G+Cor  11.81 11.73 11.47 11.60 11.45 0.16 11.61 

Skim 20%+ 2 phr G+Cor 11.46 11.37 11.17 11.26 11.32 0.11 11.32 

Skim 20%+ 2.5phr G+Cor 11.19 11.33 11.33 11.04 11.41 0.15 11.26 

Skim 20%+ 3.5phr G+Cor 11.15 11.00 10.74 10.78 10.74 0.18 10.88 

Skim 20%+ 5 phr G+Cor 10.95 11.02 10.77 10.77 11.09 0.14 10.92 

Skim 20%+ 7.5phr G+Cor 11.15 11.03 10.60 10.88 10.86 0.21 10.90 

Skim 20%+ 25 phr PVOH 10.42 10.48 10.77 10.56 10.56 0.13 10.56 

Skim 20%+ 50 phr PVOH 10.14 9.98 9.87 10.39 10.30 0.21 10.14 

Skim 20%+ 100 phr PVOH 9.23 9.60 9.44 9.21 9.30 0.16 9.36 

Skim 5%+ 5 phr Cor 10.53 10.87 10.44 10.44 10.53 0.18 10.56 

Skim 10%+ 5 phr Cor 9.87 9.89 10.01 10.10 9.78 0.12 9.93 

Skim 15%+ 5 phr Cor 10.60 10.70 10.38 10.42 10.45 0.13 10.51 

Skim 20%+ 5 phr Cor 11.32 11.21 11.21 11.19 11.40 0.09 11.26 

Skim 25%+ 5 phr Cor 10.59 10.80 10.77 10.60 10.61 0.10 10.67 

Skim 20%+ 7.5 phr Cor 10.64 10.83 10.74 10.74 10.71 0.07 10.73 

Skim 20%+ 10 phr Cor 10.66 10.78 10.78 10.44 10.65 0.14 10.66 

Skim 20%+ 15 phr Cor 10.06 10.05 10.51 10.55 10.18 0.24 10.27 

Skim 20%+ 17.5 phr Cor 9.33 9.38 9.21 9.19 9.28 0.08 9.28 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 48.  Total solid of adhesives. 

Formula/ No.     g   SD X 

1 2 3 4 5 

Tapioca starch adhesive 19.0222 18.7278 18.3362 18.4501 18.1667 0.34 18.54 

Skim 5% 5.8870 6.3232 7.0040 5.4450 5.6161 0.62 6.05 

Skim 10% 13.3172 12.7971 12.3112 12.0799 13.4481 0.60 12.79 

Skim 15% 16.7886 15.9774 15.7889 15.6609 16.0019 0.44 16.04 

Skim 20%  19.6344 20.2203 19.3377 19.5099 19.4776 0.34 19.63 

Skim 25% 24.2540 24.8110 24.2908 23.8883 24.0085 0.35 24.25 

Skim 20%+ 25phr Pr 

( dispersion ) 

23.1181 24.0889 22.8819 23.3311 22.5766 0.57 23.19 

Skim 20%+ 50phr Pr 

( dispersion ) 

25.8033 24.9993 25.7134 25.9090 26.0911 0.42 25.70 

Skim 20%+100phr Pr 

( dispersion ) 

26.2421 27.0008 25.7768 25.6998 26.4451 0.53 26.23 

Skim 20%+ 1 phr Pr  19.4900 19.7722 19.7431 20.1689 19.1116 0.39 19.66 

Skim 20%+ 2 phr Pr 19.2727 19.3367 19.3007 19.5542 19.6622 0.17 19.42 

Skim 20%+ 2.5 phr Pr 20.3644 20.1565 20.2771 19.9964 20.4555 0.18 20.25 

Skim 20%+ 3.5 phr Pr 23.8508 23.1291 24.0088 23.5561 23.9115 0.35 23.69 

Skim 20%+ 5 phr Pr 21.4343 20.9887 21.2759 22.0155 21.4300 0.37 21.43 

Skim 20%+ 7.5 phr Pr 21.3111 22.2211 20.7766 21.3313 21.0045 0.55 21.33 

Skim 20%+ 1 phr Cor  16.5143 19.0070 16.6688 19.3744 19.5560 1.50 18.22 

Skim 20%+ 2 phr Cor 17.3832 18.4422 17.8900 16.8782 17.3339 0.59 17.58 

Skim 20%+ 2.5 phr Cor 24.4332 20.0990 21.3374 20.0775 20.6654 1.81 21.32 

Skim 20%+ 3.5 phr Cor 20.9544 21.0986 20.5566 21.1123 20.9008 0.22 20.92 

Skim 20%+ 5 phr Cor 21.5421 20.7765 21.0076 21.4456 21.7765 0.41 21.31 

Skim 20%+ 7.5 phr Cor 21.8129 20.9933 21.8865 20.6678 22.0012 0.60 21.47 

Skim 20%+ 1 phr G  16.5221 19.0778 19.7753 18.8556 19.3430 1.27 18.71 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 48. Total solid of adhesives (cont.) 

Formula/ No.   g   SD X 

         1 2 3 4 5 

Skim 20%+ 2 phr G 17.3844 19.3800 18.8893 18.4998 19.6642 0.89 18.76 

Skim 20%+ 2.5 phr G 24.4309 20.4456 20.6117 22.6311 20.9947 1.69 21.82 

Skim 20%+ 3.5 phr G 20.9542 19.9987 20.1123 20.8876 20.0077 0.48 20.39 

Skim 20%+ 5 phr G 21.5400 20.7730 20.5566 21.0933 21.3377 0.40 21.06 

Skim 20%+ 7.5 phr G 21.8111 20.9944 21.0321 20.7720 21.0045 0.39 21.12 

Skim 20%+ 1 phr G+Cor  19.2226 20.0133 19.9876 19.0223 19.2566 0.46 19.50 

Skim 20%+ 2 phr G+Cor 19.8941 20.1420 19.7755 20.0573 20.2004 0.17 20.01 

Skim 20%+ 2.5 phr G+Cor 20.1114 19.9980 20.1180 19.7664 20.3321 0.21 20.06 

Skim 20%+ 3.5 phr G+Cor 21.3703 20.4133 19.9947 20.6990 21.3339 0.59 20.76 

Skim 20%+ 5 phr G+Cor 20.5244 19.9799 20.0888 20.6898 20.5112 0.31 20.36 

Skim 20%+ 7.5 phr G+Cor 21.2632 20.8711 20.7765 21.3345 21.2670 0.26 21.10 

Skim 20%+ 25 phr PVOH 19.8515 20.0992 19.7755 19.9983 20.1366 0.15 19.97 

Skim 20%+ 50 phr PVOH 20.1817 19.8773 20.3210 19.6755 20.2088 0.27 20.05 

Skim 20%+ 100 phr PVOH 20.5011 20.9870 20.3122 20.4923 19.9981 0.36 20.46 

Skim 5%+ 5 phr Cor 8.8384 7.6678 8.1198 6.8790 6.4412 0.96 7.58 

Skim 10%+ 5 phr Cor 12.4681 11.8875 12.4711 10.8440 12.0975 0.67 11.95 

Skim 15%+ 5 phr Cor 16.8853 15.9933 16.9031 17.0022 16.5466 0.41 16.67 

Skim 20%+ 5 phr Cor 20.4465 20.9903 20.4113 19.8809 20.5051 0.39 20.44 

Skim 25%+ 5 phr Cor 25.0960 24.7116 24.9054 23.7654 24.4489 0.52 24.59 

Skim 20%+ 7.5 phr Cor 22.9202 21.9987 22.7765 22.5656 22.1008 0.41 22.47 

Skim 20%+ 10 phr Cor 24.3331 24.0811 24.0013 23.8876 24.2213 0.18 24.10 

Skim 20%+ 15 phr Cor 27.3747 28.2234 26.8866 27.3732 26.5590 0.63 27.28 

Skim 20%+ 17.5 phr Cor 28.4730 29.0060 28.3397 27.9904 28.6622 0.38 28.49 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 49. Shear strength of adhesives. 

Formula/ No.   N/mm2   SD X 

1 2 3 4 5 

Tapioca starch adhesive 0.44 0.51 0.42 0.44 0.43 0.03 0.45 

Skim 20%  0.28 0.27 0.26 0.26 0.26 0.01 0.27 

Skim 20%+ 25 phr Pr 

( dispersion ) 

0.45 0.50 0.43 0.49 0.42 0.03 0.45 

Skim 20%+ 50 phr Pr 

( dispersion ) 

0.46 0.40 0.45 0.50 0.53 0.05 0.46 

Skim 20%+100 phr Pr 

( dispersion ) 

0.39 0.42 0.39 0.35 0.41 0.02 0.40 

Skim 20%+ 1 phr Pr  0.35 0.36 0.32 0.38 0.34 0.02 0.35 

Skim 20%+ 2 phr Pr 0.39 0.35 0.43 0.35 0.41 0.04 0.39 

Skim 20%+ 2.5 phr Pr 0.44 0.47 0.44 0.40 0.49 0.03 0.44 

Skim 20%+ 3.5 phr Pr 0.46 0.46 0.41 0.45 0.46 0.02 0.45 

Skim 20%+ 5 phr Pr 0.49 0.44 0.42 0.45 0.46 0.02 0.45 

Skim 20%+ 7.5 phr Pr 0.49 0.40 0.46 0.51 0.45 0.04 0.46 

Skim 20%+ 1 phr Cor  0.41 0.45 0.43 0.39 0.42 0.02 0.42 

Skim 20%+ 2 phr Cor 0.36 0.41 0.38 0.35 0.34 0.02 0.37 

Skim 20%+ 2.5 phr Cor 0.43 0.40 0.46 0.44 0.43 0.02 0.43 

Skim 20%+ 3.5 phr Cor 0.49 0.47 0.44 0.52 0.49 0.03 0.48 

Skim 20%+ 5 phr Cor 0.51 0.52 0.44 0.53 0.53 0.04 0.51 

Skim 20%+ 7.5 phr Cor 0.52 0.48 0.53 0.45 0.52 0.03 0.50 

Skim 20%+ 1 phr G  0.34 0.39 0.35 0.31 0.34 0.03 0.35 

Skim 20%+ 2 phr G 0.31 0.35 0.34 0.35 0.29 0.03 0.33 

Skim 20%+ 2.5 phr G 0.42 0.45 0.42 0.38 0.40 0.03 0.41 

Skim 20%+ 3.5 phr G 0.49 0.45 0.44 0.50 0.49 0.03 0.47 

Skim 20%+ 5 phr G 0.42 0.38 0.44 0.39 0.42 0.02 0.41 

Skim 20%+ 7.5 phr G 0.39 0.40 0.38 0.42 0.40 0.01 0.40 

Skim 20%+ 1 phr 

G+Cor  

0.34 0.32 0.39 0.36 0.36 0.02 0.35 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 49. Shear strength of adhesives (cont.) 

Formula/ No.   N/mm2   SD X 

1 2 3 4 5 

Skim 20%+ 2phr G+Cor 0.38 0.42 0.36 0.39 0.35 0.03 0.38 

Skim 20%+2.5phr 

G+Cor 

0.42 0.40 0.39 0.44 0.41 0.02 0.41 

Skim 20%+ 3.5 phr 

G+Cor 

0.48 0.42 0.49 0.44 0.45 0.03 0.46 

Skim 20%+ 5 phr 

G+Cor 

0.40 0.36 0.41 0.37 0.40 0.02 0.39 

Skim 20%+ 7.5 phr 

G+Cor 

0.37 0.32 0.36 0.33 0.39 0.03 0.36 

Skim 20%+ 25 phr PVOH 0.58 0.53 0.53 0.63 0.57 0.04 0.57 

Skim 20%+ 50 phr PVOH 0.61 0.57 0.65 0.62 0.61 0.02 0.62 

Skim 20%+ 100 phr 

PVOH 

0.64 0.62 0.62 0.67 0.64 0.02 0.64 

Skim 5%+ 5 phr Cor 0.12 0.11 0.11 0.11 0.12 0.01 0.11 

Skim 10%+ 5 phr Cor 0.26 0.27 0.25 0.26 0.27 0.02 0.26 

Skim 15%+ 5 phr Cor 0.38 0.40 0.40 0.37 0.37 0.03 0.38 

Skim 20%+ 5 phr Cor 0.45 0.44 0.49 0.43 0.42 0.02 0.45 

Skim 25%+ 5 phr Cor 0.52 0.49 0.53 0.49 0.52 0.02 0.51 

Skim 20%+ 7.5 phr Cor 0.58 0.57 0.54 0.59 0.55 0.02 0.57 

Skim 20%+ 10 phr Cor 0.54 0.51 0.49 0.57 0.52 0.03 0.52 

Skim 20%+ 15 phr Cor 0.61 0.6 0.57 0.64 0.62 0.03 0.62 

Skim 20%+ 17.5 phr Cor 0.63 0.64 0.62 0.58 0.62 0.02 0.62 

Skim 25%+ 7.5 phr Cor 0.60 0.62 0.60 0.62 0.57 0.02 0.60 

Skim 25%+ 10 phr Cor 0.62 0.64 0.62 0.58 0.62 0.02 0.62 

Skim 25%+ 15 phr Cor 0.65 0.62 0.63 0.63 0.64 0.01 0.63 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 50. Peel strength of adhesives. 

Formula/ No.   N/mm   SD X 

1 2 3 4 5 

Tapioca starch adhesive 0.29 0.28 0.30 0.28 0.30 0.01 0.29 

Skim 20%  0.24 0.25 0.22 0.25 0.23 0.01 0.24 

Skim 20%+ 25 phr Pr 

( dispersion ) 

0.27 0.28 0.26 0.29 0.26 0.01 0.27 

Skim 20%+ 50 phr Pr 

( dispersion ) 

0.25 0.23 0.28 0.23 0.26 0.02 0.25 

Skim 20%+100 phr Pr 

( dispersion ) 

0.18 0.20 0.20 0.17 0.18 0.01 0.18 

Skim 20%+ 1 phr Pr  0.24 0.26 0.22 0.23 0.26 0.02 0.24 

Skim 20%+ 2 phr Pr 0.26 0.27 0.27 0.24 0.27 0.01 0.26 

Skim 20%+ 2.5 phr Pr 0.31 0.29 0.34 0.32 0.31 0.02 0.31 

Skim 20%+ 3.5 phr Pr 0.33 0.34 0.36 0.33 0.30 0.02 0.33 

Skim 20%+ 5 phr Pr 0.30 0.32 0.27 0.33 0.30 0.02 0.30 

Skim 20%+ 7.5 phr Pr 0.34 0.34 0.30 0.35 0.33 0.02 0.33 

Skim 20%+ 1 phr Cor  0.30 0.26 0.31 0.31 0.32 0.02 0.30 

Skim 20%+ 2 phr Cor 0.32 0.30 0.30 0.33 0.33 0.03 0.31 

Skim 20%+ 2.5 phr Cor 0.33 0.35 0.32 0.32 0.30 0.03 0.32 

Skim 20%+ 3.5 phr Cor 0.33 0.34 0.34 0.32 0.32 0.01 0.33 

Skim 20%+ 5 phr Cor 0.34 0.33 0.32 0.35 0.33 0.01 0.34 

Skim 20%+ 7.5 phr Cor 0.32 0.37 0.31 0.32 0.31 0.02 0.33 

Skim 20%+ 1 phr G  0.25 0.22 0.27 0.27 0.24 0.02 0.25 

Skim 20%+ 2 phr G 0.25 0.23 0.25 0.30 0.23 0.03 0.25 

Skim 20%+ 2.5 phr G 0.29 0.32 0.31 0.28 0.29 0.02 0.30 

Skim 20%+ 3.5 phr G 0.29 0.32 0.32 0.28 0.30 0.02 0.30 

Skim 20%+ 5 phr G 0.27 0.27 0.24 0.26 0.29 0.02 0.27 

Skim 20%+ 7.5 phr G 0.27 0.30 0.24 0.25 0.28 0.02 0.27 

Skim20% +1 phr G+Cor  0.26 0.29 0.24 0.25 0.26 0.02 0.26 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 50. Peel strength of adhesives (cont.) 

Formula/ No.   N/mm   SD X 

1 2 3 4 5 

Skim 20%+ 2 phr G+Cor 0.30 0.28 0.30 0.27 0.36 0.03 0.30 

Skim 20%+ 2.5 phr G+Cor 0.29 0.26 0.30 0.31 0.30 0.02 0.29 

Skim 20%+ 3.5 phr G+Cor 0.31 0.29 0.31 0.34 0.30 0.02 0.31 

Skim 20%+ 5 phr G+Cor 0.33 0.35 0.31 0.33 0.33 0.02 0.33 

Skim 20%+ 7.5 phr G+Cor 0.33 0.33 0.33 0.33 0.33 0.00 0.33 

Skim 20%+ 25 phr PVOH 0.32 0.32 0.32 0.32 0.32 0.00 0.32 

Skim 20%+ 25 phr PVOH 0.34 0.32 0.35 0.34 0.36 0.02 0.34 

Skim 20%+ 50 phr PVOH 0.35 0.34 0.32 0.33 0.36 0.01 0.34 

Skim 5%+ 5 phr Cor 0.09 0.08 0.13 0.09 0.10 0.02 0.09 

Skim 10%+ 5 phr Cor 0.17 0.20 0.17 0.18 0.16 0.02 0.18 

Skim 15%+ 5 phr Cor 0.28 0.25 0.25 0.30 0.30 0.02 0.28 

Skim 20%+ 5 phr Cor 0.32 0.34 0.28 0.35 0.31 0.03 0.32 

Skim 25%+ 5 phr Cor 0.34 0.36 0.33 0.35 0.35 0.01 0.34 

Skim 20%+ 7.5 phr Cor 0.28 0.26 0.33 0.29 0.29 0.02 0.29 

Skim 20%+ 10 phr Cor 0.43 0.41 0.45 0.40 0.45 0.02 0.43 

Skim 20%+ 15 phr Cor 0.39 0.39 0.42 0.39 0.36 0.02 0.39 

Skim 20%+ 17.5 phr Cor 0.41 0.46 0.43 0.40 0.38 0.03 0.42 

Skim 25%+ 7.5 phr Cor 0.37 0.35 0.41 0.38 0.36 0.02 0.37 

Skim 25%+ 10 phr Cor 0.41 0.42 0.41 0.39 0.38 0.02 0.40 

Skim 25%+ 15 phr Cor 0.48 0.46 0.50 0.47 0.49 0.02 0.48 

Remark:  Cor =coumarone resin   G = gum resin   Pr = petroleum resin and  

     G+Cor = gum  coumarone mixed resin 
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Table 51. Pin adhesion of adhesives. 

Formula/ No.   N/cm   SD X 

1 2 3 4 5 

Tapioca starch adhesive 

( Flute B ) 

179 178 178 178 - 0.50 178.25 

Tapioca starch adhesive 

( Flute C ) 

324 335 316 315 - 9.26 322.50 

Skim 5%+ 5 phr Cor 33 45 39 44 32 6.02 38.60 

Skim 10%+ 5 phr Cor 69 64 86 59 69 10.16 69.40 

Skim 15%+ 5 phr Cor 101 99 88 119 101 11.13 101.60 

Skim 20%+ 5 phr Cor 128 139 122 134 131 6.38 130.80 

Skim 25%+ 5 phr Cor 140 145 156 133 142 8.41 143.20 

Skim 20%+ 7.5 phr Cor 149 141 155 152 149 5.21 149.20 

Skim 20%+ 10 phr Cor 173 163 169 169 170 3.63 168.80 

Skim 20%+ 15 phr Cor 165 173 164 167 169 3.58 167.60 

Skim 20%+ 17.5 phr Cor 166 169 169 161 170 3.67 167.00 

Skim 25%+ 7.5 phr Cor 160 166 160 157 160 3.27 160.60 

Skim 25%+ 10 phr Cor 178 174 180 178 182 2.97 178.40 

Skim 25%+ 15 phr Cor 263 251 224 255 251 14.70 248.80 

Skim 25%+ 15 phr Cor* 63 61 69 60 60 3.78 62.60 

Skim 20%+ 30 phr Cor* 77 78 72 74 77 2.51 75.60 

Skim 20%+ 55 phr Cor* 144 139 135 148 143 4.97 141.80 

Remark:  Cor =coumarone resin, * experimental production lines 

 

Table 52. Bursting strength of adhesives. 

Formula/ No.   Kgf/10cm2   SD X 

1 2 3 4 5 

Tapioca starch adhesive 

( Flute B ) 

9.4 9.6 9.2 9.4 9.4 0.14 9.4 

Skim 25%+ 15 phr Cor* 9.0 9.2 8.8 9.0 9.0 0.14 9.0 

Skim 20%+ 30 phr Cor* 8.8 8.6 9.0 9.0 8.8 0.17 8.8 

Skim 20%+ 55 phr Cor* 9.4 9.2 9.6 9.2 9.4 0.17 9.3 

Remark:  Cor =coumarone resin, * from production line test. 
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Table 53. Edge crush test of adhesives. 

Formula/ No.   Kg/cm   SD X 

1 2 3 4 5 

Tapioca starch adhesive 

( Flute B ) 

40.2 41.3 39.7 40.1 40.2 0.59 40.30 

Skim 25%+ 15 phr Cor* 34.6 37.4 35.1 36 35.3 1.08 35.68 

Skim 20%+ 30 phr Cor* 36.4 36.9 36.1 35.8 35.7 0.49 36.18 

Skim 20%+ 55 phr Cor* 39.1 40.2 38.5 39.4 37.4 1.05 38.92 

Remark:  Cor =Coumarone resin   * from production line test. 

 
Table 54. Viscosity of adhesives. 

Formula/ No.   cps   SD X 

1 2 3 4 5 

Tapioca starch  adhesive 188.44 195.60 190.00 187.70 189.50 3.12 190.25 

Skim latex 20% 58.30 55.90 51.80 55.10 55.60 2.33 55.34 

Skim 5 + 5phr CoR 45.40 46.10 41.40 46.30 44.10 2.01 44.66 

Skim 20 +5phr CoR 76.10 78.30 74.60 81.10 77.90 2.45 77.60 

Skim 25 + 5phr CoR 81.60 80.80 77.50 79.50 79.00 1.59 79.68 

Skim 20 + 10 phr CoR 81.00 85.90 83.20 84.70 85.80 2.05 84.12 

Skim 20 + 17.5 phr CoR 89.90 88.50 89.40 87.70 90.20 1.03 89.14 

Remark:  Cor =coumarone resin   
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