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Abstract 

This project falls within a partnership between Instituto Superior Técnico and the company OGMA in 

order to provide a solution to the problem of waste of material, prepregs and adhesives, used in the 

manufacture of parts made of composites. The high Minimum Order Quantities imposed by the 

manufacturers is the main reason for this material waste. Thus, a strategy of identifying advantageous 

alternative materials for 160 materials with shelf life has been outlined. This analysis took into account 

physical, chemical and mechanical properties, Minimum Order Quantities, lead-time, shelf life and also 

environmental sustainability. The new materials, to propose to the OGMA’s customers, were validated 

by carrying out tests imposed in the standards of the original corresponding materials. With the results 

of the tests of validation of the alternative materials, it was possible to conclude on the possibility of 

replacing the original materials and to conclude about the benefits that can come from this substitution. 
Keywords: Minimum Order Quantity, Qualified Product List, Composite Materials, Adhesives, 

Validation Tests. 

 

 

1 Literature Review 

1.1 Composite materials 

A composite material is the combination result 

of two or more different materials in order to obtain 

better properties than materials alone would have 

[1]. Prepregs are a type of composite commonly 

used in construction of components in aircraft 

industry. They are a combination of partially cured 

thermosetting resin and fibres. During its 

fabrication, the fibres are impregnated in a resin 

bath and the assembly is heated until the resin 

reaches the partially cured state, Figure 1. The 

resin must have enough viscosity to maintain the 

fibres in a flat configuration [2].  

 
Figure 1: Prepreg manufacturing process. Taken 

from [2]. 
 

There are many advantages associated to the 

use of prepregs, some of them are: ease of 

processing, good mechanical performance of the 

final product (fatigue, tensile, stiffness, corrosion, 

etc.), optimization of weight/performance ratio, 

among others, [3].  

Tensioner 

Feeding 
creels 

Comb 
spreader 

Resin 
bath Heater 

Take up 
roll 



2 
 

One of the most famous techniques of 

production of composites using prepregs is the 

prepreg lay-up process also called autoclave 

processing or vacuum bagging process [4]. In this 

process the prepreg is stacked in layers and cured 

in an autoclave in order to obtain consolidated 

parts with high stiffness and mechanical strength 

[5].  

1.2 Prepreg layer - constitutive relations 

To study the alternative materials it is important 

to understand prepreg constitutive relations. A 

prepreg ply (lamina) is an anisotropic material 

which, considering the linear elastic behaviour, 

has the stress-strain relations, [6]: 

jiji C    
 

(1) 
 

Where 𝜎𝑖 are the stress components, 𝐶𝑖𝑗 is the 

stiffness matrix of the lamina, 𝜀𝑗 are the strain 

components, and 𝑖, 𝑗 = 1, 2, … , 6. In the same way, 

it is possible to obtain the strain-stress relations 

using the flexibility matrix, 𝑆𝑖𝑗, the inverse of 𝐶𝑖𝑗:  

jiji S    (2) 

If the lamina is considered orthotropic, with 

three planes of mutual elastic symmetry, the 

flexibility matrix, when written in the principal axes 

of symmetry, can be related with the engineering 

constants (Poisson ratio and Young’s modulus), 

[7]: 
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Where E1, E2 e E3 are the Young’s modulus in 

the material principal directions 1, 2, 3; G23, G31, 

G12 are the shear modulus in the 2-3, 3-1 and 1-2 

planes, respectively; and 𝜈𝑖𝑗 are the Poisson’s 

ratio for transverse strain in the j-direction when 

stressed in the i-direction. 

For an orthotropic lamina in plain stress 

condition (when the thickness is neglected 

compared to other dimensions) the strain-stress 

relations are simplified by the equation, [8]: 
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Where the new matrix [𝑆] is called reduced 

flexibility matrix. Inverting this matrix, it is possible 

to obtain the reduced stiffness matrix 𝑄𝑖𝑗 and the 

stress-strain relations for an orthotropic lamina in 

plane stress condition: 
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The 𝑄𝑖𝑗 components can be obtained by the 

matrix algebra: 

2

122211

22
11

SSS

S
Q


                 

2

122211

12
12

SSS

S
Q


              

2

122211

11
22

SSS

S
Q


              

66

66

1

S
Q                                              

                                            

 
(6) 

 

1.3 Adhesives 

The use of adhesive bonding has been 

increasing over the years. In the aircraft industry, 

this technique was introduced and developed 

during and after the Second World War.  
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Nowadays in the project design phases it is 

possible to choose between adhesive joint and 

the conventional mechanical joint (bolting, 

riveting, welding or soldering), [9]. The adhesive 

bonding has advantages mainly because:  

 Eliminates the need of holes and avoids the 

use of high temperatures associated with the 

welding process. Unlike rivets and bolts, the 

cured adhesive ensures a uniform stress 

distribution, which leads to improved fatigue 

performances, Figure 2; 

 

Figure 2: Mechanical joint vs bonded joint – 

stress distribution. Adapted from [9]. 

 

 Reduces the structure weight; 

 Allows the assembly of irregular surfaces; 

 Increases stiffness compared to mechanical 

joints (stiffening effect), Figure 3. Unlike 

mechanical joints, adhesives form a 

continuous bond between the joint surfaces, 

which makes them much stiffer. The load may 

increase from 30% to 100% before buckling 

occurs;  

 
Figure 3: Mechanical joint vs adhesive joint - 

Stiffening effect. Adapted from [9]. 
 

1.4 Failure modes in adhesive joints 

Adhesive joints may be subjected to different 

types of stress: tensile, compressive, shear, peel, 

or a combination of them [9]. 

When subjected to shear loads, the adhesive 

joints can experiment three failure modes: 

cohesive failure, adhesive failure and substrate 

failure, Figure 4.   

 
Figure 4: Adhesive joints failure modes. Adapted 

from [10]. 
 

Cohesive failure happens in the adhesive itself. 

When it occurs, it is an indicator that the 

connection between adhesive and substrate is 

stronger than the adhesive internal resistance. 

The adhesive failure occurs in the interface 

between the adhesive and the substrate and can 

be an indicator of bad surface preparation. The 

substrate failure points to a well projected 

adhesive joint. 

 

2 Identification of alternative materials – 

Methodology 

A study was performed involving 160 materials 

with the aim of identify advantageous alternatives 

with better or, at least, same physical, chemical 

and mechanical properties. In a preliminary study, 

27 materials were overlooked (because they were 

discontinued or not used in OGMA for more than 

two years), and 20 materials were considered as 

critical (with greater waste problem). For these 20 

materials and for the 113 remaining, the following 

strategy to identify alternatives was used: 

 Analysis of the materials standards;  

Mechanical joint Bonded joint 

Unstiffened 
area 

Adhesive joint 

Cohesive failure 

Adhesive failure 
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Mechanical joint 



4 
 

 Identification of alternatives in the Qualified 

Product List (QPL). Each material is used by 

the company according to a material 

standard, elaborated by the customer, which 

specifies the characteristics of the material 

and the requirements it should meet after 

being produced, before leaving the 

manufacture plant, and immediately after 

arriving at the company. A QPL is a 

document, which is usually attached to the 

material standard and contains a list of 

products qualified by the material standard; 

 For materials without alternatives in the QPL, 

a research, in the market, by comparing 

properties of materials used in aeronautical 

industry for similar applications, was 

conducted; 

 Analysis of the advantages of the alternative 

materials in terms of MOQ, lead time, shelf life 

and price; 

 Elaboration of substitution proposals for the 

advantageous alternative materials in the 

QPLs; 

 Execution of validation tests for the non-

qualified advantageous alternative materials. 

This tests consisted in the reproduction of 

qualification tests required in the standards of 

the original materials. The alternative 

materials were subjected to the same 

tests/test methods as the original ones. 

 Elaboration of substitution proposals for 

validated materials.  

 

During the identification of alternative 

materials, the regulation REACH (Registration, 

Evaluation, Authorization and Restriction of 

Chemicals), [11], was taken into account in order 

to identify sustainable materials (in terms of 

human health and protection of the environment). 

 

3 Identification of alternative materials - 

Results 

The Table 1 shows that, from the 20 critical 

materials, 7 materials have alternatives outside 

the QPLs and only 3 materials have alternatives 

inside QPLs. An analysis was made looking into 

the advantages of using these 10 materials with 

alternatives inside and outside the QPLs. For the 

remaining 113 materials, alternative materials 

inside the QPL were found for 20 materials and 

alternative materials outside QPL were found for 

40 materials. For each of these 60 materials an 

advantage analysis for their alternatives was 

made.  

Table 1: Identification of alternative materials. 

Materials 
Critics 

20 

Non-critics 

113 

With alternatives in the 

QPL 

3 

(15%) 

20 

(18%) 

With alternatives out 

of the QPL 
7 

(35%) 
40 

(35%) 

Without alternatives 
10 

(50%) 
53 

(47%) 

 

Section 3.1 shows the advantage analysis for 

three different materials: an expandable film 

adhesive, a prepreg and a past adhesive. 

3.1 Advantage analysis 

Table 2 shows the example of the alternative 

material LOCTITE EF 562 from manufacturer 

HENKEL/LOCTITE. This expandable film 

adhesive is an alternative in the QPL of the 

original FM410-1.05IN from the manufacturer 

CYTEC. The original material was identified as 

critical because of its high MOQ. As it can be 

seen, the company has to buy 19 m2 of material 

with a shelf life of 6 months and only uses 5 m2 

per year. In one year, it leads to 33 m2 of waste 

material which corresponds to a cost of about 

5.620,00 €. With the alternative material, the 

problem can be solved since the MOQ is 5 times 

lower and consequently the waste of material is 
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reduced (30 m2 of per year). Both material have 

the same shelf life (6 months from DOS – date of 

shipment). Additionally, there are advantages in 

terms of lead time, which is 4 times lower, and in 

terms of price, which leads to an annual saving of 

5.460,00 €. 

 

Table 2: Advantages of the alternative material 

LOCTITE EF 562.  

 Original Alternative 

Material  
FM410-

1.05IN 

LOCTITE EF 

562 

MOQ 19 m2 3,72 m2 

Lead Time 200 days 49 days 

Shelf Life 
6 months 

(DOS) 

6 months 

(DOS) 

Price 170,30 €/ m2 135,60 €/ m2 

Annual 

consumption 
5 m2 

Annual Cost  6.470,00 € 1.010,00 € 

Annual savings  5.460,00 € 

Annual waste 

reduction 
 30 m2 

 

Table 3 shows the example of an epoxy-glass 

fibre prepreg (EHG114-68-37 from manufacturer 

GURIT). This material was identified outside the 

QPL of the material with the commercial reference 

HEXPLY 8552S/37%/7781 from manufacturer 

HEXCEL. The original material is critical because 

of his MOQ. In fact, the material MOQ is very high 

(500 m2) compared with the annual consumption 

(99 m2), 80% of material (401 m2) is converted in 

waste. With the alternative material, the MOQ is 

significantly lower (10 times), which leads to a 

reduction of waste about 99,8% (400 m2) per year. 

Despite the shelf life of the original material being 

greater (12 months from DOM – date of 

manufacturing) than the shelf life of the alternative 

material (6 months from DOD - date of delivery), 

with a good material planning, this is not a 

problem. Another advantage is the lead time, 

which is more than 2 times lower. In terms of price 

the alternative material can lead to an annual 

saving of 10.650,00 €.  

 

Table 3: Advantages of the alternative material 

EHG114-68-37. 

 Original Alternative  

Material  
HEXPLY 

8552S/37%/7781 

EHG114-

68-37 

MOQ 500 m2 50 m2 

Lead Time 128 days 56 days 

Shelf Life 
12 months 

(DOM) 

6 months 

(DOD) 

Price 26,00 €/m2 23,50 €/m2 

Annual 

consumption 
99 m2 

Annual Cost 13.000,00 € 2.350,00 € 

Annual 

savings 
 10.650,00 € 

Annual 

waste 

reduction 

 400 m2 

 

Table 4 shows the example of two alternatives, 

EPO-TEK H20E from manufacturer EPOXY 

TECNOLOGY and ECCOBOND 57C A/B from 

HENKEL/LOCTITE. This two materials are 

alternatives of the conductive past adhesive CHO-

BOND 584-208 from manufacturer CHOMERICS. 

The original material is used in low quantities. In 

order to escape from a high MOQ (compared to 

the consumption), the material is brought from the 

client. The problem is that when the material 

arrives at the company the shelf life is not 

complete, it depends on how long the material 

was stored by the client. There is no way to 

estimate exactly the annual consumption and 

waste of the original material, since the quantity 

stored in the warehouse does not correspond to 

the consumed quantity because the material 

reaches his shelf life before being completely 

consumed.  
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A solution to this problem is using the first 

alternative material outside the QPL EPO-TEK 

H20E. This material has the advantage of being 

supplied in different types of packaging, from 1 Oz 

(28,4 g) to 1 lb (453,5 g). In the last case the price 

is 6,19 €/g. Other solution is to use the alternative 

2, ECCOBOND 57C A/B, which, despite of being 

more expensive and outside the QPL, is already 

used by the company in another application for 

the same client, and, therefore, the material is 

already qualified by the client. The use of 

ECCOBOND for both applications is a good 

option, which can give benefits not only in terms 

of waste reduction but also in stock management, 

uniformity of the incoming/inspection tests, shelf 

life control, etc.  

Both alternatives have better shelf life than the 

original and the possibility of being used in their 

full shelf life.  

There is also the possibility of using EPO-TEK 

H20E as alternative of the two materials CHO-

BOND and ECCOBOND. 

 

Table 4: Advantages of the materials EPO-TEK 

H2OE and ECCOBOND 57C A/B 

 Original 
Alternative 

1 
Alternative 2 

Material  

 

CHO-

BOND 

584-208 

EPO-TEK 

H20E 

ECCOBON

D 57C A/B 

MOQ 
3 Oz 

(85 g) 

1 Oz 

(28,35 g) 
Kit 50 g 

Lead 

Time 
30 days 28 days 95 days 

Shelf life 
9 

months 
12 months 12 months 

Price 8,54 €/g 6,19 €/g 12,42 €/g 

 

Alternatives like LOCTITE EF 56, Table 2, are 

qualified by the customer, so no validation tests 

were performed for them. The substitution to 

these materials is direct upon customer 

authorization.  

In section 4 some examples of tests performed 

in order to validate the alternatives identified 

outside the QPLs are presented, more specifically 

for the alternatives EHG114-68-37 and CHO-

BOND 584-208, for which the advantage analysis 

is presented in the Table 3 and Table 4 

respectively. 

 

4 Validation tests 

4.1 Prepreg EHG114-68-37 from GURIT 

The prepreg EHG114-68-37 was subjected to 

physical, chemical and mechanical tests required 

in the original material (HEXPLY 

8552S/37%/7781) standard. The physical tests 

were performed according to test methods 

defined by the customer in the original material 

standard. The procedures for the physical tests 

may be found in [12]. The physical tests were 

divided into two groups: tests on the prepreg 

namely, wet resin content (WRC), fibre areal 

weight (FAW), volatile content, gel time, flow, 

tack, and drape,  and tests on the laminate namely 

fibre content, resin content and void content.  

 

Table 5: Results - EHG114-68-37 physical tests.  

Tests Requirements Results 

WRC (%) 34 – 40 39 

FAW (g/m2) 276 – 316 296 

Volatile content 

(%) 
2 (max.) 0,09 

Gel time (min) 9 – 17 1 

Flow (%) TBD 26,67 

Tack Pass Passed 

Drape Pass Passed 

Fibre content 

(%) 
40 – 55 45 

Resin content 

(%) 
TBD 58 

Void content 

(%) 
2 (max.) 0 
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Table 5 shows the average results for each 

physical test and the requirements of the original 

material standard. As it can be seen, the material 

passed in all physical tests except gel time. The 

requirements for gel time test is 9 to 17 minutes, 

but the results were much lower (1 minute). In 

order to understand if there was a problem during 

the test execution or if it is a characteristic of the 

material, this test was repeated for 3 different 

temperatures: 177ºC (test temperature required in 

the test method), 160ºC and for 140ºC. 

Decreasing the temperature from 160ºC to 140ºC, 

an increase of the gel time average value from 2 

to 5 minutes was detected.  From discussions with 

the manufacturer GURIT it was concluded that the 

material is supposed to have this behaviour. Later 

on, with the results of the chemical analysis, it was 

detected that the material cures at a lower 

temperature than the original material. This 

justifies the low gel time values. At 177ºC the 

material is already cured. Although the 

requirements for the resin content and flow tests 

were not defined in the original material standard, 

these tests were performed since they are 

qualification tests and they allow to a better 

characterization of the material.  

In relation to chemical analysis, the DSC – 

Differential Scanning Calorimetry test was 

performed to obtain the glass transition 

temperature ( 𝑇𝑔) and the onset temperature 

(𝑇𝑜𝑛𝑠𝑒𝑡). The test was performed in dynamic mode 

with the heat flow as a function of temperature.  

 

Table 6: Results – EHG114-68-37 DSC test. 

Parameters  Requirements Results 

𝑇𝑔 (ºC) (-18) – (-4)       -0,23 

𝑇𝑜𝑛𝑠𝑒𝑡 (ºC) 181 – 189  140,87 

 
 

Figure 5: EHG114-68-37 DSC curve. Adapted 

from [12].  

 

Table 6 shows the average results and the 

requirements for the DSC test and Figure 5 shows 

a DSC curve obtained for the material. 

As it can be seen, the 𝑇𝑔 value is above the 

requirements. It means that the increase of 

molecular mobility in the alternative material starts 

at greater temperatures than the original material. 

Analysing the 𝑇𝑜𝑛𝑠𝑒𝑡, it can be seen that the cure 

starts at lower temperatures, which can represent 

an advantage regarding energy costs. In Figure 5, 

a value of 𝑇𝑝𝑒𝑎𝑘 of 165,54ºC can be found. It 

means that, at this temperature, the cure process 

is finished. This is the reason why the gel time is 

short at 177ºC.  

In terms of mechanical properties, the following 

tests were performed: ILSS – Interlaminar Shear 

Strength (according to ASTM D2344 [13]), Tensile 

strength and modulus (according to ASTM D3039 

[14]) and compressive strength and modulus 

(according to ASTM D695 [15]). Figure 6 shows 

the experimental set-up used in the mechanical 

tests. Table 7 shows the minimum requirements 

for each test (except for the compressive test, 

where no requirements were defined) and the 

minimum results obtained. Six specimens were 

tested, for each test, at room temperature (24ºC).  
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Figure 6: EHG114-68-37 experimental set-up. 

Taken from [12]. 

 
Table 7: Results – EHG114-68-37 mechanical 

tests. 

Tests Requirements Results 

ILSS (MPa) 55 63,97 

Tensile strength 

(MPa) 
320 338,94 

Tensile 

modulus (GPa) 
20 – 30  21,91 

Compressive 

strength (MPa) 
TBD 393,66 

Compressive 

modulus (GPa) 
TBD 30,25 

 

As it can be observed, the alternative material 

meets all the mechanical requirements. Also 

noteworthy is the ILSS value, which is a very good 

result, taking into account that it is a critical test. 

4.2 Past adhesive EPO-TEK H20E from 

EPOXY TECHNOLOGY 

The conductive past adhesive EPO-TEK H20E 

was subjected to volume resistivity and lap shear 

tests according to the test methods TP-296 [16] 

and EN 2243-1 [17], respectively, defined in the 

original material standard. Figure 7 shows the 

experimental set-up used in the lap shear test.  

 
Figure 7: EPO-TEK H20E experimental set-up 

Adapted from [12].  

 

The material was tested to meet the 

requirements of the two original materials CHO-

BOND 584-208 and ECCOBOND 57C A/B, since 

the test methods required for both are the same. 

The requirement values of Table 8 are the most 

critical: the volume resistivity is the lowest value 

required by the standard of the original materials 

and the lap shear minimum individual value (min. 

ind.) and minimum average value (min. av.) are 

the highest values required. As it can be seen, the 

alternative material meets all the requirements of 

the original materials standards. 

 

Table 8: Results - EPO-TEK H20E. 

Tests Requirements Results 

Volume 

resistivity 

(𝛺. 𝑐𝑚) 

< 6,0 × 10−4 5,8 × 10−4 

Lap shear 

at 23 ± 2ºC 

(MPa) 

Min. Ind.: 4,5 

Min. Av.: 5,6 

Min. Ind.: 

10,57 

Av.: 11,25 

 

The other option, using ECCOBOND for both 

applications instead of a new material, was also 

validated, Table 9. It was concluded that 

ECCOBOND 57C A/B meets the requirements of 

CHO-BOND 584-208 which makes it a potential 

substitute.  

Table 9: Results - ECCOBOND 57C A/B. 

Tests Requirements Results 

Volume 

resistivity 

(𝛺. 𝑐𝑚) 

≤ 8,0 × 10−3 4,6 × 10−4 

Lap shear 

at 23 ± 2ºC 

(MPa) 

Min. av. : 5,6 Av.: 6,0 

 

 

5 Conclusions 

The identification of sustainable alternative 

materials which have the same or better 

performance in the composite parts can bring 

many benefits to the company. The main objective 

of this work was the reduction of waste of 

prepregs and adhesives used in composite parts. 

ILSS Tension Compression 
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In order to reach that goal, a strategy for the 

analysis of the materials was defined.  

The analysis of the qualified product lists of the 

materials standards was followed by the 

comparison of physical, chemical and mechanical 

properties of all possible alternatives available in 

the market.  

An advantage analysis was made for each 

alternative material and the substitution proposals 

were made for the advantageous materials which 

was already qualified.  

Validation tests were performed to the 

alternatives outside the QPLs.  

From the analysis of the alternative materials in 

the QPLs it was estimated a waste reduction of 30 

m2 per year and, additionally, an annual saving of 

about 10.905,00 €. 

From the alternative materials outside the 

QPLs, taking into account the validated ones and 

those that despite being advantageous have not 

yet been validated, it was estimated a waste 

reduction of 457 m2 per year and an annual saving 

of about 31.855,00 €. 

The implementation of these alternative 

materials in the manufacture process of the 

composite parts is dependent on the customer 

acceptance.   
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