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B 1
Summary 


The aim of the project is investigation of fundamental new method of production of devulcanized rubber powder  (DRP) using a screw-and-rotor disperser-extruder  («dekcher») which realizes high-temperature shearing comminution of rubber waste, first of all worn-out tyres. To optimize this process, investigations of conditions of rubber waste comminution will be conducted.  The physico-chemical properties of powder obtained will be studied with emphasis on the structure of chemical bond network and the powder surface activity. Powder will be explored for substitution of a part of rubber in rubber blends for manufacturing tyres and rubber-technical articles as well as in composite materials based on reactive liquid rubbers.
B 2
Contribution to the Programme/Key Actions/Generic Actions 
Accumulation of different kinds of waste of human activity is one of the most serious problems of the present. Polymeric materials, among them rubber scrap are especially unpleasant.  The main place in this category belongs to worn-out automotive tyres annually accumulated in million pieces. Economic methods of processing old tyres aren’t developed yet, and tyres in the main are stored or burned, although they contain valuable organic raw material, namely,  rubber. The most progressive method of processing worn-out tyres is their grinding to fine powder which may repeatedly  be used in tyres and rubber-technical articles. It may be used in considerable quantity if after processing devulcanized rubber powder (DRP) is obtained with high developed and active surface. 

A proposed machine – a screw-and-rotor disperser-extruder, and technology of processing rubber (and other) scrap – high-temperature shear comminution – permit to obtain DRP of high quality that may in considerable amounts  (up to 20 % in tyres and 80 % in rubber-technical articles) substitute initial rubbers.  Optimization of the processing worn-out  tyres to DRP and investigation  of rubber materials thereof will extend  elucidation of  the  comminution  and enlarge the scale of processing tyres and using powder in finished products. It will permit to bring ponderable contribution  to the decision of this sharp ecological problem.

Key actions directed to realization of the present project consists in investigation of the regimes of the dekcher’s work dependant on a kind and chemical composition of rubber waste and  quality of obtained powder, first of all,  the surface state and the structure of vulcanized network. The second stage supposes investigation of DRP as raw material for substitution of rubber. In this quality it will be used  in tyres, rubber-technical articles, and as filler in compositions curing with reactive liquid rubbers.

The results obtained will be associated and analyzed  with the aim of establishing  correlation, on the one hand,  between the dekcher’s   work  regimes, a kind of raw material and, on the other hand, between DRP properties and physico-chemical and service properties of rubber articles.  It will give the possibility  of using new machine and technology with maximum effectiveness for the decision of this troublesome problems. 

B 3
Scientific and Technical Objectives 
The project aims to offer an attractive in economical and technological relations  method of processing rubber scrap, primarily tyres, on industrial scale. In the project framework the advantages of fundamentally new method of producing rubber powder  - shearing comminution - will have to be proved by careful investigations. As noted above, this method permits to produce devulcanized powder which is the more perspective for substitution rubber in rubber blends. As one of the main tasks of the project consists in exploration of the powder structure, the methods of the colloid chemistry,  particularly ones of the surface chemistry will widely be attracted. The particular attention will be paid to characterization of particle surface and energy since these properties after all define working properties of rubber articles. The problem of correlation between the properties of the powder particles and physical and mechanical properties of rubber will become the  main task of the present project.  The next aim is the study of processing rubber blends, in which initial rubber partly replaced with devulcanized powder or filled with it.

In the project the task is put to obtain composite materials from rubber powder with reactive liquid rubbers (oligomers of butadiene with end functional groups) as  binder. This technology is very prospective as permits to use an effective and  cheap way of liquid molding, but the properties of final materials is yet rather poor. Developing composite materials based on DRP may lead to creation of new materials with improved properties. The law of curing this compositions in polyurethane systems seems to be very actual.

Finally, the project belongs to research type, which includes versatile investigation of the new machine and rubber powder properties. The machine already exists and may be supply to customers as well as rubber powder, produced with the aid of the machine.  However, to realize all the remarkable advantages of this new raw material considerable research is required. The methods of science of materials, colloid chemistry, and proper physics and chemistry of elastomers must be attracted. 

B 4
Innovation 

This section describes the state in the art of the project, and how the proposal will advance this state. It also should indicate the level of technical (and economic) risk.


The rubber waste the main part of which diverse worn-out tyres constitute is extensive and unpleasant source of environment pollution. The fast and continuous accumulation of worn-out tyres is aggravated  by absence of effective methods of their utilization 


At present there are three main directions in application of  worn-out tyres: utilization as fuel, civil engineering, and treatment to products. The most effective way is a repeated utilization  in the form of powder or crumb at tyre factories and in rubber-technical  articles. Therefore, the preferable way is conceived  in obtaining rubber powder of high quality which may be introduced to initial rubber blends without deterioration of their properties.


Nowadays several advanced technologies of obtaining rubber powder exist. Among them hitting and cutting grinding at +20  – 50 oC   and hitting grinding at –150  –100 oC  are the most expanded. These technologies are enough energy-consumable   what may be seen from expenditure of energy to  grind 1 t rubber:

· hitting and cutting grinding at +20…+50 oC   1000-2000 kW.h

· hitting grinding at –150… – 100 oC                 500-1000 kW.h

plus 1200-1500 kW.h for obtaining liquid nitrogen

· shearing comminution at +150…+170 oC          500-600 kW.h

For comparison the figures for shearing comminution are given. One can see that the first and second methods considerably lose to the method proposed in this projects. Besides, powder obtained according to these methods have smooth passive surface with acute edges and large scattering on dimensions. They can’t serve as effective filler or replace initial rubber  in rubber blends in sizeable quantity.


The technology of high-temperature shearing comminution had been developed, the base of which the phenomenon of plural cracking and destruction of solids in the conditions of intensive compression and simultaneous deformation by shear  at self-heating of fined material to the temperature of cleavage of physical bonds  takes place. To realize this technology, rather simple and effective industrial mountings – rotor disperser – is developed.


The rotor dispersers hasn’t analogues and possesses a range of essential advantages compared with other grinding mountings:

· Little size and specific quantity of metal (2.5x1.7x1.5 m, weight at most 1500 kg), utmost construction simplicity. Grinding is processed in annulus between a rotor and a body chamber  during the transportation of material from a load opening to a discharge zone. The dekcher is easily demounted, what facilitates cleansing it and  changing details, and have an effective system of cooling with running circulating water

· There isn’t any cutting edges in the dekcher, what determine reliability  its lasting non-stop work 

· The dekcher has high ecological characteristics: absence of appreciable gas and any other emissions, low levels of noise (what is determined by the work of an engine and a reducer), and vibration because of low velocity of rotor rotation

· There aren’t required any special expensive steels, e. g., cold-resistant ones

· The dekcher ensures fine grinding various entities: rubber and rubber-technical materials, reinforced with various fibers, thermoplastics, leather, clouts and threads from natural and synthetic fibers, polymeric composites, honeycomb plastics etc. The dekcher grinds waste of the materials which aren’t grind  by all other methods: high-strength aramide fibers and tissues, waste of  «warm» linoleum, polyurethane foam, polystyrene foam, buckwheat hull etc.

· The dekcher can grind lumps of automotive tires together with metal cord, boards with microcircuits, composite constructions, containing metal inclusions  of mild alloys and alloyed steel up to 30 cm length and 5-7 mm diameter or 2-3 mm respectively

· Powder from  rubber and polymers, obtaining in rotor disperser, have, as a rule, the mean dimensions  of 100-150 (. In separate cases, e. g., at obtaining polyethylene powder for thermal adhesives, the particles mean dimensions may be reduced to 10 ( by means of optimization of grinding parameters. Powder obtaining by this technology has large specific surface (0.5-5.0 m2/g) and high surface energy because of specific character of mechano-chemical processes during grinding. Powder and rubber obtaining, for example,   by the adapted in the USA technology, are not only much more expensive, but have passive surface and large scattering on dimensions. The products of such kind is customary called crumb, not  powder. 

· The rotor dekcher may be used as mixer. Being grinded polymers and modificating additives, stabilizers, diverse fillers may be charged simultaneously; semi-finished products with uniform distribution will be obtained on leaving

· Productivity of the dekcher is determined by the properties of being fined material: from  1-2 kg/h at grinding armour-protective aramide tissues to 60 and 1000 kg/h at grinding  rubber on pilot and industrial plants respectively.

The devulcanized state of DRP had been evidenced earlier by various physical and chemical methods such as differential scanning calorimetry, adsorption from liquid phases, chemical methods etc. but systematic investigations are required  to elucidate in details these questions.

Thus, the proposed machine and the method of grinding rubber scrap open new possibility in the art of processing worn-out tyres. The industrial dekchers are accessible for the market. The investigations carried earlier showed its high effectiveness and elevated powder quality. This powder may be used  for recycling up to 80 %. In particular, rubbers filled to 20-30 %  were tested  at producing automotive tyres; to 70-80 % - at producing rubber shoes, gaskets, mats, trays, and other commercial articles. Rubber tile, gaskets for tram, train and tube rails may contain to 90-95 % of powder. Other numerous applications: in highway engineering (additive to bitumen, asphalt, soundproof pavements for motor ways), construction industry (coating for sports grounds, portable fences for construction grounds, building material made of rubber powder, polyethylene and polypropylene which is treated like wood, thin sheet materials for roofing, plates for floor building in cattle breeding, various mastics), pastes for anticorrosive protection of metal articles (especially subjected to vibration), foam rubbers,  filters for drainage of petroleum products, flexible magnetic and X-ray protective materials etc. So it may be expected that the proposed machine and technology would compensated within a short period. Moreover, there is a great confidence that in such a way one of the severe ecological problems of the present will resolved. 
B 5
Project workplan, methodology and approach
Introduction

The work programme is schemed in such a way to fulfill four blocks interconnected tasks: 

(i) producing DRP at the dekcher and optimization of its work (partner 1)

(ii) investigation of physical and chemical properties of DPR with special attention to the  structure of its vulcanized network  (partner 2)

(iii) producing model rubber blends, their vulcanization, and measuring their physico-mechanical properties (partner 2)

(iv) verification of the results obtained in factory conditions by the means of making experimental wares (partner 1, 2)

Accordingly, six work packages have been planned. The programme is reckoned on the 2 year’s term and  specialists of various profiles, among them the experts in chemical mechanical engineering and processing rubber waste, preparing rubber blends and manufacturing tyres, measuring properties of rubber blends and vulcanizates and manufacturing rubber-technical articles, utilization of rubber powder in composite materials, in particular, with liquid rubbers, application of physical methods of investigation (IR-, NMR-spectroscopy and others), investigation of bulk and surface properties of colloid  particles. Thus, this body is a balanced panel of experts which is able to solve complex the put problem.


The sequence of fulfillment of the work is as follow: 

The work will be begun from producing rubber powder  on the present industrial dekcher with productivity 1 t of worn-out tyres per hour. Simultaneously design and making a laboratory dekcher with productivity of 2 kg per hour will be carried out. It is to set into operation in 9 mos. after the beginning of the project. Powder obtained on the industrial dekcher will be used for adjustment of the methods of investigation of physical and chemical powder properties as well as for preparing rubber blends in the factory condition. After the laboratory machine begins to work, the main investigation on optimization of the shear comminution regimes will be realized. First of all the parameters of energy consumption and temperature will be taken into account. Along with this work careful study of physico-chemical properties  of DRP, composition of rubber blends, their vulcanization, and measuring the properties of ready samples will be carried out. These results will be thoroughly correlated  with the parameters of the dekcher’s work. The variation of the dekcher’s regimes will be accomplished to find the conditions  of powder producing which ensure the best properties of the vulkanized laboratory samples. In these experiments butadiene-styrene rubber (main raw material for tyre production) and natural rubber (widely used in rubber-technical article production) will be used first of all. The work will be fulfilled  during 15 mos. (1-15 mos.). The properties of DRP will be carried out by partners 2 (physical properties, sedimentation analysis, surface properties, adsorption, swelling, chemical composition, the character of bonds with the participation of sulfur, spectroscopy) (0-12 mos.). Rubber blends for tyres and technical articles and their vulcanization and properties of vulkanized samples will do by partner 2 (13-18 mos.). For fulfillment of the DRP properties Subcontractor will be attached.


During the period 13-18 mos. investigation of composite materials filled with DRP and cured with liquid rubbers will be accomplished by partner 2. The main principles of the influence of powder characteristics will be taken at the choice of its application in composites. Additional attention will be attracted to the chemical aspects of curing.


After the optimum conditions of producing and using DRP in studied systems will be got and accumulation of sufficient amount of DRP will be achieved to use it at the factory conditions (19-24 mos., partner 2), at one of the tyre factories an experimental tyre will  be made in which about 20 % of initial rubber will be substituted with DRP. At the other factory an experimental batch of rubber-technical articles will be made (partner 2). In this case substitution of 70-80 % of initial rubber is supposed. In sheet material for civil engineering, which will be made during the same period, we plan additives of 30-40 % DPR in composition cured by liquid rubber (partner 2). Partner 1 will  take part in these pilot manufacturing supplying powder of appropriate quality.


Making  experimental articles and their testing will give reliable results sufficient for final conclusion about practical prospective of the present machine and technology of processing rubber waste in industrial scale. The conclusive summarizing and analyzing the given work will be carried out during the last quarter of the second year (22-24 mos.). The both team will take part in this discussion.

Table B 1
RTD – Project planning and timetable

WORK PACKAGE /BARCHART


Workpage

description
Partners

ManDays
Duration/critical path




1st year


2nd year



1
2
3


T


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Work package 1: Preparing devulcanized rubber powder (DRP) at the dekcher and optimization of the process depending on a kind of rubber waste
660


660

























Task 1.1  Design and making a laboratory dekcher of productivity 2 kg/h
330


330

























Task 1.2  Investigation of the dekcher’s productivity and the temperature regime depending on a kind of rubber waste
110


110

























Task 1.3  Preparing powder from the model rubber blends butadiene-styrene rubber plus sulfur; factory rubber blends for tyres and rubber technical articles;  worn-out tyre; rubber technical article waste, including goods made of natural rubber
110


110

























Task 1.4  Investigation of gas release during processing: their quantity and chemical composition
110


110

























Work package 2:  Investigation of DRP properties

308
308
616

























Task 2.1  Investigation of the particle density, form, dimensions and dimension distribution

77
77
154

























Task 2.2  Investigation of powder chemical composition

77
77
154

























Task 2.3  Investigation of the particle bulk and surface properties

77
77
154

























Task 2.4  Investigation of the chemical network in particles mainly bonds including sulfur

77
77
154

























Work package 3:  Investigation of model rubber blends with additives of DRP or partial substitution of initial rubber with DRP

198
198
396

























Task 3.1  Preparing rubber blends for tyre and their vulkanization. Measuring physico-chemical properties  of the samples

99
99
198

























Task 3.2  Preparing rubber blends for rubber technical articles  and their vulkanization. Measuring physico-chemical properties  of the samples

99
99
198

























Work package 4:  Obtaining composite materials made of DRP and liquid rubber as binder 

165
154
319

























Task 4.1  Investigation of kinetics of curing

83
77
160

























Task 4.2  Measuring physico-chemical and other properties  of polydienepolyurethane filled with DRP

82
77
159

























Work package 5:  Manufacturing an experimental tyre, rubber technical articles, and composite material  of liquid rubber filled DRP
330
330
330
990

























Task 5.1  Manufacturing an automotive tyre
110
110
110
330

























Task 5.2  Manufacturing a batch of rubber technical articles
110
110
110
330

























Task 5.3  Manufacturing sheet roof or floor materials 
110
110
110
330

























Work package 6:  Management and exploitation
66
22
11
99

























Task 6.1 Management
66
22
11
99

























Task 6.2  Exploitation





























TOTAL MANDAYS
1056
1023
1001
3080


                        In year 1
528
308
308
1144


                        In year 2
528
715
693
1936


Table B 2
RTD - List of work packages

Work
package
No
Work package title
Work package 
leader
No
Person-months
Cost (euro)
Start
month
End
month
Phase
Deliv-erable
No

1
Preparing devulcanized rubber powder  (DRP) at the dekcher and optimization of  the process depending on a kind of rubber waste
1
30
66000
0
15
R
1-3

2
Investigation of DRP properties
2/3
28
60000
0
12
R
4,5

3
Investigation of rubber blends with additives of DRP or partial substitution of initial rubber with DRP
3/2
18
30000
13
18
R
6,7

4
Obtaining composite materials made of DRP and liquid rubbers as binders
2/3
14.5
30000
13
18
R
8,9

5
Manufacturing an experimental tyre and rubber-technical articles  on industrial equipment and their service tests
2/1,3
45
99000
16
24
R
10,11

6
Preparing of the closing report and conclusion. Delivery of practical recommendations on processing rubber waste at the dekcher and commercial application of DRP
1/ 2, 3
4.5
9500
22
24
R
12-14


TOTAL

140
294500





Table B 3
RTD - Deliverables list

Deliverable
No
Deliverable title
Delivery 
date
Dissemination
level

1
The acceptance statement of the laboratory dekcher
10
RE

2


The report on optimization of the comminution process depending on the form and composition of rubber waste
9, 12,15
RE

3
Representation of the data of No 2 in the form of a paper
12
RE

4
The report on physical and chemical properties of DRP particles
9, 12 
RE

5
Representation of the data of No 4 in the form of two papers
15
RE

6
The report on investigation of model  rubber blends with additives of DRP of partial substitution of initial rubber with DRP. 
 15, 18
RE

7
Representation of the data of No 6 in the form of patent(s)
18
RE

 8
The report on obtaining composite materials of DRP and liquid rubbers as binder. 
15, 18
RE

9
Representation of the data of No 8  in the form of a paper. Patenting a composition or conditions of its curing
18
RE

10
The report on manufacturing an experimental tyre and rubber-technical articles  on industrial equipment
18, 24


RE

11
The report on the results of service tests of goods No 10
24
RE

12
The closing report and conclusions. 
24
RE

13
Delivery of practical recommendations on processing of rubber waste on the dekcher and commercial application of DRP
24
RE

Table B 4
RTD – Work package description (for each work package)

Work package No
 :1
Start month
:0
End month
: 15
Cost (euro): 66000

Work package title: Preparing devulcanized rubber powder  (DRP) at the dekcher and optimization of the process depending on a kind of rubber waste


Work package Leader (No) : 1
Other participants with major involvement



Participant No :
1
2
3



Person-months per participant:
30
0
0



Cost (euro) per participant:
33000
0
0




Other significant cost items (specify main items and costs)

Procurement of 

sub-contracting

equipment


22900

10100
0

0
0

0



Total costs of procured items (euro) 
33000



Objectives A great number of experiments will be required to conduct systematic investigation of processing rubber scrap. For this purpose a laboratory dekcher with productivity about 2 kg/h is necessary. To optimize a mode of its work, one need to obtain DRP from diverse kind of rubber scrap including worn-out tyres and rubber-technical articles, rubber blends using for producing these goods, and model blends for elucidation   of some vagueness encountered in real systems. The data on dekcher’s productivity and its temperature regime, gas release  are necessary for formulation of practical recommendation on the dekcher’s work in factory conditions.

Description of work  According to objectives  three sub-tasks are planned. 

1. Design and making a laboratory dekcher. This work will be carried out on the base of available experience of exploitation of industrial dekchers and with the regard of dimensional analysis.  Its productivity is expected to be equal about 2 kg/h, to supply fast buildup of the samples from rubber scrap of various origin. 

2. Investigation of the dekcher’s  productivity and a  temperature regime in dependence on a waste type.  Preparing rubber powder from model system butadiene-styrene rubber (BSR) plus sulphur, rubber blends for producing tyres and rubber-technical articles, worn-out tyres and rubber technical-articles, including goods made of natural rubber. After this investigation will have been  conducted the numerical data on productivity and the temperature will be analyzed to optimize the dekcher’s  operation.
3. Investigation of quantity and chemical composition of gas release. Gas emission during the dekcher’s work will be investigated and analyzed with the aid of gas IR-spectroscopy and, in appropriate cases, gas chromatography. 


Deliverables Putting into operation the dekcher will be arranged with the acceptance statement. In the future Engineering drawing may be used as a commercial product. The reports on all three sub-tasks will be prepared. The obtained data will be treated for publication and sent to a profile journal.

Milestones and expected results 

1. Putting into operation the laboratory dekcher (9 mos. after the beginning the project).

2. Attainment of  DRP samples from various model rubber blends and rubber  scrap sources (9, 12, 15 mos. depending on the order of processing). The results will give a necessary  information about influence of used raw material on the dekcher’s productivity and temperature regime.
3. Attainment of data on gas release (12, 15 mos. depending on the order of processing). These information will be useful for understanding processes of thermal and mechanical transformation taking place under operation on the dekcher.


Work package No
 :2
Start month
:0
End month
: 12
Cost (euro):60000

Work package title: Investigation of DRP properties


Work package Leader (No) :2
Other participants with major involvement

Participant No :
1
2
3



Person-months per participant:
0
14
14



Cost (euro) per participant:
0
15400
15400




Other significant cost items (specify main items and costs)

Procurement of equipment 

travel


0

5200
14000

0
10000

0



Tonal costs of procured items (euro) 
29200



Objectives The aim of this part is measuring the characteristics of powder particles which cause  all the practical properties of materials made of  DRP.  On the other hand, these data are necessary for selection of optimum regime of the dekcher work.

Description of work  This part includes the following sub-tasks:

1. Investigation of particle density, form,  dimensions and dimension distribution. These properties will be found  by routine methods of physics of dispersed systems: weighing, optical microscopy, sedimentation analysis. 

2. Investigation of powder chemical composition. The elemental analysis and  NMR-spectroscopy (when appropriate) will be used.  

3. Investigation of bulk and surface particle properties. Here determination of heat of wetting with appropriate solvent, adsorption from gas phase and swelling in diverse solvents will be executed. 

4. Investigation of state of chemical bonds including sulfur. The elemental analysis, IR-spectroscopy, particularly  internal reflection IR-spectroscopy, NMR-spectroscopy, differential scanning  calorimetry are the most relevant  method for this purpose.



Deliverables The reports on all sub-tasks will be prepared. The obtained data will be treated for publication and sent to a profile journals in the form of two papers (9, 15 mos.)

Milestones and expected results 

1. Attainment of data on particle density, form,  dimensions and dimension distribution (9 mos. after the beginning the project).

2. Attainment of data on chemical composition and state of bonds including sulfur in DRP particles (12 mos.)

3. Attainment of  data on surface and bulk properties of particles (12 mos.).


Work package No
 :3
Start month
:13
End month
: 18
Cost (euro):30000

Work package title: Investigation of model rubber blends with additives of DRP or partial substitution of initial rubber with DRP.


Work package Leader (No) :3
Other participants with major involvement

Participant No :
1
2
3



Person-months per participant:
0
9
9



Cost (euro) per participant:
0
9900
9900




Other significant cost items (specify main items and costs)

Procurement of 

computing

travel
0

0
3000

2100
3000

2100



Total costs of procured items (euro) 
10200



Objectives Investigation of additives of DRP or partial substitution of initial rubber with DRP is undertook with the aim of finding optimum quantity and conditions of substitution more expensive initial rubbers in rubber blends. This work is the core of the project because only a large scale DRP utilization in the main branches of rubber processing will have the economic sense. 

Description of work  Rubber  blends will be composed in two major fields of rubber processing:

1. For preparing tyres

2. For preparing rubber technical articles

The rubber blends for tyres will be prepared and tested in the laboratory of the tyre factory, and  these for rubber-technical articles will at the corresponding factory. Various modes of introducing DRP will be tried: substitution of a part of initial rubber or adding powder in rubber composition. Butadiene-styrene rubber is initially intended  to use in both types of blends; in the blends for rubber-technical articles natural rubber will also be got.  In both cases processing blends (plasto-elastic properties), their vulcanization, and main physico-mechanical properties of vulcanized samples: density, elasticity, hardness,  elastic and strengthening properties: strength, resilience, elongation at rupture, tear resistance will be tested. At separate cases the special properties such as fragility temperature, cyclic fatigue, wear resistance, heat resistance,  aging resistance, resistance to action of atmosphere and liquid aggressive agents etc. will be measured. Full necessary information to conclude about suitability of DRP  as a component of rubber blends will be obtained. 

Deliverables The report on investigation of rubber blends with additives of DRP of partial substitution of initial rubber with DRP. Representation of the data in the form of patents (15, 18 mos.)

Milestones and expected results 

1. Attainment of data on processing rubber blends with additive DRP  or change a part of initial rubber  (15 mos.)

2. Attainment of data on vulcanization process of rubber blends with participation of DRP (15 mos.)

3.     Attainment of  data on physico-mechanical properties of vulcanized samples with participation of DRP  (18 mos.).

Work package No
 :4
Start month
:13
End month
: 18
Cost (euro):30000

Work package title: Obtaining composite materials made of DRP and liquid rubbers as a binder


Work package Leader (No) :2
Other participants with major involvement

Participant No :2
1
2
3



Person-months per participant:
0
7.5
7



Cost (euro) per participant:
0
7250
7700




Other significant cost items (specify main items and costs)

Procurement of protection of knowledge:
0
7050
7000



Total costs of procured items (euro) 
14050



Objectives Using new DRP filler with high surface activity in molding compositions cured with reactive liquid rubbers. Investigation of properties curing materials in comparison with other types of rubber crumb and powder. 

Description of work  This work is intended to obtain molding materials based on DRP as filler and reactive liquid rubber as binder. The investigation consists of two sub-tasks:

1. Investigation of curing liquid rubber with terminal hydroxyl groups by di(poly)isocyanates in the presence of DRP. Kinetics of curing  depending on degree of filling, hydroxyl-isocyanate ratio, temperature, and other factors will be determined. The special attention will be spared to influence of the surface state of powder on the curing process.

2. Determination of physico-chemical properties of polyurethanes obtained.   The main properties (physico-mechanical, elastic and strengthening) of cured samples will be tested. The resistance of samples in various media will be carefully measured, since these materials are intended for using as roof and floor coatings and anticorrosive films. 

Deliverables The report on obtaining composite materials of DRP and liquid rubbers as binders. Representation of the data in the form of a paper. Patenting a composition or conditions of its curing (18 mos.).

Milestones and expected results 

1. Attainment of  data on curing liquid rubber with terminal hydroxyl groups by di(poly)isocyanates (15 mos.)

2. Obtaining samples of polyurethane materials and attainment of  data on their physico-mechanical properties (18 mos.).


Work package No
 :5
Start month
:19
End month
: 24
Cost (euro):99000

Work package title: Manufacturing an experimental tyre and rubber-technical articles  on industrial equipment and their service tests


Work package Leader (No) :2
Other participants with major involvement

Participant No :
1
2
3



Person-months per participant:
15
15
15



Cost (euro) per participant:
16500
16500
16500




Other significant cost items (specify main items and costs)

Procurement of subcontracting

equipment 

travel 

computing 

protection of knowledge
0

1900

1600

5000

15000
9300

0

3700

0

0
9300

0

3700

0

0



Total costs of procured items (euro) 
49500



Objectives Use of the results of study of preparing DRP and its properties for manufacturing tyre and rubber-technical articles on industrial equipment. The aim consists in checking DRP quality and the information obtained about the DRP properties and the principles of composition of rubber blends and composite materials. The results of service tests have to show possibility of introducing DRP in  large scale into rubber industry.

Description of work  The work will be carry out in three items.

1. Making an automobile  tyre on  typical factory equipment using DRP in optimum quantity and by technology based on the present investigation. The composition of rubber blends with additive of DRP and technological recommendations will be delivered after optimization of all the parameters.

2. Similarly some rubber-technical article will be made. The concrete article will be chosen later after the discussion of results obtained. The criterion will be obtaining the most economical and technological meaning for fast application in the industry. 

3. Manufacturing sheet roof and floor materials based on liquid rubbers filled with DRP. This work will also be performed on industrial equipment. 


Deliverables The report on manufacturing an experimental tyre and rubber-technical articles  on industrial equipment. The report on the results of their service tests (24 mos.).

Milestones and expected results 
1. The certificate of making automotive tyre and the results of  its approval on the factory (21 mos.).

2. The certificate of making rubber technical article and the results of its testing (21 mos.).

3. The certificate of making roof and floor material. The certificate of its placing on real target. (21 mos.).


Work package No
 :6
Start month
:22
End month
: 24
Cost (euro):9500

Work package title: Preparing of closing report and conclusion. Delivery of practical recommendations on processing of rubber waste on the dekcher and commercial application of DRP 

utilization of rubber waste on the dekcher


Work package Leader (No) :1
Other participants with major involvement

Participant No :
1
2
3



Person-months per participant:
3
1
0.5



Cost (euro) per participant:
3300
1100
550




Other significant cost items (specify main items and costs)

Procurement of travel, protection of knowledge:
3200

0
400

950
0

0



Total costs of procured items (euro) 
4550



Objectives The aim is to summarize and analyze the information obtained during fulfillment of the project. 

Description of work  The report on the whole investigation  will be prepared. All the information will be analyzed from united point of view. The data on preparing DRP, its surface and bulk properties, and physical, mechanical, and operational properties  will be examined in correlation. The special attention will be spared to influence of the character of bonds with the participation of sulfur, e. g., degree of powder devulcanization and the advantages this type of powder in comparison with others.

The information will be treated from point of view practical recommendations for tyre and rubber- technical article industries.

Deliverables The closing report. The practical recommendations on processing  rubber waste at the dekcher. The data will be prepared to publish as a review paper (24 mos.). All the suitable novelty will be formed for patenting (24 mos.).

Milestones and expected results 

1. Delivery of the closing report and recommendation on processing rubber waste on the dekcher (24 mos.).

2. Delivery the review 

3.  Registration of the materials for patenting.

DESCRIPTION OF THE WORK PACKAGE 

Workpackage 1: Preparing devulcanized rubber powder  (DRP) at the dekcher and optimization of  the process depending on the kind of rubber waste

At our disposal there is an industrial screw-and-rotor disperser-extruder («dekcher»)  of productivity 1 t of worn-out tyres per hour. To determine optimum regimes of the dekcher’s work  it is necessary to carry out a great number of experiments in various conditions and on various rubber scrap. Such a volume of investigation it is impossible to perform  on the industrial machine. So for versatile investigations design and making a laboratory dekcher with productivity about 2 kg/h is required. This work will be performed  with attracting the present experience and using the dimensional analysis. The main data massive  on the producing DRP will be obtained at the laboratory dekcher. However, till its start-up devulcanized powder will be produced  at the industrial one. It is necessary for obtaining optimum dependence between the working regime and particle properties exactly in industrial conditions. This powder will also be used for all investigations according to the project at the beginning of the work. In particular, all the methods of studying  particles and rubber blends will be elaborated on this powder. Further powder from the laboratory dekcher will be used. Note that the laboratory version will prove useful to investigation in the future. It may be of independent interest for research laboratories in the area of rubber grinding.


The observation for the dekcher’s work will be examined at various kinds of rubber materials. The aimed scrap is worn-out tyres made of butadiene-styrene rubber, but other rubber waste, in particular,  from rubber-technical articles, including natural rubber, will be examined. To find the relations not complicated with numerous ingredients, present in commercial rubbers, model vulcanized rubber blends will be prepared, including only rubber (mainly butadiene-styrene one) and sulfur. Also typical rubber blends used at tyre and rubber-technical article factories will widely be used.  The dekcher’s productivity  and energy input, the temperature in the machine will be correlated with a form of raw material, its composition, and, possibly, the influence of low molecular additives of diverse assignment, which may improve the characteristics of the dekcher and powder quality.  The parameters of the dekcher’s work should be  compared with the properties of rubber powder, in particular, with the most important one – the degree of devulcanization. Such a feedback is obligatory, because the aim of the project is production just devulcanized powder. Also other properties such as disperse  composition, the surface state etc. should be considered at analysis of the dekcher’s work. It is also obligatory to attract the data on the physico-mechanical properties of the vulcanized samples obtained with using DRP.


During the dekcher’s work the probes of gas atmosphere will be taken in gas burettes to analyze gas release. Gas IR-spectroscopy will be used to find the chemical composition and content of gas components. If the possibility of this method would appear to be unsatisfactory gas chromatography will be adapted to this analysis.

Workpackage 2: Investigation of DRP properties


The main advantage of the proposed dekcher is that it produced  devulcanized powder. Therefore the considerable efforts will be applied on the investigation the powder structure, especially its devulcanized nature.


The DRP characterization will be begun  from determination of physical properties. At first density and dimensions will be measured. The large attention will be paid to dimension distribution. Along with the straight method of optical microscopy the sedimentation method will be used. It gives the possibility of obtaining sedimentation curves, which permit to calculate both particle dimensions and their distribution.  Solvents such as alcohols and acetone are preferable since rubber don’t swell in them. To examine a form of rubber particles electron microscopy will be attracted.


The chemical composition of DRP is necessary to compare the material balance of chemical elements before and after scrap processing because thermal and mechanical action will inevitably destroy some substances and cause formation of new ones. The problem of total substance balances is unreal, but the elemental balance may give valuable data, especially on the sulfur transformation. The elemental analysis will be applied for this aim; its modification for the total element  determination will be sought.


The structure of the surface and its energy characteristics will be investigated with the aid of adsorption from gas phase. Both polar and non-polar solvents will be adsorbed  on the surface. Treating adsorption curves  will permit to determine the number of active centers.  The equations by Freindlich-Bedeker or Langmuir will hypothetically be applicable for this case.


The bulk structure of rubber particles will be studied by the swelling method. This method will give the information about the structure and degree of  the vulcanized network with the aid the Flory-Rener equation.  Hydrocarbon solvents such as hexane and oils will be used first of all. X-ray scattering will be appropriate for this purpose.



The next responsible task is determination of the degree of devulcanization of powder. It depends on the number of –S – S- bonds in treated rubber. First of all the elemental analysis will be attracted with the aim of determination a loss of sulfur after comminution. Distribution of sulfur-containing bonds is a rather difficult task. On our opinion, application of will give the information about the presence  of bonds – C –S – and – C-S-S-C -  on the surface layers of rubber particles. It is expected that the intensity of absorption bands will permit to find the content of both types  of bonds. The NMR-spectroscopy will obviously be useful  for this aim because chemical shifts of these bonds differs from each other. The valuable information about chemical bonds in powder will give the method of differential scanning calorimetry, which permits to find thermal effects at heating samples. To solve this problem, new approaches may be developed. X-ray measurements and neutron activated analysis may be required.

Workpackage 3: Investigation of model rubber blends with additives of DRP or partial substitution of initial rubber with DRP

With the aim of determination of possibility of using DRP for substitution initial rubber in industrial rubber blends the model ones will be prepared, vulcanized, and processed at the dekcher. First of all the system butadiene-styrene rubber plus sulfur will be taken because this rubber is commonly used in tyre manufacturing. Then rubber blends generally used at tyre factories will be prepared as well as ones used at the factories of rubber-technical articles. The latter ones may be prepared on the base of natural rubber. The whole testing cycle in accordance with requirements of applied technology will be accomplished.

The model blends will be prepared on the laboratory mill by typical regulations. For crude blends  plasto-elastic and viscous-flow properties will be measured. For these tests compression plastometer ПСМ-2 (pliability, plasticity, reducibility, elastic recovery, and relative elastic recovery), deformeter ДМ-2 (stiffness, reducibility, residual deformation), shearing viscometer ВР (viscosity, elastic recovery, ability to premature vulcanization)  will be equipped. Then all the blends will be vulcanized at  the hydraulic press by typical regulations (pressure, temperature, duration) which commonly use for preparing and testing industrial  vulcanizates. 

The basic properties of these vulcanizates will be determined. Density will be found by hydrostatic method, the degree of vulcanization (ring modulus) will on an instrument КМУ-2, Shore hardness will on a hardometer TM-2. Elastic and strengthening properties: tensile strength, tear resistance, elongation at rupture, tear resistance,  resilience will be measured. The first three properties will be determined on a tearing machine РМИ-60, rebound elasticity will on an apparatus УМР-2. The tests on fatigue deformation (multiple stretching, compressibility, and longitudinal  bending (a machine МРС-2) will also be measured. In some cases such tests as wearing (a machine МИ-2), heat resistance (a tearing machine  with a thermal box), fragility temperature, ageing resistance, resistance to action of atmosphere and liquid aggressive agents etc. will be conducted. Full necessary information to conclude about suitability of DRP  as a component of rubber blends will be obtained. 

Workpackage 4: Obtaining composite materials made of DRP and liquid rubbers as binder


Polymeric composite materials based on reactive liquid rubbers are widely known. Rubber crumb and powder are well compatible fillers but properties of composites  filled with DRP hasn’t studied properly yet.


As reactive liquid rubbers commercial polybutadienes with terminal hydroxyl and carboxyl groups  will be used. The products of company Elf Atochem (France) Poly-bd R45 HT with hydroxyl groups and ones of company Kaucuk (Czech Republic) with hydroxyl Krasol LBH  and carboxyl groups Krasol LBM-32 are chosen  as binders. They will be cured  with toluenediisocyanate (TDI) or epoxy resins ЭД-20 respectively at the absence and presence low molecular crosslinking agents – polyfunctional alcohols or amines. Such variable parameters as ratio hydroxyl (carboxyl) : isocyanate (epoxy), quantity of crosslinking agent, in case of its adding, catalyst concentration, and temperature will be studied dependant on the degree of filling with DRP.  Also the one-component polyurethane binder of NN series with the excess of isocyanate groups which are cured without mixing with curing agents will be used. They are so-called macroisocyanates  and manufactured by Czech factory Kaucuk.  Curing kinetics will be watched by the method of electrical resistance measuring with the help of a teraohmmeter E6-13 or by IR-spectroscopy on disappearance a band  2270 cm –1  (isocyanate groups) and appearance of urethane ones (1640-1740 cm –1).  In parallels such measurements will be conducted with rubber powder from the sources obtained by  other modes of grinding. In separate experiments some other additives such as oils, bitumen, or goudron may be added to the reactive mixture for improving processibility.


The samples for testing will be made by liquid molding or pressing in molds dependant on the mixture consistency. Then they will be tested by the usual methods applied in the art. 

Workpackage 5: Manufacturing an experimental tyre and rubber-technical articles  on industrial equipment and their service tests


After the choice of optimum technological and physico-mechanical properties of DRP will be completed the best compositions will be used for producing a tyre on the shop equipment in the factory conditions. All operations beginning from blend preparation to vulcanization parameters will be identical with ones ordered  in the industrial process,  although some modifications to take into account obvious difference in the blends behavior will be possible. In this connection all the tests during the blend preparing and making tyre will be fulfilled to compare the final results. After fulfillment of all specified operations of technical control the tyre will be subjected to service test. It will also be observed after termination of the project.


In analogues manner a batch of rubber-technical articles will be made at a factory. An article will be chosen later, and possibly natural rubber and reduced scrap of it will be used in mixture for preparing an item. The principles stated above will be kept here. 


The optimum compositions developed on the base of the liquid rubbers and DRP will be used for making sheet roll material intended for roof and floor coverings. This roll will be produced at a factory which specializes in this area. 

Workpackage 6: Preparing of the closing report and conclusion. Delivery of practical recommendations on processing of rubber waste at the dekcher and commercial application of DRP 

This stage will be devoted summarizing and analyzing  the results of the work and preparing the closing report. The two general  directions will be integrated:

· dependence of bulk and surface properties  of DRP on the regime of the dekcher’s work

· dependence of processibility and physico-mechanical properties of vulcanized tyre and rubber technical article blends on the properties of DRP. The criterion of accuracy of the conclusions will be the results of the working tests of an experimental tyre, a batch  of rubber technical articles and roll of sheet material.

The conclusions obtained will be discussed and delivered. On their base the practical recommendations will be issued. The following items will be formulated there:

· optimization of energy consumption and  temperature regimes of the dekcher’s work dependant on a kind of raw materials

· optimization of quality of devulcanized rubber powder as for its physical properties and the structure of the network of chemical bonds especially ones including sulfur

· optimum additives of DRP in rubber blends for producing tyres and rubber-technical articles in the factory conditions

· formulation of prospective of processing rubber scrap by the method of shear comminution with techno-economic calculation of effectiveness of the method. The prospective of manufacturing the industrial and laboratory dekchers.

d)
Measures of the Techno – Economic performance
The profit by the present project consists in three main items:

· energy consumption at the dekcher’s work is less than in other technologies of grinding rubber waste

· operation costs are less because of essential simplicity of construction and maintenance 

· saving initial synthetic or natural rubbers through substitution of  them with DRP

· higher quality of powder because of its devulcanized state. This fact arose higher quality of rubber articles made of this powder

At present we may calculate the benefit caused by saving energy expenditure. Comparing the data for the dekcher with the known cheapest method of grinding – hitting and cutting, which requires 1000-2000 kW per hour and choosing its lower level, we get remainder:

1000 – 470 = 530 kW

Taking that a dekcher works 8 h per day and 220 days per year, profit in electrical energy equals:

530*8*220 = 932800 kW.


The cost  of DVP is 1/15…1/20th as many as cost of raw rubber. The price of butadiene-styrene rubber is accepted 700 euro/t. So, substitution of 20 % rubber in every ton of initial rubber amounts: 

0.2*700  (1- 1/15) = 130.7 euro.

We suppose that the considerable profit will be supplied by the higher quality  of devulcanized  powder which will have the higher price. Demand on DRP may considerably increase. It will bring the additional profit to manufacturers of DRP and essentially decrease pollution of environment with rubber scrap.

Performance of the project will be checked by timely submission of deliverables pointed in Table B3.
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� Work package number: WP 1 – WP n.


� Relative start date for the work in the specific work packages, month 0 marking the start of the project, and all other start dates being relative to this start date.


� Relative end date, month 0 marking the start of the project, and all end dates being relative to this start date.
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� Relative end date, month 0 marking the start of the project, and all end dates being relative to this start date.





