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-2-ABSTRACT


Development of  Epoxy Sealer ( Body Panel Reinforcement ) for automotive  

industry to replace the conventional Reinforcement patches . The sprayable  

reinforcement also serves the same purpose as conventional reinforcement

patches and also provides additional performance characteristics which are

not obtainable from conventional reinforcement patches such as precision , 

fall – off, commonisation of parts,  low cost  & faster line speed .
In this project we have studied the effect of Curing Agents, Epoxy Diluent, 

Curing Conditions, and Shelf Life Identification for optimization of BPR 

formulation.

Besides that we have analyzed certain mechanical properties like three point 

bending , shear strength and impact resistance towards the reinforcement of 

steel panels.
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INTRODUCTION TO NVH


NVH stands for Noise Vibration and Harshness and is an industry term associated with the treatment of vibration and audible sounds. Harshness usually refers to treatments of transient frequencies or shock. Noise denotes unwanted sound, hence treatments are often to eliminate these sounds and vibrations, but occasionally products are engineered to magnify sound and vibration at particular frequencies. The human ear can generally detect frequencies in the range of 20 to 20,000 Hz (Hertz, or cycles per second.) Vibrations above and below this range may not be detectable to your ear, but may still require treatments for improved product performance and longevity. The frequency of the noise is quite essential, as it dictates which method of treatment or what material will work best. Multiple frequencies may require multiple treatments. Folks who first become interested in noise and vibration generally have confusion about how noise and vibration propagate and even more confusion about how to treat it. While the subject has endless subtitles, here is a short primer on the subject so you can start to get "your feet wet" without wasting time.
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THERE ARE TWO TYPES OF DETECTABLE NOISE : STRUCTURE BORNE & AIR BORNE

Structure borne is vibration that you predominantly "feel" like a deep booming base sound from the car’s radio next to you at the street corner or the eerie vibration you feel when a train comes down the tracks right next to your house. These are typically low frequency vibrations that your ear may be able to hear, but are primarily "felt" through your sense of touch. Structure borne vibration is strictly classified as vibration that is transferred through a solid or semi-solid medium from the source (ie a vibrating mechanism like a train or a tractor or even an earthquake!) to a receiver (like you or some other sensing device). These structure borne frequencies are generally classified as less than 1000 Hz. Structural vibrations can be treated two ways: Damping or Isolation

Airborne noise is the kind of sound that most people think of as noise and travels through gaseous mediums like the air. Some people might classify your voice as noise, but we like to think that things like your air conditioning or even the hum of your computer are better examples of unwanted noise. These vibrations are detected by your ear and may be impossible to detect with your sense of touch. There are two ways to treat unwanted air borne sound: Barriers and Absorbers 

DAMPNING AND ISOLATION

Damping is defined as a treatment of vibration to reduce the magnitude of targeted vibrations. (The term "dampening" is also used occasionally, but most experts in the field of NVH refer to dampening as the act of sprinkling water on something...) All damping materials have different characteristics at different 
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frequencies, so choose your treatment intelligently or recruit a consultant to assist you.

Isolation is defined as a method of detaching or separating the vibration from another system or body. Isolation by definition does nothing to reduce the vibration magnitude, it simply seperates the vibration from the system you wish to protect. Some materials may actually perform damping and isolation functions at particular frequencies, but the words are very different and often confused. All materials for isolation perform differently at different frequencies, and if chosen incorrectly, may worsen your problem, not improve it. 

BARRIERS & ABSORBERS

Barriers perform a blocking function to the path of the airborne sound. A closed door is a simple example of a noise barrier. Barrier performance is strongly correlated to the openings or air gaps that exist after the barrier is employed. If your door is only closed half way or there is a large gap under and above the door where sound may travel through, then your door will be far less effective at blocking sound. If there are no air gaps when a barrier is employed, then weight becomes the dominant factor in comparing barriers. Doubling weight typically reduces sound transmission by 6 dB based on the Mass Law. Barrier performance is dependant on frequency and is most fruitful with high frequencies.

Absorbers reduce sound by absorbing the energy of the sound waves and dissipating them as heat. Carpet is a common example of an absorber. Absorbers are ranked by their ability to absorb sound that otherwise would be reflected off its surface. By definition, an absorber does not block sound 
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transmission, although many materials are designed to block and absorb sound. Good absorbers generally contain complex geometries to trap incident sound waves, rather than reflecting them back into the air. Like all other NVH treatments, absorber performance varies with frequency.

:
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LITERATURE

In general, there are two distinctly different types of polymerization, addition and condensation, also called chain-growth and step-growth polymerizations respectively. 

Condensation or step-growth polymers are formed with the expulsion of a small molecule for each unit added to the polymer chain, and the reaction proceeds in a sequential fashion, forming dimer, trimer, etc. 

A type of condensation polymerization that gives a linear polymer (or a "prepolymer" as commonly called) with reactive groups in chain ends, which may be cured to give a network polymer, is the polycondensation of epoxy polymers. The formation of an epoxy polymer may be illustrated by the reaction between 2,2-bis (4-hydroxyphenyl) propane (I) (Bisphenol-A) and Epichlorohydrin (II) to initially form a prepolymer as follows : 
-9-


[image: image2.png]CH;

o,
T SN [—
Ho@c‘@on TCH-cHCma S o

CH;

C‘Hs on
HO@?@OCHZCHCHZCI
CH;

CH; OH
1 ] 0w,
Ho@ﬁ:@ocmcﬂcma —
o
CH;
CH; o
1 /N
1-[0{(:)}(‘:{(:)>70c1-11c1-[fc1-[Z +HC1
CH;





-10-


This process may be repeated on either side to give a product that may be represented as: 
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This is the diglycidyl ether of bisphenol-A (DGEBA), where n represents the number of times the repeating unit occurs in the prepolymer. If n is 0 or 1, the product is a viscous liquid. If n is greater than 1 the product is a brittle solid. The relative amounts of the reactants determine the value of n, a large excess of epichlorohydrin favoring the formation of a liquid.

Crosslinking or curing giving a solid is illustrated with a general poly functional amine in Figure 1. 
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        Figure 1 :
Epoxy resins are thermosetting materials as opposed to thermoplastic materials. Thermosetting plastics are cured or "set" into a form which is retained to the plastic's decomposition temperature without melting while thermoplastics have melting or liquefying temperatures. Thermosetting plastics are also insoluble in their cured stated while thermoplastics usually have several solvents. 

The commercial introduction of epoxy resins was in 1947.1 The main use of resins in 1974 was as protective coatings where they are excellent because of the highly unreactive nature of the cured product. Other uses include 
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adhesives, laminates, and casting resins. The resins show low shrinkage in their curing reactions which make them extremely valuable in space filling applications. An epoxy resin system requires two components, a diepoxide or equivalent (epichlorohydrin is equivalent to a diepoxide since another epoxide group is formed upon destruction of the first one) and a reactive diol or polyol. Epichlorohydrin is the most readily available and cheapest diepoxide equivalent, and almost all commercial epoxy systems employ it. Bisphenol-A is also widely used since the aromatic nature enhances the hydroxyl reactivity and adds strength to the resin formed. Aliphatic triol such as glycerol (IV) have been used to give denser crosslinking. 
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Other polyhydroxylic compounds which find application in epoxy resin formulations are the novolaks, which are products of the reaction of phenols and formaldehyde in acid solution and may be represented by: 
[image: image6.png]




These materials can give epoxy resins of high strength. 

The combination of the available diepoxides or equivalents and the polyhydroxy compounds gives a large number of possible epoxy pre-polymers. The number of possible resins is raised even higher by the number of possible curing agents which may be used for each of the prepolymers. Primary amines and anhydrides have been previously mentioned as curing agents, however, other types are available, and the curing may be anionic, 
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or by Lewis acids or secondary or tertiary amines. 
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The liberated alkoxide group may react with another epoxide, or abstract the active hydrogen from a reacted epoxy group, providing another anion capable of further reaction with other epoxy groups. The secondary amines undergo 
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reactions similar to tertiary amines after preliminary reactions(similar to primary amines) which form tertiary amines. The choice of a curing agent provides for a wide range of cured resins. 

The stoichiometry of the curing reaction should be controlled for optimum properties in the cured resin. The epoxy prepolymers are characterized by the epoxide content or epoxide equivalent weight, which is the weight of resin containing one mole of epoxide groups. For compound (V) 
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the equivalent weight is the molecular weight divided by two, the number of epoxide groups. The equivalent weight of the curing agent is the molecular weight of the agent divided by the number of sites on the molecule capable of opening epoxy rings. For primary amines this would be the molecular weight divided by the number of replaceable hydrogens. Thus one equivalent of an epoxy prepolymer is cured by one equivalent of a curing agent. 
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The degree of cure in a resin/curing agent system may be measured by a variety of techniques. Since a large part of the use of epoxies is in areas where their strength is desired, many of the tests such as Vicat softening point and deflection temperature measure the increase in strength of the material.2 Since the material in crosslinked and subsequently not soluble in most solvent systems, the degree of swelling in a solvent may be used to follow the degree of cure. 
In our case it is measured by the mechanical properties like Three point Bending strength , shear strength etc.
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TECHNICAL DETAILS OF RAW MATERIALS

	Chemical Description

	Epoxy Resin 1,

Diglycidal ether of Bis Phenol A

	Epoxy Resin 2,

CTBN Modified Epoxy

	Flame Retardant Filler,

Auminium Trihydrate

	Filler

Calcite

	Filler,

Coated Calcium carbonate.

	Pigment

Carbon Black

	Moisture absorbent,

Calcium Oxide

	Thixotropic Agent,

Fumed Silica

	Curing Agent

	Epoxy Diluent
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TECHNICAL DETAILS OF RAW MATERIALS

Epoxy Resin 1
Is a Diglycidyl ether of Bis Phenol A
Appearance 


– Pale yellow viscous liquid

Epoxy Equivalent 

- 184 – 190g/eq

Viscosity 


- 11500 – 13500 cps/25ºC

Epoxy Resin 2
Is a CTBN modified Epoxy

Appearance 


– Brown viscous liquid

Epoxy Equivalent 

- 400 – 500g/eq

Viscosity 


- 250000 – 400000 cps/25ºC

Calcite - Filler
Appearance 


– Powder

Sp.Gravity 


– 2.70

Refractive Index 

– 1.50

Hardness 


– 3

Acid Content % 

<1.0

Particle Size (325Mesh %) < 0.2

DOP Absorption

– 25

Water Content % 

- 0.2
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Coated Calcium Carbonate - Filler
Activated colloidal calcium carbonate

Coating Agent 


– Fatty Acid

Apparent Specific gravity(g/ml) 
– 0.30

Oil Absorption (ml/100g) 

– 26

Average particle Size (µm) 
– 0.08

Moisture (%) 



– 0.5

Carbon Black
Is composed of carbon particles joined together in a chainlike fashion, and has a three dimensional chain structure. The internal structure of Denka Black is composed of many crystallites.
It is having a very high purity over 99.5% fixed carbon content.The main impurity consist of very small content of inorganic materials..It has high solvent adsorption and electrical conductivity.

General characteristic of Denka Black are as follows :

Moisture (%) 





– 0.06

Ash % 





- 0.06

Electrical Conductivity (Ohm-cm 50kg/cm2) 
– 0.22

HCL adsorption ( cc / 5g ) 



– 15.8

Iodine adsorption ( mg/g) 



– 87

Apparent Density ( g/cc ) 



– 0.036
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ATH
Aluminium trihydroxide also referred to as ATH alumina tri hydrate , hydrated alumina is derived from the ore bauxite. This natural ore is refined to a fine white powder via the Bayer process and after washing and drying is used as wide range of alumina chemicals.

The chemical composition of ATH is typically as follows :

Calcium as CaO



-
0.01

Silicon as SiO2



-
0.01

Aluminium as Al2O3


-
65.1

Iron as Fe2O3



-
0.007

Magnisium as MgO



-
0.25
Soluble soda as Na2O


-
0.02-0.06

Loss on ignition at 1100ºC


-
34.7

Physical properties :

Specific Gravity 


-
2.42

Mohs hardness


-
2.5-3.5

Refractive Index


-
1.57

pH ( 20%w/v slurry )

-
9

% moisture



-
0.2

Loose Bulk density (kg/litre)
-
0.6-0.8
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Calcium Oxide
It is a powerful desiccant for the use in plastics. It has been developed to assist in eliminating porosity during processing , especially during continuous vulcanization and to overcome any problems which may arise due to the presence of moisture in the compounding ingredients. Calcium oxide absorbs about 32% of its own weight of water & this water is held above the temperatures at which polymers become thermally unstable.
Chemical Composition :

Acid insoluble matter %

-
0.3

Iron Fe , ppm



-
300

Sulphate , SO4 , %


-
0.20

Arsenic , As, ppm


-
<1

Manganese, Mn , %


-
0.01

Copper , Cu , ppm


-
< 3

Lead , Pb , ppm


-
1

Calcium oxide , cao , %

-
93-96

Physical properties :

Appearance 


-
Powder

CaO content %

-
100

Density


-
3.2
BS 240 mesh

 - 
<0.2
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Fumed Silica
Treated fumed silica is a high purity silica which has been treated with a dimethylsilicone fluid. The treatment replaces many of the surface hydroxyl groups on the fumed silica with a polydimethylsiloxane polymer. This treatment makes the silica extremely hydrophobic.

Physical properties :

B.E.T Surface area


-
115m2/g

Carbon



-
5.4

325 Mesh Residue ( 44 microns )
-
1.0% max

Bulk Density 



-
3.5lb/ft3 max

Loss on heating 


-
0.6% max
Specific gravity 


-
1.8 g / cm3

Refractive Index


-
1.452

X-ray form



-
Amorphous

Average particle (aggregate) length
-
0.2-0.3 microns
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Curing Agent

It is a mixture of modified DICY and modified alkyl urea.The mixture of epoxy resins and curing agent shows good latency and it cures above 110ºC, the cured product gives good mechanical properties and good adhesive strength.
Appearance 

– 
White powder

Melting point (ºC)
-
>150

Particle size (µm)
-
10

Epoxy Diluent
Di-functional polyglycidal epoxide which is 100% epoxy resin with low viscosity , provide very low viscosity with high flexibility and very clear colour combination with standard liquid epoxy resins.

Molecular structure :
          O    


       CH3 (R)
         CH3

    O
H2C          CH-CH2-O         CH2-CH-O      CH2- CH- O - CH2 - CH - CH2






n
Appearance 


-
Clear low viscous liquid

Epoxy Equivalent 

- 
300 – 330 g/eq

Viscosity 


- 
40 - 70 cps/25ºC

Sp. Gravity (at 25ºC)
-
1.06
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FORMULATION


	S.No.
	Raw Materials
	Percentage

	1
	EPOXY RESIN 1 
	30 - 35

	2 
	         EPOXY RESIN 2
	5 - 8

	3
	CALCITE FILLER
	8 - 12

	4
	COATED FILLER
	20 - 25

	5
	CARBON BLACK
	5 - 7

	6
	ATH
	1 - 2

	7
	CALCIUM OXIDE
	3 - 6

	8
	FUMED SILICA
	2 - 4

	9
	CURING AGENT
	3 - 5

	10
	EPOXY DILUENT
	6 - 10
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STANDARD MANUFACTURING PROCESS – BPR PASTE


The process is defined to overcome any chance of particle generated by Carbon Black 

which are very difficult to remove in the later stage of BPR because extra mixing can lead to temperature increase and hence longer batch time. 
Steps :

· Epoxy diluent and Epoxy resin are mixed in double planatory mixer .
· Carbon black is added slowly into the above paste and mixed properly .

· Then the complete paste is transferred to triple roll mill for better mixing and 

homogeneity. To achieve homogeneity it has to passed through the roll mill 

minimum six times.

The quantity to be taken are mentioned in the table below :

	SMP 

for  

BPR Paste
	MACHINE: TRIPPLE ROLL MILL


	Sl.No.
	Process
	Chemical Name
	%

	1
	Weighing 

Mixing and 

Passing through the TRM for 6times.
 
 
	EPOXY DILUENT
	20 - 25

	2 
	
	EPOXY RESIN 1
	60 - 70

	3
	
	CARBON BLACK
	20 - 25
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STANDARD MANUFACTURING PROCESS – BPR 


STEPS :
· Epoxy Resin and BPR paste to be added in Double planetary mixer .

· Mixing at slow speed for 5minutes and 30minutes at high speed with vacuum of 750mmHg is provided.

· Scrapping of the mixture with spatula to avoid any unmixed portion in the dead / clearance zones of DPM mixer.
· ATH, CaO, Fumed silica to be added and mixed & scrapped.

· Fillers to be added . Here maximum mixing is required to clear the particles of fillers.

· Curing Agents to be added and mixed. 

· After addition of curing agent special precaution of not providing continuous mixing is highly recommended because this can lead to increase in temperature and will effect the shelf stability of the product.

· Finally Epoxy diluent to be added.

· Final de-aeration to be done to avoid any problems during spray . Viscosity adjustment is done by the remaining quantity of Epoxy diluent after maturation of five days so that viscosity of BPR gets stable.
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Percentage composition step-wise is explained in the table below :

	SMP FOR BPR
	MACHINE: DPM

	NO.
	WORKING
	CONTENTS
	QTY
	TEMP.
	MIXING

	 
	PROCESS
	 
	KGS
	 
	SPEED
	TIME

	1
	Weighing 
	Epoxy Resin 1
	18 - 22
	 
	 
	 

	 
	& Mixing
	Epoxy resin 2
	 5 - 8
	
	Slow 
	5'

	 
	 
	BPR Paste
	20 - 25
	< 50º C
	High 
	30'

	2
	Weighing 
	ATH
	1 - 2
	 
	 
	 

	 
	& Mixing
	CaO
	3 - 6
	 
	Slow 
	5'

	 
	 
	Fumed Silica
	2 - 4
	- do -
	High 
	30'

	3
	Weighing 
	Calcite
	8 - 12
	 
	Slow 
	5'

	 
	& Mixing in parts
	Coated Calcium Carbonate
	20 - 25
	- do -
	High 
	60'

	
	
	
	
	
	
	

	4
	Weighing & Mixing
	Curing Agent
	3 - 5
	 < 35º C
	Slow 
	15'

	 
	 
	 
	 
	 
	
	

	5
	Weighing 
	Epoxy Diluent
	2 - 5
	- do -
	Slow 
	5'

	 
	& Mixing
	 
	 
	 
	High 
	15'

	 
	 
	 
	 
	 
	 
	 

	6
	Viscosity adjustment
	AFTER MATURATION OF 5DAYS

	 
	& De - aeration
	


-29-

TESTING


General State : 

Normal state of laboratory : 

The normal state of laboratory shall be at a temperature of 23+/-2 º C & 50 +/- 5% 

Relative Humidity. 
Normal State of Specimen :

The specimen shall be allowed to stand at normal state for 16hour or more before test.

Specimens :

As a rule 3 no. of specimens shall be taken.

	Specimen


	Quality

	Steel Panel (t=0.75mm)
	Immerse a steel panel into antirust oil . Allow

 the panel to stand vertical at room

 temperature for 24hr.



	Sealer


	BPR sealear made of Epoxy.














-30-


Specific Gravity ( As per JASO M 723 ) :

By using the specific gravity cup. Fill the cup & remove the air entrapment by proper 

application of the lid of the cup. Weigh the cup with sealer. Calculate the 

Sp. Gravity by the formula :(Weight of Cup+Sealer ) / (Weight of Cup + Water) 

Solids ( As per JASO M 723 ) :

Transfer appx. 10g of specimen and weight. Place in the drying oven for 

105ºC for 3hrs.Upon removal place in the descicator & allow to stand room temp.

S=100 x A / B

Where A : mass of the specimen after heating( grm ).


B :  mass of specimen before heating ( grm ).

Viscosity :

To be tested on Brookfield , spindle #7 , 10rpm , At 26ºC.

Heat resistance :

50mm diameter and 30mm deep cylinder to be placed with BPR sealer without 

bubble. Place in the drying oven at 190º x 1hour.

Visual check  for no cracks.

Flow Test :

Apply the sealer 4.6x75x150 in the center of the panel ( 0.75x100 x300). Place the

panel in vertical position for 4hr at R.T, check for Flow , Sagging of sealer. After test 
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harden the panel vertically for 180ºC for 20min. in the Oven. Check for sagging or flow 

of sealer.

Shear Strength (As per OEM specification) :

Apply the sealear to the panel(0.75x25x150) and place another panel thereon. Fasten 

with a clip, wipe off excess sealer as per the fig. Shown.

Allow to stand at room temperature for 60min.

After hardening as per Baking conditions and place at room temperature for 16hrs.

Apply the load at the rate of 5mm/min. find the rupture load. Convert to the rupture

 load / unit area.

Shear Strength(kg/cm2) =  Load in Kg / Area in cm2  (1.25 x 2.5)


0.5mm







   25mm
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Three Point Bending Strength (As per OEM specification):

Apply the sealer on panel (0.75 x 25 x 150mm ) same as shown in fig. After hardening

 as per Baking conditions and place at room temperature for 16hrs. Apply load at the 

rate of 5mm/min by Universal tensile Testing machine with the fixture of diameter 

6mm for all three points. The maximum load is to be reported.






LOAD








6mm dia





6mm dia







6mm dia





100mm





Permissible standing time (As per OEM specification):

 Apply the sealer(1.5x25x150mm) at the center of the panel (0.75x100x300mm) and 

place the specimen in 40ºC x 95% R.H for 1,2,3,7,10 days. Allow to stand at room 

temperature. Harden as per the Baking condions. Check for the appearance 

(swell , peel) at room temp. Results to be reported as maximum no. of days no visual 

distortion occurs.
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Impact resistance (As per OEM specification):

Apply the sealer(1.5x25x150mm) at the center of the panel (0.75x100x300mm).After 

hardening as per Baking conditions and place at room temperature for 16hrs.

Slamming test to be performed at 90degree angle for 10 times. There shall be no fall

 off / crack of the sealer. Slamming or Impact tester as shown in fig.


[image: image11.wmf] 
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Loss Factor (As per OEM specification):
The loss factor d is a measure for a materials structural noise deadening 

performance = measure for a materials cabability to transform vibration 

energy into thermal energy 
loss factor d = E``/E` 

(E``= loss modulus, E`= storage modulus)

Determination of loss factor according to DIN 53440
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Loss factors of different materials (T = 20 °C) 


•
Steel




0.0061

•
Aluminum



0.001

•
Lead




0.02

•
Bitumen sheets


0.1 - 0.4

•
Synthetic materials

0.01 - 0.3

•
Double layer pads

0.2 - 1

Structural noise deadening performance increases with increasing loss factor d 

Minimum requirement on structural noise deadening materials: d > 0.1 

(temperature range as far as possible) 
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EFFECT OF CURING AGENT

From the study (results in the table below) it was observed that the variation in curing agent from 3 – 5 % did not have much effect on Viscosity , Heat Resistance & Storage Stability , whereas Flow , Shear Strength , Bend Strength increased appreciably with increase in percentage of curing agents. How ever, increase in curing agent  was leading to Dent problem and decrease in curing agent was leading to Sagging /Sliding problem. From the table below, it can be envisaged that , 4% of curing agent was considered as optimum quantity in this formulation.Thus we can conclude that optimum amount of curing agent is 4% which improves overall properties.
	 
	PROPERTIES                                                        (Spec ref. - MS721-60)
	Reduced Curing Agents 

3%
	STANDARD
4%
	Increased Curing Agents
5%

	1
	Viscosity at 26ºC(ps)
	3060
	3000
	3120

	2
	Heat Resistance 1hr at 191ºC
	No crack
	No crack
	No crack

	3
	Flow , ( Thickness 4.6mm )
	Flow
	No flow
	No flow

	4
	Shear Strength ( thickness  0.5mm ) { kg/cm2 }
	112.8
	135.4

	168.9


	5
	Bend Strength ( thickness  1.5mm )    { kg }
	5.23
	5.70

	6.75


	6
	LINE VALIDATIONS
	SAGGING
	NOT OK
	OK
	OK

	
	
	SLIDING
	NOT OK
	OK
	OK

	
	
	DENT
	OK
	OK
	NOT OK

	8
	Storage Stability 
	OK
	OK
	OK
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PHOTOGRAPH OF LINE FEEDBACK OF SLIDING /SAGGING
IMPROVED BATCH WITH POLYBUTENE



PROBLEMATIC BATCH 

(NO SAGGING / SLIDING )





(SAGGING )



[image: image12]
FIG : SAGGING OF BPR WHILE LINE VALIDATIONS
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EFFECT OF BAKING TEMP. ON MECHANICAL PROPERTIES

From the study (results in the table below)  of effect of Baking temperatures on mechanical properties it was observed that Shear strength and Bend strength were increased proportionately with increase in temperature .  Though heat resistance of samples baked at 160 & 180 ºC in the acceptable limit , but slight crack was observed while baking at 210ºC. However there is conecutive increase in bend and shear strength.
Panel distortion was also observed after curing at 210ºC for 30minutes.
	 
	PROPERTIES                                                        (Spec ref. - MS721-60)
	Under Bake

160ºC x 30’
	Normal Bake

180ºC x 30’
	Over Bake

210ºC x 30’

	1
	Heat Resistance 
	No crack
	No crack
	Crack

	2
	Shear Strength 
( Thickness  0.5mm, Area – 12.5 x 25mm2 ) 
{ kg/cm2 }
Spec.s - Min. 80kg/cm2
	120.5
	142.7

	174.6


	3
	Bend Strength 
( Thickness  1.5mm )  
{ Fmax in Kgs }
Specs. – 5.5+/-0.5kg
	5.20
	5.41

	7.37
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EFFECT OF EPOXY DILUENT


From the study (results in the table below)  of effect of Epoxy Diluent it was observed that with increase in diluent percentage viscosity was decreasing. Ageing effect of above samples was  also studied for 50days in order to optimize the quantity of diluent keeping in mind the final application properties.

Finallly Sample B was considered as best on the basis of viscosity study (out of four samples studied ). The best viscosity range for the processing of sealer is 2500 to 4000poise.
	DAYS
	SAMPLE A 

( 6.0% E.Diluent )                      
	SAMPLE B 

( 7.5% E.Diluent )                      
	SAMPLE C 

( 9.0% E.Diluent )                      
	SAMPLE D 

( 10.5% E.Diluent )                      

	DAY 1
	3660
	3000
	2400
	1440

	DAY 2
	3780
	3120
	2460
	1440

	DAY 3
	3360
	2760
	2400
	1560

	DAY 4
	2880
	--
	--
	--

	DAY 5
	-- 
	2820
	2280
	1560

	DAY 6
	2820
	2820
	2220
	1500

	DAY 7
	2820
	2760
	2220
	1500

	DAY 8
	2820
	3000
	1980
	1500

	DAY 9
	2700
	2520
	1980
	1440

	DAY 10
	2580
	2760
	1860
	1500

	DAY 11
	2640
	2640
	2100
	1560

	DAY 12
	2460
	2580
	1980
	1620

	DAY 13
	2760
	2700
	1980
	1620

	DAY 20
	2760
	2700
	2100
	1620

	DAY 25
	2880
	2760
	2100
	1620

	DAY 30
	3120
	2820
	2220
	1620

	DAY 40
	3480
	3240
	2700
	2220

	DAY 50
	4500
	3480
	2820
	2340
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SHELF – LIFE IDENTIFICATION


Main parameter for processing & performance of BPR is identified as viscosity of the 

product . Below mentioned is the test data for identification of shelf-life . 

	VISCOSITY STUDIED 

FOR 

NO. OF DAYS
	BENCH-MARKING  
DATA

	LAB BATCH – 15KG                                                                  
	 PRODUCTION BATCH  - 250KG                    

	DAY 0
	3660
	3300 
	3360 

	DAY 4
	3240
	3180
	3240

	DAY 6
	3060
	2880
	2880

	DAY 7
	3000
	2940
	2820

	DAY 8
	3000
	2820
	2820

	DAY 9
	3000
	2820
	2880

	DAY 10
	2940
	2820
	2880

	DAY 12
	3000
	2760
	2880 

	DAY 14
	2940
	2820
	2940 

	DAY 16
	2880
	2880
	2940

	DAY 18
	2760
	2760
	3000

	DAY 20
	2760
	2760
	3000

	DAY 22
	2700
	2820
	2880

	DAY 24
	2760
	2880
	2940

	DAY 27
	2700
	2880
	2940

	DAY 30
	2760
	3120
	2940

	DAY 32
	2880
	3120
	3000

	DAY 34
	2940
	3240
	3000

	DAY 35
	3000
	3240
	3180

	DAY 37
	3000
	3240
	3300

	DAY 40
	3060
	3540
	3600

	DAY 45
	3000
	3720
	3780

	DAY 50
	3060
	5140
	5240

	DAY 60
	3060
	OOR
	OOR

	SHELF LIFE :
	2 MONTHS
	1.5 MONTH
	1.5 MONTH

	FINAL SHELF LIFE  :  

(After Safety factor of 

High R.H & Temp.)
	
	1 MONTH
	1 MONTH
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SHELF – LIFE IDENTIFICATION

From the above study & results in the graph below  it was observed that for the initial 5 days there is a drop in viscosity and then it is stable for 30days . After 30days there was increase in viscosity. Which normally can create problem for uniform / consistent spray. 

Hence the shelf life considering high humidity & temperature conditions it is concluded as 30days where pick-up of viscosity trend is beginning.
	The Stability of BPR Viscosity 

	1. Storage Condition : Room Temperature(26℃ to 29℃)

	2. Period : One Month

	3. Viscometer : BS, 10 rpm, No 7 spindle , At 26ºC

	 
	Mixing on that day
	After 1 day
	After 2 day
	After 3 day
	After 5 day
	After 8 day
	After 11 day
	After 15 day
	After 30 day

	Viscosity(cps)
	445,000
	355,000
	307,000
	272,000
	262,000
	262,000
	262,000
	262,000
	266,000
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ACCELERATED AGEING


From the study (results in the table below) it was observed that at elevated temperature of 50ºC the shelf life is only 4days. So, preferably storage conditions for this product should be 25+/-5ºC based on the change in viscosity on the basis of specifications of viscosity – 2500 to 4000 poise
	BS ( 10rpm, # 7 at 26ºC in Poise )

	DAYS
	At RT ºC                OR                         25ºC                                       
	At 40ºC                                         
	At 50ºC                                        

	DAY 0
	3060
	3060
	3060

	DAY 1
	3120
	3120
	3240

	DAY 2
	3060
	3180
	3480

	DAY 3
	3120
	3240
	3780

	DAY 4
	3120
	3240
	3840

	DAY 5
	3180
	3360
	4440

	DAY 7
	3180
	3480
	Out of Range , Testing stopped

	DAY 10
	3120
	3540
	 

	DAY 15
	3180
	3600
	 

	DAY 17
	3180
	3600
	 

	DAY 20
	3240
	3660
	 

	DAY 25
	3360
	3720
	 

	DAY 27
	3360
	3780
	

	DAY 29
	3360
	3840
	

	DAY 31
	3360
	3960
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EFFECT OF THICKNESS ON REINFORCEMENT PROPERTY


Three Point Bending strength of steel is increased by 110% hence providing the reinforcement to the steel. Though the values are increasing with the increase in thickness and sealer is effective. As we increase the thickness of sealer there is increase in load which goes upto 10.18kg and may result in the dents. Specified limits are 5 to 6 kgs . So, 1.5mm thick is optimum for reinforcement.
	Type / 
Specimen Size
	Thickness
	TPB

Peak Load

(kg)
	% Increase in Reinforcement Strength

	Bare Steel 
	0.75mm
	2.62
	n/a

	BPR sealer 

	1.5mm
	5.41
	106.4%

	BPR sealer 
	2.5mm
	10.18
	288.5%


Note : Steel specimen size used for all above tests is 25x150mm
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CONCLUSIONS :


On the basis of above experimental work the formulation of BPR was optimized and as a result following advantages were achieved over conventional reinforcement patches and also provides additional performance characteristics which are not obtainable from conventional reinforcement patches such as :

· Precision : Manual Application or errors can be  eliminated by Robotic 

Application.

· Fall – Off : As compared to patches it has very less chances of Fall-off and 

     hence leading to less chance of Rusting.

· Commonisation of Parts : Various dimensions of Reinforcement patches 

applied in one vehicle can be replaced with Sprayable sealer which can be 

sprayed in various dimensions by robotic programming .

· Low Cost : Elimination of various other substrates like Glass Wool fabric, 

Release Liners etc and processes like Extrusion / Blanking etc which were 

used in reinforcement patches but not required in BPR.

· Faster Line Speed / More productivity.
FUTURE SCOPE OF WORK:


· Increase in Shelf life of Epoxy Based BPR.

· To study the kinetics of Epoxy based BPR.

· BPR based on alternate chemistry like Poly-urethane ,  Acrylates or Rubbers.
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