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Abstract 
The tire is commonly classified as a piece of rubber. However, the tire is a bit more 

complex than that. The metallic and textile reinforcements have a crucial role in the 

tires structure, contributing to a better performance. The textile reinforcement is 

composed by fibers, which are dipped and subjected to a physical and chemical 

treatment, and then fixed to the rubber by a vulcanization process. 

The present work was conducted at Continental-Indústria Têxtil do Ave S.A. This 

company is responsible for the production of the textile reinforcement used in tires. The 

main purpose of this project was reformulating the aqueous dipping solutions (dips), 

composed mainly by resorcinol-formaldehyde-latex, to obtain a robust adhesion 

between the fibers and the rubber-matrix. Once that resorcinol is a dangerous 

compound, studies in order to replace it in dips were performed. To this end, two 

resorcinol-free resins were tested: Resin-A and Resin-B. Only for the second one good 

results were obtained for the tested fibers. During this work an interest to minimize the 

wasted solutions came up. With this in mind, some dip blends were performed. This 

proving that some waste reductions is possible. Thus, C-ITA can save approximately 

35 000 € / year. In a second study, it was determined that the best method to store the 

dips is in a closed tank with stirring. The last aim of this work was to verify the quality of 

the water used in the dip’s formulation, because this water was used directly from the 

well. To reduce the fluctuations in the water composition the use of a filter and softener 

water system was proposed. 

The dipping process was simulated in the laboratory, in a Laboratory dipping unit 

(LDU). Analysis of the quality of the dips solutions included he measurement of the pH, 

surface tension, viscosity and solid content. The quality of the adhesion was 

subsequently tested. The analysis of the fibers included different tests, such as: 

shrinkage, stiffness, load-elongation and the solid content. A morphological analysis by 

Scanning Electron Microscopy (SEM) was initiated.  
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Resumo 
O pneu, classificado correntemente como um pedaço de borracha, apresenta na 

realidade uma estrutura bastante complexa. Os reforços metálico e têxtil assumem um 

papel relevante na estrutura de um pneu, contribuindo para o seu desempenho. O 

reforço têxtil consiste na utilização de fibras que são impregnadas e sujeitas a um 

tratamento físico-químico, sendo posteriormente termofixadas à borracha por um 

processo de vulcanização. 

O presente relatório de estágio foi realizado na Continental-Indústria Têxtil do Ave, 

responsável pela produção do reforço têxtil utilizado em pneus. O principal objetivo foi 

a reformulação de soluções aquosas de impregnação (dips) à base de latex-

resorcinol-formaldeído para obtenção de uma adesão eficaz entre o reforço têxtil e a 

matriz de borracha em pneus. Uma vez que o resorcinol é um composto perigoso, 

foram efectuados estudos de forma a proceder à sua substituição nos dips. Para este 

fim, foram estudadas duas resinas sem resorcinol: Resina-A e Resina-B. Apenas a 

segunda apresentou bons resultados para as fibras estudadas. No decurso deste 

estágio, manifestou-se que a empresa carecia de um processo que permitisse 

minimizar o desperdício das soluções utilizadas. Iniciou-se assim um estudo para 

averiguar a possibilidade de usar misturas de dips. Isto revelou-se possível e assim a 

C-ITA pode poupar cerca de 35 000€ / por ano. Num segundo estudo, foi definido que 

o melhor método de armazenamento dos dips é em tanques fechados com agitação. 

Um outro objetivo deste trabalho foi verificar a qualidade da água utilizada na 

preparação das soluções, uma vez que até agora esta água era utilizada diretamente 

de um poço. Para diminuir as variações na composição da água durante o ano, foi 

proposta a utilização de um sistema de filtração e amaciamento da água.  

A impregnação das fibras foi simulada em laboratório, na unidade LDU (Laboratory 

Dipping Unit), testando-se posteriormente a qualidade da adesão. A análise das 

soluções incluiu medições de pH, tensão superficial, percentagem de sólidos e 

viscosidade. A análise das fibras englobou diferentes testes, tais como: encolhimento, 

rigidez, rutura, percentagem de sólidos e foi ainda iniciada uma análise morfológica 

por microscopia electrónica de varrimento (MEV).  

 

Palavras-Chave: Fibras têxteis, adesão, dips, processo de impregnação MEV, LDU 
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Project presentation and framework  
The present work it was submitted in conformity with the requirements for the Master’s 

degree in Chemistry, it was possible due to a cooperation between Continental-

Indústria Têxtil do Ave (C-ITA) and the Faculty of Science, University of Porto (FCUP). 

This work was also co-supervised by Dr. Thomas Kramer from the Research and 

Development Centre of Continental in Germany. 

Founded in Hanover, in 1871, Continental took individual mobility on the road 

participating in various technological developments. Currently, is the leader in the tire 

industry in Germany, second place in Europe’s ranking and fourth in the world market. 

Continental-Indústria Têxtil do Ave, C-ITA S.A, in Lousado - Vila Nova de Famalicão, 

was founded in 1950. This company integrated the Continental Group in 1993. Since 

its opening, Continental proved to be a fundamental support, not only as a customer 

but also in the of R&D for successive technological changes, assisting in various 

growth phases with the C-ITA, up to today. First, the textile unit produced only cotton 

fabrics but this material was quickly replaced by continuous multifilament high tenacity 

rayon. On the 1970s by renewing the twisting, weaving and dipping units, technological 

developments and it was noticed an increase in the productivity of the company took 

place. With this progress, this textile unit easily penetrated the tire market. Currently, 

the main goal of this textile company is to produce cord-fabric for tires using rayon, 

nylon, polyester and aramid as raw material. [1] 

The main role of the textile components is to provide the shape and structure to the 

tire, but is also important to assure the mechanical properties when the tire is subjected 

to extreme forces during the vehicle motion. To ensure a good comfort and a complete 

safety, the tire requires a good adhesion between the rubber matrix and the cords 

(textile component). For this reason, the fibers have to be treated by a dipping process. 

The research of this project is primarily focused on the study of aqueous solutions used 

in the dipping process and key parameters, such as temperature, exposure time in the 

ovens, stretching/relaxation and the line speed. All the trials for this project were 

performed in a Laboratory Dipping Unit (LDU). With this machine, it is possible to 

perform studies in a much faster and cheaper way, as it will not disturb the normal 

operation in the Production Dipping Units (PDU). After studying the best dip 

formulations for each type of fiber, it is necessary to test the fiber's physical properties, 

such as elongation, shrinkage and twist level. 
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1 Introduction 
1.1 Tire 
Tires are more than we can normally imagine. It is a quite complex technical 

component of all the vehicles and must achieve a variety of purposes. It must cushion, 

dampen, assure good directional stability, and guarantee a long-term service. 

Pneumatic tires are used on many types of vehicles, including cars, motorcycles, 

bicycles, trucks, aircrafts and earthmovers. There are millions of tires produced each 

year. This is a growing market, fighting to a better knowledge, security and comfort. [2] 

Historically, pneumatic tires began to be used in the late 1800s as an upgrade from the 

old solid rubber tires. Nowadays, a common tire is mainly made of rubber and 

reinforcement materials (steel wire and textile cords). 

 

 

 

 

 

 

 

 

 
Figure 1 - The basic ingredients of a tire [2] 

	  
These reinforcements are essential to prevent deformations of the rubber material 

when excessive forces are applied and to give a better resistance and stability. The 

network of cords that provides the tire with its strength and shape is called the carcass 

and is one of tire's parts. There are two types of carcass constructions currently used, 

thus dividing fundamentally all tires in two categories: radial and bias (diagonal) tires. 

The bias tires are the oldest construction form and have body ply cords that are placed 

at angles considerably less than 90º to the tread centerline, extending from bead to 

bead. This construction is still used today for trucks, trailers and farm implements. The 

advantage is the ease of manufacture but in the other way, as the tire deflects, can 

occur shear between body plies, which generates heat. [3] On the other hand, a radial 

tire features transverse radial plies. The textile components are laid at 90º to the 

direction of travel from bead to bead and two or more belts are placed diagonally in the 

tread. This assures less heat buildup. Moreover, radial tires are manufactured with the 



FCUP 
Dip improvement on textile reinforcement for tire application 

2 

 

plies laid radially, which result in a more flexible tire wall to improve stability. [4] These 

types of tires are used in the modern passenger vehicles. 

An appropriate reinforcement is vital in a tire's constitution. It is an important part of the 

car regarding safety, but also in comfort and handling. When driving under extreme 

conditions, hot weather, snow, low tire pressure or during an emergency break, the 

tires must ensure confidence since it is the only contact point between the car and the 

road. 

 

1.2 Textile reinforcement 
Rubber and textiles have been used together, working with each other to give 

improved performance in most part of the pneumatic tires. 

There are five main types of fibers used in the production of reinforcements for tires: 

Cotton, Rayon, Nylon, Polyester and Aramid. Cotton was the first reinforcing fiber, but 

is progressively being replaced by man-made fibers. Even in the Continental group it 

was completely substituted. The main difference between natural fibers and synthetics 

fibers lies in the relative position of the amide groups. Natural fibers are derived from α-

amino carboxylic acids. Rayon was the first of the successful artificial fibers. In a 

chemical perspective it is very similar to cotton. Nylon is a truly synthetic product, and 

offers a high strength. Polyester, in the textile industry, is the general name given to 

fibers made from polyethylene terephthalate (PET). Aramids are aromatic polyamides. 

Although they are closely related to the nylons, the substitution of the aliphatic carbon 

backbone by aromatic groups brings about considerable changes in the properties of 

the resultant fibers. [5] 

Fibers are the basis of all textile reinforcements. The process starts with a spinning of 

simple filaments, which are twisted together, assuming a new designation, yarn. Firstly, 

yarns are twisted in “Z” direction.  Afterwards, these yarns are twisted together in the 

“S” direction, becoming cord. (Appendix C) This process improves the final fatigue 

resistance and elongation of the fabric. 

With the cords that come from twisting process, the raw fabric is weaved in looms. 

ITA’s process only starts in the twisting process. 
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Each cord is characterized by a linear density (mass per length), twist level (number of 

twisting turns per meter that a cord has) and cord construction, which represents the 

number of yarns in a cord and how they are twisted (Z or S). So, by this several 

characteristics it is possible to choose the best fiber for each application. The most 

common physical properties required for tire reinforcements are: thermal shrinkage, 

elongation, breaking strength and adhesion performance. 

Table 1 - Description of cord properties 

Cord property Description 

Elongation at specific load 
Measures the increase of the fiber’s length when subjected to a specific 

force 

FASE 2 % / 4 % Force needed to elongate a cord 2 % or 4 % of its initial length 

Thermal Shrinkage Shortening of the testing length caused by heating during a time period 
and with a specific pre-tension 

Residual shrinkage 
The remaining change in the length after the initial shrinkage test, while the 

sample remains in the conditioned environment and the pre-tension is 
maintained 

Dip pick-up The amount of dip pick-up on textile fibers 

Stiffness Force needed to bend textile fibers 

 

The use of fibers in a pneumatic tire, achieving the basic requirements for the physical 

properties of the cord is not enough. Adhesion of a reinforcement fiber to rubber is an 

important criterion for acceptability of a tire cord, because it is essential to ensure 

safety. Typically, the adhesion between untreated fibers and the rubber matrix is weak, 

because of their smooth polymer surfaces and low reactivity. [6] Therefore, once a 

direct bond is not possible, an adhesive capable of promoting the adhesion between 

these two materials is necessary. The type of treatment of the adhesive depends on 

the type of fiber used and it is adjusted depending on the purpose. 

1.3 RFL-Dip 

Adhesion is an intricate phenomenon that cannot be understood by a singular and 

independent concept, being the central factor responsible for keeping both components 

together by mechanical interlocking and chemical or physical bonding. A soft transition 

can be achieved by using adhesion systems with intermediate properties between fiber 

and rubber regarding modulus and polarity. An appropriate surface contact is 

indispensable to form adhesive bonds. Therefore, parameters such as surface 

characteristics, wetting properties, functional groups and solubility are essential to 

define the best treatment to promote adhesion.  
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Nowadays, the treatment used to promote adhesion between fibers and rubber is by a 

dip treatment. The dip must have a special affinity with both materials and the most 

common dip bath is called resorcinol-formaldehyde latex (RFL). Nevertheless, there 

are other processes to promote adhesion, such as: chemical modification of the 

surface of the fiber by adding or changing functional groups, plasma treatment, etc. [6] 

1.3.1 Resorcinol-Formaldehyde (RF) resins 

As previously mentioned, an adhesive composed by resorcinol, formaldehyde, and 

latex is typically used to treat textiles to make them bondable to rubber. These 

components are combined chemically to build an extremely flexible adhesive and 

heating resistant, which is suitable to promote the adhesion between the fibers and the 

rubber matrix. 

Resorcinol, IUPAC name Benzene-1,3-diol, is one of the most acclaimed chemicals in 

organic chemistry and is widely used in the development of many areas, like chemistry, 

technology and medicine. Resorcinol has a very specific structure, this molecule with 

two hydroxyl groups in the aromatic structure, located at their meta-positions with 

respect to each other. The location of these two groups in the benzene ring provides a 

high reactivity. The chemical mechanism of RFL-dips that promote adhesion between 

rubber and textiles has the following steps: 

§ Resorcinol - Formaldehyde condensation; 

§ Bond between cord and RFL interface; 

§ Bond between adhesive and rubber interface. 

The reaction of resorcinol (R) with formaldehyde (F) to produce resorcinol-

formaldehyde resins (RF resins) is very used in the rubber industry. However, this 

reaction is not totally understood.  

RF resins can be classified into two principal groups:  novolaks and resols. The 

novolak resins are made from the reaction of phenol and formaldehyde under acidic 

conditions. [6] The molar ratio of formaldehyde/phenol is lower than one for novolaks 

and greater than one for resols. With an acid catalyst, the condensation reaction of 

resorcinol with formaldehyde can produce methylene bridged resorcinolic resin 

structures. When a resin has a methylene-bridged structure are known as novolak 

materials. In the RF reaction, the first attack of formaldehyde can occur at the position 

2, 4 or 6 of resorcinol. Acid catalyzed RF reaction can produce only the methylene-

bridged structures and consequently the initial reaction of RF may produce the 

novolaks having the structures shown in Figure 2. [6] 
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Figure 2 - Possible novolaks structures 

	  

Figure 3 shows the mechanism by which the methylene-bridged structures are formed. 

In the presence of an acid catalyst, the formaldehyde is activated by a protonation 

reaction. The protonated resorcinol reacts with formaldehyde, producing a methylol or 

hydroxymethyl molecule. On further protonation, the methylene bridged resorcinolic 

structure is produced. 

 

	  

Figure 3 – Mechanism of acid catalysed resorcinol formaldehyde reaction 

	  

The bonds between the fiber and the RFL surface depend on the type of fiber used. 

Each fiber has a specific structure and has different behaviors. For example, nylon 

contains amide groups in their backbone. These groups promote the adhesion 

between the nylon and the rubber through a RFL. The RFL treatment conditions 

exceeding the glass transition temperature (Tg) of polyamides 6.6. This factor 
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increases the movement of polyamide molecular chain and the ability to interact with 

the RF resins, in the RFL-dip.	   Because all of these, a chemical reaction for the 

construction of a primary chemical bond between RF and nylon is favored. [6] 

Additionally, the hydroxyl groups in the RF resin can form hydrogen bonds with the 

nylon amide groups in two possible ways, Figure 4.  

 

 

 

 

 

 

Figure 4 -Two possible hydrogen bonds with the nylon amide groups 

 

A possible mechanism for the bonding of RFL dipped nylon fibers to rubber 

compounds it is documented. [6] To better understand what happens in this type of 

treatment, the bonding scheme is showed bellow.  

 

 

 

 

 

 

 

 

 

Figure 5 – Possible bonding scheme between nylon and rubber compounds 
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On the other hand, polyester fiber has the difficulty to create bonds with rubber, and 

without these bonds, it is not possible to achieve a good adhesion. This happens 

because these fibers are hydrophobic and have a low number of reactive or polar 

hydrogen bonds on the surface. As opposed to nylon, polyester has the reactive 

hydroxyl and carboxylic acid functional groups at the end of polymer molecules. Thus, 

the proposed scheme for the bonding of polyester and rubber compounds is different. 

[6] 

Figure 6 – Possible mechanism for the bonding of polyester fibers with rubber compounds 

 

In respects the bonding between the synthetic fibers (aramid or rayon) to the rubber it 

occur through the interactions of functional groups present in the molecular backbone 

of the fiber structures. Their mechanisms are quite complex. [6] 

 

1.3.2 Dip formulations 

The RFL-dip formulations can be complex and can be used in various ratios within 

certain conditions. In addition, the latex part in Continental group is available in Vinyl 

Pyridine (VP), Styrene Butadiene Rubber (SBR), Nitrile and Natural Latex. However, 

the basic process for the preparation of any dip is similar. The resin preparation 

consists in a dispersion of RF-resin pre-condensed into a solution of VP latex (styrene-
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butadiene-2-vinyl pyridine latex). The preparation of the resin is performed under acidic 

conditions, but during the addition of the latex is necessary to neutralize the solution by 

adding base. If the pH is too low, the latex may start to coagulate and it will be difficult 

to stabilize the resin in the aqueous formulation. 

RF components react with the hydrogen of the –OH group in Rayon and NHCO- group 

in nylon, forming the primary bond or the hydrogen bond with the fiber. [4-6] RF 

components react with double bond or react with the methylene group of rubber 

molecules, creating the primary combination. But, the hydrogen bonding is possible 

only with polar fibers. Polyester does not have any sites for hydrogen bonding and in 

the case of aramids the sites are hindered for bonding. 

For these fibers a basic treatment with RFL leads to rubber composite evincing weak 

fiber to matrix adhesion and promoting failures at the fiber/dip interface. This is due to 

the physical structure of these fibers which being very crystalline induces a lower 

affinity between the fibers surface and the dip components. A favorable adhesion can 

be accomplished by an activation of these fibers with highly reactive epoxies before the 

RFL treatments on the fiber surfaces.  

The surface activation is made with a pre-dip, which combines isocyanate salt and 

polyepoxide. 

 

Pre-dip solution 

The activation treatments convey a specific roughness on the fiber surface, which 

allows a mechanical interlocking between the polymer and the fiber leading to higher 

bond strength even though other interactions may be weak. [7] So, these treatments 

have a triple role: to promote the roughening of the fiber surface, to increase the 

physical interface, chemical activation of the fiber surface, and to create chemical 

bonds across the fiber/matrix interface.  

As mentioned before, to perform the activation a pre-dip solution is required. Usually, 

the activation is performed with a caprolactam blocked methylene-bis-(4-

phenylisocyanate). This is a blocked di-isocyanate dispersion for use in aqueous 

adhesive systems and has the following chemical structure: 
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Figure 7 – Chemical structure of the caprolactam blocked isocyanate (MDI) 

	  
A blocked di-isocyanate can be defined as an isocyanate reaction product, which is 

stable at room temperature but dissociates to regenerate isocyanate functionality by 

heating. The unblocking temperature for the IL-6 to liberate di-phenylmethane di-

isocyanate, usually knows as MDI, is in the range of 158–162ºC. Thus, with the normal 

conditions of RFL preparation, there could not be any chemical interactions or reaction 

between the blocked isocyanate and RF groups. To activate the isocyanate function, 

after pre-dip the oven temperature on LDU have to be always 160 ºC. Blocked di-

isocyanates can be used to promote cross-linking with aqueous solvents and water-

based resins. [6] Therefore, this treatment was chosen by the Continental group to 

improve the adhesion between the fibers with poor affinity (polyester and aramid) with 

the RFL-dip and with the rubber. 

 

1.3.3 RFL-dip treatment 

Wastewater contains chemical or biological contaminants in different physical states, 

such as: particulate matter, colloidal particles or dissolved particles. Depending on the 

particle's type and size, the removal proceedings are different. A characteristic of most 

effluents from the textile industries is that a large part of the pollutants remain in 

colloidal form. These particles, due to their electric surface charge, promote the 

suspension's stabilization. By an addition of certain chemicals, the charge of the 

colloids surface can be changed. The dissolved material may be precipitated to simplify 

the separation of solids by filtration. The processes of destabilization of colloids are 

coagulation and flocculation. The process of coagulation and flocculation are a 

physicochemical process used for treatment of industrial effluents. [8] 

C-ITA has in operation a unit of pre-treatment of industrial wastewater, which is 

constituted by a physical-chemical treatment, a process of coagulation-flocculation with 

subsequent sludge dewatering. Turbidity, temperature, pH, alkalinity, time of mixing, 

composition and dosage of coagulant affects the coagulation-flocculation process. 

Because all this complex process, it is necessary to control the dip waste. Beside 

money wasted by solution, the company has an expense associated to the treatment 

and with the sludge removal (by an external company). 
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Figure 8 – Unit of pre-treatment of industrial wastewater in the C-ITA 

	  

1.3.4 RFL dip hazards and regulation 

Although it is a crucial and widely used compound, resorcinol is classified as a 

dangerous chemical. It is flammable and must be kept away from explosive 

atmospheres. Those working with this chemical compound should wear adequate 

protective equipment. The hazard of resorcinol extends also to the environment. It is 

very dangerous to aquatic organisms and may infiltrate waterways.  

Formaldehyde is also highly toxic to all animals, regardless the mode of penetration. 

Aqueous solutions of formaldehyde are very corrosive, and their ingestion can cause 

gastrointestinal problems. Therefore, the admissible levels of formaldehyde emission 

have been reduced lately. [9] 

Regarding regulation within the European Union (EU), formaldehyde is classified as a 

Category 3-R40 substance (limited evidence of carcinogenic effect). [9] The 

classification of formaldehyde was reviewed under EU REACH (Registration, 

evaluation, authorization, and restriction of chemical substances) regulatory regime on 

chemicals and their safe use. Formaldehyde is classified as a substance of very high 

concern and harmful. [10] Nowadays, REACH is applied to all chemical substances. 

[11] This regulatory regime therefore impacts most companies across the EU and 

Continental is not an exception. In conformity with this regime, companies must identify 

and manage the risks linked to the substances they manufacture in the EU market. If 

the risks cannot be controlled, authorities can restrict the use of substances. In the long 
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run, the most hazardous substances will be substituted. Regarding safety concerns, no 

other adhesive systems have been, so far, developed as an alternative to resorcinol-

formaldehyde-based adhesives. C-ITA feels the need to center their studies in finding a 

resin not dangerous for the environment. 

 

1.3.5 Dipping process  

	  

1.3.5.1 Production Dipping Units 

A mechanical treatment is essential to achieve the required cord properties. The 

Production Dipping Unit (PDU) in C-ITA is divided in two sectors: one for dipping 

individual cords and the other for dipping cord fabric. 

 The dipping of the textile components aims to confer dimensional stability through 

thermal treatment (ovens) and adjust the conditions of the cords, such as shrinkage, 

breaking force, dip pick-up and elongation. 

The principles governing both machines operations are almost the same. The machine 

used for dipping individual cords is called single-end (Figure 9). Four ovens, two baths 

containing the RFL-dip and the tractors groups, compose this machine. Tractor groups 

are very important to ensure a specific physical treatment to the cords. The greige 

(undipped) cord goes through the first dipping bath, passing into the first oven and 

second oven. Then goes through a second dip solution and into the third and fourth 

oven. 

 

Figure 9 – Schematic representation of the production dipping unit Single-End 
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Regarding the dipping of cord-fabric, the machine is called Zell and is composed by 7 

ovens, 3 tractor groups, 2 dipping baths and 2 accumulators. Due to the large 

dimensions of the ovens, the machine is divided into 7 floors. Accumulators allow this 

machine to work on still. The Zell’s design is shown in the Figure 10. 

 

Figure 10 –	  Schematic representation of the production dipping unit ZELL 

	  

The main controlled parameters on both dipping units are the same: temperature, 

stretch level, exposure time and the dipping solutions. Exposure time together with 

temperature will interfere on the curative process of the dip on fibers. 

Dipped fabrics or cords beyond its adhesion level must achieve required specifications 

in what concerns its physical properties.  

 

1.3.5.2 Laboratory Dipping Unit  
	  
C-ITA has a Laboratory Dipping Unit (LDU) (Figure 11). This machine allows running 

experiments in order to identify, improve and optimize the operating conditions of the 

different fibers. LDU is able to simulate the production units because it works in the 

same way. It is possible to simulate the trials in production without interrupting the 

normal operation of the PDU (Single-End and Zell).  
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Figure 11 – Laboratory Dipping Unit (LDU) 

	  

LDU is used to dip individual cords. Firstly, the greige cord is subjected to a 

mechanical system that stabilizes and guides it through the first stretch zone and 

through the first dip bath. This machine has four ovens. The first and the third are 

responsible for drying the cord, and therefore they are called the drying zones. The 

second oven is responsible for the stretching level, being called hot stretching zone. 

The fourth oven is used to normalize the cord. Once this machine operates on a small 

scale it is necessary to adjust each parameter to simulate the production units. Thus, it 

is necessary to adjust key parameters in the dipping process, such as temperature, line 

speed, stretch level, vacuum level and exposure time, in each oven. 
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2 Procedure and technical description 
This section provides a description of the procedures and methods used to obtain the 

final results. A complete trial requires a sequence of tasks, dipping process, 

vulcanization process (rubber and the cord - rubber specimen) and tests the adhesion 

level and the cord properties. 

2.1 Fibers 
For each purpose, one fiber with a specific construction, supplier and decitex (dTex) 

was chosen. Table 2, shows the different fibers used during this work. 

Table 2 – Fibers used during this work 

Fiber1 Polyester Nylon 6.6 Rayon 

Dtex 1440 2200 940 2440 

 

Different fibers have to satisfy certain specifications. Each client has its own 

requirements. The Continental group defined a certain number of internal specifications 

for each fiber.  

 

2.2 Dipping preparation 
Dip preparation is a crucial step of the dipping process. The normal RFL-dip 

preparation should follow a correct sequence of steps: 

§ Latex aqueous dispersion; 

§ Resin addition with pH adjustment; 

§ Formaldehyde addition. 

During the dip preparation, some procedures must be followed. Latex dispersion needs 

to be performed with controlled pH. Throughout the addition of different types of latex it 

is necessary to be careful while controlling the stirring level. While preparing the latex 

dispersion, resin is diluted on water with ammonia. At this stage, stirring level plays a 

crucial role by increasing solubility and preventing coagulation. Finally, the 

formaldehyde should be added slowly and carefully. Air capture must be avoided and 

the room temperature should be maintained constant. 

  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 The chosen fibers have the same construction, 1x2 (means that the cord has 2 yarns, twisted individually first and then 
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Currently in C-ITA mainly four different types of dips are produced: 

§ 702PS – Used to dip polyester; 

§ F801 – Used to dip polyester with activation; 

§ 902PS – Used to dip rayon; 

§ 701PS – Used to dip nylon. 

 

2.3 Test methods 
Dipped cords have to be tested to assess the adhesion level and the physical 

properties. However, before the dipping process, it is necessary to test the dip 

properties. The RFL-dip and pre-dip have certain specifications that must be followed 

to ensure an efficient dipping process. 

In this section a short description of the techniques used to perform the tests is 

outlined. 

2.3.1 Dip analysis 
	  

2.3.1.1 pH 

It was stated that the adhesion between the fiber and the rubber matrix is affected by 

the dip’s pH. If the pH is above or below the specification, the adhesion level 

decreases.  

2.3.1.2 Solids content 

Total solids are used to determine the residual matter after the evaporation of the 

volatile chemicals. The solids content will affect the value of the dip pick-up (the details 

will be described below). These values (solids content and dip pick-up) are two of the 

acceptance criteria in the dip's specification list. To measure the solid content, a 

minimum of 0.5 grams of dip is weighted (to an accuracy of 0.001 g). Then the 

weighted matter is placed an aluminum plate at the moisture analyser (Figure 12-a). 

After weighing, the sample must be dried in the oven at 130 °C. The drying time 

depends on the initial amounts. Typically, the test ends in 15 minutes. 

 

Solid Content = 100.
Dry Weight
Wet Weight

   

The solid content is expressed in percentage, with two decimal places. 
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2.3.1.3 Viscosity 
Viscosity is the fluid's internal resistance to flow. Viscosity is not a dip’s acceptance 

criterion. However, it is considered as an important parameter in the degradation 

process of the dip solutions. The viscosity is determined with a Brookfield Viscometer 

(Figure 12-b) in centipoise (cPs).  

 

2.3.1.4 Surface tension 
Surface tension is described as the energy needed to increase surface area 

isothermally and reversibly by a unit. The surface tension of a liquid (γ) results from an 

imbalance of intermolecular attractive forces and the cohesive forces between 

molecules. [12] 

Surface tension is not a measured parameter in the production quality laboratory. On 

the contrary, in the development laboratory is an important parameter. It is one of the 

factors that affect the fiber's absorption of RFL-dip. The hydrophobicity and the surface 

tension of the fiber can affect the coverage quality of the dipped fibers and influence 

adherence. The surface tension is also an important factor for controlling the foam 

produced in the PDU. As the dipping speed at the PDU is high, the formed foam must 

be controlled. So, the surface tension should be kept constant. In the laboratory, the 

surface tension measurement is performed with an SCAT Tensiometer (Figure 12-c). 

[13] 

 

 

 

 

 

	  
Figure 12 – (a) Moisture analyser (Mettler-Toledo HB43) (b) Brookfield Viscometer (c) SCAT Tensiometer 

	  

2.3.2 Fibers properties 

Concerning the tests of the fibers, the temperature and relative humidity (of the room) 

have influence on the fibers physical properties. Therefore, all samples must be well 

conditioned before each test. The sample preparation and test performance in a 

controlled environment are crucial to ensure textile test results accuracy. The moisture 

equilibrium of a sample is reached when its moisture content has increased or 

decreased to match that of the standard atmosphere.  
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Standard atmosphere is defined as (according to ASTM D1776 definition) [14]: 

§ Temperature: (23 ± 2) °C 

§ Relative Humidity: (55 ± 5) % 

 

2.3.2.1 Peel test 

Peel test is a method to analyze adhesive bonding. It is performed between two 

substrates jointly bonded with an adhesive, to determine the adhesive strength of the 

material or the strength of the adhesive bond between the two materials, in this case 

between the rubber matrix and the fiber. Peel test is the most important criterion for the 

material approval, since it determines the adhesion level between the rubber matrix 

and the fibers. This method is used to determine the force required to separate two 

layers of cords bonded together by a layer of rubber and protected with chaffer 

(calendered reinforcing fabric).  

The coverage level has a great importance to evaluate the adhesion. The two areas of 

the test samples are visually inspected and assessed using a coverage rating (shown 

in Table 3). When both sides are covered with rubber, the adhesive strength is higher 

than the pull strength of the rubber. On the other hand, when the rubber covers only 

one side and the fibers are exposed, the adhesive strength is low and the adhesion 

level is poor. The side with the poorest coverage is used for the evaluation. 

Table 3 – Coverage rating used for the visual inspection 

Visual appearance Coverage / % Specimen description 

1 0 Completely free of rubber 

2 25 Mainly free of rubber 

3 50 Half covered by rubber 

4 75 Mainly covered by rubber 

5 100 Completely covered by rubber 

 

The peel test experiments were performed according to the quality control procedure 

used by Continental (ASTM 4313) [14].  

Once this is an important test, the results have to be closest to those from the 

production. Thus, the individual cords dipped at LDU are placed in a comb with a 

certain distance between them (Figure 13) to simulate the cord-fabric. After the comb is 

filled, the rubber specimen is assembled with the different components (rubber 
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compound and chaffer) and vulcanized on a specific mold (Figure14-a). The layers 

must appear in the following order: reinforcement layer, cords dipped in rubber, cords 

dipped in rubber (again) and reinforcement layer. A foil is placed between the layers of 

dipped cord in rubber in order to be possible to open the sample. 

 

 

 

 

 

Figure 13 – (a) Comb used to perform the peel test (b) Filled comb 

	  
The vulcanization process is done in a curing press at controlled temperature, pressure 

and time. At the end, vulcanized specimen is extracted from the hot mold and 

conditioned for a minimum period of 3 hours before testing. 

 

 

 

 

 

Figure 14 – (a) Mould to perform the peel test (b) Press equipment to perform the peel test 

	  
 

After this conditioning period, the specimen is cut in three equal parts. Before tensile 

testing, the three samples are kept on the oven at 120 ºC for 30 minutes. After this 

period the specimen should be tested quickly. The testing occurs in a tensile machine 

(Zwick Roell) that pulls one half of the specimen at a constant speed, while the other 

half is fixed. The force needed for separation is recorded during the entire test. 
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Figure 15 –	  Tensile machine (Zwick) separating the rubber specimen obtained from the peel test 

 

2.3.2.2 Thermal Shrinkage 

Shrinkage occurs primarily when the cord is exposed to high temperatures free of any 

restraint. If the fiber's movement is restricted, opposing the free shrinkage, a force is 

generated and is classified as the shrinkage force. 

 
 
 

 

 

 

 

 

 

 

 
Figure 16 – Thermal shrinkage tester 

 

This test is used to determine the amount of reduction of textile materials when exposed 

to high temperatures. The samples must be prepared and manipulated in such a way that 

their physical properties are not changed. A minimum of three samples must be measured 

for each test to ensure reliable results. This test provides two different values: shrinkage 

and residual shrinkage. 
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Figure 17 – Schematic representation of the cord's behavior during the thermal shrinkage 

 

Shrinkage measures the shortening of the testing length, L0 caused by heating, time 

and pre-tension (the pre-tension value depends on the material). 

 

Shrinkage = 100.ΔL1
L0

, expressed in % 

 

Residual shrinkage measures the remaining change in length after the initial shrinkage 

test, while the sample remains in the conditioned environment and the pre-tension is 

maintained. 

Residual shrinkage = 100.ΔL2
L0

, expressed in %  

2.3.2.3 Force-Elongation 

The tension tests are the most frequent method to determine the mechanical 

properties. There are different behaviors when the fibers are elongated at specific 

loads. When the specimen elongates in proportion to the load it is called linear 

viscoelastic behavior. If the load is removed, the specimen returns to its original length 

and shape. Permanent (plastic) deformation takes place when the yield point of the 

material is reached. At this point, the fiber breaks. The load is gradually increased until 

the specimen breaks, so it is possible to determine values at specific loads (e.g., 45 N) 

and the breaking force with this test method.  

 

Each fiber has a different load-elongation curve. This curve depends on several 

parameters, such as: temperature, stretching and exposure time on the dipping 

process. In Figure 18, it is shown the typical curves for common fibers. It is possible to 

see several behaviors: on the one hand aramid is a very crystalline material and so it 

has a high tenacity and a low elongation; on the other hand, nylon 6.6 is a more 

amorphous material and so it has a higher elongation. 

 
 

 
 ΔL1 

ΔL2 
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Figure 18 – Load-Elongation curves of various synthetic fibers 
 

2.3.2.4 Dip Pick-Up 

When the cords are passed through a dip bath, depending on the nature of the fiber 

surface and on solid content of the dip solution, fibers pick-up a certain quantity of solid 

content from the adhesive material. The dip pick-up test is performed to estimate the 

amount of adhesive accumulated on the cord. The adhesion increases as a function of 

dip pick-up and attains a saturation point. The excess of adhesive on the cord can 

affect the cord stiffness and therefore affects the adhesive strength. Normally, the dip 

pick-up depends on the fiber surface either it is hydrophilic or hydrophobic. 

The amount of dip pick-up on textile fibers and fabrics is determined by dissolving the 

textile fiber in a suitable solvent and determining the remaining dip gravimetrically. The 

result is reported as percentage by weight, based on the greige material. 

  

Dip pick-up = 100.
(m

3
−m2 )

m1 − (m3 −m2 )
, expressed in % 

  
 
where,  

m1 represents the  sample mass (dried at 105 °C), expressed in grams; 

m2 represents the glass filter crucible mass (dried at 105 °C), expressed in grams; 

m3 represents the mass of crucible with dip residue (dried at 105 °C), expressed in 

grams. 
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2.3.2.5 Scanning Electronic Microscopy 

To further develop the knowledge related with these polymeric materials, it is essential 

to observe the morphology of the samples. Nowadays, towards a better understanding 

of the different behaviors on the dipped fibers and the various types of failures in the 

greige cord or in the fiber-matrix adhesion, scanning electron microscopy (SEM) can 

be used. The scanning electron microscope is one of the most versatile instruments 

available for the observation and analysis of microstructural characteristics of solid 

materials. [15] 

The performance and properties of these materials depend on many variables such as 

fiber-matrix adhesion, the type of fiber, the type of treatment and the key parameters 

on the dipping process. The usage of SEM will depend on the purpose of each 

observation. 

Until this moment, C-ITA never performed this type of analysis for the characterization 

of the reinforcement materials. During this work, some questions concerning the type 

of adhesion failures emerged. Thus, cooperation between C-ITA and Centro de 

Materiais da Universidade do Porto (CEMUP) was initiated. Some analysis using a 

high vacuum scanning electron microscope (FEI Quanta 400F) with a resolution of 1.2 

nm were performed. These tests were conducted in the Image, Microstructure and 

Microanalysis (IMICROS) laboratory. 

 

 

 

 

 

Figure 19 – (a) Scanning Electron Microscope with X-Ray Microanalysis [16] (b) Sample image obtained by SEM 
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3 Results and discussion 
 

3.1 Resorcinol Replacement  
The first goal of this project was the replacement of the resorcinol resins used in dips. 

The RF resins play a vital role in the adhesion between the fibers and the rubber 

matrix, as shown in Figure 20. 

 

Figure 20 – Possible RF-resin bonding with the fiber polymer and rubber polymer 

	  

However, as already mentioned before, these resins represent environmental problems 

and probably will be banned in a few years. Thus, the Continental group found two 

resorcinol-free resins as alternatives to the common RF-resins. In this work, due to 

company policy, these resins will be called: Resin-A and Resin-B. 

3.1.1 Resin-A 

The aim of this study was to determine the ideal formulation for this new resin, in order 

to obtain a good adhesion and fibers properties within the specifications. Fiber 

polyester with 1440 dTex and a 1x2 construction was used. 

These experiments must be compared with a reference (common dip used for 

polyester). For this resin, 15 trials were performed. The first step was to perform the 

study of the fibers with the reference dip, to obtain a value that will be used for 

comparison purposes. The formulation A used for Resin-A, was obtained from the dip 

for polyester by removing ammonia and changing the resin and fixing the Resin/Latex 

ratio.  

After the formulation has been set, the polyester fiber was dipped in LDU with standard 

conditions and the results were compared with the reference. All tests performed in 

these trials showed good results, except for the adhesion appearance (App.). Thus, in 
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order to verify the effect of the temperature on this resin, a test with lower temperatures 

in the dipping process was carried out. The change in temperature did not improve the 

adhesion and the thermal shrinkage was above the specifications. Other alternatives 

were studied: changing the ratios Resin / Latex, solid content in the dip and adding 

ammonia. Table 4, shows the design of experiments made for this group of trials. 

To achieve these new formulations, an MS Excel program was made using the Solver 

tool. Several calculation parameters were initially established so the output was in 

accordance with the respective purpose. The sum of the mass fractions of all the 

components must be equal to one. The other parameter was the Resin/Latex ratio, 

which must be defined to each formulation. 

Table 4 – Design of experiments used for the first group of trials 

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 

Reference Reference A Formulation A Formulation A Formulation 

F801 701PS 
 

 +Ammonia 

Standard 
Conditions 

Standard 
Conditions 

Standard 
Conditions 

Lower 
 temperatures 

Standard  
Conditions 

 

Trial 6 Trial 7 Trial 8 Trial 9 

A Formulation A Formulation A Formulation A Formulation 

(Resin/Latex)/2 (Resin/Latex)×2 -5% solid content +5% solid content 

Standard  
Conditions 

Standard  
Conditions 

Standard  
Conditions 

Lower 
 temperatures 

	  
	  

Table 5 – Key parameters in the dipping process on LDU for polyester 

 LDU Setup 

Standard 
Conditions 

1st Dry T1 / ºC 160 Turns 1 7 Strech1 / % 0.9 

Speed/ m.min-1 
9.8 

Hot Stretch T2 / ºC 235 Turns 2 5 Strech2 / % 3.0 

2nd Dry T3 / ºC 135 Turns 3 3 Strech3 / % -2.3 

Normalizing T4 / ºC 235 Turns 4 5 Strech4 / % 0 

Lower 
Temperatures 

1st Dry T1 / ºC 160 Turns 1 7 Strech1 / % 0.9 

Speed/ m.min-1 
9.8 

Hot Stretch T2 / ºC 200 Turns 2 5 Strech2 / % 3.0 

2nd Dry T3 / ºC 135 Turns 3 3 Strech3 / % -2.3 

Normalizing T4 / ºC 200 Turns 4 5 Strech4 / % 0 
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Table 6 – Results for the first group of trials  (mean values and standard deviation) 

Properties Unit Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 

Adhesion (Peel Test) N / 25mm 283 ± 5 262 ± 4 241 ± 8 262 ± 8 227 ± 3 

Appearance 1 to 5 4.5 4.5 2.0 1.0 2.0 

 

Properties Unit Trial 6 Trial 7 Trial 8 Trial 9 
Adhesion (Peel Test) N/25mm 222 ± 12 232 ± 17 195 ± 26 258 ± 13 

Appearance 1 to 5 1.0 1.0 1.0 1.0 

 

As shown in Table 6, in none of the trials showed a good appearance in the peel test 

was obtained. After contacting the supplier of this new resin, the possibility of using 

melamine (IUPAC name 1,3,5-Triazine-2,4,6-triamine) was suggested to improve 

adhesion. Thus, some trials where the Resin-A was mixed with melamine in different 

ratios (20:80, 30:70, 50:50, 70:30 and 80:20) were performed. To see the extreme 

case, a formulation only with melamine was made. The addition of melamine improved 

the adhesion between the fibers and the rubber matrix (as shown in Figure 21), 

however it is still below expectations. 

 

Table 7 – Design of experiments used for the second group of trials 

Trial 10 Trial 11 Trial 12 Trial 14 Trial 14 Trial 15 

Resin-A / 
Melamine 

Resin-A / 
Melamine 

Resin-A / 
Melamine 

Resin-A / 
Melamine 

Resin-A / 
Melamine 

Melamine 
formulation 

80:20 70:30 50:50 70:30 80:20  

Standard 
Conditions 

Standard 
Conditions 

Standard 
Conditions 

Standard 
Conditions 

Standard 
Conditions 

Standard 
Conditions 

 

	  
Table 8 – Results for the second group of trials (mean values and standard deviation)  

Properties Unit Trial 10 Trial 11 Trial 12 Trial 13 Trial 14 Trial 15 

Adhesion (Peel Test) N/25mm 160 ± 2 194 ± 1 183 ± 16 167 ± 10 166 ± 11 175 ±  1 

Appearance 1 to 5 2.0 2.0 3.0 3.0 3.5 3.5 
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Figure 21 – Appearance level obtained for each trial on the peel test 

	  
	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 22 – Rubber specimens of the trials 

	  

After all the tests, it was concluded that it is not possible to replace RF-resin by Resin-

A. This resin was not able to promote the bonding between polyester's groups and the 

functional groups of the rubber matrix. Therefore, it is not a viable hypothesis for 

replacing resorcinol resin. 

3.1.2 Resin-B 

 Some studies with the Resin B had been developed before. The main goals for the 

study of this resin are: 

§ To check the previous results obtained for the polyester;  

§ To define the key parameters in the dipping process for nylon. 
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3.1.2.1  Polyester 

For polyester, the best dip formulation and the ideal conditions for the dipping process 

on LDU was previously set. Since this is a non-activated fiber, a pre-dip is required. 

The common pre-dip (water, epoxy and isocyanate) was used.  

PET cords were twisted with 1440 dTex and a 1x2 construction. The greige cords were 

first treated with a common RFL (resorcinol-formaldehyde-latex) adhesive dipping bath 

(for comparative purposes) and after with Dip B. Standard treatment conditions were 

used (Table 5).  

When the studies for this new resin were started, three trials were performed. The 

results can be found in Table 9.  

Table 9 – Results for polyester fiber with Resin-B (mean values and the standard deviation) 

Properties Unit RF-Resin Trial 1 Trial 2 Trial 3 

Adhesion (Peel Test) N/25mm 190 ± 6 180 ± 9 198 ± 3 197 ± 7 

Appearance 1 to 5 4.5 4.5 4.5 4.5 

 

Figure 23 – Rubber specimens for the different trials (a) Trial 1 (b) Trial 2 (c) Trial 3 

	  
In Figure 24 it is possible to verify that the results were similar. All the trials showed 

good adhesion. Therefore, replacement of the RF-resin by the Resin-B is possible for 

polyester fibers.	   So, the next step is to perform these trials in the production unit 

(PDU). 

 

3.1.2.2 Nylon 

The nylon fibers used in these studies were twisted with 940 dTex and a 1x2 

construction. The best dip formulation for nylon was based on the previously recipe 

determined for polyester. However, the adhesion was weak. To solve this problem, the 
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nylon fiber was dipped passing first through a pre-dip and then through a dip solution. 

The dipping conditions on LDU improved. The adhesion between nylon and the rubber 

matrix was increased by these modifications. 

The chemical reaction between this new dip and the fiber has not yet been fully 

understood. Although, it was concluded that the Resin-B has less affinity with nylon 

than the RF-resin. To improve this affinity and to promote the bonding between the dip 

and the fiber, a pre-dip with isocyanates is required. The only disadvantage is that two 

baths at high temperatures are needed (Table 10). The obtained results are shown in 

Table 11. 

The nylon fibers treated with RFL-dip requires the usage of two ovens. With this 

change of conditions (usage of two baths), it will be necessary to use four ovens and 

higher temperatures, on LDU. The melting temperature of nylon is 250 ºC. By using 

two ovens with a temperature of 235 ºC, the nylon's melting temperature is closer. This 

can be a problem when carrying out these tests in production, once there are 

temperature fluctuations on PDU. Another problem with the elevation of temperature in 

the dipping process is the influence on the fibers physical properties. Thus, by 

increasing the temperatures and using more ovens, the nylon properties can transcend 

the specifications. 

Once the ideal temperature has already set for the dipping process on LDU, the only 

chance was to adjust the stretching level to improve the fibers physical properties. 

The fibers orientation in the amorphous or crystalline zones has a direct influence on 

the fibers shrinkage properties. By decreasing the stretch level, the shrinkage and the 

residual shrinkage decreases, as well. Based on this knowledge acquired throughout 

this work, the stretch level on LDU was adjusted. 

To find the best conditions for the nylon's fiber treatment with this new dip some trials 

were performed.  

	  
Table 10 – Key parameters in the dipping process on LDU for nylon using Resin-B 

LDU Setup 

1st Dry T1 / ºC 160 Turns 1 7 Strech1 / % 2 

Hot Stretch T2 / ºC 235 Turns 2 5 Strech2 / % 3 

2nd Dry T3 / ºC 135 Turns 3 3 Strech3 / % 2 

Normalizing T4 / ºC 235 Turns 4 5 Strech4 / % 1 
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Table 11 – Results for nylon fiber with Resin-B (mean values and standard deviation) 

 Peel Test 

Best conditions 
Result App. 

180 ± 7 4.5 

 

With these results the study is complete. The next step it will be to perform those tests 

at a production level and to verify if the high temperatures fluctuations do not cause 

any changes in the polymeric material. 

3.2 Dip waste 

During this project, it was found that a high amount of dip solutions is wasted without 

an apparent logical reason. Hence, an interest in optimizing and reducing waste 

solutions came up. 

A survey of the wasted volume of solutions in the water treatment station was carried 

out. Table 12 shows the wasted volume on the PDU. 

	  
Table 12 – Analysis of the wasted solutions on PDU 

Produced dip / m3 Wasted dip / m3 

Month Total Volume / day (average) DIP 702PS DIP 902PS DIP F801 701 PS 
January 24540 818 0 0 3000 0 
February 28550 1020 0 2000 0 1500 

March 38160 1272 0 1450 0 0 
April 37310 1287 0 1100 0 0 

May 39030 1259 0 0 0 4000 

Total / m3 167590 1131 0 4550 3000 5500 

 

The amount of wasted solutions is very high. To try to solve this issue, this study was 

divided in two parts: 

§ Dip blend - study the possibility to blend the different types of dip;  

§ Dip aging and dip storage - study of the temperature’s influence on the 

degradation time and the best way to store the different dips. 
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3.2.1 Dip Blend 

This study was focused on the production dipping unit ZELL. This machine has two 

vats for the dip baths. As stated above, for non-activated materials it is necessary to 

use an activation bath (pre-dip) in the first vat and the dip in the second vat. However, 

the activated fabrics only require the use of the dip solution (depending on the raw 

material and their linear density).   

After a dipping series almost 1100 kg of solution always remains in the vats. This study 

aims to investigate if it is possible to blend the dip solution that remains in the vats with 

the solutions used in the next dipping process. Two different blends were studied: 

Blend A (702PS/F801) and Blend B (701PS/F801). 

In the particular case of the Rayon dip, the viability of reusing the remaining solution 

has been investigated after four and seven days aging.  

 

§ Blend A  

For Polyester with 3340 dTex two baths are used. The first one with 702PS dip and the 

second one with F801 dip. When the dipping process is over, dip remains in the first 

vat (because this vat is always full of solution). Thus, when the raw material changes to 

PET with 2200 dTex, there is a blend between these two solutions. To verify if this 

blend influences the final properties of PET 2200, studies where this fiber was dipped 

in blends with different proportions were performed.	  Three blends were studied: 

§ 20:80 – 20 % of 702PS and 80 % of F801; 

§ 50:50 – 50 % of 702PS and 50 % of F801; 

§ 80:20 – 80 % of 702PS and 20 % of F801.	  

The dipping process was made according to the scheme shown in Figure 25. In Table 

13 the results obtained for the different trials are presented. 
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Figure 24 –	  Overall scheme of the dipping process used for the blend A 

 

 
Table 13 – Results for the Blend A with activated PET with 2200 dTex (mean values and standard deviation) 

 

PET - 2200x2 dtex Activated 
Peel Test pH Solid Content/ % 

Result App 
	   	  

702PS + F801 203 ± 2 5 9.5 - 

20:80 + F801 191 ± 8 4.5 9.48 ✓ 

50:50 + F801 199 ± 14 4.5 9.56 ✓ 

80:20 + F801 190 ± 7 4.5 9.42 ✓ 

 

 

 

 

 

 

Figure 25 – Rubber specimens of the different trials (a) 702PS+F801 (b) 20:80 + F801 

 

For non-activated polyester, it is necessary a pre-dip solution in the first vat and the dip 

blend in the second vat, according to the scheme of Figure 27. The proportions used 

were the same as in the tests of activated polyester. The results are presented in Table 

14. 
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Figure 26 – Overall scheme of the dipping process used for the blend B 

	  
 

Table 14 – Results for the Blend A with non-activated PET with 2200 dTex (mean values and standard deviation) 

PET – 2200 Peel Test pH Solid Content/ % 

dtex NAA Result App. 
	   	  

Pre dip + F801 186 ± 3 3 9.53 ✓ 

Pre dip + 702PS 189 ± 4 3 9.59 ✓ 

Pre dip + 20:80 183 ± 4 2.5 9.48 ✓ 

Pre dip + 50:50 176 ± 4 2.5 9.51 ✓ 

Pre dip + 80:20 174 ± 3 2.5 9.57 ✓ 

 
 

 

 

 

 

 

 

 

 
Figure 27 – Rubber specimens of the different trials (a) Pre-dip + 20:80 (b) Pre-dip + 80:20 

	  

For non-activated polyester, it was not possible to obtain good results regarding the 

adhesion for any of the proportions studied. This suggests that it is not possible to re-

use the remaining dips. This is due, probably, to the large amount of isocyanate, once 

is used in pre-dip and in 702PS. For activated polyester, excellent results for all the 

studied blends were obtained. The critical parameters, which are usually the adhesion 

and the solid content, were within the specifications. Thus, it was proved that it is 

possible to reuse the dips. 
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§ Blend B 

As previously mentioned, polyester with 3340 dTex only requires the usage of F801 dip 

(one bath). When the raw material changes to nylon with 940 dTex (that will be dipped 

with 701PS) a blend of these two dips may occur in the first vat. In order to check 

whether this affects the characteristics of the fabric and the quality of adhesion to 

rubber, some trials were performed. The reference dips and the dip blends were tested 

in the following proportions: 

§ 20:80 (20 % of 701PS and 80 % of F801); 

§ 50:50 (50 % of 701PS and 50 % of F801); 

§ 80:20 (80 % of 701PS and 20 % of F801). 

In this case, only the first bath was used. The following table shows the results for this 

study. 

Table 15 – Results for the Blend B with Nylon (mean values and standard deviation) 

Nylon 940x2 
Peel Test pH Solid Content/ % 

Result App 
	   	  

701PS 205 ± 3 4 9.64 ✓ 

F801 213 ± 10 4.5 9.67 ✓ 

20:80 199 ± 9 4.5 9.63 ✓ 

50:50 218 ± 10 4.5 9.62 ✓ 

80:20 203 ± 6 4.5 9.63 ✓ 

 

 

 

 

 

 

 

 
Figure 28 – Rubber Specimen of the different trials (a) 701PS (b) 80:20 

 

The nylon fiber with 940 dTex showed good results when dipped with any of these 

blends. However, the solid content was higher than expected, exceeding the 

specifications. This can be due the fact that the measurement was performed after the 

dipping process, thereby overestimating the real value.2 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2  During the dipping process the dip may coagulate, increasing the solid content. 
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§ Blend 902(old)/902(new) 

To minimize the remaining dip’s solutions, in the tank and in the vats, the possibility of 

blending the old dip with a new dip without harming the results was studied. 

For this test, the procedure adopted was the following:  

§ 902PS dip from production with 7 days of age was collected; 

§ 902PS dip was prepared in laboratory;  

§ Rayon with 2440 dTex was dipped with the reference dips (902PS old and 

new);  

§ The chosen ratios for the blends were: 20:80 (20 % old dip and 80% of new dip) 

and 50:503. 

 

 

 

 

 

 

	  
Figure 29 – (a) Different tanks used in the production (b) Dip solution stored in a tank with stirring 

 

	  
Table 16 – Results for the blend between old 902PS and new 902PS (mean values and standard deviation) 

Rayon 2440 dTex 
Peel Test pH Solid Content/ % 

Result App. 
	   	  

902PS Old 195 ± 6 3.5 9.36 ✓ 

902PS New 218 ± 5 4 9.34 ✓ 

20:80 217 ± 4 4 9.54 ✓ 

50:50 237 ± 11 4 9.51 ✗ 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
3 This ratio was to define a limit (an amount of dip that allows a 50:50 dip formation never remains on the tank). 
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Figure 30 - Rubber specimens of the different trials (a) 20:80 (b) 50:50 

For this blend it was possible to obtain good results for both proportions. Nevertheless, 

the solid content was above the specifications in the second one. At this moment, the 

increase of the solid content is not entirely understood. The other parameters were not 

significantly affected.  

 

3.2.2 Dip aging and dip storage 

The aims of this study were to identify the best method for storing the dips solutions 

and to verify their degradation with time and temperature. In a first step, the dips were 

prepared and stored at different temperatures to verify the changes in some physical 

and chemical properties (pH, surface tension, solids content, viscosity and color). In a 

second phase, the analysis of other relevant parameters in the storage process, such 

as the container, the stirring level and the air exposure (oxidation process) were 

performed.  

To verify the influence of the temperature, two samples of each dip (701PS, F802, 

702PS and 902PS) were prepared. The dips were kept in stirring during 1 hour. After 

this period, the values of pH, surface tension, viscosity and solid content of each dip 

were determined.  

After the first analysis, the dips were stored under identical conditions (closed 

containers, without stirring) at different temperatures (5 °C and 25 °C). The chosen 

properties were determined and recorded after 4 and 7 days. The results for each 

temperature are shown in Tables 17 and 18. 
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T = 5 ºC 
Table 17 – Measured dip’s parameters at 5 ºC 

701PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.98 7.0 45.332 ± 0.002 22.30 ± 0.18 brown 

Day 4 9.91 7.0 45.399 ± 0.006 22.51 ± 0.21 dark brown 

Day 7 9.92 7.0 45.197 ± 0.003 22.84 ± 0.20 dark brown 

      

F801 pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.21 7.0 43.799 ± 0.001 20.15 ± 0.16 brown 

Day 4 9.17 7.0 43.716 ± 0.002 20.92 ± 0.35 blue 

Day 7 9.25 7.0 44.177 ± 0.008 21.78 ± 0.45 blue 

      

702PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.35 11.0 44.369 ± 0.002 22.36 ± 0.20 orange 

Day 4 9.32 12.0 44.350 ± 0.005 22.34 ± 0.12 orange 

Day 7 9.29 12.0 44.277 ± 0.001 22.47 ± 0.37 dark orange 

      	  
902 PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.31 6.0 39.977 ± 0.005 22.57 ± 0.21 orange 

Day 4 9.34 6.0 39.919 ± 0.001 23.12 ± 0.17 orange 

Day 7 9.12 5.0 39.953 ± 0.001 24.56 ± 0.33 ocre 

 

 

 

 

Figure 31 – Dip solutions (a) after 4 days at 5 ºC (b) after 7 days at 5 ºC 
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T = 25 ºC 

Table 18 – Measured dip’s parameters at 25 ºC 

701PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.08 7.0 45.332 ± 0.002 22.30 ± 0.18 brown 

Day 4 9.11 7.0 45.572 ± 0.006 22.78 ± 0.09 dark browm 

Day 7 9.10 7.5 45.566 ± 0.003 23.05 ± 0.32 blue 

      

F801 pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.21 7.0 43.799 ± 0.001 20.15 ± 0.16 brown 

Day 4 9.17 7.0 44.097 ± 0.001 21.03 ± 0.07 blue 

Day 7 9.25 7.5 44.020 ± 0.003 21.22 ± 0.13 blue 

      
702PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.35 11.0 44.369 ± 0.002 22.36 ± 0.20 orange 

Day 4 9.53 11.5 44.079 ± 0.001 22.74 ± 0.20 orange 

Day 7 9.53 11.5 43.982 ± 0.003 22.97 ± 0.25 brown 

      
902PS pH Visc. / cPs Surface tension / mN.s-1 Solid content / % Color 

Day 1 9.31 6.0 39.977 ± 0.005 22.57 ± 0.21 orange 

Day 4 9.61 5.0 39.751 ± 0.002 24.01 ± 0.34 orange 

Day 7 9.61 5.0 39.755 ± 0.002 25.29 ± 0.56 ocre 
 

 

 

 

 

Figure 32 – Dip solutions (a) after 4 days at 25 ºC (b) after 7 days at 25 ºC 

As it can be seen, only the solids content value has significantly changed during the 

studied period. The values of the other parameters remained constant at these 

temperatures during the 7 days. 

Regarding the storage method, a certain volume of 701PS dip was prepared in the 

production tank. During three consecutive days, the nylon was dipped and the 

adhesion level and the fiber’s tests were performed. After three days, the dip remained 

in the tank (although it exceeded the age time limit) and three samples were collected 

and stored in containers with different conditions. The chosen conditions were: 
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§ A container with stirring and with air exposure; 

§ A container with stirring but without air exposure (closed system);  

§ A container without stirring and with air exposure. 

After 4 and 7 days, the dipping process and the tests were repeated for the four 

samples. The results obtained are presented on Table 19. 

Table 19 – Results obtained for the dip storage (mean values and standard deviation) 

	  	   Conditions Peel test pH Solid Content/ % 

Trial Day Stirring Air exposure Result App. 	  	   	  	  
1 1 yes no 178 ± 9 4.5 9.75 ✓ 

2 3 yes no 181 ± 9 5 9.58 ✓ 

3 4 yes no 189 ± 8 4.5 9.39 ✓ 

4 4 no no 180 ± 7 4.5 9.41 ✗ 

5 4 yes no 184 ± 9 4.5 9.52 ✓ 

6 4 no yes 182 ± 5 4.5 9.57 ✗ 

7 7 yes no 175 ± 3 4.5 9.50 ✓ 

8 7 no no 170 ± 6 4.5 9.53 ✗ 

9 7 yes no 179 ± 5 4.5 9.56 ✓ 

10 7 no yes 181 ± 4 4.5 9.61 ✗ 

 

By the analysis of the storage results, it was possible to conclude that the best way to 

store the dips is in a closed tank with stirring. 

The studied dip shows results within specifications, even after 7 days when stored in a 

closed container with stirring, while for the samples stored without stirring and with air 

exposure, it is possible to see acceleration in the oxidation process and a higher 

percentage of solids on the fiber (DPU). 

 

3.3 Water analysis  

Water analysis is the first step to determine the quality of the water used in any 

company. Dipping solutions used in the C-ITA, are mainly composed by water. Whose 

source is a well. Well waters are susceptible to pollution and the fluctuations on its 

properties. 

Throughout this work, it was verified that the water level change according to the 

weather conditions and probably the water composition changes as well, as shown in 

Table 20.  
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The aim of this project was to collect samples of the well every month and to send 

them to an external laboratory to perform the water analysis.  Nevertheless, the study 

was delayed and the analysis only started to be carried out in May. 

 
Table 20 – Water level  

Month Level/ m3 

February 4.5 

March 2.3 

April 4.0 

May 4.2 

 

3.3.1 Proposed analysis for the water well 
	  

As this study started later than planned, it was not possible to verify the water 

properties, monthly. To solve the problem of dips formulation with water from different 

sources, it was decided to use a softener process to keep the water properties 

constant. The C-ITA has a water filter and softener (Figure 34) used only for the 

cooling tower.  

 

 

 

 

 

 

 

 

 

 

 
Figure 33 – Filter and softener water system 

A water softener is often employed to reduce the hardness of water by using an ion 

exchange resin. In this method, calcium and magnesium from the water is taken up by 

the resin and exchanged for sodium. [17] 
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Thus, it was decided to carry out this analysis before and after this system to verify if 

the properties were optimized. The analyses were performed in the Centro de Estudos 

de Águas (Centre for Water Studies). The Centre is certified by the Instituto Português 

de Acreditação (IPAC). 

Table 21 – Results for water analysis before the filter and softener system 

Water before the softener 

Parameter Unit Read Value Test Method 

Conductivity (20 ºC) µS / cm 247 Conductimetry 

Total hardness mg / L CaCO3 55 Volumetry 

Iron  µg / L Fe 339 MAS* 

pH - 6.1 Potentiometry 

Surfactants mg / L LAS < 0.5 MAS 

Turbidity - 1.0 MAS 

Silica mg / L SiO2 7.6 MAS 

* MAS - Molecular Absorption Spectrometry 
 

Table 22 – Results for water analysis after the filter and softener system 

Water after the softener 

Parameter Unit Read Value Test Method 

Conductivity (20 ºC) µS/cm 329 Conductimetry 

Total hardness mg/L CaCO3 < 5 Volumetry 

Iron µg/L Fe 60 MAS 

pH - 6.2 Potentiometry 

Surfactants mg/L LAS < 0.5 MAS 

Turbidity - < 1.0 MAS 

Silica mg/L SiO2 7.3 MAS 

 

As we can see, at the chosen collecting time, the amount of	   calcium carbonate was 

low. It can be classified as soft water. However, the amount of iron and calcium 

carbonate significantly reduced, as well as turbidity. With this system, we can ensure 

controlled water for the dips preparation and thus avoid issues associated with water. 

To finalize this work, two trials where the dips were prepared with different waters 

(before and after the water softener) were performed. The results of the peel test are 

shown in Table 23. 
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Table 23 – Results for nylon dipped with water before and after the softener system (mean values and standard 
deviation) 

Properties Unit Water before the softener  Water after the softener 

Adhesion (Peel Test) N / 25mm 173 ± 4  181 ± 5 

Appearance 1 to 5 4.5  5.0 

 

 

 

 

 

 

 

Figure 34 – Rubber Specimen of the different trials (a) water before the softener (a) water after the softener 

	  

3.4 Morphological Analysis 

A SEM analysis was conducted to investigate the failure modes and failure 

mechanisms of a rubber specimen (fiber-matrix). To compare the different 

morphologies found on the cord coverage according with the type of resin, a series of 

tests were made.  

For this technique a careful sample preparation is required. In sample preparation of 

polymeric materials some parameters must be considered to obtain good results. This 

preparation is directly related to the reliability of results. For each sample a specific 

treatment should be applied.  

For this work three different types of samples were prepared, for different purposes. 

The first set of samples was the greige cord in order to verify the type of failures due to 

the twisting process. Then the dipped fibers were analyzed, to verify the dips treatment 

and the differences between the different types of dips. Finally, small samples from the 

rubber specimen from peel tests were prepared, to verify the type of failures in the 

fiber-matrix adhesion. 

All samples were fixed with carbon tape and coated with a metallic film to make them 

conductive.  



FCUP 
Dip improvement on textile reinforcement for tire application 

44 

	  
 

 

 

 

 

Figure 35 – Sample preparation (a) cords and cross-sectional area (b) rubber specimen 

3.4.1 Greige Cord 

The cords studied by this technique were: 

§ Polyester with 1440dTex and 2200dTex; 

§ Nylon 940x2; 

§ Rayon 2440dTex. 

 

 

 

 

 

 

Figure 36 – Greige cord of PET with 1440 dTex (a) twist zone (b) filaments 

	  
	  
	  
	  
	  
	  
	  
	  
	  
 

 

Figure 37 – Greige cord of PET with 2200 dTex (a) twist zone (b) filaments 

! !
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Figure 38 – Greige cord of Nylon with 940 dTex (a) twist zone (b) fiber cross-sectional area 

 

	  
 

 

 

 

 

 

Figure 39 – Greige cord of Rayon with 2440 dTex (a) twist zone (b) filaments 

	  
 

 

 

 

 

 

Figure 40 – Cross-sectional area of a greige cord of Rayon with 2440 dTex (a) twist zone (b) filaments 

	  

(a) (b) 
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For polyester fibers with 1440 dTex and 2200 dTex was possible to verify, as 

predicted, that the morphology of these materials is very similar. These fibers were pre-

activated. Due to the activation it is possible to see some particles on the filaments 

surface. These fibers do not show failures from the twisting process. The filaments are 

correctly oriented and the polyester surface has a low roughness.  

In the images obtained for nylon with 940 dTex it was also verified that the twist zone 

does not show large failures. These fibers have a very irregular transversal section, 

which gives them a considerable roughness. The cross section was obtained just to get 

a general idea.  

For rayon with 2440 dTex, some failures from the twisting process, such as broken 

filaments were detected (Figure 40-a). These fibers also show a significant roughness. 

 

3.4.2 Dipped Cord 
 

 

 

 

 

 

 

 

 

 

Figure 41 – PET dipped with RFL-dip (a) twist zone (b) cord with failures in the twist zone (c) exposed filaments (d) 
failure on the rubber specimen surface 
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Figure 42 – PET dipped with dip A (a) cord (b) twist zone with agglomerates (c) exposed filaments with agglomerates 
(d) dip’s film on the dipped filaments 

	  
	  
 

 

 

 

 

 

 

 

 

Figure 43 – PET dipped with dip B (a) dipped cord (b) twist zone with agglomerates (c) exposed filaments with a dip’s 
film (d) dipped filaments 
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Figure 44 – Nylon dipped with dips made with different water sources: (a) and (b) dip made with water from the well (c) 

and (d) dip prepared with water from the softener system 

	  
	  
  

 

 

 

 

 

 

 

 

Figure 45 – Rayon dipped (a) twist zone with failures (b) exposed failure on the cord surface (c) failure in the twist zone 
(d) rubber failure 
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The polyester fibers were observed after being dipped with the different dips 

(Reference RF-resin, Resin-A and Resin-B). Figure 42-a shows the adhered film on the 

fiber surface. It is possible to see some failures and agglomerates in the twist zone. 

Figure 42-c shows (with a high resolution) an undipped zone. In this part it is possible 

to see the filaments without the adhesive film. However, this fiber has a good and 

uniform coverage. Figure 43, PET dipped with Resin-A, confirms a poor fiber-dip 

adhesion when compared with the reference. Surface images show a low coverage, it 

is possible to observe filaments without dip. The agglomerates shown in Figure 43-b 

are related to the dip’s instability. Surface images of polyester fiber after the dipping 

process with Resin-B are shown in figure 44. The textures observed on fiber surface 

are related to the failures between the fiber and the adhesive. There are many failures 

and cracks on the cord coverage. Nevertheless all their filaments are covered.  

Nylon fibers (Figure 45) reveal an excellent adhesion between these materials. The 

coverage with the different dips (prepared with water from different sources) is very 

similar. These fibers do not present considerable damages but clearly show that some 

particles adhered to the fibers surface, probably due to a dip’s agglomeration.  

Rayon fibers show the twist zone with failures. These zones showed fissures and 

areas with a large film of dip. These issues can decrease the fiber-rubber adhesion.   

3.4.3 Rubber Specimen 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 46 – Rubber specimen (PET dipped with RFL-dip) (a) rubber surface (b) (c) and (d) different zones with cords 
not covered 
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Figure 47 – Rubber specimen (PET dipped with Dip A) (a) failure in the vulcanization process (b) failure in the dip-
rubber interface (c) broken filaments (d) failure in the rubber-rubber interface 

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

Figure 48 – Rubber specimen (PET dipped with Dip B) (a) failure in the dip-rubber interface (b) and (c) cords not 
covered (d) rubber surface without failures 
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Figure 49 – Rubber specimen (Rayon with RFL dip) (a) failure in the vulcanization process (b) failure in the dip-rubber 

interface; (c) and (d) cords not covered 

	  
The rubber specimen morphology has no steady tear lines. In these pictures it is 

evident that different types of failures can occur, particularly in the rubber-rubber 

interface, in the fiber-dip bonding, in the bonding between the rubber and the dip or in 

the fiber surface due to the twisting process. 

For the rubber specimen from PET dipped with the RFL-dip, it was possible to verify 

that the analysed failures were due to failures in the fiber-dip bonding. The exposed 

fibers were not covered. 

In the images obtained for the rubber specimen from the PET dipped with dip A, a low 

affinity between the rubber and the dip A was observed, since all the failures were on 

the rubber-dip bonding. 

Rubber specimen from PET dipped with dip B reveals a good coverage, without large 

failures. Figure 49-b shows half of the specimen without cords but with marks left by 

the filaments. The other half (Figure 49-c) shows the uncovered cords. 

For the specimen from rayon it is to possible to verify failures in the rubber 

vulcanization process (Figure 50-a) and some failures in the cord coverage, as well. 
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4 Conclusions 
This project focused on the study of reinforcement-to-rubber adhesion properties and 

on the different dips used to the fibers treatment. The main goals were successfully 

accomplished. 

Concerning the resorcinol replacement, the best formulation to Resin-A for polyester 

fibers with 1440 dTex and the key parameters for the dipping process on the LDU were 

studied. However, none of the studied trials showed good adhesion on the peel test. 

This was caused by the low affinity between the dip and this fiber, resulting in failures 

on the cord coverage (as shown by SEM pictures). The Resin-B was tested for 

polyester with 1440 dTex and for nylon with 940 dTex. For the first one, the three 

samples tested showed good results concerning the adhesion level and the physical 

properties of the cord. For nylon, the key parameters on the LDU were defined and 

excellent results were obtained. 

The second purpose of this work was divided into two different parts: to study the 

possibility of blending the different types of dips and to verify the temperature’s 

influence on the dip's degradation, as well as, the best way to store these solutions. 

Considering the dip blend, it was a conclusive and an important study. The first blend 

(702PS/F801) was tested for polyester with 2200 dTex (non-activated and activated). 

The blend can be applied only with the activated polyester. For non-activated, it was 

not possible to obtain favorable results concerning the adhesion level. This is probably 

due to the large amount of isocyanate (present in the pre-dip and on 702PS). The 

second blend (701PS/F801) tested for nylon showed good results for the adhesion 

level. However, the dip's solid content was above the specification. This can be 

explained because the measurement was performed after the dipping process. Without 

stirring, the dip can form agglomerates, increasing the solid content, overestimating the 

real value. The rayon dip (902PS), usually wasted after each dipping process, was 

studied in different proportions, blending old dip (stored during 3 days or more) with a 

new dip. For all the analyzed proportions, good results were obtained.  Nevertheless, 

the solid content was above the specifications and during this work it was not possible 

to solve this problem.  From an economic perspective, C-ITA can reduce at least  

25 000 L of solution per year. This means approximately 35 000 € (including the 

solution treatment). 

After some trials, it was concluded that the temperature does not have influence on the 

dip degradation and the best way to store the dips is in a closed tank with stirring. The 
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study of the dip’s degradation was insufficient to determine with accuracy the limit 

period of dip's usage. 

Other goal of this project was to verify the quality of the water from the well. During four 

months the well level was controlled and some variations were registered. Since that 

only one analysis was performed, and this is not enough to carry out a valid study, the 

solution was to use a filter and a softening water system. With this system, it would be 

possible to obtain a constant composition of the water. 

It was initiated a morphology analysis of the fibers surface (before and after being 

dipped) and the rubber specimens obtained from the peel tests (to see the failures 

between the fibers and the rubber-matrix) by SEM. It was show that this is an excellent 

technique that will make possible to acquire a better understanding of what happens 

when some failures occur. 
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5 Project assessment 
5.1 Limitations and future work  
Although this work has been developed satisfactorily, there were some limitations. This 

is a continuous project, always with something to improve and the finding led to more 

trials and time was not enough for all the new ideas. 

Concerning the resorcinol replacement, the Resin-B needs to be tested for other fibers.  

This is a very promising alternative but there is a long way to go before Resin-B 

replaces the RF-Resin. To obtain better results it is crucial to understand all the 

mechanisms, so it is important to study also the rubber component, as well. 

Regarding the dip aging, further trials need to be performed to finish the current study. 

It is crucial to study the increase of the dip's solid content. This parameter is the major 

problem with the dip aging and it is not completely understood. With this problem 

solved, it is necessary to perform trials during a certain period to define the real dip's 

limit age. 

It is important to state that until now C-ITA uses water from the well. The correct 

analysis of this water was the principal restriction during this work. In the future, it is 

advisable to perform regular analysis (once per month) to ensure that the water’s 

composition has no significant fluctuations. It is possible to acquire a better filter and 

softener water system to incorporate after the water well pipes. 

5.2 Final Assessment  
After finishing this rewarding work it is now possible to do a positive appreciation. 

Although there were unexpected problems and many challenges, it was an incredible 

experience with personal and professional growth. This work contributed to further 

develop the expertise related with textile reinforcements and with the tire's knowledge. 

Therefore, since all the main goals were successfully accomplished it was possible to 

assume that this work was helpful for all the parts involved. 

 



 



FCUP 
Dip improvement on textile reinforcement for tire application 

57 

 

Bibliography 
[1] History 1871-1926. Retrieved May 10, 2014, from Continental corporation:  
http://www.continental-
corporation.com/www/portal_com_en/themes/continental/history/1871_1921_en.html 
[2] Tyre Basics - Passenger Car Tyres. Retrieved May 15, 2014, from Continental 
Reifen : 
www.conti-online.com/generator/www/de/en/continental/automobile/general/download- 

area/download/reifengrundlagen_en.pdf 

[3] Wennekes, W. (2008). Adhesion of RFL treated cords to rubber: new insights into 

interfacial phenomena. Twente, Netherlands: University of Twente. 

[4] Gent, A., Walter, J. (2006). The Pneumatic Tire.  National Highway Traffic Safety 

Administration. USA. 

[5] Wootton, D. B. (2001). The Application of Textiles in Rubber. Shropshire, UK: 

iSmithers Rapra. 

[6] Raj, D. (2005). Resorcinol: Chemistry, Technology and Applications. Leipzig: 

Springer. 

[7] Naskar, K., Shibulal, G. (2012). Exploring a novel multifunctional agent to improve 

the dispersion of short aramid fiber in polymer matrix. eXPRESS Polymer Letters , 6, 

329-34. 

[8] Hussein, F. (2012). Photochemical Treatments of Textile Industries Wastewater. 

Asian Journal of Chemistry , 24, 5427-5434. 

[9] World Health Organization International Agency For Research On Cancer. (2006). 

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans (Vol. 88). Lyon: 

IARC Working Group. 

[10] Finnish Safety and Chemicals Agency. (2013). Justification for the selection of a 

candidate CoRAP substance . Tukes, Finland. 

[11] European Chemical Agency. Retrieved April 6, 2014, from  

http://echa.europa.eu/regulations/reach/ 

[12] Erbil, H. Y. (2006). Surface Chemistry of Solid and Liquid Interfaces. Turkey: 

Blackwell Publishing. 

[13] Ebnesajjad, S., Ebnesajjad , C. (2013). Surface Tension and Its Measurement. In 

Surface Treatment of Materials for Adhesive Bonding (pp. 7-24). USA: Elsevier. 

[14] ASTM. (2013). Standard Practice for Conditioning and Testing Textiles. In Annual 

Book of ASTM Standards.  

[15] Murthy, V. M., Bhowmick, A. K. (1982). Scanning electron microscopy studies of 

failure surfaces of short glass fibre-rubber composites. Journal of Materials Science , 

17, 709-716. 



FCUP 
Dip improvement on textile reinforcement for tire application 

58 

 

[16] CEMUP - IMICROS. Retrieved May 30, 2014 from CEMUP:  
http://www.cemup.up.pt/ 
[17] Culligan. Home Water Softener Systems. Retrieved May 23, 2014, from Culligan: 
http://www.culligan.com/en-us/d/homes/water-softener/ 
[18] Naskar, K., Mukherjeea, A. K., Mukhopadhy, R. (2004). Studies on tyre cords: 

degradation of polyester due to fatigue. Polymer Degradation and Stability , 20, 173–

180. 

[19] Lewis, M. (2006). Handbook of Fiber Chemistry. New York: CRC Press. 

[20] Solomon, T. S. (1984). Patent No. US4472463 A.  

[21] Naskar, K., White, J. (2009). Rubber Technologist's Handbook (Vol. 2). 

Shropshire, U.K.: iSmithers Rapra. 

[22] Mark, J., Burak, E., Eirich, F. (2005). Science and Technology of Rubber. USA: 

Elsevier. 

[23] Packham, D. (2008). Handbook of Adhesion. Chichester, UK: Wiley. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendices 
 

 

 

 

 

 

 

 

 

 

 

 

 



	  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  

Appendix A - Scheme of the Laboratory Dipping Unit 
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Appendix B – Role of resorcinol 
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Appendix C – Cord Design 
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