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El contenido de este proyecto se ha centrado en el desarrollo de un proceso para reusar residuo de 
prepreg del A350 sin curar obtenido en las plantas de producción. El objetivo principal es la reducción del 
actual “buy to fly ratio”, que es la relación entre el material virgen que se usa con respecto al que 
finalmente volará y, por lo tanto, lograr beneficios claros en términos medioambientales. Se han evaluado 
las propiedades clave del nuevo material virgen obtenido tras el proceso de reúso para determinar 
posibles aplicaciones en el campo aeronáutico u otros campos (ej. automoción, deporte, obra civil…). 
Adicionalmente, se han fabricado algunos demostradores o casos piloto con el material y proceso de 
reúso. 

Con respecto a las conclusiones clave de este trabajo obtenidas hasta la fecha: se ha desarrollado un 
proceso de reúso de residuo de prepreg del A350, principalmente mono-capa, basado en cortar el 
prepreg para obtener un nuevo material virgen, el cual se usará para producir una pieza mediante un 
proceso de moldeo por compresión. Aunque las propiedades del nuevo material muestran una dispersión 
elevada, alguna permanece próxima o incluso supera a la referencia (ej. CAI). Para finalizar, se han 
fabricado algunos demostradores aeronáuticos con calidad aceptable utilizando el proceso de reúso de 
prepreg desarrollado en el proyecto (ej. soportes de sistemas complejos, juntas, “maholes”…). 
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The content of this project is focused on the development of a process to reuse uncured A350 prepreg
scrap obtained in production plants. The main aim is to reduce the current buy to fly ratio, which is the 
used raw material versus the material that will finally fly and, thus, to achieve clear benefits in terms of 
environmental aspects. The key properties of the new virgin material obtained after this reusing process 
have been evaluated in order to assess potential applications in aeronautical or other fields (e.g.
automotive, sport, civil works…). Additionally, some aeronautical demonstrators or pilot cases with the 
reused material and process were produced. 

Regarding the key conclusions of this workt up to now: an effective process has been developed to reuse 
A350 uncured prepreg scrap, mainly mono-ply, based on chopping the prepreg to obtain a new virgin 
material, which will be used to produce a part by applying a compression molding process. Although the 
properties of the new raw material show high scatter, some of them stay close or even higher versus the 
reference (e.g. CAI). To end with, several aeronautical demonstrators with acceptable quality have been 
produced with the prepreg reuse process developed in this project (e.g. complex brackets, gaskets, 
manholes…). 
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 Introduction  1
Today the massive application of carbon fiber reinforced 
polymers (CFRP) in aircrafts is a fact. Best example is the last 
generation A350, with a CFRP structural weight of around 53% 
(wings, fuselage…) and a high production rate (13 aircrafts per 
month). All of this leads to special issues regarding the 
material waste obtained during the production of this airplane. 
Current manufacturing processes of aeronautical composite 
structures, although fully automatic, still involve a buy to fly 
ratio in the area of 1.1 – 1.4, which means that only 90 – 70% 
of the used raw material will fly, being the rest scrapped. To 
make the comparison, in case of metals this scrap ratio is even 
higher, but in contrast they show much lower cost. Then, 
taking into account the scenario of A350, it is expected that 
more than 1 ton of raw material per year will be scrapped by 
Airbus plants in the next years. That is why different levels of 
effective solutions need to be implemented in the near future to 
decrease or even eliminate the material scrap obtained during 
composite airframe production, as it has been done in 
automotive composite sector [1], and effort has started in all of 
them:  

 Material scrap decrease, e.g. net shape production… 
 Material scrap reuse, mainly focused on uncured 

prepreg, where usually a previous transformation / 
processing of the material is needed, as it will be 
worked out from this article. 

 Material scrap recycling [2], different technologies are 
being considered to eliminate the resin and recover 
the carbon fiber, e.g. pyrolysis [3] with energy 
recovery, solvolysis [4]… 

This article summarizes the research carried out to develop an 
effective process to reuse uncured A350 scrap prepreg, with a 
clear environmental objective or priority, rather than a pure 
associated business case. The final aim is to apply the reused 
material in airframe field and / or other field (automotive, sport, 
civil works…), depending on its final quality and properties, 
being the first priority applications focused on low loaded or 
non-loaded aircraft structures, which are extensive in A350 
(solid fillers, brackets…). 

 Uncured prepreg scrap  2
Aeronautical composite components are usually manufactured 
from continuous carbon fiber reinforced epoxy prepreg, mainly 
tapes or tows due to automatic production, although fabrics are 
still in use mainly for legacy programs. Currently, during part 
manufacturing with prepreg a percentage of uncured waste is 
discarded. Among the different types of uncured prepreg 
scrap, following ones are the largest in production plants: 

 ATL (Automatic Tape Lay-up) scrap (Figure 1):  
o ATL production discards scrap out of the part in 

order to prepare the next cut to adapt the shape to 
the final pattern course contour. This scrap can be 
mono or multi-ply (MO-P/MU-P) and unidirectional 
(UD) or multidirectional (MD). 

o Trimming off-cuts: this waste is the extra material 
to be cut in size following the final part contour. It 
is usually multi-ply and multidirectional and it can 
be generated by the ATL or the trimming 
machines. 

For these both waste types the orientation of the plies 
do not follow any equilibrated formula, thus, the 
orientation 0, 90, 45º, -45º is random. 

 FP (Fiber Placement) also generates waste to adapt 
the contour to the final part. 

 Ends of rolls and raw material manufacturing defects 
(ATL and FP). 

 Expired rolls: out of date material (Figure 1). 
 

 
 

a) 
 

 

b) 

 
c) 

 
 

d) 

Figure 1. Types of uncured prepreg scrap from production plants. a) 
ATL scrap, b) ATL trimming off-cuts, c) FP expired rolls, d) ATL 

expired rolls 

Among these prepreg scrap types, after different trials and 
studies carried out within this project, A350 tape mono-ply 
scrap has been selected as first priority. This involves mostly 
end of rolls from Fiber Placement production, which represent 
also a significant quantity in production plants (Illescas, Stade).  

 Prepreg reuse process 3
Once the different types of uncured prepreg scrap and the first 
priority for this study were defined, the process to obtain a new 
virgin material from this waste, and, finally, a new complex 
part, was developed. 

 New virgin material 3.1
The new virgin material was obtained by a cutting or chopping 
process. Different techniques were considered: 

 A die cutting press process for laminates (multi-ply 
scrap).  

 A cutting machine specially designed to cut end of 
rolls (mono-ply scrap). 

Different sizes of chips were studied (from 5x5mm to 
20x20mm, 50x12.7mm, 50x5mm, 135x3.2mm…), depending 
on the used scrap type. Finally, in function of the results 
obtained with the different chip sizes, the selection was 
50x12.7mm for mono-ply A350 scrap. Additionally, the cutting 
process was finally set up at low temperature (10-12ºC) in 
order to avoid uncured material agglomeration issues. After 
cutting, the material was stored in the climatic chamber (-18ºC) 
to avoid the curing reaction progress. Then, before being used, 
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it needs to be tempered at room temperature, allowing its 
correct manipulation without tacking issues and the full fill-up 
of the tooling surface. Several storage material formats were 
tried, being the selection finally driven by the solution cost. 

 New part manufacturing process 3.2
Proposed technologies to be considered for the production of 
parts by using the new virgin chopped material, coming from 
the uncured prepreg scrap, are Bulk Molding Compound 
(BMC) and Sheet Molding Compound (SMC). Both techniques 
are based on the manufacturing of parts with chopped material 
and a press molding process. SMC involves the use of longer 
fibers and, then, the resulting material or part is, therefore, 
stronger. BMC is divided into two different technologies, first 
one named as Bulk Molding Compound (BMC) and second 
one as Hybrid Bulk Molding Compound (HBMC). The main 
difference is that HBMC includes an additional second step, 
where one ply is placed over and beneath the part or the 
panel, so the final appearance is similar to a standard prepreg 
composite part. 

Several press molding cycles were analyzed to optimize the 
curing cycle, being the final selection the following one:  

 Pre-curing cycle: a pre-cured step of 10 minutes, 120 
bar at 190ºC in a hot plate press. The aim is to keep 
the press at 125ºC between different processes, 
saving time and energy when several curing cycles 
are planned.  

 Post-curing cycle: step in oven during 1h at 180ºC. 
This cycle can be used to cure several parts or panels 
at the same time.  

Here below some representative pictures of produced chopped 
material panels are shown (Figure 2). In addition, different 
aged materials and contaminated waste (mainly with glass 
fiber or bronze mesh) have been also chopped and studied. 

a) 

 

 
 

 

b) 

 

 

 

Figure 2. a) 50x12.7mm BMC mono-ply chopped material panel, b) 
135x3.2mm SMC mono-ply chopped material panel. 

 Results 4

 Material characterization 4.1
Panels produced with described prepreg reuse process were 
evaluated by means of physic-chemical testing. Cure degree 
and glass transition temperature (Tg) were measured by DSC 
(Differential Scanning Calorimetry), morphology observed by 
microscopy and fiber, resin and void content obtained by acid 
digestion. The compression molding processes provide semi-
cured composites with 80-90% cure degree and Tg of 90ºC-
210ºC. After the post-cure cycle in oven, the panels reached 
an extent of cure of 100% and a Tg in accordance with the 
relevant material specification.  

Mechanical testing (tensile and Compression After Impact, 
CAI), considering different variables (multi-ply vs. mono-ply, 
multidirectional vs. unidirectional, fiber or chip length, raw 
prepreg type), were also performed and results compared with 
the reference HexMC® (molding compound material made of 
chopped virgin prepreg, with Standard Modulus carbon fiber). 
The main outcomes of the reused material mechanical 
behavior are: 

 Tensile results (see Figure 3), performed under 
EN2561 for multi-ply scrap and AITM1.0007 for 
mono-ply scrap, show that the higher fiber length the 
higher strength and modulus results. Additionally, the 
presence of a continuous ply above and below the 
chopped panel (HBMC) improves highly the tensile 
values, nevertheless, no significant difference was 
obtained between multi-ply scrap multidirectional and 
unidirectional for the same raw prepreg material. The 
highest tensile values were obtained for the mono-ply 
chopped material panel manufactured with the 
longest chip dimension, although tensile strength is 
still lower (-43%), the modulus is higher (+53%) than 
the reference figure. Finally, it is also remarkable the 
high scatter obtained for some values, mainly for 
mono-ply chopped material. 

 CAI results (AITM1.0010) are promising since some 
panels show values quite close or even higher to 
those reached by HexMC® impacted at 30J, as it can 
be seen in next graph (Figure 4). Mono-ply chopped 
scrap shows again highest CAI property, with a value 
even higher (+20%) than the reference. As in case of 
tensile results, high scatter is observed for mono-ply 
scrap. 
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Figure 3. Tensile results of chopped prepreg scrap panels (MU-P: multi-ply, MO-P: mono-ply, MD: multidirectional, UD: unidirectional). 
 

 
Figure 4. CAI results of chopped prepreg scrap panels (MU-P: multi-ply, MO-P: mono-ply, MD: multidirectional, UD: unidirectional). 

 

 Demonstrators  4.2
Several demonstrators were manufactured with the developed 
compression molding process from uncured prepreg chopped 
scrap, by using special tooling designed for the purpose, in 
order to demonstrate part manufacturing feasibility. Results 
obtained with these demonstrators point out that: 

 Reused uncured A350 prepreg can be used to 
manufacture non-flying parts: drilling, support 
templates or even part production tooling. 

 Besides, curved, complex part demonstrators show 
that the chopped material copies the mold, being 
able to adapt to the geometry and size of complex 
aeronautical parts (see Figure 5), which are difficult 
to be produced with continuous fiber materials. 

 From produced aeronautical demonstrators, it is 
remarkable that automotive or sport parts can be 
potential candidates for application of the chopped 
material and press molding manufacturing process. 
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Figure 5. Aeronautical demonstrators from reused prepreg scrap, a) corner bracket, b) fuel tank access cover. 

 

 Conclusions 5
Within this study the processes of chopping and curing (two 
steps: compression molding + oven) of A350 uncured prepreg 
tape or tow scrap were fully defined. During this definition the 
continuous improvement of mechanical properties of the 
produced new virgin material was pursued, by increasing the 
size of the prepreg chips, at expenses of a lower material 
workability, or by using HBMC technology. Among the different 
chip sizes considered final selection was 50x12.7mm, due to 
the selected first priority mono-ply A350 scrap type (FP end of 
rolls) and the mechanical performance obtained with it. HBMC 
improves substantially tensile properties, up to 2.6 times the 
lowest BMC tensile strength value, however, it is less 
appropriate for complex geometry parts. Additionally, some 
mechanical results, above all from mono-ply scrap, can be 
compared to those reached by other chopped commercially 
available materials as HexMC®, but the scatter obtained in this 
case needs to be highly reduced (e.g. higher specimen 
surface…). 
 
A clear conclusion is that the degree of material chopping, the 
scrap mono-ply versus multi-ply format and the presence of a 
continuous fiber ply on top and below the panels (HMBC) will 
define the possible applications of the reused material. It is 
also noticeable that this material be customized for the final 
use. Then, an interesting application for this new chopped 
material would be the manufacturing of low cost and weight 
tooling (drilling, support, manufacturing tooling…), system 
supports (brackets with complex geometries..), non-loaded or 
low loaded aircraft parts (fillers, gaskets…), and other non-
aeronautical parts (sewer or drain, dashboard, case, 
automotive bar, sport racket…).  
 
Currently, as result of this project, there is an available cutting 
machine prototype for prepreg end of rolls at Fidamc facilities 
and a full chopped material characterization program is on-
going, with the aim of finding, assessing and demonstrating an 
industrial process and optimal aeronautical and/or other 
applications. 
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