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Abstract. This paper presents the innovated silane crosslinked polyethylene (XLPE) formulation for high quality Thailand cable customers which requires not only very high consistency of qualities according to IEC 60502 standard but also capability of processing at high speed cable production rate with very smooth and gloss cable surface qualities. In order to obtain all these requirements with customer satisfaction three major areas of innovations are involved. First, to design lab instrument for the degree of crosslinking by hot set test. Second, to design lab conditions to simulate customer results, i.e. completed crosslinking, shrinkage and surface qualities at high speed cable production rate. Third, to design formulations which make customer delight by increasing 25-30% of higher output than that of the customer expectation. These R&D efforts and dedications of innovations make TPC able to penetrate into Thailand market and rapidly grow in the total market share in 2007. In addition, TPC is the only manufacturer in Thailand which can give local technical support. Furthermore, due to having its own knowledge base, TPC can expand the export market to other countries in Asia. Consequently, these cause Silane XLPE business turning from negative to positive earnings and being able to expand production line in 2008.
1   Introduction

Thai Plastic and Chemicals Pcl., TPC, is a leading poly(vinyl chloride) (PVC) resin and PVC compound manufacturer in Thailand since 1966. The company supplies PVC resin and compound to both domestic and export customers as raw materials for wide range of end used applications as shown in Fig. 1. Fig. 2 indicates sales volume of PVC compound in 2006. It can be seen that cable compound contributed to 42% of the annual PVC compound sales volume.
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Fig. 1. End Used Applications of PVC
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Fig. 2. Sales Volume of PVC Compound by Applications, 2006

In 2005, TPC established ChemTech company in Vietnam to produce silane XLPE compound which has been supplied as raw material for power cable manufacturer. ChemTech was established in Vietnam because of two major reasons:

1. Vietnam has higher consumption of silane XLPE than Thailand.

2. Vietnam has lower standard for customer’s acceptances. These lead into easily penetration of    

     power cable market.

Power cables are constructed of three major parts which are sheathing, conductor, and insulator as shown in Fig. 3. The two most commodity plastics used for sheathing are PVC and PE while silane XLPE is mostly used as an insulator. Copper is the dominant conductor while aluminum is lighter and less expensive but also less conductive than copper.
[image: image3.png]



[image: image4.png]



[image: image5.png]


                                                    

[image: image6.png]


                                                        

[image: image7.emf][image: image8.png]Cable Structure =



[image: image9.emf]
Fig. 3. Structure of Power Cable
2. Market Trends for Wire and cable

In the past 10 years, PVC has come under attack by several groups because of health and environmental concerns. Alternatives to PVC wire and cable are polyolefin products such as PE for sheathing and silane XLPE for power cable insulator. Fig. 4 represents consumption of PVC and PE for wire and cable in Western Europe. From AMI 2005 report, it can be seen that from year 1997 to year 2004, the consumption of PVC decreases from 68% to 60% while that of PE increases from 32% to 40%. Steve Brien, global business director of Chlor-Alkali & Vinyls, reported in World Vinyl Forum 2007 that PVC consumption in North America is predicted to decrease from 5% to 4% from year 1990 to year 2010 as shown in Fig. 5. 
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Fig. 4. PVC and PE for Wire and Cable in Western Europe (Source : AMI 2005)
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Fig. 5. PVC Trends for Wire and Cable in North America (Source : World Vinyl Forum 2007)
3. What is Silane XLPE?

Silane XLPE is changed from polyethylene which is thermoplastic into network structure called crosslinking as shown in Fig. 6. Due to crosslinking, silane XLPE will not deform by heat hence it shows the excellent properties such as electrical, heat, mechanical, and abrasion resistance. 
All these properties have been used as a tool to predict and optimize the final properties of power cable. Each property can be designed and enhanced, the higher degree of crosslinking the more heat resistance improvement. Because of these advantages it is widely used as materials for power cable insulation.  
             
    Polyethylene                                                     Silane XLPE                           
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Fig. 6. Molecular Structure Model of Polyethylene and Silane Crosslinked Polyethylene

Silane XLPE was introduced in the electrical cable manufacturing industries approximately 30 years ago. The production of silane XLPE cable can be demonstrated as shown in Fig. 7. Compound manufacturers produce silane XLPE compounds which will be supplied as raw materials for power cable manufacturers. After extrusion, the extruded power cable will be stored at ambient temperature for 1-2 weeks or by sauna for 4-8 hours to achieve the completed crosslinking. 
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Fig. 7. Silane XLPE Cable Processing
4. Thailand Market Analysis 

From SWOT analysis, it is shown that silane XLPE has a very good potential for expansion into Thailand market as follows : 

· Strength :

TPC has a strong relationship with Thailand and cable customers.

· Opportunity :

1. Consumption of silane XLPE is increased approximately 19% from year 2006 to 2007.

2. Silane XLPE gives high value added to compound business.

3. Market expansion into Thailand will enhance ChemTech to operate at full production  

    capacity.

· Weakness :

Since TPC has been in mainly PVC business for more than 40 years, TPC is lack of XLPE knowledge based and we do not have standard methods and lab test facilities to perform experiments for silane XLPE.
4.1 Criteria for Thailand Customers Acceptances

As described before, Thailand customers have higher standard acceptances than that of Vietnam customers, so it is very important to fulfill Thailand customer’s requirements which can be classified into three categories as follows :
· Cable Processability


Since most of silane XLPE compound has to be processed at high speed cable production rate with various sizes and designs by various extruders and processing conditions, this will be much challenged development.

· Surface Quality

As mentioned earlier, silane XLPE compound will not only be processed at high speed cable production rate according to customer’s cable sizes but also required smooth and shiny surface quality for acceptance.
· Product Quality


After completed crosslinking by sauna, the properties of silane XLPE cable will be tested according to international cable standard IEC 60502 as shown in Table 1. The cable insulation must not only pass all properties requirement but also need to have the consistency of product quality.

Table 1. Power Cable Properties According to Standard IEC 60502
	Property
	Unit
	Standard IEC 60502

	Specific Gravity

Tensile Strength

Elongation at Break

Electrical Properties

Hot Set

Shrinkage
	-

MPa

%

ohm.cm

%

%
	0.92
     12.5 min.

                       200  min.

                   1x1015 min.

                       175  max.

                           4  max.



As shown in Table 1, silane XLPE as an insulated cable must be carried out to determine crosslinking density of silane XLPE cable. Fig. 8 shows the hot set experiment conformed IEC 60502 as a standard method.
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Fig. 8. Hot Set Test

The shrinkage property related to the crosslink process is also performed to standard IEC 60502 shrinkage test to prevent problem in termination. In case power cable has high shrinkage, the conductor will contact the moisture or other contamination which cause the damage to power cable during customer’s using. 
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Fig. 9. Determination of Shrinkage for Power Cable
4.2 Encountered Problems

TPC offered silane XLPE compound for Thailand customers to fabricate power cable. These key customers cannot produce their cables by using the same grade of silane XLPE that used for Vietnam customers. The problems are separated into two sides :

· Customer Side


Thailand customers cannot produce cables with smooth and shiny surface. They found that surface is rough when the cable production rate is increased. The rough surface, called shark skin, is the phenomenon occurring during cable production which results in irregular sharp ridges as shown as Fig. 10.
[image: image22.emf]
Fig. 10. Extruded Cable with Shark Skin Surface
· TPC Side


TPC has been in PVC business for more than 40 years. Silane XLPE is the new business hence we are lack of this knowledge base to research and develop this product. In addition, TPC has no facilities and standard testing methods for hot set and shrinkage testing of silane XLPE as cable insulation. In order to rapid development corresponding to customer’s requirements, hot set testing and shrinkage testing equipments and conditions are thus successfully invented by TPC as follows :
1. Hot Set Tester

In term of hot set testing, we invented hot set tester including load for hot set testing which investigates the degree of crosslinking to achieve a high crosslink density of the specimen as shown in Fig. 11. This designed instrument can be used to test not only hot set following IEC 60502 but also other standard testing such as NFC 32-020, etc. For experiment, silane XLPE are punched out to be dumbbell shape and immersed in hot water at least 4 hours to obtain completed crosslinking. After boiling, the specimens will go through hot set test with the designed lab instrument.
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Fig. 11. Lab Instrument and Load Design for Hot Set Test
2. Lab Condition for Completed Crosslinking
Hot set testing is widely used method to determine crosslinking density of silane XLPE cable on the purpose of checking resistance against deformation due to heat and mechanical pressure. Standard IEC 60502 indicates the testing condition at 200 °C with 20 N/cm2 load. Cable insulation which has lower degree of crosslinking results in higher hot set value which make cable easily deformed thus in long period, it may be broken during using.
3. Lab Condition for Shrinkage Test

According to standard IEC 60502 shrinkage test, we had studied and investigated the suitable conditions for shrinkage test by using strip instead of cable due to the lack of cable testing facilities as shown in Fig. 12. For our experiment, strip is the specimen which is extruded into a rectangular shape which the thickness can be adjusted by using different lab extruder speeds. It has been found that strip with a thickness of few millimeters (mm) gives the best correlation with customer testing resulted by using cable. The strip is then conducted after heat ageing of cable at 130 °C for 1 hour and measures the length before and after heating leading the heat-shrinkable behavior of silane XLPE. 
  Customer                                                                        TPC Lab
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Fig. 12. Shrinkage Test Using XLPE Cable at Customer and XLPE Strip in Lab

Hence, it can be demonstrated that hot set and shrinkage test are the most important method to carry out to prove conformity with specifications. These are intended to prove the general qualities and design of a given type of manufactured item.
· Root-Cause Analysis to Solve Shark Skin Problem 

In order to overcome this problem, root-cause analysis is used to define novel innovation which involves 4M’s, i.e., Man, Machine, Material, and Method. All of them are also consequently studied to improve the quality of product. All problems can be particularly defined by fish bone diagram analysis which has been shown the cause of a certain event by the 4M’s as described in Fig. 13.












Fig. 13. Fish Bone Diagram Analysis
· Man

Due to the lack of a basic knowledge and operating skill on silane XLPE from our customers, we have to share our basic knowledge of silane XLPE to customers. Safety is mainly concerned during operating because of the lack of skill and knowledge of silane XLPE. Also, some parameters which have remarkable effects on properties such as shark skin occurred during processing have been attentively observed by varying conditions for product development.
· Machine

We have to establish the collaboration with customers in order to find out the appropriate processing condition. The process parameters that we will study are screw speed, die temperature, melt temperature, melt pressure etc. to overcome shark skin problem and develop the new formulations.
· Method

Since PVC standard methods cannot be used to solve shark skin problem, capillary rheometer test is conducted to simulate shark skin phenomenon at customer cable production line. Capillary rheometer as shown in Fig. 14 is used to study the behavior of molten plastic in heated barrel which is extruded by piston through the die at various shear rates [1]. The surface of extrudate will be considered. From this study together with customer’s results, the relationship between shear rates of capillary rheometer test with customer cable production line is found. Although the optimum condition and formulation are obtained in TPC lab, they must be conformed related to each customer’s condition for high quality and processability.   


Fig. 14. Capillary Rheometer

Table 2 showed the relationship between shear rate and customer line and we studied the shear rate of capillary rheometer test as our experiments and related them to the customer line speed as customer’s process. All studied conditions were consequently adjusted from this relationship and obtained the appropriated results corresponded to customer’s requirements.

Table 2. The Relationship between Shear Rate and Customer Line Speed

	Shear Rate (sec-1)
	< 500
	500-1,000
	> 1,000

	Customer Line Speed (m/min)
	< 100
	100-300
	> 300


· Material


In addition, the unusual occurrence of shark skin on surface was relied on the type and property of materials used because some properties of polyethylene such as flowability, crosslinking efficiency, processability and dispersability obviously affected the surface of extrudate. Moreover, the other additive such as color masterbatch, catalyst, processing aid, modifier and lubricant also showed the highly significant causes of this problem. For designing novel silane XLPE formulation, we had studied the effect of dosages and types of raw materials on shark skin as shown in Table 3 [2-5].
Table 3. Materials Study Related to Properties
	Materials study
	Type
	Dosage
	Property
	Shark skin

	PE Types
	(
	(
	(
	(

	Crosslinking Agents
	(
	(
	(
	(

	Catalyst
	-
	(
	(
	(

	Color Masterbatches
	(
	(
	(
	(

	Silicone Oils
	(
	(
	(
	(

	Lubricants
	(
	(
	(
	(

	Modifiers
	(
	(
	(
	(

	Processing Aids
	(
	(
	(
	(


Remark : ( = Positive effect     ( = Negative effect     
From these studies, the suitable dosage and type of raw material, which is used to eliminate not only shark skin but also has less effect on properties of silane XLPE was discovered. In addition, this novel silane XLPE formulation also enhances customer cable production line with increasing output by 25-30%.

5. Key Success Factors

This section describes the dedication to explore how to eliminate shark skin at high cable production rate and to achieve development of novel silane XLPE formulation for Thailand customers.

It can be concluded that successful silane XLPE development requires in-house testing instruments and methods which enhance the speed and money saving through development of novel silane XLPE formulation. It should be also noted that the key contribution factor is intrinsic knowledge and strategic customers who’s willing to share reliable and useful information and have potential to grow with TPC. 
· The Intrinsic Knowledge


According to our knowledge base, our intrinsic knowledge-based challenges are used to monitor in-house and external problem from customers and immediately deal with them for solving their problems particularly involved silane XLPE. Moreover, new knowledge and experiences of silane XLPE other than those of PVC make us obtaining more skill to able to further fulfill customer’s satisfaction effectively. 
· The Strategic Customers


The customer selected to be strategic customer is very important which implies the successful silane XLPE business. They need to have very strong relationship with TPC in order to provide both crucial and reliable cable testing information that correlates with TPC lab and customers results. Moreover, those customers should have a good growth potential in this market.

6. Results and Benefits

Through dedication for our own knowledge base, TPC can penetrate into Thailand XLPE power cable market and hence increases market share. Novel silane XLPE formulation which has been developed not only to eliminate sharkskin as shown in Fig. 15 but also satisfied customers by increasing cable output 25-30% higher than customers expectation. These developments also enhance the speed of exported penetration which cause silane XLPE business turning from negative to positive earnings as shown in Fig. 16 and be able to expand the second production line in 2008.


Fig. 15. Cable Surface of Silane XLPE before and after Development.


Fig. 16. TPC Silane XLPE Business
7. Conclusions

This paper presents the development of  silane XLPE formulation for high quality Thailand cable customers which requires not only very high consistency of qualities according to IEC 60502 standard but also capability of processing at high speed cable production rate with very smooth and gloss cable surface qualities. It can be concluded this innovation into 3 categories as follows:
· New Technology for TPC

It can be explained that as we mentioned earlier that prior to this presence of silane XLPE innovation, it has been known that TPC never had experience with knowledge of polyethylene before, but we eventually have potential to study and develop silane XLPE and obtain the following innovations :

1. Novel knowledge and know-how formulation of silane XLPE. 
2. New invented research lab instruments for hot set testing as IEC 60502 standard method.
3. Lab conditions for completed crosslinking

4. Lab test method for shrinkage testing.

5. Lab condition for shark skin simulation.

· New Non-PVC Compound for Thailand Customers

TPC has mainly manufactured PVC for a long time in South East Asia, and from these innovations, currently, we have also had the potential to manufacture new non-PVC compound, silane XLPE compound for power cable insulation, for new Thailand including abroad customers. 

Nowadays plastics used for wire and cable market are both PVC and non-PVC compounds. These innovations provides new sales channel for TPC which can fulfill all customer materials requirements, i.e., PVC resin, PVC compounds, and non-PVC or silane XLPE compound. In addition, TPC also has advantages to other suppliers due to local stock and technical support to Thailand customers.

· Silane XLPE Compounder as a New Business for TPC

As all mentioned above, this is the great opportunity for the new business compound in Thailand and TPC are also the first manufacturer of silane XLPE for power cable insulation in Thailand market. Moreover, we still further study in higher quality for power cable insulation development.  
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