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SUMMARY

     Of the doctoral dissertation  entitled : “CONTRIBUTIONS  BROUGHT  TO  THE RECOVERY  TECHNOLOGIES  BY  RECAPPING  TIIRES  FOR  HEAVY  VEHICLES”

   The doctoral dissertation with the above mention title comprises the results of the researches performed by the author between 2002-2008 concerning the improvement of recapping technologies for tires from heavy vehicles”.
   Rubber wastes represent an important category of recyclable materials as well as a source secondary raw material and of alternative fuel.

   A tire is composed of a few materials whose rubber content is about 46-48%, black 25-28%, steel 10-12%, oil, curing agent 10-12% and textiles 3-6%.

   Rubber powders and granules are used for covering the children playgrounds and sport grounds, where elasticity is important. They can be used for manufacturing half-soles and shoes heels, for producing solid tires, vehicles spoilers, bikes pedals, etc. the rubber secondary powder is prepared for specific uses in rubber industry and could be used as additive for covering roads, offering elasticity and reducing the noise.
    Tires can be treated by pyrolysis, a decomposition process through heating that produces oils and other substances, including non-recyclable wastes. This can represent an activity field in the future, but it was noticed an increased interest in using used tires as fuels in order to generate power. This occurs due to the caloric power comparable to that of petrol and higher than that of the coal. The volume of sterile waste is low, steel inserts remained can be used as raw material  in foundries. The emissions of toxic substances from burning can be reduced at very low levels, by using filters from smoke flues.
    The rubber retraining used for the tire inside and for the belt, can be found all over the world being a relatively restrained business, but well consolidated. 
    However the used tires represent a resource that should be used on large scale. The worldwide attention is focused on the storehouses of used tires that must be retrained as industrial material, as power source or by their reviving after recapping. 

    The repairing is convenient if the tire is provided with a minimum rolling of 15.000 – 18.000 km after rectification. Local repairing can be advantageous even at a tires rolling quite low ( 7.000 -8.000 km) because a repairing cost must represent maximum 10 % of a new tire cost.
    In the doctoral dissertation, there are approached research  issues in the field of recyclable materials recovery, that are comprised in the priority direction 7, called “ Innovative materials, processes and  products” from PNCDI II. In this context, it can be considered the research topic that forms the object of the doctoral dissertation, to be of the day, as it aims to issue a completely new technology of correcting defects resulted after recapping, that provide the complete recovery of recyclables tires by this procedure.
   Within this doctoral dissertation there are also included ample documented  researches regarding the causes for premature getting out of practice of big tires.

    Researches approach first the main factors that determine the usage of big tires and that are based on experiments concerning tires rolling under different road conditions, temperature, loading charges, technical breakdowns, rate of travel, driving method, operating pressure, etc.

    From the content point of view, the work is structures in five chapters, as follows: Chapter 1. The current phase  concerning  wastes recovery and retraining; Chapter 2. Retraining methods of used tires; Chapter 3. Researches concerning the usage of big tires in order to improve recovery technologies through retraining; Chapter 4. Researches concerning the improvement of tires recapping technology; Chapter 5. Final conclusions and original contributions.
     In the first part it is present the current stage concerning wastes recovery and retraining and in this contexts it presents statistic data regarding the quantity of old tires occurred in EU member countries, as well as performances in the field of retraining rubber articles.

     Studies performed within the work are valuable because the big volume of tires out of use represents a source that should be taken into account, of materials that can be valued under different forms: recapped tires, regenerated rubber granulate, material decomposition by pyrolysis – hydrolysis and production of synthesis gases together with domestic garbage.
     On the basis of bibliographic research, there were established at the end of chapter one, the four objectives whose performance is described in the work.

     In chapter two, there are presented in details data about big tires construction in  order to be then enumerated the most important repairing methods of these ones. Then the current tires recapping technology was detailed after the model of REASAPARE S.A. company in  Craiova. 

    There are described in details all the stages performed by the old tire that represent a half-finished product, until it becomes a finite product that should have the physical and mechanical features of a new one.

    At the end of the chapter, there are revealed a few partial conclusions among which it is noticed the fact that local repairing is necessary to be performed even if the roller track is not used for more than 50 -70& and the main defects occurred pursuant to recapping refer to the exfoliation of repairing materials, dismantling of repairing plasters, blowholes between the roller track and breaker due to insufficient pressing.
    Chapter three comprises, first a presentation of main factors that make tires to be out of use and then to be presented the practical experiments concerning their rolling, that can be recapped or new, on heavy vehicles, under abnormal conditions. Thus it was followed the behavior of tires wrongly chosen from the point of view of sizes recommended by the manufacturer 1000/20 instead of 1100/20, in this case the tire being out of use after only 2780 km. It is continued with an experiment concerning the mounting of an used tire in same time with a new tire. It was noticed that after only 4500 km the new tire presents an advanced  wearing  and the old one , a very small wearing. There are also presented trial concerning the premature wearing due to some defects of vehicles, high load and bad repartition of this one, rate of travel and environment temperature, driving way, pressure in tires, etc. 
     Some partial conclusions can be drawn, among which the following are noticed: the tires exploited irrationally were out of use after a distance covered of maximum 11.000 km; if the defects due to irrational usage are rectified on time, life service can be prolonged and the ratio of tires that can be recapped also increases; not observing the rational use conditions leads at high costs of exploitation and at the reduction of road transports  profitability.

    Further on  there are presented own researches related to the improvement of tires recapping technologies. At the beginning there are presented the two tires noted with 1 and 2 of the type 385/65 R 22.5., recapped for the first time, which will be submitted to the experience study. The recapped tires were submitted to a ultrasound control at tow big companies of recapping : HL % H Prod Bucharest and Onix Oradea.
    After analyzing tire 1 big blowholes were discovered between the rolling track and breraker, the bigger having  dimensions of 50 x 35 mm, disposed at 50mm from the edge of the roller track and for tire 2, small defects that affect good operation.

     For rectifying defects of blowholes types, it was proposed an own method of the author that represents something new in the field, of injecting a raw rubber solution in the defected area. Within the technological process of defects repairing, we used certain unique devices and installations designed and performed by myself for this purpose. Among these the injecting ram, the curing press with setting system for the curing temperature and the device used for determining the adherence between the roller track and the breaker, distinguish themselves.
   Then there are presented the experience researches concerning the determination of tires physical and mechanical features at which applied the defects rectification, compared to those of a flawless tire. Within the experiments, it was aimed to determine the wear at rolling, piercing power, stretch resistance of the adherence between the roller track and breaker, of SHORE hardness and density of cured rubber. 
    While determining wearing at rolling, at the studied tires there were found values of 1,24 -1,25 mm/ 10.000 km, values that are within normal values.

    Researches continued with trials for determining the piercing power performed at the tests lab of the company CEA PLAST – Popesti Leordeni.

    For the two studied tires there were found values close to the piercing power, that is 4537,7 J for 1 and 4590 J for 2, what proves that by the performed rectification the insufficiency was completely removed.

   It was proved thorough experiments the adherence between the roller track and the breaker according to SR ISO 36-92 on test item type A taken from the area with blowholes, B from the area with rectified hole, C from the flawless area and D from used, not recapped tire. For trials the author used a device conceived by himself equipped with a dynamometer LORENT MESSTECHNIK GmbH, mounted on a normal lathe. For data processing he used a software DCON Utility version 4.3.9.
    From the analysis of the drawn graphics with the above mentioned program it is quite obvious that there is a difference between test items A on one side and B, C, D on the other side and very small between B, C and D. Finally it resulted that for the test items A the detaching force is small with values of 1-2 kM and presents fluctuations due to the non uniform adherence and for those of type B from the area with repaired defects they behave exactly to those from category C or D, meaning that the adherence was completely rectified.

   For determining the stretch, elongation resistance, the resistance to tearing according to SR ISO 37-91, a mechanical trials machine LOYD Instruments of last generation was used, from the Faculty of Horticulture of the University in Craiova. The test items used were of the bar bell type and were taken from the same areas studied previously.

  Pursuant to  the performed trials, it was established according to the drawn graphics that the test items of the type B and C have the bigger elongations : 984%, respectively 988 % and that of type A the smallest, that is 872%.
   In this context, by studying the photos made upon the test items, I emphasize the fact that test item A, compared to the others, presented a break in steps due to the detached section between the roller track and the breaker.

  Making determinations upon  SHORE hardness on the two areas included in the test items describes previously, we noticed that these values are bigger on the breaker part compared to the roller track.

    There were also performed density trials upon some test items taken from both the median part and breaker respective roller track part.
   It was established that for all the three test items from the roller track the cured rubber is denser, with values of 1,158 …1,160 g/cm³ and those from the breaker with values of 1,067 -1,069g/cm³. It was notices that the test item from the median area with defects has the lowest density 1,0919 g/cm³ which certainly proves the presence of blowholes.

   At the end of the work there are presented the final conclusions and the original contributions of the author regarding the improvement of tires recapping technologies for heavy vehicles.

   Among these, distinguish:

a)the laborious study of determining factors that lead to tires out of use, in order to find the way to increase the life service, this being able to become a data base for heavy vehicles users;

b)issuing for the first time a rectifying technology of defects occurred after recapping, using self conceived devices that can make the object of a request for letters patent.

c)design and execution of a special device for injecting raw  rubber used for rectifying waste tires resulted from recapping;

d)project and execution of a special equipment for local curing of adherence defects, rectified by the new solution proposed by the author. The above mentioned equipment was used both for the injecting stage and for the pressing –curing stage, being equipped with a thermostat for setting the curing temperature and maintaining a controlled time;

e)approach of a new method for determining the adherence at cured rubber, making a compared analysis of some test items taken from the recapped tire which presents defects (blowholes) in some areas. Thus there could be made a real comparison of the detaching tension;
f)performance of a system for determining the adherence made of: lathe equipped with devices specially conceived and executed by the author for this purpose using a dynamometer LORENZ MESSTECHNIK GmbH type K25 for maximum force of 5KN and a measuring system of the force connected at the computer through an interface of the type LORENZ  MESSTECHNIK GmbH  type LCV U 10. Data processing and drawing the diagrams Force – time were performed by the program DCON Utility version 4.3.9.

    Researches with concrete results that can be found in the content of this doctoral dissertation may constitute the starting base for other further researches concerning tires retraining of all tires, that have currently reached an impressive volume in the countries all over the world.

